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SOUTHERN LEAF BLIGHT OF CORN I N  ONTARIO IN 1970 
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Abstract 

Southern l e a f  b l i g h t  of corn (Zea m a  s )  caused by Helminthos orium 
maydit became widespread i n  1 9 7 b t h A  weather cond'itions thaf: w e r e  
excep i o n a l l y  favorab le  f o r  t h e  development and r a p i d  spread of  a new race 
of t h e  pathogen. Most of t h e  corn grown i n  t h e  U.S.A. and i n  Ontar io  
contained t h e  Texas (T)  male-sterile cytoplasmic f a c t o r  and w a s  t h e r e f o r e  
s u s c e p t i b l e  t o  t h e  new race. 

Most f i e l d s  t h a t  were examined i n  Essex, Kent, and Lambton Counties 
contained d i s e a s e d  p l a n t s .  The d i s e a s e  occurred as f a r  n o r t h  as Bruce and 
Grey Counties ,  and as f a r  east as Northumberland and Pr ince  Edward Counties 
and i n  t h e  O t t a w a  area. I n  most o f  t h e  f i e l d s  t h a t  w e r e  examined i n  Essex, 
Kent, and Lambton t h e  d i s e a s e  w a s  confined t o  t h e  lower leaves.  I n  m o s t  
f i e l d s  y i e l d  l o s s  from b l i g h t  w a s  a ssessed  a t  less than  1%;  only i n  
o c c a s i o n a l  f i e l d s  would assessed  losses have exceeded about  5%. Seed crops 
were o f t e n  b l i g h t e d ,  r e s u l t i n g  i n  a propor t ion  of d i seased  k e r n e l s .  

Because of t h e  ex tens ive  use  i n  seed product ion i n  1970 of l i n e s  which 
conta in  Texas (T) male-sterile cytoplasm, 70 - 75% of t h e  1971 Canadian 
c rop  w i l l  b e  s u s c e p t i b l e  t o  t h e  d i s e a s e .  

Introduction 

Southern l e a f  b l i g h t  of corn (Zea m a  s 
L. ) , caused by Helminthos o r i u r m a - d C  
Nisikado E. Miyake B i  o :ris mid%% 
(Nisikado) Shoem. s t a t  (peEf? C o c h l i h  
he te ros t rophus  Drechs.),  has  u n t i l  r e c e n t l y  
occur red  mainly i n  t h e  southern areas of t h e  
United S t a t e s ,  extending occas iona l ly  i n t o  
sou thern  p a r t s  of t h e  corn b e l t  ( 1 2 ) .  I n  
1969 many seed  c rops  and some g r a i n  crops i n  
I l l i n o i s  and I o w a  ( 3 ,  5 ,  8) w e r e  damaged by 
a race of  H. inaydis t h a t  was d i s t i n g u i s h e d  by 
i t s  viruleirce on corn genotypes con ta in ing  
t h e  Texas (T) cytoplasmic f a c t o r  f o r  male 
s t e r i l i t y  and by i t s  av i ru lence  on 
corresponding genotypes w i t h  normal cytoplasm 
(5, 8 ) .  Hooker e t  a l .  (5 )  and Smith e t  a l .  
(9 )  concluded t h a t  a new 'b io type '  of H. 

ma d i s  e s t a b l i s h e d  i n  t h e  USK, sy-- ecause had i n  earlier become y e a r s  local races of t h e  
fungus had n o t  d i f f e r e n t i a t e d  between t h e  two 
cytoplasmic types ,  and c u l t u r e s  c o l l e c t e d  i n  
1963 d i d  n o t  do so i n  1969. 

