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BARLEY DISEASES IN SOUTH AND CENTRAL ALBERTA IN 19713 
DISTRIBUTION, SEVERITY, AND YIELD LOSSES 

F.R. Harper and L.J. Piening' 

Abstract 

The d i s t r i b u t i o n  and sever i ty  of bar ley diseases  and es t imates  of y ie ld  
l o s s e s  associa ted wi th  them were determined i n  south and c e n t r a l  Alberta by 
standardized methods of f i e l d  survev and d i sease  assessment. I n  1971 
common r o o t  r o t  (Cochliobolus s a t i v k  and Fusarium spp.) caused an 
estimated l o s s  of 6 . 0 5 ,  scald  m o s p o r i u m  s e c a l i s )  1.11, net  b lotch 
( reno hora teres) 0.5%, and loose  smut a 0.-0.5%. The loss i n  
v e  & these diseases  was estimap*.J-fii-illion bu. leavina  an .- - 
estimated harvest  of 216 mil l ion  bu. Spot b lotch (Cochliobolus sa t ivk)  , 
speckled leaf  b lotch (Se t o r i a  spp.) ,  and bac te r i a  g t (Xanthomonas 
t ranslucens)  were found o k l l y  but caused l i t t leld:i&t.  

Introduction 

The occurrence of d i seases  i n  t h e  western 
Canadian bar ley c rop  h a s  been repor ted 
annually for over 40 years  (3). However, 
t h e r e  are few reEorts on the  quan t i t a t ive  
d i s t r i b u t i o n  of d i seases  and even fewer t h a t  
a t tempt  t o  estimate t h e  l o s s e s  i n  y ie ld  t h a t  
occurred (7, 8, 10). This study w a s  
undertaken a s  part of a program t o  determine 
t h e  s e v e r i t y  of barley diseases  i n  south and 
c e n t r a l  A l b e r t a  and t o  assess t h e  l o s s e s  they 
cause . 
Materials and methods 

The province was s t r a t i f i e d  f o r  survey 
purposes i n t o  Census Divisions (CC) as t h e s e  
w e r e  t h e  smal l e s t  areas f o r  which crop 
acreage and y i e l d  statistics were a v a i l a b l e  
(1) .  The acreage sawn t o  bar ley in each CD 
i n  1971 was estimated before t h e  survey 
s t a r t e d ,  as follows: 

Total Alberta acrea e 1971 
Acreage = A Total Alberta acreaie 1970 

where A is t h e  acreage sown t o  barley i n  t h e  
CD i n  1970. A preliminary es t imate  was 
needed because t h e  acreage es t imates  for 
i n t r a p r o v i n c i a l  subdivis ions  were a v a i l a b l e  
only  s e v e r a l  weeks af ter  t h e  growing season 
was completed. The number of bar ley f i e l d s  
chosen for examination i n  each CD w a s  based 
on a sampling t a r g e t  of one f i e l d  f o r  each 
48,000 acres sown. The approximate loca t ion  
f o r  each f i e l d  t o  be sampled was marked on a 
map before  the survey s t a r t e d  (Fig. 1) (. 
These loca t ions  w e r e  chosen t o  coincide with 
acreage concentra t ions  of bar ley within each 
CD. There were too few ac res  of h r l e y  i n  CD 
9 and CD 14 t o  warrant sampling and time was 
no t  a v a i l a b l e  t o  assess t h e  bar ley crop i n  
northern A l b e r t a  (CD 15). 
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Figure 1: Map of Alberta, showing Census Divisions and locations of fields 
sampled for barley diseases. 

