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IMPORTANCE OF FOLIAGE DISEASES OF WINTER WHEAT 
IN ONTARIO IN 1969 AND 1970’ 

W. C. James 

Abstract 

Surveys of fo l i age  d iseases  of winter  wheat (Triticum aestivum L.) 
grown i n  Ontario were conducted i n  1969 and 1970. hpproximately 750 acres 
per annum, from 63 and 50 f i e l d s  respect ive ly ,  w e r e  sampled i n  proport ion 
t o  the  winter  wheat acreage i n  twelve counties. The percentage l ea f  a rea  
af fec ted  by each d isease  was recorded f o r  t h e  top four leaves i n  1969 
and the  top two i n  June 1969 and June 1970. In  May 1969 the  average 
percentages of l ea f  a rea  af fec ted  by powdery mildew on the  top  four leaves 
w e r e  0 ( f l a g  l e a f ) ,  0.05, 0.41, and 1.14; corresponding percentages f o r  
l ea f  r u s t  were 0,  0.01, 0.03, and 0.06. In June 1969, mildew a f f ec t ed  
0.23% and 3.53% and l ea f  r u s t  0.46% and 1.08% of the  areas  of f i r s t  ( f l a g )  
and second leaves ,  respectively.  In  June 1970, the  corresponding 
percentages f o r  mildew w e r e  1.47 and 3.27; and f o r  l ea f  r u s t  3.27 and 3.53. 
Powdery mildew and l ea f  r u s t  accounted f o r  an average y i e ld  l o s s  of 
approximately 1 t o  2%. Septoria d iseases  w e r e  d i f f i c u l t  t o  assess  and 
consequently t h e i r  importance could not  be evaluated. Spindle s t r eak  
mosaic decreased y i e l d  by approximately 3% and combined with barley yellow 
dwarf probably had the  most s i g n i f i c a n t  e f f e c t  on y ie ld .  The t o t a l  l o s s  i n  
y i e l d  from powdery mildew, leaf  r u s t ,  and sp indle  streak mosaic w a s  
approximately 5% per year which represents  an average l o s s  of 2 
bushels/acre, worth $3.40. For the  t o t a l  acreage of  350,000 acres ,  t h i s  
represents  a l o s s  of $1.25 mil l ion  per annum. 

May 

Introduction 
Creelman ( 4 )  concluded t h a t  most of  the  

p l a n t  d isease  surveys conducted i n  Canada 
w e r e  q u a l i t a t i v e  and merely involved the  
co l l ec t ion ,  i d e n t i f i c a t i o n ,  and cataloguing 
of d iseases  occurring on p lants .  The r e s u l t s  
of these  surveys, conducted from 1920 t o  
1960, have been summarized by Conners (3 ) .  
However, t he re  has been l i t t l e  emphasis on 
quan t i t a t i ve  surveys designed t o  assess the  
incidence and seve r i t y  of d iseases  on a 
p a r t i c u l a r  crop with a view t o  es t imat ing  the  
consequent l o s se s  i n  .yield. 

This paper dea ls  with a survey designed 
to  assess the  incidence and seve r i t y  of 
fo l i age  d iseases  of t he  winter  wheat crop i n  
Ontario i n  1969 and 1970 and t o  determine the  
consequent economic loss .  The crop occupied 
approximately 350,000 acres i n  1969 and 
produced 15 mil l ion  bushels ,  worth about $25 
mil l ion  (13) .  An  e f f o r t  was made t o  s a t i s f y  
as many a s  poss ib le  of  t he  requirements of a 
w e l l  conducted survey, within the  p r a c t i c a l  
l im i t a t i ons  imposed, using the  f a c i l i t i e s  
ava i l ab l e  t o  the  Canada Department of 
Agriculture.  

Contribution No. 263, Research Sta t ion ,  
Canada Department of  Agriculture,  Ottawa, 
Ontario. 

P l an t  Pa thologis t .  