I n  r e c e n t  y e a r s ,  c o r n  genotypes w i t h  
. Texas (T)  male-sterile cytoplasm have been 
widely used t o  save  t h e  cost of l a b o r  f o r  

d e t a s s e l l i n g  female p a r e n t s  i n  corn seed 
product ion.  About 80% of t h e  corn grown i n  
1970 i n  t h e  United States and i n  Ontar io  
contained t h i s  cytoplasmic f a c t o r .  With 
unusual weather  and w i t h  most of t h e  acreage 
p lan ted  wi th  s u s c e p t i b l e  corn ,  t h e  new race 
of  H. m a  d i s  w a s  widespread i n  t h e  U.S. corn 
b e l F  i h O !  and extended i n t o  p a r t s  of 
Ontar io.  This  r e p o r t  summarizes i ts  
occurrence i n  1970 and i t s  p o s s i b l e  
i m p l i c a t i o n s  f o r  corn product ion i n  Ontar io.  

Occurrence of the disease 

The d i s e a s e  w a s  f i r s t  i d e n t i f i e d  i n  
Ontar io  i n  mid-August, a t  which t i m e  samples 
were rece ived  from Essex, Lambton, and Oxford 
count ies .  A coopera t ive  survey of t h e  
d i s e a s e  w a s  made by s t a f f  o f  t h e  Research 
S t a t i o n ,  H a r r o w ,  t h e  Ontar io  Department o f  
A g r i c u l t u r e  and Food, and t h e  Univers i ty  of 
Guelph. 

I n  Essex and Kent c o u n t i e s  between Aug. 
25 and 28, t h e  d i s e a s e  was found i n  69 of  80 
randomly s e l e c t e d  f i e l d s  (Table 1 ) .  I n  57 
f i e l d s  t h e  d i s e a s e  w a s  e s s e n t i a l l y  confined 
t o  l eaves  a t  o r  below ear l e v e l  and i t s  
prevalence w a s  s u f f i c i e n t l y  l i g h t  (less t h a n  
about  50 s p o t s  p e r  l e a f )  as t o  cause very  
l i t t l e  loss (Table 1 ,  classes 1 and 2 ) .  I n  
11 f i e l 4 s  i n  Essex Co. and one i n  Kent CO., 
a l l  with..n 5 m i l e s  of Lake E r i e ,  l e a v e s  
l o c a t e d  a t  and below ear l e v e l  were b l i g h t e d  
t o  t h e  e x t e n t  of 1/4 t o  1/2 of t h e  l e a f  area 
(Table 1,  class 3 ) ;  s p o t s  were also p r e s e n t  
on t h e  upper l eaves ,  b u t  i n  only 3 f i e l d s  w a s  
t h e  damage t o  t h e s e  l e a v e s  ex tens ive .  
E s t i m a t e s  o f  probable y i e l d  losses a t  t h e s e  
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Table 1. Assessment of southern leaf b l igh t  of corn in  southern 
and eastern Ontario i n  1970 

t 
No. of f i e l d s  Disease c lass  

examined 0 1  2 3 County Date 

Essex 

Kent 

Elgin 

Lamb t on 

Middles ex 

Perth 

Oxford 

Waterloo 

Wellington 

Lincoln 

Wentworth 

Bruce 

Grey 

Ontario 

Durham 

Prince Edward 

Carleton 

Russel 1 

Grenville 

Dundas 

l a t e  August 

l a t e  August 

l a t e  August 

l a t e  August & 

l a t e  September 

l a t e  August 

l a t e  August 

l a t e  August 

l a t e  August 

l a t e  August 

l a t e  August 

l a t e  August 

ear ly  September 

ear ly  September 

ear ly  September 

ear ly  September 

mid-September 

mid- Sep tember 

t o  

mid-October 

50 6 9 24 11 

30 5 8 1 6  1 

9 2 3  4 0 

1 4  3 5  6 0 

1 2  3 7  2 0 

4 

4 

2 

14 

8 

3 

2 

2 

3 

5 

Ident i f ied  on 

diseased corn 

leaves but not  

ass es sed . 

L 

Up t o  20% infected p lan ts  i n  7 

out of  17 f i e l d s  examined. 

