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OVERWINTERING OF ERYSIPHE GRAMINIS F. SP. TRITICI ON 
MARITIME GROWN WINTER WHEAT' 

H. Winston Johnston2 

Abstract 

Primary i n f e c t i o n  of winter  wheat (Tri t icum aestivum) by Erysiphe 
qraminis f .  sp. t r i t i c i  w a s  observed t o  t ake  place i n  October. The 
pathogen was capable of overwintering a s  conidia on t h e  l eaves  providing 
t h e  hos t  did no t  w in te rk i l l .  The recommendation i s  made t h a t  v a r i e t i e s  of 
w i n t e r  wheat r e s i s t a n t  t o  powdery mildew should be a v a i l a b l e  before any 
i n c r e a s e  i n  winter wheat acreage occurs i n  t h e  Maritime Provinces. 

Resume 

On a c o n s t a t e  que l ' i n f e c t i o n  pr imaire  du blB d 'h ive r  par Ervsiphe 
graminis f .  sp. t r i t i c i  su rvena i t  e n  octobre.  Laorganisme pathogene a pu 
h ive rne r  sous forme d e  con id ie s  s u r  les f e u i l l e s ,  pourvu que l a h a t e  n a B t a i t  
pas d e t r u i t  par l ' h i v e r .  On recommande que des  v a r i e t e s  de ble d 'h iver  
r e s i s t a n t e s  au b lanc  s o i e n t  rendues d isponibles  avant qu'on envisage une 
augmentation des  s u p e r f i c i e s  e n  b l e  dans les provinces Maritimes. 

Powdery mildew of wheat (Tri t icum 
aestivum L.) i n c i t e d  by Erysiphe qraminis DC. 
ex Merat f .  sp. t r i t i c i  Marchal has ex i s t ed  
i n  e a s t e r n  Canada for many years  and i s  one 
of t h e  major d i seases  on both sp r ing  and f a l l  
seeded wheat i n  t h e  Maritime Provinces (3, 4, 
9 ) .  I n v e s t i g a t o r s  i n  both Europe and North 
America have repor ted  the  overwintering of 4. 
graminis as conidia  on winter  ba r l ey  and on 
winter  wheat (8, 11) , but cont radic tory  
r e p o r t s  are a l s o  p re sen t  (6 ) .  Seve ra l  
European au tho r s  have repor ted  t h a t  
ascospores discharged i n  spring from 
overwintered pe re thec ia  a r e  l a r g e l y  
i n e f f e c t i v e  i n  i n c i t i n g  primary i n f e c t i o n s  
and t h a t  overwintering conidia  may be t h e  
more e f f e c t i v e  i n c i t a n t  (7,  12, 17 ) .  

Simultaneous c u l t i v a t i o n  of winter  wheat 
and sp r ing  wheat i n  t h e  same l o c a l i t y  may 
provide an i d e a l  environment f o r  severe  
outbreaks of powdery mildew i f  t h e  pathogen 
u t i l i z e s  t h e  autumn seeded wheat as a 'green- 
bridge' .  Large amounts of inoculum produced 
on winter  wheat i n  t h e  spr ing  may enhance 
d i s e a s e  s e v e r i t y  i n  sp r ing  sown wheats, as 
has occurred w i t h  winter  and spr ing  ba r l eys  
i n  Europe (8).  The purpose of t h e  s t u d i e s  
descr ibed he re in  was t o  determine i f  f a l l  
sown wheat was se rv ing  as  a n  overwintering 
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hos t  f o r  powdery mildew i n  Prince Edward 
I s l a n d  and thus  perhaps inc reas ing  t h e  
d isease  s e v e r i t y  on wheat seeded t h e  
following spring.  