Materials and methods 
The number of segments s e l ec t ed  pe r  

county was based on the  acreage of winter  
wheat (Triticum aestivum L.) i n  t he  1961 
Census f igures .  The survey covered 12 
counties (Fig. 1)  , i n  which approximately 70% 
of t he  winter  wheat i n  Ontario is grown. The 
remainder of the  winter  wheat acreage is 
d i s t r i bu t ed  i n  o ther  couiities, and it was 
considered t h a t  t he  enormous e f f o r t  involved 
t o  survey t h i s  v a s t  a rea  was not  j u s t i f i e d .  
The survey area  w a s  divided i n t o  
approximately 5,000 segments (each segment 
equivalent  t o  approximately 1,000 ac re s )  and 
segments w e r e  chosen from each county a t  
random. A 1% sampling r a t e  was attempted and 
t h e  d i s t r i b u t i o n  of t he  50 segments chosen 
was reported by James e t  a l .  ( 8 ) .  These 
segments were o r ig ina l ly  s e l ec t ed  by the  
Dominion Bureau of S t a t i s t i c s  (DBS) i n  1967 
t o  determine the  y i e ld  per ac re  of winter  
wheat i n  Ontario. Each segment w a s  divided 
i n t o  4 approximate qua r t e r s  i n  1969 and one 
qua r t e r  was s e l ec t ed  a t  random. Within t h e  
chosen qua r t e r  one f i e l d  of winter  wheat per  
farm was examined. The names and addresses 
of the  farmers within t he  s e l ec t ed  area w e r e  
provided by DBS. 

Aer ia l  photographs of segments were used 
i n  conjunction with maps t o  increase  survey 
e f f i c i ency  by reducing the  t i m e  spent  i n  
l oca t ing  farms; the  method is summarized 
below. The loca t ions  of the  segments were 
marked on a small- scale map (Fig. 1) of t he  
twelve counties and l a t e r  t r ans fe r r ed  t o  a 
road map so t h a t  a route  passing through a l l  
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t h e  segments could be scheduled. The road 
map w a s  used t o  locate t h e  area i n  t h e  la rge-  
scale map (Fig. 2 ) ,  which w a s  then  used t o  
locate t h e  e x a c t  p o s i t i o n  of t h e  segment. 
A e r i a l  photographs of  t h e  segments were 
ob ta ined  from t h e  Canada Department o f  
Energy, Mines and Resources and were used t o  
i d e n t i f y  farms and f i e l d s  (Fig. 3 ) .  Fig. 3 
r e p r e s e n t s  t h e  boxed area i n  Fig.  2. I f  it 
was d i f f i c u l t  t o  e s t a b l i s h  t h e  o r i e n t a t i o n  of  
t h e  aerial photograph, t h e  p o s i t i o n  of a farm 
or any o t h e r  p h y s i c a l  f e a t u r e  w a s  used as a 
guide t o  compare t h e  photograph with t h e  
segment. Within t h e  s e l e c t e d  q u a r t e r  o f  t h e  
segment, each of t h e  farms (Fig. 3, No .  
l ,2 ,and  3)  w a s  v i s i t e d  and where p o s s i b l e  one 
w i n t e r  wheat f i e l d  p e r  farm w a s  surveyed; i f  
a farm had more than  one f i e l d  o f  w i n t e r  
wheat, one f i e l d  w a s  chosen a t  random. 
Successive q u a r t e r s  wi th in  segments were 
examined i f  a w i n t e r  wheat f i e l d  could no t  be 
found. I n  1969, 63 f i e l d s  were v i s i t e d  on 
t w o  s e p a r a t e  occasions approximately one 
month a p a r t .  The f i r s t  sampling w a s  
conducted dur ing  t h e  l a s t  week of  May when 
t h e  crops w e r e  a t  growth s t a g e s  8-9 (10)  and 
t h e  second dur ing  t h e  l a s t  week of  June when 
t h e  c rops  were a t  growth s t a g e s  10.5.4-11.1 
( g r a i n  milky r i p e ) .  I n  an e f f o r t  t o  sample 
crops a t  t h e  same growth s t a g e ,  t h e  earlier 
maturing crops i n  t h e  sou thern  c o u n t i e s  w e r e  
sampled f i r s t .  I n  1970 t h e  survey w a s  
repea ted ,  b u t  due t o  shor tage  of  time only 50 
f i e l d s ,  on t h e  same farms as 1969, w e r e  
surveyed and only one v i s i t  w a s  made, dur ing  
t h e  l a s t  week of June. 

