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THE POTENTIAL OF CORN AND WHEAT TO PERPETUATE WHEAT 
STREAK MOSAIC IN SOUTHWESTERN ONTARIO 

L.F.Gates1 

Abstract 

A c e r i a  t u l i  ae  ( K )  t r a n s m i t t e d  wheat s t r e a k  mosaic v i r u s  from r ipen ing  
kern- c d a  mays) and wheat ( T r i t i c u m  aestivum) i n  t h e  f i e l d  u n t i l  
about  2 weeks before  e l t h e r  c rop  w a s  ready t o  harves t .  Wheat i n f e c t e d  i n  
t h e  f a l l  w a s  t h e r e f o r e  a source of v i r u s  and v e c t o r  under f i e l d  condi t ions  
f o r  i n f e c t i o n  of  corn p l a n t s  e a r l y  i n  t h e  fol lowing summer, and l ikewise  
i n f e c t e d  corn w a s  a source  of i n f e c t i o n  f o r  fall- sown wheat i n  September 
and October. 

Introduction 

Wheat s t r e a k  mosaic has been recognized 
on w i n t e r  wheat i n  southwestern Ontar io  s i n c e  
Play 1964 ( 8 ) ,  and on corn s i n c e  August 1965 
( 6 ) .  The r e d  s t r i p i n g  of t h e  corn p e r i c a r p  
known as k e r n e l  r e d  s t r e a k  i s  caused by t h e  
feed ing  of A c e r i a  t u l i  ae  ( K )  on t h e  k e r n e l s  
( 4 , 7 ) .  K e r r d e a k  has been very 
widespread i n  southwestern Ontar io  s i n c e  
1965, i n d i c a t i n g  t h a t  l a r g e  popula t ions  o f  
mites are p r e s e n t  on k e r n e l s  i n  most corn 
f i e l d s .  

S ince  w i n t e r  wheat i s  p r e s e n t  i n  f i e l d s  
i n  southwestern Ontar io  from l a t e  September 
t o  late J u l y ,  and corn from l a t e  May t o  
October, t h e  m i t e  could t r a n s f e r  t h e  v i r u s  i n  
June and J u l y  from r i p e n i n g  k e r n e l s  o f  wheat 
t o  corn and i n  October from k e r n e l s  of corn 
t o  w i n t e r  wheat. So f a r  wheat s t r e a k  mosaic 
v i r u s  has been found i n f r e q u e n t l y  i n  t h i s  
area, f o r  reasons 'which are n o t  known. A 
p o s s i b l e  l i m i t a t i o n  on t h i s  c y c l e  i n  t h e  
f i e l d  i s  t h a t  a t  t h e  t i m e  t h e  mites leave  
each c rop  i n  l a r g e  numbers they  have been 
feed ing  on t h e  p e r i c a r p s  of t h e  r i p e n i n g  
g r a i n s ,  which might n o t  be good sources  o f  
v i r u s  f o r  m i t e  t r ansmiss ion .  

Experiments w e r e  done t o  determine t h e  
p o t e n t i a l i t i e s  of maturing wheat and corn a s  
sources  o f  v i r u l i f e r o u s  m i t e s  capable o f  
i n f e c t i n g  young p l a n t s  of t h e  a l t e r n a t e  crop. 