Each f i e l d  examined w a s  within a 5-mile 
r ad ius  of t h e  preselected approximate 
loca t ion  and w a s  the f i r s t  one encountered i n  
which t h e  p lan t s  w e r e  a t  Growth Stage 10.5 
( a l l  spikes  emerged from sheath) (4).  
Variety w a s  no t  a c r i t e r i o n  i n  f i e l d  
se lec t ion ,  e i t h e r  2-rcwgd o r  6-rowed 
v a r i e t i e s  w e r e  examined. W e  avoided sampling 
f i e l d s  t h a t  bordered major highways. I n  each 
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Table 1. Barley production and number of f i e l d s  assessed f o r  
d i seases  i n  Alberta,  1 9 7 1  

t Acres sown ( '000)  Yield, 1 9 7 1  

Census Tota l  bu F i e l d s  
Division* 1970 1971  Bu/acre ( ' 0 0 0 )  assessed 

- 
1 111 198 35.4 7,018 4 

2 363 517 46.5 24,060 1 0  

3 240 316 42.5 13,434 7 

4 87 173 30.9 5,345 2 

5 467 666 48.4 32,214 10  

6 473 569 45.8 26,080 18  

7 259 366 42.1  15,410 6 

8 616 650 35.1  22,842 24 

10 490 666 39.2 26,094 14  

11 444 544 40.3 21,918 17  

12  120  178 32.1  5,715 3 

1 3  416 507 26.8 13,567 1 2  

15  614 750 35.0 26,280 0 

Tota l  4,700 6,100 39.3 240,000 127 

* 
Production i n  Census Divisions 9 and 1 4  w a s  groupedwith 

t h a t  of 6 and 13,  respec t ive ly .  

See reference 1. 

f i e l d  surveyed, f i v e  p l a n t s  were chosen a t  
each of 10 si tes  s i t u a t e d  50 paces a p a r t  on 
an " inve r t ed  Vll. The f i r s t  s i t e  w a s  50 paces 
from t h e  edge of t h e  f i e l d  with s i x  sites on 
t h e  e n t r y  arm and f o u r  on t h e  e x i t  arm. The 
p l a n t s  s e l e c t e d  were those  n e a r e s t  t h e  toe of 
t h e  forward shoe  a t  t h e  end o f  t h e  50th pace. 

The r a t i n g  f o r  each d i s e a s e  on each p l a n t  
w a s  recorded on a s t anda rd  form t o  allow 
a n a l y s i s  by computer. Cisease severities 
were assessed  as follows: 
Common r o o t  rot ,  0 = clean ,  1 = s l i g h t ,  2 = 
moderate, 3 = seve re  ( 6 ) ;  Smuts, 0 = no smut, 
1 = smutted p l a n t ;  V i r u s  d i s eases ,  0 = no 
symEtoms, 1 = l e a f  symptoms, 2 = s tun ted  
p l a n t  ( 2 ) ;  Leaf d i s eases ,  mean percentage of 
leaf a r e a  a f f e c t e d  on t h e  f l a g  and 
penul t imate  l eaves  of t h e  main t i l le r  ( 4 ) .  
I K ~  a d d i t i o n ,  n o t e s  were made on d i s e a s e s  
p re sen t  i n  t h e  f i e l d  bu t  n o t  recorded from 
t h e  50 p l a n t s  sampled. 

Yield losses from r o o t  ro t  were es t imated  
us ing  t h e  method of Ledingham ( 6 ) ;  f o r  l o o s e  
smut by percent  smutted p l a n t s  = percent  
y i e l d  loss (9 ,  11) ;  for  l e a f  d i s eases  by 
percent  y i e l d  loss = 0.5 x mean area a f f e c t e d  
by t h e  d i s e a s e  on the  f l a g  and Fenult imate 
l e a v e s  based on t h e  p r i n c i p l e  of James e t  a l .  
(5). Loss va lues  f o r  CD ' s  r ep re sen t  t h e  
means f o r  a l l  f i e l d s  samFled wi th in  t h e  CD. 
Yield l o s s e s  i n  bu were es t imated  sepa ra t e ly  
f o r  each CD by: 

[ l o 0  x B/(100 - % loss) 3 - E 
where B = t o t a l  hu produced. 