33 

' Where 0 = disease not detected;  
1 = disease incidence very l i g h t ;  
2 = l e s s  than about 50 spots  per l ea f  a t  e a r  level  

and below; estimated y ie ld  loss <1%; 
3 = spots  damaging 1/4 t o  1 / L  of l ea f  area a t  and 

below ear  l e v e l ,  l i g h t  spott ing above. Estimated 
y ie ld  loss 5 t o  8%; i n  3 cases with heavy spot-  
t ing  of upper leaves,  about 15%. 

l e v e l s  of d isease  incidence a r e  discussed 
below. Even i n  f i e l d s  where t he re  were many 
l ea f  spots ,  only a small proport ion (<1%) of 
the  ears became infec ted ,  general ly through 
the  t i p s .  

The d isease  was widespread i n  Lambton, 
Middlesex, and Elgin counties,  but  no cases  
of appreciable loss were encountered. In  
Lambton Co. on September 23 t h e  d isease  had 
spread t o  t he  tops of  many infec ted  p l an t s ,  
although i ts  incidence was st i l l  l i g h t .  
Southern l ea f  b l i g h t  was i d e n t i f i e d  on 
diseased corn leaves co l l ec t ed  i n  many o the r  
a reas  of southern Ontario (Table 1 ) .  By m i d -  
September t he  d isease  had spread a s  f a r  nor th  
as  Bruce and Grey counties and a s  f a r  east as 
Northumberland and Prince Edward counties. 

Between September 15 and October 15,  17 
corn f i e l d s  w e r e  examined i n  t h e  Ottawa 

va l ley  i n  the  counties of Carleton,  Russell ,  
Grenvil le ,  and Dundas. Symptoms of southern 
l ea f  b l i g h t  were observed i n  7 f i e l d s ,  and 2. 
m a  d i s  was i s o l a t e d  i n  each case. In  one * seve ra l  e a r s  w e r e  r o t t e d  a t  t he  t i p s  
and 11. ma d i s  was i s o l a t e d  from t h e  blackened 
areag  o i c -  t e husks. The seeds under t h e  
severely af fec ted  husks w e r e  d iscolored ,  but  
i s o l a t i o n s  from these  f a i l e a  t o  y i e l d  t h e  
southern leaf  b l i g h t  fungus. 

I n  Lambton Co. and i n  counties t o  t h e  
east, spots  on l ea f  specimens were commonly 
found t o  be those of yellow l ea f  b l i g h t ,  
caused by Ph l l o s t i c t a  sp., i nd i ca t ing  t h a t  
t h i s  dise-o widespread i n  Ontario 
i n  1970. Symptoms of evespot. caused bv - .  
Kabat ie l la  sp: , appeared- on some specimens 
from Middlesex, Waterloo, Wellington, 
Ontario, and Durham counties.  
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Symptoms and fungal characteristics 

Leaf spots  caused by E. ma d i s  a re  fawn 
colored, sometimes with a g r a y A i n g e  and 
a dark border, and range i n  s i z e  up t o  about 
2-3 c m  x 0.4-0.8 c m  (Figure 1A,B) .  Usually 
t h e  spots  are not d is t inguishable  from those 
of yellow leaf b l i g h t  ( 4 ,  10 )  unless t h e  
causal  fungus can be iden t i f i ed  on them. 
Leaf spot  symptoms on the  upper leaves are 
more l i k e l y  t o  be those of southern leaf 
b l igh t ,  which may a f f e c t  upper, middle, and 
lower leaves,  than of yellow leaf  b l igh t ,  
which i n  Ontario tends t o  a f f e c t  only t h e  
lower and middle leaves,  especia l ly  before 
mid-August. Northern leaf  b l igh t  les ions  
caused by Helminthosporium turcicum Pass. 
a r e  usually much l a rge r  (about 5-10 cm x 0.5- 
1.5 c m )  and a r e  of a more regular ,  e l l i p t i c a l  
shape than a r e  those of southern leaf  b l ight .  

