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T H E  E X P E R I M E N T A L  A P P R O A C H  IN A S S E S S I N G  D I S E A S E  
L O S S E S  IN C E R E A L S :  RUSTS AND S M U T S  

G. J. Green, J. J. Nielsen, W.  J .  Cherewick, and D. J. Samborskil 

Smuts  

T h e  s m u t s  w e r e  the m a i n  d i s e a s e s  of c e r e a l  
c r o p s  in  Weste rn  Canada a t  the tu rn  of the cen tury .  
Accord ing  t o  Johnson (8) ,  A. Mackay,  super in ten-  
dent  of the Indian Head E x p e r i m e n t a l  F a r m ,  r e p o r t -  
e d  that  in 1891 one in  t h r e e  bushe ls  of wheat  de l i-  
v e r e d  t o  a n  e leva tor  was  damaged  by smut :  and in  
1895, S. A. Bedford,  super in tendent  of the Brandon 
Exper imenta l  F a r m ,  r e p o r t e d  that  f r o m  10 to 25% of 
the  o a t  a n d  b a r l e y  c r o p s  w a s  des t royed  b y  loose  
s m u t .  Bedford a l s o  r e p o r t e d  finding f ie lds  of o a t s  
with 75% of the h e a d s  s m u t t e d .  Bunt w a s  the m a i n  
d i s e a s e  and  y ie ld  reduc t ions  of 30 t o  40% w e r e  not  
uncommon L o s s e s  w e r e  s o  s e v e r e  that  s e e d  t r e a t -  
m e n t  with b I u e s t o n e  was  a widely u s e d  cont ro  1 
m e a s u r e  b y  1892, only 1 3  y e a r s  a f t e r  the ra i lway  
r e a c h e d  Winnipeg. The  amount  of s m u t  d e c r e a s e d  
s h a r p l y  as s e e d  t r e a t m e n t  b e c a m e  a common p r a c -  
t ice ,  but  Gzssow (7) e s t i m a t e d  that  the a v e r a g e  a n-  
nual l o s s  f r o m  s m u t  f r o m  1920 t o  1923 w a s  1. 2, 3 . 0 ,  
and  3 4% f o r  whea t ,  b a r l e y ,  and  oa ts ,  respec t ive ly .  
The  a v e r a g e  annual  m o n e t a r y  l o s s  was e s t i m a t e d  t o  
be  about  11 mi l l ion  d o l l a r s .  Smut l o s s e s  have de-  
cl ined s tead i ly  s i n c e  that  t i m c ,  but  r e p o r t s  in  the 
Canadian P l a n t  Diseasc. Survey  show that  occas iona l  
f ie lds  of wheat  a n d  b a r l e y  in Weste rn  Canada have 5 
t o  10% s m u t .  

E s t i m a t e s  of s m u t  l o s s e s  probably have b e e n  
reasonably  a c c u r a t e  They  have been  b a s e d  on f ie ld  
counts of s m u t t e d  heads ,  a n d  t h e r e  i s  evidence ( 1 ,  
4,  11, 12) tha t  1% s m u t t e d  heads  cause  about  1% l o s s  
i n  yield.  The  re la t ionsh ip  m a y  v a r y  under a b n o r m a l  
condit ions:  f o r  example  a r t i f i c i a l  inoculation c a u s e d  
a yield d e c r e a s e  of 11 3% f o r  each  1.1370 bunt in the 
r e s i s t a n t  v a r i e t y  'R id i t '  ( 4 ) .  This  l a r g e  d e c r e a s e  
was  a t t r ibu ted  m a i n l y  t o  the deforming e f f e c t  of 
s m u t  infect ion on plants  that  did not  produce s m u t-  
t e d  h e a d s  

A reasonably  good e s t i m a t e  of s m u t  l o s s e s  c a n  
be  obtained by m e a n s  of wel l - organized  s u r v e y s  a n d  
good sampl ing  techniques .  The m a i n  s o u r c e  of e r -  
r o r  i s  the non- random se lec t ion  of f ie lds  f o r  s a m p-  
l ing.  Smut infect ions a r e  heavies t  in i so la ted  a r e a s  
w h e r e  f a r m e r s  do not use the b e s t  cu l tura l  methods  
and  c o n t i n u e  t o  use  homegrown g r a i n  f o r  s e e d .  
L o s s  e s t i m a t e s  might  be m o r e  in format ive  if they 
w e r e  de te rmined  f o r  e a c h  c r o p  zone r a t h e r  than f o r  
a province .  