Methods 

Movement of mites and v i r u s  from wheat t o  
corn - 

To provide v i r u s  sources  i n  a w i n t e r  
wheat crop,  v o l u n t e e r  w i n t e r  wheat ( T r i t i c u m  
aest ivum L.) p l a n t s  t h a t  were i n f e s t e d  w i t h  
m i t e s  and showing symptoms of  wheat s t r e a k  
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mosaic w e r e  t r a n s p l a n t e d  t o  e i g h t  s i tes i n  a 
win te r  wheat c rop  a t  t h e  Harrow Research 
S t a t i o n  on November 9 ,  1967. A t  each s i t e ,  
p l a n t s  i n  t h s  t w o  o u t e r  rows of a square  yard  
p l o t  (0.84 m ) were rep laced  by i n f e c t e d  
p l a n t s .  On )lay 1 and Play 8 heavi ly  i n f e s t e d  
wheat l eaves  from a greenhouse c u l t u r e  o f  
hea l thy  m i t e s  were p laced  on t h e  i n f e c t e d  
p l a n t s  i n  f o u r  of t h e  e i g h t  p l o t s .  Elites 
w e r e  counted a t  i n t e r v a l s  from May t o  J u l y  on 
t h e  i n f e c t e d  and nearby rows. 

Movement of mites and v i r u s  from r i p e n i n g  
wheat heads was d e t e c t e d  by p l a c i n g  t r a p  
p l a n t s  and Vaseline- coated s l i d e s  i n  o r  near  
t h e  i n f e c t e d  rows, and by t e s t i n g  wheat heads 
i n  t h e  greenhouse f o r  mites and v i r u s .  
Fur ther  d e t a i l s  a r e  given i n  d i s c u s s i n g  t h e  
r e s u l t s  of t h e s e  tests. 

Movement o f  m i t e s  and v i r u s  from corn to  
wheat 

Sources of mites and v i r u s  i n  a corn c rop  
w e r e  e s t a b l i s h e d  by p l a c i n g  heads from t h e  
i n f e c t e d  wheat rows i n  t h e  whorls  o f  16 corn 
(Zea L. 'P ioneer  371')  p l a n t s  i n  t h e  
f x d  on J u l y  9. A t  t h i s  t i m e  t h e  corn 
p l a n t s  w e r e  2 f t  high. S i m i l a r  corn p l a n t s  
rece ived  p i e c e s  o f  wheat l e a f  from a 
greenhouse c u l t u r e  w i t h  v i r u s  and mites. 
Some of t h e  l a t t e r  p l a n t s  and some hea l thy  
ones w e r e  i n f e s t e d  wi th  hea l thy  o r  wi th  
v i r u l i f e r o u s  mites on August 12 by p l a c i n g  
p i e c e s  of hea l thy  o r  i n f e c t e d  wheat l e a f  wi th  
mites beneath t h e  husks. 

E a r s  w e r e  c o l l e c t e d  from t h e s e  p l a n t s  on 
s e v e r a l  occas ions  i n  t h e  f a l l  and t e s t e d  f o r  
t h e  presence of m i t e s  and t r a n s m i s s i b l e  v i r u s  
by p u l l i n g  back t h e  husks and l a y i n g  t h e  ears 
i n  t r a y s  o f  wheat seed l ings .  For  weekly 
per iods  i n  t h e  f a l l ,  vasel ine- coated s l i d e s  
and t r a y s  o f  wheat s e e d l i n g s  were also se t  
o u t  as t r a p s  f o r  mites between t h e  corn rows 
a t  t h e  h e i g h t  of t h e  ears. 
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Results 2500 p e r  m2 . Elites could be found f o r  10 
rows (about  6 f t )  bes ide  t h e  i n f e c t e d  r o w s ,  
and f o r  4 f t  a long t h e  rows c o n t a i n i n g  t h e  

Development o f  mites on wheat i n f e c t e d  p l a n t s ;  similar spread w a s  recorded 
by Orlob ( 5 ) .  Mite popula t ions  d e c l i n e d  

Some mites on t h e  t r a n s p l a n t e d  i n f e c t e d  r a p i d l y  i n  t h e  f i r s t  2 w e e k s  o f  J u l y ,  and 
p l a n t s  surv ived  t h e  w i n t e r ,  f o r  m i t e s  w e r e  many l e f t  t h e  p l a n t s ,  f o r  they  w e r e  t r apped  
found on t h e s e  p l a n t s  from June 7 onwards i n  l a r g e  numbers a t  t h i s  t i m e  on v a s e l i n e d  
(Table l ) ,  b u t  they were n o t  found on p l a n t s  s l i d e s  exposed f o r  per iods  o f  about  5 days a t  