I n  1969 t h e  sampling system involved 
s e l e c t i n g  3 culms p e r  acre up t o  a maximum of  
25 culms p e r  f i e l d ;  t h e  culms were s e l e c t e d  
a t  equa l  i n t e r v a l s  a long a W p a t t e r n  i n  t h e  
f i e l d ,  having chosen t h e  s i te  of t h e  f i r s t  
sampling p o i n t  using random numbers from 1 t o  
30; e.g. i f  5 w a s  t h e  random number chosen, 
t h e  f i r s t  culm w a s  picked 5 paces from t h e  
edge of  t h e  crop. During t h e  May sampling, 
d i s e a s e  assessments  were recorded f o r  t h e  
laminae of  t h e  t o p  f o u r  l eaves  on t h e  culm 
( l e a f  1 = f l a g  l e a f ) .  For each l e a f  an 
assessment w a s  made of t h e  percentage of l e a f  
a r e a  ' a f f e c t e d '  by powdery mildew (Erysiphe 
graminis  DC) ex Merat, s p i n d l e  s t r e a k  mosaic 
v i r u s ,  and l e a f  r u s t  (Pucc in ia  r e c o n d i t a  Rob. 
ex. D e s m .  f .  sp. t r i t i c i ) .  *Ai?fected' area 
i n  t h i s  c o n t e x t  included t h e  l e s i o n  and any 
yel lowing a s s o c i a t e d  wi th  t h e  d i sease .  Any 
d o u b t f u l  symptoms w e r e  checked by tak ing  an 
i n f e c t e d  l e a f  sample back t o  t h e  l a b o r a t o r y  
f o r  incuba t ion  and p l a t i n g  on agar  t o  
i d e n t i f y  t h e  c a u s a l  organism. The percentage 
of l e a f  area remaining green w a s  a l s o  
assessed  and a va lue  w a s  de r ived  f o r  t h e  
percentage l e a f  a r e a  dead due t o  causes o t h e r  
than  d i sease .  The premature c h l o r o s i s  of 
l e a v e s  observed i n  some f i e l d s  w a s  recorded 
as dead l e a f  area. For  t h e  June sample on ly  
mildew and l e a f  r u s t  were assessed  because 
t h e  symptom express ion  w a s  poor f o r  s p i n d l e  
s t r e a k  mosaic. The assessments  i n  June w e r e  
made on ly  f o r  t h e  f l a g  and second l e a v e s  
because l e a v e s  3 and 4 were u s u a l l y  dead. 

Standard area diagrams i l l u s t r a t i n g  each 
d i s e a s e  were used t o  achieve cons i s tency  
between assessments. 

I n  1970, 30 culms w e r e  chosen from each 
f i e l d  a t  approximately equa l  i n t e r v a l s  a long 
one diagonal ,  having chosen t h e  s i te  of  t h e  
f i r s t  culm a t  random. The t o p  t w o  l e a v e s  on 
each culm w e r e  a ssessed  f o r  d i s e a s e ,  using 
t h e  method employed i n  1969. One v i s i t  w a s  
made dur ing  t h e  las t  week of June and t h e  
f i r s t  few days of J u l y  when t h e  crops were a t  
growth s t a g e  11.1 t o  11.2 (milky - mealy 
r i p e ) .  The sampling method w a s  changed i n  
1970 because t h e  method used i n  1969 w a s  very 
t i m e  consuming and t h e r e  was also evidence 
t h a t  sampling 30 t i l lers  along one d iagona l  
w a s  adequate f o r  o u r  purpose. 

In  t h i s  paper a primary sampling u n i t  
r e p r e s e n t s  a l l  p l a n t s  w i t h i n  one f i e l d ;  a 
secondary u n i t  r e p r e s e n t s  a p l a n t  w i t h i n  a 
f i e l d .  The secondary u n i t s  s e l e c t e d  from one 
f i e l d  c o n s t i t u t e  a subsample, and t h e  
aggregate  of t h e  primary u n i t s  s e l e c t e d  
c o n s t i t u t e s  a sample. The d i s e a s e  
assessments w e r e  recorded i n  t h e  f i e l d  on 80- 
column s h e e t s  and t h e  computer c a r d s  were 
punched d i r e c t l y  from t h e s e  s h e e t s  t o  save  
t i m e  and t o  avoid t r a n s c r i b i n g  errors. A f t e r  
t h e  d a t a  had been analysed t h e  necessary  
t a b l e s  were prepared by D r .  C.S. Shih,  
S t a t i s t i c a l  Research Serv ices  , C.D.A. , 
O t t a w a .  N o  a t t empt  w a s  made to assess any 
d i s e a s e s  excep t  t h o s e  which a f f e c t e d  t h e  
f o 1 i age. 