Weighted percent  loss from a d i s e a s e  for t h e  
surveyed area w a s  100[A/(k + B) J ,  where A = 
es t imated  loss i n  bu from t h e  d i s e a s e  i n  C D ' s  
1 t o  13, and E = t o t a l  bu ha rves t ed  in CD's 1 
to 13 (1) .  

Resu Its 

The most  s e r i o u s  d i s e a s e  encountered on 
b a r l e y  i n  A l b e r t a  i n  197'1 was common root r o t  
caused by Cochliobolus s a t i v u s  ( I to  E Kurib.) 
Drechsl. ex Dastur and Fusarium spp. The 
disease w a s  found i n  almost  every f i e l d  
examined and caused an  es t imated  loss of 6.091 
i n  t h e  surveyed area (Table 2). The d i s e a s e  
was most severe i n  CD 4 and 13 and w a s  least  
seve re  i n  CD's 3, 6, and 12. Seve ra l  leaf 
d i seases  were widesFread i n  t h e  surveyed 
area. The s c a l d  pathogen Rhvnchosporium 
secalis (Oud.) Davis w a s  widely d i s t r i b u t e d  
on t h e  b a s a l  l e a v e s  of barley (Table 3) , 
occurr ing  cn 95% of t h e  127 f i e l d s  examined. 
I n  t h e  southern  region  (CD ' s  1 to  6 ) ,  t h e r e  
w a s  l i t t l e  spread t o  the  upper l e a v e s  and 
y i e l d  loss w a s  low. I n  t h e  c e n t r a l  reg ion  
( C D ' s  7 t o  13) , s c a l d  w a s  more f r equen t ly  
found on t h e  f l a g  and penul t imate  l eaves  and 
y i e l d  loss w a s  g r ea t e r .  Yield loss from 
s c a l d  i n  one f i e l d  reached 25.7% with t h e  
average loss being 1.1%. N e t  b lo t ch  
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Table 2. Sever i ty  and y i e l d  l o s s  from common root  
r o t  of bar ley  i n  south and c e n t r a l  
Alber ta ,  1971 

Table 3. Barley f i e l d s  with symptoms, l e a f  a rea  
a f f e c t e d ,  and y i e l d  loss  from sca ld  
(Rhynchosporium secalis) i n  south and 
c e n t r a l  Alberta,  1971 

Yield loss 

Census bu * Division Sever i ty  % (‘000) 

1 0.64 6 .9  520 

2 0 .68  7 .0  1 , 8 1 1  

3 0.34 3 .5  487 

4 1 .03  10.4  620 

5 0 .53 5.4 1 ,839  

6 0.34 3 .5  946 

7 0 .85 9 . 1  1 , 5 4 3  

8 0 .60  6 . 0  1 ,458  

10  0 .56 5.7 1 ,577  

11 0.82 8 .4  2 ,010 

1 2  0 .33 3 .3  195  

1 3  1 .29  15 .0  2 ,394 

Total  6 . 0  15 ,400  
- 

* 
Scale of 0 ( l e a s t )  to  3 (most) 