Materials and methods 

Observations on t h e  overwintering of t h e  
pathogen were c a r r i e d  o u t  f o r  3 years  on 
winter  wheat, c u l t i v a r  Yorkstar, which w a s  
sown by September 15 of each year near 
Charlottetown, Prince Edward Is land.  I n i t i a l  
c o l l e c t i o n s  of winter  wheat l eaves  were made 
i n  e a r l y  October and sampling w a s  continued 
bi-weekly u n t i l  mid-April of t h e  following 
year. The wheat l eaves  c o l l e c t e d  were 
subjec ted  t o  a 2-hour thawing per iod  a t  room 
temperature, and were t h e n  placed on 2% water 
agar. On removal of t h e  leaves,  t h e  
v i a b i l i t y  of t h e  conidia remaining on t h e  
agar  was assessed  by t h e  percent  germination 
a f t e r  incubat ion  f o r  48 h. For each 
determination of v i a b i l i t y  4 counts  of 5 0  
spores  were used. A conidium was considered 
t o  have germinated i f  t h e  germ tube  w a s  equal  
i n  l eng th  t o  t h e  width of t h e  spore  a f t e r  48 
h on agar.  Only s i n g l e  i s o l a t e d  spores  w e r e  
considered. 

I n  t h e  summers of 1971, 1972, and 1973, 
t h e  s e v e r i t y  of mildew was assessed  on a 
number of spr ing  wheat c u l t i v a r s  a t  
charlottetown, P.E.I.,  and Kentvi l le ,  N. S., 
by es t imat ing  t h e  percent  a rea  of t h e  f l a g  
and second l eaves  mildewed a t  t h e  milky r i p e  
s t a g e  of development. These estimates w e r e  
then  compared t o  winter  su rv iva l  da ta  of  t h e  
wheat. 
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Figures 1 and 2. Viability of powdery mildew conidia during the overwintering period 1) 1970-71, 2) 1971-72. 

Results and discussion 

N o  p e r i t h e c i a  were found on l eaves  
c o l l e c t e d  from t h e  f i e l d ;  abundant l e s i o n s  
w e r e  found each season, bu t  only  mycelium and 
conid ia  were produced. 

The germination of overwintering con id i a  
i n  1970-71 ranged from a high of 6194 i n  
November t o  a l o w  of 16% i n  February (Fig. 
1 ) .  conid ia  c o l l e c t e d  i n  Apri l ,  however, d i d  
e x h i b i t  r ap id  germination. The mean minimum 
and maximum a i r  temperatures dur ing  January 
were - 13.7  C and -5.7 C r e spec t ive ly ,  t h e  
mean tempera ture  being - 9 .7  C. February was 
a warmer month, t h e  mean minimum and maximum 
a i r  tempera tures  being -11.0 C and - 8 .9  C, 
r e spec t ive ly .  S o i l  temperatures a t  a depth 
of 5 c m  were h igher  and showed less v a r i a t i o n  
than  a i r  temperatures,  with mean monthly 
va lues  of 1.1 c and 0.6 C during t h e s e  two 
months, r e spec t ive ly .  snowfall  during t h e  
e n t i r e  w in t e r  was 245 cm and very l i t t l e  
exposure of t h e  wheat c rop  took place ( 1 ) .  
During sp r ing  thaws, more conid ia  were v i a b l e  
from l eaves  which had snow cover f o r  a longer  
pe r iod  o f  t ime than  from l eaves  exposed 
d i r e c t l y  t o  f l u c t u a t i n g  a i r  temperatures.  

During 1971-72, germination of conid ia  
ranged from a high of 72% i n  mid-October t o  a 
l o w  approaching ze ro  i n  e a r l y  Apri l ,  a f t e r  
which no c o n i d i a l  germination w a s  de t ec t ed  
(Fig. 2 ) .  Weather cond i t i ons  i n  t h e  1971-72 

win te r  were much more seve re  t han  i n  t h e  
previous yea r  with mean minimum and mean 
maximum a i r  temperatures i n  February of - 13.0 
C and -4.8 C ,  r e spec t ive ly ,  t h e  average 
temperature being - 9 .2  C ( 2 ) .  Although t h e s e  
temperatures were n o t  lower than  t h e  previous  
year,  snow cover was minimal during t h e  f i r s t  
month of t h e  year. Lack of a snow cover 
dur ing  January and February of 1972 was 
considered t o  be c o r r e l a t e d  wi th  a lower so i l  
temperature a t  t h e  5 cm s o i l  depth  t han  i n  
t h e  comparable per iod  of 1971. Thus, 
al though a i r  temperatures were considered 
s i m i l a r  from year t o  year,  t h e  yea r  when 
m i l d e w  su rv iva l  w a s  g r e a t e s t  coincided with 
adequate sncw cover t o  enable  s u r v i v a l  of t h e  
p l a n t  i t s e l f .  Lack of winter  su rv iva l  of t h e  
mildew spores i n  1972 w a s  t h e r e f o r e  
a t t r i b u t e d  to t h e  w i n t e r k i l l i n g  of the wheat 
p l an t s .  