R e  s e a r c h Station, Canada Depar tment  o f  
Agr icu l ture ,  Winnipeg, Manitoba.  
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The Board  of Gra in  C o m m i s s i o n e r s '  r e c o r d s  of 
c a r l o t s  g raded  "smutty ' '  provide a f a i r l y  reliable in- 
dicat ion of l o s s e s  f r o m  d e c r e a s e s  in quali ty.  

R u s t s  - 

Rust  l o s s e s ,  as e s t i m a t e d  b y  var ious  methods ,  
have been  e n o r m o u s .  L o s s e s  f r o m  the wheat  r u s t s  
in s o m e  impor tan t  epidemics have b e e n  e s t i m a t e d  a t  
100 mil l ion  bushe ls  in 1916: 90 mi l l ion  in 1927; 87 
mi l l ion  in 1935; and  150 mi l l ion  in 1954. The  a v e r -  
age  annual  l o s s  in Manitoba and  Saskatchewan f r o m  
1925 to 1935 w a s  35, 518, 000 bushe ls  and  f o r  Mani-  
toba alone 15, 092,000 bushe ls .  The  u s e  of r e s i s t a n t  
v a r i e t i e s  reduced  the a v e r a g e  annual  l o s s  in Mani-  
toba f r o m  1953 to 1962 to 3, 741, 600 bushe ls ,  and  
m o s t  of th i s  l o s s  o c c u r r e d  between 1953 and  1956, 
b e f o r e  suscept ib le  v a r i e t i e s  w e r e  r e p l a c e d  b y  'Sel-  
k i r k ' .  In oa ts  the a v e r a g e  annual  l o s s  f r o m  s t e m  
r u s t  f r o m  1929 to 1934 was  e s t i m a t e d  a t  8, 334,000 
b u s h e l s ;  and  f r o m  1953 to 1962 the u s e  of r e s i s t a n t  
v a r i e t i e s  reduced  the a v e r a g e  annual  l o s s  f r o m  
crown r u s t  and  s t e m  r u s t  t o  2, 008,  800 bushe ls  (2 ,  
6, 9, 10).  

The potential  of the r u s t s  to cause  l o s s e s  h a s  
not  diminished Data f r o m  var ious  t e s t s  f requent ly  
indicate what could have  happened if res i s tan t  varie- 
t i e s  had not b e e n  grown In a t e s t  b y  A. B. Camp-  
b e l l  a t  Winnipeg in 1964, ' M a r q u i s '  yielded 2. 6 bu/ 
a c r e ;  'Se lk i rk ' ,  20. 6;  and 'Manitou' ,  29. 3. On the 
b a s i s  of these  yields a n d  es t imat ing  c o s t s  at $ZO.OO/ 
a c r e ,  a f a r m e r  growing ' M a r q u i s '  w o u l d h a v e  l o s t  
$15 67/acre  However a f a r m e r  growing 'Manitou'  
would have m a d e  $32. 62/acre. In r e c e n t  y e a r s  'Sel- 
k i r k '  and 'Pembina '  have been  damaged  b y  leaf r u s t .  
In 1965, D. J. Samborsk i  found that  plants  of 'Sel-  
kirk '  when pro tec ted  by a fungicide yielded 55. 0 bu/ 
a c r e  in plots a t  Winnipeg, w h e r e a s  unprotected 
plants  of 'Selkirk '  yielded 44. 3 bu /acre  - a l o s s  of 
n e a r l y  2 0 % .  S i m i l a r  l o s s e s  f r o m  oa t  c rown r u s t  
w e r e  demons t ra ted  by F l e i s c h m a n n  (3)  i n  1964. 

The es t imat ion  of r u s t  l o s s e s  o v e r  l a r g e  a r e a s  
invdves  the e f fec t s  of m a n y  v a r i a b l e s .  The  methods  
u s e d  t o  obtain data f o r  a n  e s t i m a t e  of l o s s  should  
take these  var iab les  into account  if the e s t i m a t e  is 
to b e reasonably  a c c u r a t e .  F o u r  r e q u i r e m e n t s  
s e e m  to be  n e c e s s a r y  to obtain data that  a r e  r e a s -  
onably complete and  re l iab le .  The  f irst  is f requent  
a n d  thorough plant  d i s e a s e  s u r v e y s .  It is difficult t o  
unders tand  how l o s s  e s t i m a t e s  can  b e  r e g a r d e d  as 
reasonably  a c c u r a t e  if they a r e  not  suppor ted  b y  a 
sound knowledge of d i s e a s e  development i n  f a  r m 
f i e  I d s .  The  second r e q u i r e m e n t  is e x p e r i m e n t a l  
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evidence of the amount of yield reduction caused by 
natural  ru s t  infection on the widely grown var ie t ies .  
The th i rd  is an accura te  and reliable method of de- 
termining the lo s s  f r o m  reduced quality of the pro-  
duct. The fourth is a method of applying experi-  
menta l  and survey data to  an a r e a  a s  la rge  a s  West- 
e r n  Cagada in a manner  that will accurately indicate 
ru s t  l o s se s .  