(Pvrenochora teres (Died.) Dreschsl .  J w a s  
p r e sen t  on t h e  lower l eaves  of most ba r l ey  
c rops  i n  t h e  southern  p a r t  of t h e  province  
( T a b l e  4 ) .  I n  t h e  c e n t r a l  reg ion ,  inc idence  
of t h i s  disease was lower. Damage to  t h e  
upper l eaves  w a s  gene ra l ly  l i g h t ,  r e s u l t i n g  
i n  an es t imated  y i e l d  lcss of 0.5Y. Loose 
smut [ U s t i l a s o  & (Jens.) R O S t K . ]  was noted  
i n  42% of t h e  127 f i e l d s  examined. Houever, 
i n f e c t i o n  l e v e l s  were gene ra l ly  low (Table 
5 ) .  The g r e a t e s t  i n f e c t i o n  l e v e l  recorded i n  
an i n d i v i d u a l  f i e l d  w a s  6%. Mean y i e l d  loss 
due t o  smut w a s  0.5%. BaCteKial b l i g h t  
( Xanthomonas t r ans lucens  (Jones, Johns, & 
Reddy) Dowson] occurred i n  23 of t h e  127 
f i e l d s  examined. Damage t o  t h e  upper l eaves  
w a s  as high as 4.8% of t h e  l e a f  a r e a  i n  
i n d i v i d u a l  f i e l d s .  Mean loss f o r  t h e  
surveyed area w a s  O . l $  with CD’s  5 and 8 
having t h e  g r e a t e s t  loss, 0.3 and 0 . 2 % ,  
r e spec t ive ly .  Spot b l o t c h  (Cochliobolus 
s a t i v u s )  symptoms w e r e  noted on t h e  lower 
l eaves  i n  many f ields i n  the  southern p a r t  of 
Alber ta  and i n  a few f i e l d s  i n  t h e  a r ea  s c u t h  
of Edmonton i n  CD 11. The d i s e a s e  w a s  rare 
on t h e  upper l eaves  and loss w a s  considered 
neg l ig ib l e .  Speckle d l e a f  b lo t ch  (Septor ia  
spp.) was rare i n  A l b e r t a  i n  1971, occurr ing  
i n  only  t w o  f i e l d s  i n  t h e  southwestern p a r t  

No symptoms of k a r l e y  yellori dwarf were 
encountered i n  t h e  surveyed f i e l d s  a l though 
i n  CD 3 moderate damage was found i n  ba r l ey  
and oats t h a t  were sown i n  l a t e- Ju ly  f o r  u se  

O f  CD 10. 

% f i e l d s  
with symptoms Yield loss  

% l e a f  
Census Basal Upper a rea  bu 

Division leaves  leaves a f fec ted*  % (‘000) 

1 

2 

3 

4 

5 

6 

7 

8 

10  

11 

1 2  

1 3  

Total  

100 50 

100 90 

100 57 

50 0 

90 60 

94 83  

100 67 

96 67 

86 86 

100 65 

67 0 

100 92 

0.02 10.1 1 

0.12 <0.1 14 

0 .03  <0.1 2 

0.00 0 0 

0 .09 10.1 1 5  

1 .02 0 . 5  134 

1 .84  0 . 9  143 

3.83 1 . 9  446 

3.65 1.8 485 

6.22 3 . 1  704 

0.00 0 0 

9 .87 4 .9  704 

1.1 2 ,648  

* 
Mean area  of f l a g  and penult imate leaves 

a f fec ted  by t h e  d i sease .  

as f a l l  pa s tu re  and examined f o r  t h e  d i s e a s e  
i n  mid-September (T. C;. Atkinson, personal  
communication). Stem r u s t  (Puccinia qraminis  
P e r s . ) ,  l e a f  r u s t  (Fuccinla r econd i t a  Rob. ex 
Desm.)  , e rgo t  [ Ciavicecs  FurPurea (Fr.)  
Tul. ] , covered smut [ Ust i lago  ho rde i  (Pe r s . )  
Lagerh.], and f a l s e  loose  smut (Ust i laqo  
n i q r a  Tapke) were no t  encountered i n  any O f  
t h e  127 bar ley  f i e l d s  examined i n  t h e  1971 
survey. 

There w a s  a marked r e g i o n a l  d i f f e r e n c e  i n  
t h e  d i s t r i b u t i o n  of 2-rowed and 6-rowed 
ba r l eys  11? t h i s  survey. I n  t h e  south ,  6- 
rowed ba r l eys  occurred i n  only  35% of t h e  
f i e l d s  sampled whereas, i n  t h e  c e n t r a l  F a r t  
of t h e  province, they w e r e  round i n  92%. 