Table 1. .Mites counted on winter wheat plants and caught on trap slides, 1968 

No. of mites ver sit.e examined* 
~ 

Plots with overwintered Plots with overwintered 
mites plus mites in May mites only Mites caught 

on vaselined 
Infested Adjacent 2nd row Infested Adjacent 2nd row slides Crop 

Date Site examined row row away row row away (No. /inch2/day) notes 

May 24 Within 1 cm of ligule 
of 2nd leaf from top 

Within 1 cm of  ligule 
of flag leaf 

June 7 

June 20 Within 1 cm of ligule 
of flag leaf 

June 7 Loner spikelet (glumes) 

June 20 Lower spikelet (glumes) 

June 28- 
July 3 

July 2 Lower spikelet (kernel) 

July 3-8 

July 8 Loner spikelet (kernel) 

July 8-10 

July 10-15 

July 18 Lower spikelet (kernel) 

July 15-22 

19.3 

40.2 

0.2 

5.8 

33.2 

21.7 

5.4 

0.0 

2.6 

34.9 

0.2 

0.6 

3.9 

13.1 

9.5 

0.0 

1.4 

12.0 

0.2 

0.2 

4.8 

15.5t 

10.ltt 

2.3 

0 .o 0.0  

2.8 n.c. 

0.0 0.0 

0.1 n.c. 

0.7 0.0 

0.2 0.0 

0.8 0.2 

n.c. n.c. 

n.c.** 

n.c. 

0.0 

n.c. 

0.0 

0.0 

0.5 

n.c. 

Corn emerging 

Wheat anthesis 

Grain half size 

3.7 

Grain milky inside 

7.7 

Grain moist dough 
inside 

12.4 

10.2 
(Most kernels 
(hard, mites on 
(immature grains 

Wheat harvested 
1.6 

July 30 

* Mean of 5-10 counts on each of 4 plots. 

t On 2 July mites were also found on rows 3-10 (avg. 3.1 per kernel) and for 4 ft along row beyond the infected length; none 

tt On 8 July mites were also found on rows 3-10 (avg. 6.8 per kernel) and i n  the general crop (0.4 per kernel). 

** n.c. = no count made. 

were found i n  the general crop. 

i n  t h e  genera l  c rop  u n t i l  J u l y  8. There were 
many more m i t e s  throughout  t h e  season on t h e  
p l a n t s  t h a t  rece ived  a d d i t i o n a l  mites i n  Play. 
The mites were found, as descr ibed  by Kantack 
and Knutson ( 2 1 ,  near  t h e  l i g u l e s  o f  t h e  
upper l eaves  and e v e n t u a l l y  on t h e  glumes and 
on t h e  developing k e r n e l s ,  where l a r g e  
numbers were found i n  t h e  k e r n e l  groove. In  
t h e  p l o t s  r e i n f e s t e d  i n  May t h e  h i g h e s t  
popula t ions ,  averaging 33 mites p e r  s p i k e l e t ,  
w e r e  found on June 20.  This  would correspond 
t o  about  500 mites p e r  wheat head, o r  about  
200,000 p e r  square  meter. On p l a n t s  i n  
a d j o i n i n g  rows, which were somewhat l a t e r  i n  
maturing, peak popula t ions  o f  mites w e r e  
found on J u l y  2 .  I n  t h e  genera l  c rop  on J u l y  
8 t h e r e  w e r e  0.4 mites p e r  k e r n e l ,  o r  about  

t h e  h e i g h t  o f  t h e  ears (Table 1 ; .  The croG 
w a s  ha rves ted  on J u l y  30. 