The four th  requirement  presents  the mos t  dif- 
ficult ies.  Obviously, the resul ts  of one experiment 
and l imited survey data a r e  inadequate fo r  an a c -  
cura te  estimation of ru s t  losses  in Western ,Canada. 
If reasonably complete data a r e  to be obtained, ex-  
perimental work with the main  var ie t ies  of  e a c h  
crop will be  needed a t  many locations. The exper i-  
menta l  d a t a  should b e  supplemented b y  thorough 
rus t  surveys  and by ef for ts  to determine the losses  
f r o m  reductions in grade.  It might be argued that  
the expense of such a programme could be reduced 
by res t r ic t ing  it to the tradit ional rus t  a r e a  of Man- 
itoba and southeastern Saskatchewan, b u t ser ious  
losses  to wheat in this region have been l imited in 
mos t  recent  yea r s  to the s m a l l  acreage  sown to 
susceptible var ie t ies .  Much of the loss  in recent  
yea r s  has occurred  f a r the r  west, where 'Thatcher '  
has  been attacked by leaf rus t  and occasionally by 
s t e m  rus t ,  and in  western  Saskatchewan and Alber-  
ta, where  susceptible var ie t ies  of common and dur-  
um wheat a r e  occasionally damaged by leaf ru s t  and 
s t e m  rus t .  Investigations on rus t  losses  in o a t s  
could be  r e s t r i c t ed  t o  Manitoba a n d  southeastern 
Saskatchewan, since s t em rus t  and crown rus t  of 
oats r a r e ly  sp read  outside this a r ea .  

Some of the bet ter  methods for  estimating rus t  
losses  have been developed in Western Canada. In 
the e a r l y  days of ru s t  research ,  F. J. Greaney ( 5 )  
developed a method that "had the m e  r i t  of being 
based on the resul ts  of controlled experiments,  but 
is s t i l l  subject  to  cer ta in  sources  of e r r o r .  '' H e  
dusted plots of wheat and oats with sulfur a t  differ- 
ent r a t e s  and frequencies and controlled s t em rus t  
a t  different levels of infection. He then calculated 
the yield reduction fo r  each 10% of rus t .  The total 
ru s t  loss  w a s  calculated f rom t h e s e  figures and 
f r o m  survey r epo r t s  on the amount of s t em rus t  in 
different pa r t s  of Western Canada. W. C. McDonald 
(9) compared the average yields in tes t  plots of va r -  
ieties with different r u s t reactions and computed 
the losses  caused by each rus t  f r o m  the acreages  
sown to the different var ie t ies .  

A ve ry  good es t imate  of ru s t  losses  was made 
fo r  the ru s t  epidemics of 1953, 1954, and 1955 by 
B .  Pe tu r son  (10). In Manitoba and eas t e rn  Saskat-  
chewan in 1953, he compared the yields of 57 match- 
ing fields of ru s t  res is tant  'Selkirk' and a suscep-  
tible variety.  In 1954 in Manitoba the yields of 165 
fields of 'Selkirk' we re  compared with the yields of 
168 fields of the m o r e  susceptible var ie t ies  'Red- 

man ' ,  'Thatcher ' ,  and 'Lee ' ;  and in Saskatchewan 
the yields of 169 fields of 'Selkirk' were  compared 
w i t h  the yields of 169 fields of  'Thatcher ' .  The 
l a rge  number of comparisons he made in a w i d e  
var ie ty  of locations gives one confidence in his e s -  
t imate despite the fac t  that the data were  obtained 
f r o m  questionnaires re turned by f a r m e r s  r a t  h e r 
than f r o m  controlled experiments.  