An a l loca t ion- ot- resources  a n a l y s i s  (12) 
was used with s e l e c t e d  roct r o t ,  s c a l d  and 
n e t  b lo tch  d a t a  to determine where f u t u r e  
changes i n  t h e  sampling procedures could b e s t  
be made. Re la t i ve  c o s t s  were es t imated  as 
p l a n t s  = 1, sites = 2 ,  and f i e l d s  = 60. The 
a n a l y s i s  suggested a r educ t ion  i n  the number 
of  sites per f i e l d  and an  i n c r e a s e  i n  t h e  
number of f i e l d s  sampled. 

Discussion 

The inc idence  and s e v e r i t y  of commcn r o o t  
ro t  i n  Alber ta  was determined a t  Growth Stage  
10.5 i n  t h i s  s tudy.  The loss was es t imated  
us ing  Ledinghamgs (6) equat ion  which w a s  
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Table 4. Barley f i e l d s  with symptoms, leaf  area  Table 5. Barley f i e l d s  affected and yie ld  loss 
affec ted ,  and yie ld  l o s s  from net  blotch from loose smut ( U s t i l a g o  nuda) i n  south 
(Pyrenophora teres)  i n  south and cent ra l  and cent ra l  Alberta, 1971 
Alberta, 1971 

% f i e l d s  
with symptoms Yield loss 

% leaf  
Census Basal Upper area  bu 

Division leaves leaves affected* % ( '000)  

~~ ~~ 

% f i e ld s  
with smut Yield loss 

* bu Census 
Division Trace 72% % ( ' 0 0 0 )  

1 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

1 3  

100 

100 

86 

100 

100 

94 

100 

54 

64 

53 

100 

67 

25 

80 

86 

100 

100 

89 

100 

38 

64 

24 

33 

58 

0.02 

0.40 

0.13 

0.50 

1.14 

0.22 

1.24 

4.03 

0.65 

0.11 

2.93 

1.07 

(0.1 1 

0.2 48 

<0.1 9 

0.3 13 

0.6 185 

0.1 29 

0.6 96 

2.0 470 

0.3 85 

t O . l  12 

1.5 85 

0.5 73 

1 

2 

3 

4 

5 

6 

7 

8 

1.0 

11 

12 

1 3  

0 

20 

43 

0 

30 

33 

17 

29 

21  

18 

67 

33 

25 

20 

1.4 

0 

0 

17 

50 

8 

2 1  

18 

0 

8 

0.5 

0.8 

0.6 

0 

0 

0.4 

1.0 

0.4 

0.9 

0.8 

0 

0.4 

35 

194 

8 1  

0 

0 

105 

156 

92 

237 

177 

0 

54 

Total 0.5 1,106 Total  0.5 1,131 

* * 
Mean area of f l ag  and penultimate leaves Trace = <2% of heads affected.  

a f fec ted  by the  disease.  

developed t o  relate root ro t  s e v e r i t y  i n  
wheat a t  Growth Stage 11.3  (hard dough) t o  
t h e  y i e l d  loss. Ledinqham's equation may 
have t o  be modified to  ob ta in  an accu ra t e  
estimate of loss from rcwt r o t  i n  bar ley ,  
e s p e c i a l l y  when the d i sease  is assessed  
be fo re  t h e  hard dough s tage .  

Yield loss estimates as determined f o r  
s c a l d  by James e t  a l .  (5)  have not  been 
exper imenta l ly  proven t o  apply f o r  other 
ba r l ey  l ea f  d iseases .  However , t h e  
r e l a t i o n s h i p  w i l l  s e rve  as a reasonable  
approximation f o r  a s ses s ing  the losses from 
other l e a f  d i s e a s e s  u n t i l  more accu ra t e  
equat ions  are derived. 