Transmission of  v i r u s  from wheat t o  corn 

Very few v i s i b l y  i n f e c t e d  wheat p l a n t s  
w e r e  apparent  a p a r t  from t h o s e  i n  t h e  
o r i g i n a l  yard l e n g t h s ,  b u t  many wheat heads 
from t h e  four  a d j a c e n t  rows proved t o  be 
harbor ing  i n f e c t i v e  m i t e s  when p laced  on corn  
s e e d l i n g s  i n  t h e  greenhouse, and i n f e c t i v e  
mites were a l s o  d e t e c t e d  on p l a n t s  i n  t h e  
11 th  and 13th rows away from t h e  i n f e s t e d  
r o w s  on J u l y  9 (Table 2 ,  T e s t  B) . 

Nearly a l l  p o t t e d  t r a p  p l a n t s  o f  corn and 
wheat p laced  i n  t h e  f i e l d  f o r  2-week per iods  

I 
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Table 2. Transmission of wheat s t r e a k  mosaic from winter  wheat t o  t e s t  p l a n t s  of corn or  wheat by f i e l d  populat ions  of mites  

TEST A TEST B 

Transmission of v i r u s  t o  equal numbers of corn and 
wheat p l a n t s  i n  contact  wi th  o r  18 inches from 

in fec t ed  wheat p l a n t s  

Transmission of v i r u s  t o  corn s eed l ings  from heads* of 
wheat p l a n t s  i n f e s t ed  with  overwintered mites  p lu s  mites  
added i n  May, and from heads of  wheat from nearby rows 

% of t r a p  p l a n t s  i n f ec t ed  with  v i r u s  
Rows with  overwintered Rows with overwintered No. of corn s eed l ings  i n f ec t ed /no .  t e s t e d  

In fe s t ed  Adjacent 3rd row 4th row Period of mi t e s  p lu s  mites  i n  May mites  only 
of t r a p  p l a n t s  Contact l a  inches  Contact l a  inches  Date wheat row wheat row away away 

May 24-June 10 a0 a9 5 0 

May 31-June 18 100 93 7 0 

June 10-28 70 50 a 12 June 11 9/12 

June l a - J u l y  3 a3 50 10 37 June 20 12/12 4/6 

June 28- July 10 a0 100 33 25 J u l y  2 12/12 4/6  2/3 

J u l y  3-19 97  100 73 100 ,July 9 10/12 718 4 /41  

J u l y  10-19** 91 100 66 75  

* Wheat heads were t i e d  t o  corn s eed l ings  i n  t h i s  greenhouse t e s t .  

t Rows 9-17 were a l s o  t e s t e d  on J u l y  9 ,  and heads from rows 11-13 contained i n f e c t i v e  mites .  
**  Crop ha rves t ed  J u l y  30. 

i n  c o n t a c t  w i t h  o r  n e a r  p l a n t s  t h a t  rece ived  
mites i n  May became i n f e c t e d  over  t h e  whole 
test  per iod ,  May 24  - J u l y  1 9  (Table 2 ,  T e s t  
A ) .  I n  t h e  p l o t s  con ta in ing  on ly  mites t h a t  
had developed from over-wintered popula t ions ,  
i n c r e a s i n g  propor t ions  o f  tes t  p l a n t s  were 
i n f e c t e d  f r o r  May 2 4  onwards when they  w e r e  
i n  c o n t a c t  w i t i  p l a n t s  i n  t h e  o r i g i n a l  yard  
l e n g t h s ,  and from June 10 onwards when they  
w e r e  i n  t h e  c e n t e r s  of t h e  p l o t s  wi th  t h e s e  
p l a n t s .  I n  e a r l y  J u l y ,  most t r a p  p l a n t s  i n  
t h e s e  p l o t s  also became i n f e c t e d .  

M i t e s  migrated from t h e  wheat heads i n  
l a r g e  numbers i n  t h e  4 th  and 3rd weeks b e f o r e  
h a r v e s t ,  and they  could s t i l l  t r a n s m i t  t h e  
v i r u s  t o  test  p l a n t s  i n  t h e  3rd week before  
h a r v e s t .  Few mites remained on t h e  wheat 
heads 2 weeks before  h a r v e s t .  