On the  leaf  sheaths and husks, small dark 
brown spots  develop and expand i n t o  fawn- 
colored les ions  surrounded by brown o r  purple 
areas: les ions  on the  husks tend t o  be more 
rounded than those on leaf sheaths (Fig. 1 A ) .  
The fungus may penetrate t he  husk layers  and 
sometimes reaches the  ear.  Ear invasion may 
a l s o  take place through the  t i p  of t he  ear: 
t h i s  can be recognized i n  the  f i e l d  by 
blackening of the  t i p s  of the  husks, which 
tend t o  remain t i g h t l y  closed. .The mycelium 
progresses between the  kernels and may mass 
i n t o  a dark grey o r  black weft between t h e  
t i p  kernels (Fig. I C ) .  Conidia a r e  scarce i n  
the  region of the  black weft, but  can more 
readi ly  be found on the  husk t i p s  and between 
the  kernels fu r the r  down t h e  ear.  

The range i n  s i z e  of conidia formed on 
the  leaves or husks from 4 f i e l d s  was 43 - 
11GF x 11 - with 3 - 10 septa  (Fig. 2). 
Most w e r e  58’2’9; x 12.8 - 16.0p , with 5 - 
9 septa ;  and the  average measurements of 41 
conidia w e r e  75 x 1 4 . 2 ~  , with 6 . 3  septa.  
These averages axe somewhat smaller than 
those given by o thers  ( l i s t e d  i n  1,  G ) ,  which 
a r e  about 90 x 15 with 8 septa ,  but  they are 
similar t o  those found by Burton (1)  f o r  H. 
maydis on e a r s  of sweet corn from PloridZ. 
Most spores were boomerang-shaped, both s ides  
of t he  spore being w e l l  curved. With 
Helminthosporium carbonum Ullstrup one s i d e  
of t he  spore i s  usually more o r  less s t r a i g h t  
( 1 1 ) .  Conidia of H. turcicum average 105 x 
20p. ; and the  hiTum of an II. turcicum 
conidium is ra ised  on a small-prominence, 
whereas t h a t  of an H. ma d i s  conidium is 
continuous with the  ?oun&d of t he  spore 
( 1 2 ) .  

Yield loss 
Through leaf  damage.--Experiments a t  

Harrow (unpublished) ind ica t e  t h a t  about 10% 
of y i e ld  is l o s t  i f  t h e  two leaves below the  
e a r  l ea f  are removed a t  2 t o  3 weeks a f t e r  
mid-silk; and t h a t  t h e  addi t ional  removal of 
a l l  t h e  leaves below these reduces y i e ld  by 
a f u r t h e r  5%. Removal 0% t h e  e a r  leaf  and 

Figure 2. Conidia of Helminthosporium maydis, x310. 
A. From field leaves. 
6. From culture on potato-dextrose agar. 

a l l  leaves above it a t  2 t o  3 weeks a f t e r  
mid-silk lowers y i e ld  by about 45%. 

The b l igh t  became es tabl i shed i n  southern 
Ontario about 1 month a f t e r  mid-silk, and 
a f t e r  t h i s  t i m e  t he  leaves below t h e  ear 
would normally make only a minor cont r ibut ion  
t o  yield.  I n  the  g rea t  majority of f i e l d s  i n  
the  area ,  leaf  spots  involved only a very 
small proportion of t he  area  of these  leaves,  
and thus t h e i r  e f f e c t  on y i e ld  would be w e l l  
under 1%. 

In the  f i e l d s  where about-1/4 t o  1/2 of 
t h e  area of t h e  leaves a t  o r  below ear l e v e l  
was af fec ted ,  y i e ld  losses  of t h e  order of 5 - 8% would be expected. I n  t h e  th ree  f i e l d s  
where, i n  addi t ion  t o  severe damage a t  and 
below e a r  l eve l ,  about 10% of t he  ove ra l l  
a rea  of t he  upper leaves was a l so  diseased,  
t he  lo s s  i s  estimated a t  about 15%. 