The loss from scald.  and presumably o t h e r  
leaf d i seases  of bar ley ,  i s  r e l a t e d  pr imar i ly  
t o  t h e  degree of damage sus t a ined  b y  the f l a g  
and penul t imate  l e a v e s  (5). I n  1971, 
es t imated  losses from s c a l d  and n e t  b l o t h  in 
A l b e r t a  were l o w  because the upper l eaves  
escaped s e r i o u s  i n f e c t i o n  even though the 
lower l eaves  were o f t e n  seve re ly  diseased.  
H o t ,  d ry  weather during l a te  J u l y  and e a r l y  
August, when t h e  upper l eaves  were 
suscep t ib l e ,  appeared t o  have a r r e s t e d  t h e  
spread of t h e  d i s e a s e s  a t  t h i s  cr i t ical  
per iod  and prevented more s e r i o u s  losses. 

The number of f i e l d s  sampled i n  each CC 
i n  1971 was based on the r e l a t i v e  
d i s t r i b u t i o n  of ba r l ey  acreage in 1970 (see 
Table 1) . I n  1971, t h e r e  w a s  a l a r g e  (30%) 

inc rease  i n  bar ley  acreage  and also a change 
i n  i ts r e l a t i v e  d i s t r i b u t i o n .  This  r e s u l t e d  
i n  h igher  than  average r a t i o s  of f i e l d s  
sampleUacres  sown i n  CD*s 4, 5, 7, and 12. 
However, it is un l ike ly  t h a t  t h e  high rat ios 
i n  t h e s e  fou r  CDSs had a major e f f e c t  on t h e  
accuracy of t h e  loss estimates okta ined i n  
t h i s  s tudy as t h e  acreage involved w a s  less 
than  20% of t h e  t o t a l .  

We found t h a t  6-rowed v a r i e t i e s  occupied 
35% of  t h e  f i e l d s  i n  t h e  south  and 92% of 
t hose  i n  t h e  c e n t r a l  region.  These va lues  
ag ree  with t h e  propor t ions  r epor t ed  by t h e  
Brewing and Malting Barley Research 
I n s t i t u t e .  Winnipeg, Manitoba. From t h i s ,  it 
may be i n f e r r e d  t h a t  ou r  method of s e l e c t i n g  
f i e l d s  a l s o  se l ec t ed  i n d i v i d u a l  v a r i e t i e s  i n  
r e l a t i o n  t o  t h e  acreage  they occuFied. The 
e leven ba r l ey  v a r i e t i e s  commonly grown i n  
Alber ta  i n  1971 v a r i e d  somewhat i n  r e s i s t a n c e  
t o  c e r t a i n  d i s e a s e s  that caused measurable 
losses. However, i f ,  as w e  sugges t  above, 
ou r  f i e l d  s e l e c t i o n  technique was unbiased, 
t h e  lower losses occasioned b y  t h e  use  of 
r e s i s t a n t  v a r i e t i e s  should be accura t e ly  
accounted f o r  i n  t h e  s e v e r i t y  and loss 
estimates. 

Loss assessment s t u d i e s  of t h e  type  
descr ibed provide a n  estimate of the r e l a t i v e  
economic impact of t h e  diseases i n  a crop 
wi th in  an  a g r i c u l t u r a l  region. I n  addi t ion ,  
t hey  provide a @lbenchmark** from which to 
determine whether c e r t a i n  d i s e a s e s  are 
inc reas ing  or decreas ing  i n  prevalence and 
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s e v e r i t y .  Bacterial b l i g h t ,  f o r  example, was 
restricted i n  d i s t r i b u t i o n  i n  1971 b u t  caused  
modera te  damage i n  c e r t a i n  f i e l d s .  F u r t h e r  
m o n i t o r i n g  of i n c i d e n c e  and  s e v e r i t y  w i l l  
e n a k l e  accurate p r e d i c t i o n  of t h e  p o t e n t i a l  
t h r e a t  of  t h i s  disease t o  b a r l e y  p r o d u c t i o n  
i n  A l b e r t a .  
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