We should ndt overlook the rapidity with which 
the ru s t  situation changes.  The reactions o f  t h e  
widely grown var ie t ies  can change dramatically in a 
sho r t  t ime. In th8 next year  o r  two we expect that  
'Manitou' will reduce rus t  losses  in wheat to negli- 
gible amounts. Little would be gained by devoting 
t ime to estimating losses  while i ts  res is tance  i s  ef-  
fective.  On the other hand, our oat var ie t ies  a r e  
now susceptible to s t em rus t  and crown rus t .  These 
c i rcumstances  do not s eem to justify an expensive 
program to determine rus t  losses ,  but there  i s  a 
need to obtain bet ter  information than we have had 
in the past .  
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DISCUSSION O F  T H E  P A P E R  B Y  G. J. GREEN, J .  J .  N I E L S E N ,  
W. J .  C H E R E W I C K ,  A N D  D.J .  SAMBORSKI 

M. L. Kaufman: We have h e a r d  cons iderab le  d i s -  
c u s s i o n  about  making  a c c u r a t e  e s t i m a t e s  of 
l o s s ,  in th i s  c a s e  f r o m  r u s t  a n d  s m u t  d i s e a s e s .  
I wonder if i t  i s  n e c e s s a r y ,  b e a r i n g  in m i n d  the 
long h i s t o r y  of these  d i s e a s e s ,  to prove  that  we 
suf fe r  l a r g e  l o s s e s .  Unless our  p r o g r a m s  a r e  
being h a m p e r e d  b e c a u s e  people a r e  not a w a r e  
of th i s  fact, I do not s e e  the need  f o r  de ta i led  
and  a c c u r a t e  e s t i m a t e s .  I b e  l i e  v e  sufficient  
evidence w a s  p r e s e n t e d  h e r e  t o  show that  p r o -  
g r a m s  a r e  not  h a m p e r e d .  

G. J. Green:  Cer ta in ly  f o r  m o s t  of us in agr icu l tur-  
al r e s e a r c h  we do not have t o  prove aga in  a n d  
aga in  the d e s t r u c t i v e n e s s  of plant  d i s e a s e s .  We 
m u s t ,  however,  have data f o r  the public. We 
m a y  s a y  tha t  t h e r e  i s  a m o d e r a t e l y- s e v e r e  in-  
fect ion of leaf r u s t  on Selkirk wheat  in Manitoba 
and  e a s t e r n  Saskatchewan,  but  few people com-  
prehend  th i s .  M o s t  p e r s o n s  want t o  know how 
m u c h  i s  the l o s s .  This  then r e q u i r e s  e x p e r i -  
m e n t a l  data,  observa t ion  within the a r e a ,  infor- 
mat ion  on when the r u s t  c a m e  in, and  at what  
s tage  of  plant development.  When a s k e d  how 
g r e a t  a l o s s  t h e r e  i s ,  "no comment"  would con-  
s t i tu te  a n  unacceptable r e p l y .  Without staff and  
fac i l i t i es  to be on top o f  the problem contin-  
uously,  s o m e t i m e s  one m u s t  h a z a r d  a guess  as 
t o  l o s s e s .  

W. E. Sackston:  I think too t h e r e  a r e  o t h e r  a s p e c t s  
t o  be  cons idered .  Some of u s  wi l l  r e c a l l  tha t  
j u s t  p r i o r  t o  the ou tbreak  of the 15B r a c e  o f  
s t e m  r u s t ,  s e r i o u s  cons idera t ion  w a s  given t o  
phas ing  out the b r e e d i n g  f o r  r u s t  r e s i s t a n c e  at 
the Winnipeg Labora tory .  T h e r e  s e e m e d  l i t t l e  
just if icat ion to continue the breeding  p r o g r a m  
s ince  the r u s t  p r o b l e m  h a d  b e e n  overcome!  
Survey  a n d  loss informat ion  as to w h a t  w a s  
happening i n  the r u s t  r a c e  p ic ture  was  v e r y  
per t inen t  and  he lped  prevent  a n  act ion which, if  
c a r r i e d  out ,  might  have h a d  v e r y  s e r i o u s  con-  
sequences .  We can  a l s o  r e c a l l  the i n t e r e s t  b y  
indus t ry  in  chemica ls  to combat  r u s t s .  Indus- 
t r y  needs  t o  know what the potentials  f o r  a p r o -  
duct are b e f o r e  it e m b a r k s  on a s e r i o u s  p r o -  
g r a m  in development.  

t ruc t ive .  The  l a s t  s e v e r a l  y e a r s  we have been  
pred ic t ing  l o s s e s  f r o m  leaf r u s t  in Saska tche-  
wan, a n d  t h e r e  have been  subs tan t ia l  l o s s e s .  
Bumper  c r o p s ,  however,  have b e e n  highlighted, 
and  s ince  leaf r u s t  exac ts  only a m o d e r a t e  toll,  
our  e s t i m a t e s  r c c d v e  l i t t le  c r e d e n c e  genera l ly .  