In  general ,  b l i g h t  caused very minor loss 
i n  Essex and Kent counties i n  1970 compared 
with the  losses  from severe late drought. 

Through e a r  infection.--In seve ra l  seed 
production f i e l d s  the  leaves of inbred l i n e s  
containing t h e  Texas (T)  cytoplasmic f ac to r  
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w e r e  severely blighted by the  end of August. 
I n  a few of t he  f i e l d s ,  t he  fungus had 
invaded t h e  ap ica l  one- third of a la rge  
proportion of t he  ears, but  d id  not progress 
much fu r the r  as the  ea r s  dried.  Some seed 
crops w e r e  discarded, while i n  o thers  much 
seed w a s  l o s t  i n  removing infec ted  ea r s  and 
diseased kernels. The damage t o . t h e  ea r s  i n  
t he  seed f i e l d s  w a s  much grea ter  than was 
seen i n  f i e l d s  of heavily blighted gra in  
corn. 

Epidemiology 

The simultaneous appearance of b l igh t  i n  
severa l  southern Ontario counties during 
August i nd ica t e s  t h a t  t he  d isease  may have 
been i n i t i a t e d  a f t e r  spore deposit ion from 
widespread spore showers blown i n  from the  
south i n  late July  and ea r ly  August. The 
Canadian Weather R e v i e w  ( 2 )  describes,  a s  an 
outstanding f ea tu re  of t he  weather f o r  Ju ly ,  
a sustained flow of moist and w a r m  t rop ica l  
a i r  during the  last  week of the  mohth, 
bringing humid and w e t  weather and unusually 
w a r m  n ights  t o  much of Ontario. Such 
condit ions probably favored the establishment 
and development of b l ight .  A t  Guelph i n  l a t e  
August, leaves t h a t  were not v i s i b l y  af fec ted  
i n i t i a l l y  were observed t o  develop average- 
s i zed  les ions  i n  about 4-8.davs i n  the  f i e l d .  

Development of t he  d isease  was retarded 
i n  much of southwestern Ontario during l a t e  
August and September when dry weather 
prevailed.  However, t he  d isease  became 
increasingly severe, especia l ly  on the  upper leaves,  i n  some of t he  f i e l d s  located within 
a few miles of Lake E r i e ,  where periods of 
high humidity were f a r  more prolonged than 
fu the r  inland. 

Where comparisons w e r e  possible,  only 
those hybrid and inbred corn l i n e s  with Texas 
male- steri le cytoplasm became heavily 
lesioned. Their counterparts  with normal 
cytoplasm showed a few re l a t ive ly  small 
lesions.  The presence of f e r t i l i t y  r e s to re r  
genes i n  genotypes with male sterile 
cytoplasm did  not  reduce t h e i r  grea ter  
s u s c e p t i b i l i t y  t o  the  b l i g h t  as noted a l so  by 
Schei fe le  e t  a l .  ( 8 ) .  

Discussion 

The conclusion seems inescapable t h a t  t he  
outbreak of t he  southern leaf  b l igh t  i n  
Ontario was caused bv t h e  newlv recoanized 
race of H. maydis-that i s  v i r i l e n t  0; corn 
carrying -the Texas (T)  male- steri le 
cytoplasm. A r e tu rn  t o  the  use of seed 
containing normal cytoplasm w i l l  g rea t ly  
r e s t r i c t  t he  development of t h e  race of H. 
ma d i s  t h a t  was prevalent  i n  1970 .  By 1 9 7 2 ,  
&seed corn w i l l  car ry  normal cytoplasm, 
and some may contain male- steri le cytoplasm 
of types o ther  than the  Texas (T)  type. 
However, because of t he  extensive use i n  seed 
production i n  1970  of l i n e s  containing Texas 
(T)  male-sterile cytoplasm, 7 0  - 75% of the  