Results and discussion 
Frequency o f  occurrence o f  d i s e a s e s  - The 

frequency of occurrence of  d i s e a s e s  found i n  
t h e  samples is t o  some e x t e n t  a measure o f  
t h e  d i s t r i b u t i o n  of  t h e  pathogen. A high 
occurrence r e f l e c t s  a wide d i s t r i b u t i o n  of  
t h e  d i s e a s e ,  and a l o w  occurrence sugges t s  
t h a t  t h e  converse is t rue .  Powdery mildew 
and l e a f  r u s t  were recorded i n  a l l  subsamples 
dur ing  Hay and June 1969 and June 1970. 
Therefore,  on t h e  b a s i s  o f  frequency of  
occurrence i n  r e l a t i o n  t o  subsamples, no 
d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  of  t h e s e  
d i s e a s e s  were de tec ted .  However, t h e  
frequency of occurrence of d i s e a s e s  found on 
p a r t i c u l a r  l e a v e s  (Table 1)  showed t h a t  i n  
May 1969 a h igher  percen tage  of  l e a v e s  w a s  
i n f e c t e d  wi th  mildew than  w i t h  l e a f  r u s t .  
Both d i s e a s e s  had a f f e c t e d  a h i g h e r  
percentage of lower l e a v e s ;  b u t  t h i s  
phenomenon w a s  more marked f o r  mildew, 
i n d i c a t i n g  t h a t  t h e  c rops  had been i n f e c t e d  
wi th  mildew earlier i n  t h e  season. However 
i n  t h e  June 1969 assessment  a h igher  
percentage of t h e  t o p  t w o  l e a v e s  w e r e  
i n f e c t e d  wi th  l e a f  r u s t  than  w i t h  mildew. 
Thus, a changeover had occurred concerning 
t h e  r e l a t i v e  importance of mildew and l e a f  
r u s t  between May and June 1969. This  w a s  
probably d u e '  t o  h i g h e r  June temperatures  
which favored t h e  development o f  l e a f  r u s t ,  
coupled wi th  t h e  f a c t  t h a t  t h e  d i s e a s e  had 
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Figure 2. Detai led map showing pos i t ion ot a segment selected i n  Lombton County. 
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Figure  3. Aerial  photograph of the segment shown in Figure 2, showing superimposed boundaries of farms and fields and the 

position of 'winter wheat f ields sampled with the segment quarter selected. 
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T a b l e  1. Percentage o f  l eaves  a f f e c t e d  by disease 

Date o f  assessment  

Disease Leaf no.t May 1969 June 1969 June 1970 

Powdery 1 
mildew 2 

3 

4 

Sp ind le  1 

2 

3 

4 

Leaf r u s t  1 

2 

3 

4 

s t r e a k  
mosaic 

S e p t o r i a  1 

2 SPP * 

0 12 49 

5 16  53 

25 

49 

4 

24 

35 

40 

0 25 86 

1 25 79 

2 

5 

1 3  

29 

' TOP or f l a g  l e a f  = 1. 

reached t h e  l o g a r i t h m i c  phase of  development 
i n  t h e  p e r i o d  between Clay and June. The 
f i g u r e s  f o r  l e a f  r u s t  and f o r  mildew i n  June 
1970 w e r e  h i g h e r  than  t h e  corresponding 
percen tages  f o r  1969, and t h i s  s u g g e s t s  t h a t  
t h e  weather  dur ing  1970 w a s  more favorab le  
f o r  t h e  development o f  both d i s e a s e s .  

Wheat s p i n d l e  s t r e a k  mosaic v i r u s  w a s  
f i r s t  r e p o r t e d  on w i n t e r  wheat i n  
southwestern Onta r io  i n  1957 ( 1 5 ) ,  and s i n c e  
then  (5,151 checks on t h e  d i s t r i b u t i o n  o f  t h e  
pathogen have been made annual ly .  S lykhuis  
(15)  r e p o r t e d  t h a t  65% of  t h e  96 f i e l d s  
i n s p e c t e d  i n  1968 con ta ined  p l a n t s  i n f e c t e d  
w i t h  t h e  v i r u s ,  and Gates (5 )  r e p o r t e d  t h a t  
74% o f  t h e  90 f i e l d s  examined w e r e  i n f e c t e d ;  
t h e  mean percen tages  of  p l a n t s  i n f e c t e d  were 
47.4% and 44.2% r e s p e c t i v e l y .  F u r t h e r  work 
by S lykhuis  and Polak (16) i n  1969 showed 
t h a t  58% o f  107 f i e l d s  examined con ta ined  
i n f e c t e d  p l a n t s ,  w i t h  a mean i n f e c t i o n  of  
38%. I n  t h e  May 1969 survey r e p o r t e d  i n  t h i s  
paper ,  4 9 %  o f  t h e  63 f i e l d s  con ta ined  
i n f e c t e d  p l a n t s  and 33% o f  a l l  p l a n t s  
examined were a f f e c t e d  w i t h  s p i n d l e  s t r e a k  
mosaic symptoms. These r e s u l t s  are i n  close 
agreement w i t h  t h o s e  quoted above (16) .  
However, it should  be noted t h a t  each of  t h e  
surveys  r e f e r r e d  to  w e r e  conducted i n  a 
d i f f e r e n t  way. The survey r e p o r t e d  h e r e  
d i f f e r s  from t h e  o t h e r s  because it allows f o r  
d i s t r i b u t i o n  of w i n t e r  wheat ac reage  and uses  
a s t r i c t l y  d e f i n e d  sampling technique capab le  
of r e p e t i t i o n  by o t h e r  r e s e a r c h  workers. 