s u r v i v a l  of t h e  mildew fungus during t h e  
winter  of 1972-73 was very  similar t o  t h a t  i n  
1970-71. Mildew conid ia  remained v i ab l e  
throughout t h e  winter  and w i n t e r k i l l  w a s  
l i m i t e d  t o  land a r e a s  unsui ted  t o  win te r  
wheat. The low per iod  of c o n i d i a l  
germination was found t o  occur i n  e a r l y  March 
when over 32% of t h e  conid ia  were v i a b l e  on 
water agar. The increased  c o n i d i a l  
germination observed an Apr i l  could have been 
due t o  t h e  production of new conid ia .  

A t  Kentv i l le ,  N. S . ,  powdery m i l d e w  w a s  
found t o  be more severe  on s p r i n g  sown wheat 



VOL. 54, No. 3, CAN. PLANT DIS. SURV., SEPT., 1974 73  

i n  1972  than a t  Charlottetown where no winter  
wheat survived i n  1971-72. I n  t h e  o the r  t w o  
years  of observat ion  mildew was a l s o  more 
severe  a t  Kentvi l le  bu t  t h e r e  w a s  less 
d i s p a r i t y  between t h e  two locat ions .  
s e v e r i t y  of mildew recorded on Selk i rk  spr ing  
wheat a t  Charlottetown w a s  66%, 40%, and 93% 
of t h a t  recorded on t h e  same v a r i e t y  a t  
Ken tv i l l e  i n  1971, 1972, and 1973, 
r e spec t ive ly .  The Annapolis Valley has had a 
h i s t o r y  of b e t t e r  winter  wheat su rv iva l  as  
compared t o  t h e  Charlottetown area ,  and t h e  
g r e a t e r  s e v e r i t y  of mildew a t  Kentvi l le  may 
perhaps be a t t r i b u t e d  t o  t h e  a v a i l a b i l i t y  
e a r l y  i n  t h e  sp r ing  of inoculum t h a t  has  
overwintered on w i n t e r  wheat. 

Finney and H a l l  (5) have repor ted  t h a t  
f a l l  i n f e c t i o n  of w i n t e r  bar ley  by powdery 
mildew reduces t h e  production of adven t i t i ous  
roots .  Lack of adequate root  development i n  
winter  wheat i n fec t ed  by mildew may w e l l  be 
an important  f a c t o r  i n  t h e  overwintering of 
t h i s  c rop i n  t h e  Maritime Provinces ( 16 ) .  
Roots of whea t  p l an t s  were no t  examined i n  
t h e  p re sen t  study.  

I n f e c t i o n  d a t a  obtained through growing 
winter  and sp r ing  c e r e a l s  a t  t h e  same locale 
was r epor t ed  by smith & Davis (13) who found 
t h a t  t h e  presence of an adjacent  i n fec t ed  
w i n t e r  ba r l ey  c rop  r a i s e d  t h e  number of air-  
borne powdery mildew spores  over ad jacen t  
spr ing  bar ley  crops by 5-6 fo ld .  Increases  
i n  d i s e a s e  s e v e r i t y  a r e  a l s o  d i r e c t l y  r e l a t e d  
t o  t h e  number of spores  above t h e  spr ing  
c e r e a l  c rop (10).  

I n  t h e  Maritime Provinces,  winter wheat 
w i l l  ou ty i e ld  spr ing  wheat i n  years  when 
w i n t e r k i l l  i s  l imi ted .  A similar s i t u a t i o n  
e x i s t s  i n  Denmark with winter  barley (13, 
14 ) .  The success of t h e  banning of winter  
bar ley  c u l t i v a t i o n  i n  Denmark has been 
encumbered by t h e  in t roduc t ion  of wind-blown 
mildew spores  from neighboring coun t r i e s  
(15) .  The use of mildew r e s i s t a n t  winter  
wheats i n  t h e  Maritimes would be a more 
p r a c t i c a l  means of reducing high l e v e l s  of  
inoculum. The production cf mildew r e s i s t a n t  
winter  wheat i s  considered necessary s i n c e  
t h e  acreage devoted t o  t h i s  winter  c rop  i s  
s t i l l  very l o w  and should it inc rease  before  
t h e  in t roduc t ion  of r e s i s t a n t  v a r i e t i e s ,  
c o n t r o l  of t h i s  d i s e a s e  i n  both winter  and 
s p r i n g  wheats would be more d i f f i c u l t  i n  
f u t u r e  years.  