1971 Canadian crop w i l l  be suscept ib le  t o  the  
disease. A t  a j o i n t  meeting of t he  Ontario 
Corn Committee and the  Seed Corn Dealers'  
Association i n  September 1 9 7 0 ,  t he  seed corn 
companies voluntar i ly  agreed t o  l abe l  a l l  
seed corn sold  i n  Ontario i n  1 9 7 1 ,  specifying 
the  method used i n  i ts  production and thus 
indica t ing  i t s  reac t ion  t o  the  race of H. 
maydis prevalent  i n  1970 .  

Because suscept ib le  corn w i l l  be planted 
widely i n  Qntar io  i n  1 9 7 1 ,  any ser ious  and 
widespread outbreak of t he  b l i g h t  w i l l  depend 
upon establishment of infec t ion  and weather 
conditions favorable t o  b l i g h t  development. 
Temperatures c lose  t o  the  fungal optimum 
(85F[29 .4C])  ( 1 )  and prolonged humid and wet 
periods occur frequently i n  southern Ontario 
i n  June and July, and would favor ea r ly  and 
rapid d isease  development i f  the  fungus i s  
es tabl i shed a t  t h a t  t i m e .  Early infec t ions  
from overwintered sources of inoculum may be 
highly s ign i f i can t  i n  i n i t i a t i n g  a b l i g h t  
outbreak and increasing the  extent  of t he  
damage caused. Complete ploughing under of 
corn crop residues is indicated.  Seed 
transmission of the  fungus even by a very 
small proportion of seed would a l s o  be 
important i n  view of t he  very rapid spread of 
t h e  d isease  once established.  Late-season 
infec t ions  produced from inoculum blown i n  
from the  south would probably r e s u l t  i n  
r e l a t i v e l y  l i t t l e  disease,  as  was experienced 
i n  1970 .  

Enhanced suscep t ib i l i t y  both t o  southern 
l ea f  b l igh t  ( 5 , 8 , 9 )  and t o  yellow leaf  b l i g h t  
( 7 )  i s  associated with Texas (T)  male-sterile 
cytoplasm. The rapid spread of a r e l a t i v e l y  
new race of a pathogen previously of 
loca l ized  importance, and the  much increased 
incidence of a formerly very minor pathogen, 
emphasize the  r i s k  involved i n  using p l an t s  
of s imi lar  b io logica l  types over wide areas.  

NQMENCLATOR 

The s c i e n t i f i c  names current ly  used f o r  
t he  t h r e e  diseases of corn r e fe r r ed  t o  i n  
t h i s  a r t i c l e  a r e  as  follows: 

Cochliobolus heterostrophus (Drechsler) 
Drechsler. Phytopathology 24:973 .  1934 .  

st .  conid. B i  o l a r i s  (Nisikado) b. %. J. Bot. - _  
37:882 .  1959 .  

maydis E Helminthosporium 
Nisikado. Sci. R e s .  Alumni 
Assoc. Morioka Agr. Coll . ,  
Japan 3:46  ( 5 2 ) .  1926 .  

Trichometasphaeria t u rc i ca  Lu t t r e l l .  
Phytopathology 48:282 .  1958 .  

b. tuEzA:a J. B o t .  
(Pass. st. conid. B i  o l a r i s  

37:884 .  1959 .  
turcicum 

Pass. Boll. Commig. Agr. 
Parmense 1 0 : 3 .  1876 .  

5 Helminthosporium 
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Cochliobolus carbonus Nelson. Phytopathology . .  9. 
st. conid. Bi olaris (Stout) b. zekzEta J. Bot. 

37:885. 1959. 

U1 1s trup . 
34:219. 1944. 

I Helminthosporium carbonum 
P hy topatho logy 
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