Two o t h e r  f o l i a g e  d i s e a s e s ,  l e a f  s t r i p e  
i n c i t e d  by C e  h a l o s  orium ramineum Nisikado 
E I t a k a  and s E e m  rEst c a b  Pucc in ia  

Table 2. Mean pe rcen tage  l e a f  area a f f e c t e d  by 
d i s e a s e  

Date o f  assessment  - 
Disease Leaf no.t May 1969 June 1969 June 1970 

Powdery 1 
mildew 2 

3 

4 

Avg f o r  4 l eaves  

Leaf r u s t  1 

2 

3 

4 

Avg f o r  4 l eaves  

Sp ind le  1 

2 

3 

4 

s t r e a k  
mosaic 

Avg f o r  4 l eaves  

T o t a l  1 

2 d i s e a s e s  

3 

4 

Avg for 4 l eaves  

Green t i s s u e  1 

2 remaining 

Dead 1 

2 t i s s u e  

0 .oo 
0.05 

0.41 

1.14 

0.40 

0.00 

0.01 

0.03 

0.06 

0.03 

0.08 

0 .68 

1.75 

3.07 

1.39 

0.08 

0.73 

2.18 

4.27 

1.82 

0.23 1.47 

0.56 3.27 

0.46 

1.08 

0.69 

1.65 

78.98 92.07 

37.46 34.95 

20.33 3.34 

60.90 58.25 

3.12 

3.53 

4.59 

6.80 

+ Top or f l a g  l e a f  = 1. 

ramin i s  Pers.  f .  sp.  t r i t i c i  Er ikss .  b Henn. 
:ere seen o c c a s i o n a l l y m e r e  n o t  observed 
i n  any o f  t h e  subsamples. 

S e v e r i t y  o f  i n f e c t i o n  - A l l  t h e  d i s e a s e s  
were a s s e s s e d  i n  a similar manner bv 
a s s e s s i n g  t h e  percen tage  l e a f  area ( laminaj  
damaged by d i sease .  The mean i n f e c t i o n s  i n  
Table 2 relate t o  t h e  t o p  f o u r  l e a v e s  f o r  t h e  
May 1969 assessment  and t o  t h e  t o p  t w o  l e a v e s  
f o r  t h e  June 1969 and 1970 assessments .  For  
convenience t h e  a r i t h m e t i c  means o f  t h e  
percen tage  area a f f e c t e d  by disease on t h e  
t o p  f o u r  l e a v e s  (where a p p l i c a b l e )  have been 
c a l c u l a t e d  so t h a t  one va lue  can be  used as 
a re fe rence .  

I n  May 1969 m i l d e w  covered a l a r g e r  l e a f  
area than  r u s t ,  b u t  by June t h i s  s i t u a t i o n  
w a s  r eversed  i n  cons ider ing  t h e  area occupied 
by d i s e a s e  on t h e  t o p  t w o  l e a v e s  i n  June;  
reasons  f o r  t h i s  changeover have a l r e a d y  been 
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discussed. For the  May 1969 assessment t h e  
r a t i o  of infec t ion  on leaves 4:2, 3:2, and 
4:3 f o r  mildew were 22.6, 8.2, and 2.8; 
whereas the  corresponding ratios f o r  r u s t  
w e r e  6.0,  3.0, and 2.0. The mildew had 
higher r a t i o s  than r u s t ,  although t h e  
absolute l e v e l  of mildew w a s  higher than 
rus t .  This indica tes  t h a t  the  t w o  diseases 
d i f f e r  epidemiologically and points  t o  the  
e a r l i e r  and more severe mildew infec t ion  on 
t h e  lower leaves compared with the  l a t e r  
i n fec t ion  on the  upper leaves with leaf  ru s t .  
The same phenomenon was noted i n  England and 
Wales f o r  mildew and l ea f  r u s t  o f  barley ( 7 ) ,  
although the  values of t he  r a t i o  f o r  barley 
d i f f e red  from those reported here. Leaf r u s t  
and mildew increased between May and June 
1969 (Table 2 ) ,  but  t he  l eve l s  of d isease  on 
both occasions w e r e  q u i t e  low. 