W.E.  Sackston:  Well, I think that  th i s  i s  a n  e x c e l -  
lent  a r g u m e n t  f o r  the need  f o r  a c c u r a t e  s u r v e y  
a n d  exper imenta t ion  M r .  C r e e  l m a n  cited 
L a r g e ' s  work  on potato blight and this ,  I be-  
lieve, documents t h e  c a s e  that  in  the y e a r s  
m o s t  favorab le  for  the development of the d i s-  
e a s e ,  there  i s  a l s o  a tendency to get the  h ighes t  
c r o p  yields The s a m e  conditions t h a t  f a v o r  
the c r o p  simultaneously favor  the d i s e a s e .  This  
i s  obviously the c a s e  with leaf r u s t .  If we had 
adequate documentat ion on the e f f e c t  of d i s e a s e  
on yields i n  y e a r s  o f  op t imum production we 
would have a b e t t e r  idea of the m a x i m u m  poten- 
tial. This ,  of c o u r s e ,  i s  one of the object ives 
of a s s e s s i n g  plant d i s e a s e  l o s s e s .  

D. J. Samborsk i :  T h e r e  i s  difficulty in  educating the  
public,  because  l o s s e s  f r o m  d i s e a s e s  l ike leaf 
r u s t  o c c u r  p r i m a r i l y  in t h e  b e s t  c r o p  y e a r s .  
When conditions a r e  poor,  f o r  example ,  v e r y  
dry ,  t h e r e  se ldom is  m u c h  leaf r u s t .  

W. E. Sackston:  Yes.  On a d i s e a s e  s u r v e y  in  a fav-  
o r a b l e  y e a r  a f a r m e r  expe l led  m e  f r o m  h is  
f ie ld  say ing  "Sonny, we don't want  t o  know how 
t o  grow m o r e  wheat ,  we want t o  know how t o  
s e l l  i t .  ' I  

P. K. Isaac: With r e f e r e n c e  D r .  Samborsk i ' s  com-  
ment ,  the at t i tude of the public i s  quite under-  
s tandable .  How can one lose  someth ing  that  you 
n e v e r  h a d ?  

G. J. Green:  A methodica l  way of de te rmin ing  los-  
s e s  annually would b e  v e r y  good. It would r e -  
qui re  addit ional  staff and  fac i l i t i es .  I do think 
that  t h e r e  w a s  a cons iderab le  loss f r o m  leaf 
r u s t  in n o r t h e r n  Saskatchewan l a s t  y e a r .  Some 
f i g u r e s  I have s e e n  wo u l  d place the l o s s  a t  
about  6 b u / a c r e .  

D. J. Samborsk i :  I t ' s  re la t ive ly  e a s y  t o  show l o s s e s  
f r o m  s t e m  r u s t  s ince  th'e d i s e a s e  i s  v e r y  d e s -  

A. J. Skolko: Additional staff and  funds f o r  s u r v e y  
and  d i s e a s e  l o s s  de te rmina t ions  might  be  com-  
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mendable. However, the assignment of addi- 
tional support  to  solving our present problems 
m a y  be  even m o r e  mer i tor ious .  

W. E. Sackston: One of the comments by LeClerg in 
the A. P. S .  symposium was on why it  was im- 
portant to have a s  accurate as possible deter-  
minations of crop losses .  It was to ensure  the 
mos t  efficient use of r e sea rch  effort and funds. 
Another was to establish the need for the con- 
t r o l  of certain d iseases .  A disease accepted a s  
a minor  one today may upon documented evi- 
dence turn out to be  a major  one. Documenta- 

tion of losses  is  important and deserves  e m-  
phasis.  

D. W. Creelman: I t  is  likely that the d iseases  that 
a r e  considered serious in Canada today and that 
a r e  subjects of r e sea rch  were  shown to be im- 
portant through plant disease surveys .  We a r e  
fortunate in Canada i n  having a plant disease 
survey. S o m e  countries do not have one. A 
colleague f rom New Zealand w a s commenting 
on this recently. Where survey is lacking, r e -  
sea rch  may  be subject to  p res su re  groups. 