Transmission of  v i r u s  from corn t o  wheat 

The corn p l a n t s  t h a t  rece ived  
v i r u l i f e r o u s  mites i n  Ju ly  o r  August d i d  n o t  
show d i s e a s e  symptoms. Nevertheless ,  when 
ears w e r e  c o l l e c t e d  from t h e s e  p l a n t s  between 
September 13 and October 2 5  and p laced  on 
t r a y s  o f  wheat s e e d l i n g s ,  mites were always 
d e t e c t e d  and u s u a l l y  they  t r a n s m i t t e d  t h e  
v i r u s  ( T a b l e  3 ) .  M i t e s  and v i r u s  were 
o b t a i n e d  from a few o f  t h e  ears c o l l e c t e d  on 
November 5, when t h e  c rop  w a s  ha rves ted .  
Mites were n o t  d e t e c t e d  on vase l ined  s l i d e s  
i n  t h i s  per iod ,  b u t  t r a p  p l a n t s  p laced  
between t h e  corn p l a n t s  for  per iods  of  7 t o  
11 days dur ing  October and e a r l y  November 
became i n f e s t e d  w i t h  mites, and a few p l a n t s  
became i n f e c t e d  w i t h  t h e  v i r u s  (Table 3 ) .  I t  
is e v i d e n t ,  t h e r e f o r e ,  t h a t  mites have t h e  
p o t e n t i a l  t o  t r a n s m i t  t h e  v i r u s  from r i p e n i n g  
corn  k e r n e l s  t o  wheat dur ing  October and 

e a r l y  November, i.e. f o r  s e v e r a l  weeks a f t e r  
w i n t e r  wheat u s u a l l y  germinates .  

Discussion 

This  i n v e s t i g a t i o n  ha5 shown t h a t  wheat 
s t r e a k  mosaic v i r u s  can r e a d i l y  be 
t r a n s m i t t e d  by mites from r i p e n i n g  wheat and 
corn k e r n e l s  u n t i l  about  2 weeks before  
h a r v e s t  o f  e i t h e r  crop. This  confirms t h e  
assumption t h a t  w i n t e r  wheat and corn grown 
i n  close a s s o c i a t i o n  can provide under f i e l d  
condi t ions  sources ' o f  i n f e c t i o n  f o r  each 
o t h e r ,  and thus  can be complementary i n  t h e  
perpe tua t ion  of  wheat s t r e a k  mosaic v i r u s  and 
i t s  v e c t o r  A. t u l i p a e .  

In  southwestern Ontar io,  wheat s t r e a k  
mosaic, al though widespread, has  i n f e c t e d  so 
f a r  only occas iona l  p l a n t s  of w i n t e r  wheat 
and corn. I n  t h e  autumns of  1966- 68 wheat 
s t r e a k  mosaic w a s  seen i n  i n d i v i d u a l  wheat 
p l a n t s  every few paces i n  1 6  o f  42 f i e l d s  
examined, whi le  i n  corn t h e  d i s e a s e  w a s  seen 
on occas iona l  p l a n t s  i n  8 of 33 f i e l d s  
examined i n  l a t e  J u l y  and e a r l y  August o f  
t h o s e  years .  However, i n  t h i s  experiment t h e  
v i r u s  w a s  recovered from wheat and corn 
p l a n t s  t h a t  d i d  n o t  have symptoms, and 
in fec t ion '  may be more f r e q u e n t  t h a n  v i s u a l  
surveys suggest .  