The data  on spindle s t r eak  mosaic r e f e r  
only t o  the  1969 May assessment because i n  
June it w a s  d i f f i c u l t  t o  diagnose the  d isease  
s a t i s f a c t o r i l y .  Consequently, it w a s  not  
poss ib le  t o  estimate the  increase i n  v i rus  
d isease ,  i f  any, i n  t he  period between May 
and June 1969; and it a l s o  precluded an 
assessment i n  June 1970. The assessments 
reported here were the  bes t  poss ib le  
considering the  d i f f i c u l t y  i n  v isual ly  
assessing a mosaic symptom; a d isease  
assessment key was used f o r  t h i s  purpose. 
However, there  w a s  a d e f i n i t e  t rend f o r  t h e  
lower leaves t o  exh ib i t  more symptoms than 
the  top  leaves,  but  t h i s  may o r  may n o t  
represent  t he  t o t a l  e f f e c t s  of t he  disease.  
Other workers (5,15,16) have used the  
percentage of p l an t s  infec ted  a s  the  sole 
indica tor  of d isease  l eve l ,  whereas the  
method reported here incorporates an ex t r a  
measurement of the  seve r i ty  of t he  d isease  by 
assessing the  percentage l ea f  a rea  v i s i b l y  
af fec ted  by the  disease. 

The assessments f o r  glume blotch inc i t ed  
by Se toria Berk., speckled l ea f  
blot*d -tori: t r i t i c i  Rob. ex 
Desm.,  and l e s ions  cause by Se t o r i a  avenae 
Frank f .  sp. t r i t i c e a  T. J o h n s h  peirf. 
Le tos haer ia  avenaria Weber f .  sp. triticea T5d-r- o nson a r e  q u a l i t a t i v e  and should not  be 
regarded as a measure of t he  e f f e c t  of these  
diseases on t h e  winter  wheat crop. I n  1969 
severa l  l e s ions  typ ica l  of Se t o r i a  but  
without pycnidia, were noted a&ied i n  
t h e  f i e ld .  Samples were cul tured  under 
varying condit ions i n  the  laboratory,  but  no 
Septoria spp. were i so la ted .  During the  1970 
survey, w e l l  defined les ions  w e r e  assessed ir .  
t he  f i e l d ,  but  only a few contained pycnidia. 
Sample l e s ions  were examined i n  t h e  
laboratory and e f f o r t s  w e r e  made t o  i s o l a t e  
and iden t i fy  the  pathogens involved. In  a l l  
cases where pycnidia had been observed i n  t h e  
f i e l d  a Se t o r i a  sp. w a s  pos i t i ve ly  
iden t i f i ed  a+pathogen. Some of t h e  
les ions  which had no pycnidia i n  the  f i e l d  
produced pycnidia i n  the  laboratory and were 
iden t i f i ed  a s  Se to r ia  sp., but  o ther  s imi l a r  
les ions  d id  n o b e  pycnidia and no o the r  
pathogens were iso la ted .  A s imi l a r  s i t u a t i o n  

w a s  observed f o r  extensive dead areas  on the  
leaves. Furthemore,  three  species  of _ _ -  - -_  
Se?toF?, viz . nodor&, t r i t i c i  anh avenae f .  
s p  riticea, were i s o l a t e d a n d  i t n o t  
possible t o  co r re l a t e  a l e s ion  type with any 
of these species;  t h i s  has a l s o  been noted by 
o ther  workers ( 9 ) .  The assessment of 
Septoria is problematic because no typ ica l  
symptoms can be used as a r e l i a b l e  guide i n  
the  f i e l d ,  except when pycnidia a r e  observed. 
However, s ince  most of t h e  les ions  which 
produced Septoria pycnidia i n  the  laboratory 
d id  not  contain pycnidia i n  the  f i e l d ,  t h e  
only way t o  check the  presence of t he  
pathogen is t o  sample the  individual  les ions .  
The l o g i s t i c s  involved i n  checking a 
meaningful and r e l i a b l e  sample from any 
large- scale survey makes t h e  task  
impractical. Furthermore, i f  t he  species  of 
t he  pathogen i s  to be iden t i f i ed ,  a sample of 
t he  pycnidiospores must be measured. In  t h i s  
survey Se t o r i a  i so l a t ed  more 
frequen+ tE%Er 1;:cies. It is  f o r  
t h e  above reasons t h a t  it is f e l t  t h a t  t he  
da ta  presented i n  t h i s  paper on Septor ia  
species is s t r i c t l y  qua l i t a t ive .  