Acknow I edgments 

The author acknowledges t h e  t echn ica l  
a s s i s t a n c e  of C. T. Mullin. 

Literature cited 

1. Charlottetown Research Stat ion.  197 1. 
Weather da ta .  

2. Charlottetown Research Sta t ion .  1972. 
Weather data.  

3. Cherewick, W . J .  1944. s t u d i e s  on t h e  
biology of E r y s i p h e  qraminis DC. Can. 
J. Res. 22:52-86. 

4. Dimitriou,  G. 1909. The mildew Of 
ce rea l s .  F i r s t  Annual Report, Quebec 
soc. for t h e  p ro tec t ion  of p l a n t s  from 
I n s e c t s  and Fungus Disease, p. 16-19. 

5. Finney, J. R.,  and D. W. Hall. 1972. The 
e f f e c t  of an a t t a c k  of mildew (Erysiphe 
qraminis) on t h e  growth and development 
of winter  barley.  P l a n t  Pathol. 21:73- 
16. 

6 .  Foster ,  W. R.,  and A. W. Winter. 1937. 
Overwintering of c e r t a i n  c e r e a l  
pathogens i n  Alberta.  Can. J. Res. C. 
22:547-559. 

7. Hermansen, J. E. 1964. Notes on t h e  
appearance of r u s t s  and mildew on 
bar ley  i n  Denmark during t h e  yea r s  
1961-1963. Acta Agr. Scan. 14:33-51. 

8. Hermansen, J. E. 1968. s t u d i e s  on t h e  
spread and su rv iva l  of c e r e a l  r u s t  and 

Denmark. mildew d i seases  i n  
con t r ibu t ion  87, Dep. P lan t  Pathol . ,  
Royal Veterinary and Agr i cu l tu ra l  
col lege ,  Copenhagen, 206 p. 

9. Johnston, H. W. 1969. Disease of Cerea ls  
i n  t he  Maritime Provinces i n  1969. 
Can. Plant  D i s .  Surv. 49:122-125. 

10. Polley,  R. W., and J. E. King. 1973. A 
preliminary p r o w s a l  f o r  t h e  d e t e c t i o n  
of bar ley  mildew i n f e c t i o n  periods.  
P l an t  Pathol. 22: 11-16. 

11. Powers, H. R. 1957. Overwintering and 
spread of wheat powdery mildew i n  1957. 
Plan t  D i s .  Rep. 41:845-847. 

12. smedegard-Peterson, V. 1967. s t u d i e s  on 
Erysiphe qraminis DC. w i t h  a s p e c i a l  
view of t h e  importance of t h e  
pe r i thec i a  f o r  a t t a c k s  on bar ley  and 
wheat i n  Denmark. Kgl. V e t .  E 
Landohojskole Arssk, 1967: 1-28. 

13. Smi th ,  L. P . ,  and R. R. Davies. 1973. 
Weather condi t ions  and spore t r a p  
ca tches  of bar ley  mildew. P lan t  
Pathol. 22: 1-10. 

14. Stapel ,  Chr. 1966. Growing of winter  
bar ley  i n  Denmark. T i d s s k r i f t  f .  
Landokonomi, ( Eng li s h  
summary). 

15. Stapel ,  Chr., and J. E. Hermansen. 1968. 
Growing of winter  bar ley  forbidden i n  
Denmark. T i d d s k r i f t  f .  Landokonomi, 
1968:218-230. 

16. Suzuki, Michio. 1972. Winte rk i l l  
p a t t e r n s  of forage  crops and winter  
wheats i n  P. E. I. i n  1972. Can. P lan t  
D i s .  Surv. 52: 150-159. 

17. Turner, Dorothy M. 1956. s t u d i e s  on 
c e r e a l  mildew i n  Br i ta in .  Trans. B r i t .  

19 66 : 6 7-8 4 

MYCOl. SOC. 39:495-509. 