D e l  Rosario and S i l l  ( 1 )  found t h a t  A. 
t u l i p a e  from wheat adapted e a s i l y  to  s e v e r g l  
corn v a r i e t i e s ,  and r e a d i l y  t r a n s f e r r e d  t h e  
v i r u s  from wheat t o  corn and back t o  wheat. 
Most v i r u s  i s o l a t e s  from wheat i n  
southwestern Ontar io  w e r e  mechanically 
t r a n s m i s s i b l e  to  t h e  s u s c e p t i b l e  corn  hybr id  
CH159 X CH3. The widespread occurrence of 
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Table  3. T rans fe r  of mites and wheat s t r e a k  mosaic from ears of  corn t o  tes t  s e e d l i n g s  of wheat 

Source of  i n f e c t i v e  
o r  h e a l t h y  mites wheat s e e d l i n g s  between co rn  rows 
used t o  i n f e s t  

Ears p l aced  on t r a y s  of Trays of wheat s e e d l i n g s  p l aced  

corn i n  f i e l d  O c t .  25- 
Sep t .  13 Sep t .  27 Oct .  11 Oct. 25 Nov. 5 Oct. 2-9 Oct.  9-18 Oct. 18-25 NOV. 5 

Winter wheat heads 
wi th  mites and 
v i r u s  from f i e l d  
crop,  J u l y  9 0 .7 (+ )+  1 .0 (+ )  12.3(+) 0.3(+) O . O ( + )  O(+)  O(+)  O(+) 0 (+I 

from c u l t u r e ,  Ju ly  9 5.8(+) 5.8(+) 2.2(+)  O.O(+) O . O ( - )  0 (- )  1 (+I 0 (+I 0 (+I 

Leaves wi th  i n -  
f e c t i v e  mites 

Leaves wi th  i n f e c t i v e  
mi t e s  from c u l t u r e ,  
J u l y  9, and h e a l t h y  
mites, Aug. 1 2  

Leaves wi th  i n -  
f e c t i v e  mi t e s  

11.0(+) 8.8(+) 10.5(+)  0.8(+) 0.2(-)  O(+)  O ( - )  O ( + )  O( - )  

l2 13.5(+)  4 .5(+)  1 .5 (+ )  0 .5 (+ )  O . O ( - )  O(+)  O ( + )  1 (+I O(+)  

Leaves wi th  in-  
f e c t i v e  mites 
Aug. 12 

General crop 

17.4(+)  2 .0(+)  O.O(+)  O.O(+)  0.2(-)  O(+) O(+) O(+) 0C-l 

O.O(+)  O.O(+) O.O(+) 0.2(+)  O.O(+)  O(+) 0 (+I O(+) 0 (+I 

F igu res  r e p r e s e n t  avg no.of s e e d l i n g s  i n f e c t e d  out of 50, and symbols i n  b r a c k e t s  i n d i c a t e  t h a t  
mi t e s  were (+) o r  were no t  (-) d e t e c t e d  on t h e  tes t  s e e d l i n g s .  

k e r n e l  r e d  s t r e a k  i n  r e c e n t  seasons  shows 
t h a t  mites reach  a h igh  p r o p o r t i o n  o f  corn  
p l a n t s ,  and shou ld  wheat s t r e a k  mosaic become 
p r e v a l e n t  i n  a p a r t i c u l a r  area it might w e l l  
p e r s i s t  a t  a h i g h  l e v e l  under  p r e s e n t  c r o p  
r o t a t i o n  p r a c t i c e s .  

Naul t  and S t y e r  ( 3 )  r e p o r t e d  t h a t  i n  Ohio 
h i g h  p o p u l a t i o n s  of A c e r i a  t u l i p a e  were found 
on wheat i n  e a r l y  summer and on corn  i n  e a r l y  
f a l l ,  and t h a t  l a r g e  numbers o f  t h i s  m i t e  
w e r e  t r apped  as t h e s e  c r o p s  matured. They 
cons ide red  t h a t  t h e  movement o f  mites and 
v i r u s  from wheat t o  c o r n  i n  e a r l y  summer and 
from corn  t o  wheat i n  t h e  f a l l  c o u l d  pose a 
t h r e a t  to  t h e s e  c r o p s  i n  t h e  Corn B e l t .  
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