A l a rge  percentage of t he  l ea f  a rea  w a s  
dead (Table 21, par t i cu la r ly -o f  t he  f l a g  l ea f  
i n  1969. Dead t i s s u e  may be due t o  severa l  
fac tors ,  including senescence, d isease ,  and 
s o i l  and n u t r i t i v e  e f f ec t s .  

Differences i n  d isease  l eve l  between 
counties o r  groups of counties were not 
detected and s ince  the  va r i e ty  Genesee 
comprised 67% of the  crops sampled, it w a s  
not poss ib le  t o  make any meaningful v a r i e t a l  
comparison concerning d isease  suscep t ib i l i t y .  
The v a r i e t i e s  Talbot and Yorkstar cons t i t u t ed  
19% and 2% of the  sample respect ive ly ,  and i n  
12% of the  f i e l d s  it was not  poss ib le  t o  
ver i fy  the  name of t h e  var ie ty .  

Effec t  of diseases on y i e ld  - Usually one 
of t he  primary reasons f o r  conducting any 
survey on p l an t  d iseases  is t o  e s t a b l i s h  the  
approximate losses  i n  y i e ld  caused by t h e  
indiv idual  diseases and a l so  the  t o t a l  loss 
caused by a l l  t he  diseases.  However, i n  
order t o  be able to  compute t h e  above losses ,  
a knowledge of t he  r e l a t ionsh ip  between 
disease  and y i e ld  lo s s  is imperative. This 
re la t ionship  may d i f f e r  under varying 
environmental condit ions and therefore  
methods developed f o r  a paxt icular  region o r  
country may not be .applicable elsewhere. 
Because of lack of knowledge i n  t h i s  sphere 
of p l an t  pathology, it i s  usually d i f f i c u l t  
to derive accurate estimates of l o s ses  i n  
y ie ld .  Consequently, some degree of 
ext rapqla t ion  has t o  be resor ted  to  i n  most 
cases;  and t h i s  should be noted whenever the  
estimates of l o s s  are used. 

A predic t ion  method has been reported 
(11,121 f o r  est imating t h e  loss i n  y i e ld  i n  
winter  wheat due to mildew, using an 
assessment key Ghich accounted f o r  the  
percentage of leaf  a rea  af fec ted  by mildew on 
t h e  top  four leaves a t  growth s t age  10.5 
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(11 ,121.  Using this key, y i e ld  losses were 
ca lcula ted  using the  formula 2 x dmildew %. 
This method was shown t o  be cons is tent  and 
r e l i a b l e  over a period of 3 years i n  Great 
Br i ta in .  In the  survey reported here, two 
v i s i t s  w e r e  made t o  the  same f i e l d s  i n  1969 
so t h a t  information was avai lable  on the  
progress of t he  d isease  between growth s tages  
8-9 and 10.5.4- 11.1.  The 10.5  growth stage 
used i n  the  predict ion method probably 
occurred, on average, a t  t he  midpoint between 
the  t w o  assessments. It i s  estimated t h a t  
t h e  average mildew l eve l  i n  1969 w a s  less 
than 1 %  a t  growth s tage  10.5 (according to  
the  Large and Doling key [ill). The loss i n  
gra in  y i e ld  would therefore  be equivalent  to 
less than 1 % .  The corresponding f igures  f o r  
mildew i n  1970 a r e  estimated a t  between 2% 
and 3% mildew, representing an average l o s s  
i n  y i e ld  of between 1 %  and 2%. Even allowing 
f o r  considerable e r r o r  i n  est imating the  
losses  using t h i s  method, which has n o t  been 
proven i n  Ontario, it is almost ce r t a in  t h a t  
losses  due to  mildew i n  winter  wheat i n  
Ontario a r e  negligible.  The magnitude of t he  
lo s s  could warrant a d isease  cont ro l  
programme only through breeding e f f o r t s  and 
c u l t u r a l  p rac t i ce  r a the r  than cont ro l  by 
fungicides. 

The l e v e l  of l ea f  r u s t  i n  1969 and 1970 
w a s  very low. Greaney ( 6 )  es tabl i shed t h a t  
t he  y i e ld  l o s s  due t o  stem r u s t  and leaf  r u s t  
was equivalent  t o  approximately half  t he  
percentage of r u s t  (according t o  the  Cobb 
Scale)  recorded j u s t  before ripening. On 
t h i s  b a s i s  t h e  loss due to  l ea f  r u s t  i n  
winter  wheat i n  Ontario i n  1969 and 1970 is 
estimated a t  approximately 1 % .  

Gates ( 5 )  estimated the  y i e ld  losses  due 
t o  sp indle  s t r eak  mosaic and suggested t h a t  
the  y i e ld  loss w a s  equivalent  t o  10% when a l l  
t he  p l an t s  were infec ted ,  however t h i s  
est imate did not  take i n t o  account the  
seve r i ty  of i n fec t ion  .on the  individual  
p lants .  In  the  survey reported here 33% of 
a l l  t h e  p l an t s  examined w e r e  infected;  and on 
t h i s  bas i s  t he  y i e ld  lo s s  i n  1969 is 
estimated a t  3%. Because most of t he  f i e l d s  
af fec ted  had approximately 100% p lan t  
infec ted  the re  w a s  no need to ext rapola te  f o r  
lower l e v e l s  of infec t ion .  

Losses i n  y i e l d  due t o  Se t o r i a  spp. have 
been reported by severa-ers. In 
Aust ra l ia ,  Shipton ( 1 4 )  showed t h a t  they can 
be a s  high as 291,  and t h i s  w a s  probably an 
underestimate because t h e .  d isease  was not  
completely cont ro l led  i n  the  fungicide 
sprayed p lo ts .  In  the  U.S.A., est imates of 
loss from Septor ia  diseases ranged from 10.5 
t o  27.6% ( 2 ) ;  and i n  Switzerland where 
a r t i f i c i a l  inoculum w a s  applied,  losses  of up 
to  65% were recorded ( 1 ) .  More recent ly ,  i n  
t h e  United Kingdom ( 9 ) ,  a mixed in fec t ion  
with S. nodorum and S. t r i t i c i  caused a y i e ld  
lo s s  2 n d  an Zff- a l s o  made t o  
relate the  amount Q€  i n fec t ion  t o  y i e ld  loss, 
but  no predictiolp, method was proposed. 
Because the  r e s u l t s  f o r  geptor ia  on winter  

wheat i n  Ontario a re  considered qua l i t a t ive ,  
it is not possible to estimate y ie ld  loss. 
However, t he  above losses  show t h a t  the 
decrease i n  y i e ld  can be considerable when 
severe a t t acks  of Septoria occur. 

N o  estimate of the  loss due to  dead 
t i s s u e  can be made because the re  is no 
published method t o  transform percentage dead 
t i s s u e  to  loss i n  yield.  However t h e  lo s ses  
w e r e  probably higher i n  1969 than i n  1970, 
because of the higher percentage dead t i s s u e  
on the  f l ag  leaves. 

The e f f e c t  of barley yellow dwarf v i rus  
on y ie ld  of winter  wheat i n  Ontario i n  1969 
has been discussed elsewhere ( 8 ) .  It is not  
possible t o  predic t  t he  losses  due t o  t h i s  
disease,  but  it may w e l l  be t h a t  the  v i rus  
diseases spindle s t reak  mosaic and barley 
yellow dwarf represent  the  most important 
diseases a f f ec t ing  winter  wheat i n  Ontario. 

In 1969 t he  average yield/acre w a s  39.8  
bushels, and t h i s  sold a t  an average p r i ce  of 
$1.7l/bushel, giving an average p r i ce  per 
ac re  of $68.00 ( 1 3 ) .  Using the  ext rapola ted  
methods discussed above, the t o t a l  l o s s  i n  
y i e ld  caused by mildew, l ea f  r u s t ,  and 
spindle  s t reak  mosaic v i rus  during 1969 and 
1970 was approximately 5% per year,  which 
represents  an average l o s s  of 2 bushels/acre, 
worth $3.40.  For the  t o t a l  acreage of 
350,000 acres, t h i s  represented a l o s s  of 
$1.25 mill ion per annum. In  conclusion it 
can be sa id  t h a t  fungal l ea f  pathogens a re  
probably not important enough on winter  wheat 
t o  warrant t h e  development of cont ro l  
measures o ther  than the  introduction of 
r e s i s t a n t  v a r i e t i e s  through breeding programs 
already i n  existence. 
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