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VERIFICATION OF WHEAT SPINDLE STREAK MOSAIC  
A CAUSE OF MOSAIC OF WHEAT I N  ONTAR 

VIRUS AS 
0' 

J.T.Slykhuis2 and 2. Pol ik  

Abstract 
Wheat s p i n d l e  s t r e a k  mosaic was observed i n  62 o f  107 f i e l d s  o f  w i n t e r  

wheat surveyed i n  Onta r io  i n  May and June 1969. About 37% o f  t h e  wheat 
surveyed was i n f e c t e d ,  which is moderate i n  comparison w i t h  none t o  65% f o r  
o t h e r  y e a r s  s i n c e  1960. 

The presence of t h e  v i r u s  i n  f i e l d  c o l l e c t i o n s  of  p l a n t s  and so i l  w a s  
v e r i f i e d  by manual, root soak,  and so i l  t ransmiss ion  t o  wheat. I n  manual 
t r ansmiss ion  tests, wheat s p i n d l e  s t r e a k  mosaic v i r u s  w a s  d i f f e r e n t i a t e d  
from wheat s t r e a k  mosaic v i r u s  and agropyron mosaic v i r u s  by producing 
s p i n d l e  s t r e a k  mosaic symptoms on wheat k e p t  i n  a growth room a t  8-12C b u t  
n o t  i n  a greenhouse a t  18-25C. Manual t ransmission w a s  n o t  a s  s u c c e s s f u l  
from p l a n t s  c o l l e c t e d  and t e s t e d  i n  mid-June as i n  May. 

Fi lamentous p a r t i c l e s  w e r e  observed w i t h  d i f f i c u l t y  by t h e  l e a f  d i p  
e l e c t r o n  microscope technique i n  young p l a n t s  wi th  s p i n d l e  s t r e a k  mosaic 
symptoms. 

Introduction 

A mosaic d i s e a s e  caused by a so i l- borne  
v i r u s  has  been recognized on w i n t e r  wheat i n  
O n t a r i o  s i n c e  1957 (4). Although t h e  d i s e a s e  
w a s  a t  f i r s t  assumed t o  be caused by a s t r a i n  
o f  wheat ( s o i l- b o r n e )  mosaic v i r u s  ( 1 , 2 , 3 ) ,  
t h e  cause is now recognized t o  be a d i f f e r e n t  
v i r u s  w i t h  f i l amentous  r a t h e r  than  t u b u l a r  
p a r t i c l e s  and is des igna ted  wheat s p i n d l e  
s t r e a k  mosaic v i r u s  (WSSMV) ( 5 ) .  

Surveys w e r e  made i n  Onta r io  i n  1969 t o  
compare w i t h  t h o s e  of  p rev ious  years .  
S p e c i a l  emphasis w a s  p laced  on us ing  
t r a n s m i s s i o n  tests  t o  v e r i f y  t h e  
i d e n t i f i c a t i o n  of  t h e  causes  of symptoms 
observed i n  t h e  f i e l d .  

Materials and methods 

The f i r s t  g e n e r a l  survey was made between 
May 12 and 16 when most wheat i n  most 
d i s t r i c t s  w a s  i n  t h e  l a t e  t i l l e r i n g  s t a g e .  
Another survey w a s  made dur ing  June 16-19 
when most wheat w a s  headed and i n  o r  
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approaching f lowering.  I n  e a r l y  May t h e  
presence of  WSSH w a s  o f t e n  e v i d e n t  from t h e  
road by a yellowish-brown d i s c o l o r a t i o n  i n  
pa tches  or throughout  t h e  f i e l d .  S i m i l a r  
d i s c o l o r a t i o n s  are sometimes caused by o t h e r  
f a c t o r s ,  b u t  on close examinat ion t h e  
presence of  WSSM w a s  i n d i c a t e d  by a l i g h t  
green t o  yellow mosaic i n c l u d i n g  sp ind le -  
shaped dashes p a r a l l e l  to  t h e  l e a f  a x i s .  
These markings could occur  anywhere on t h e  
l e a f  from near  t h e  t i p  t o  t h e  base.  
Sometimes dashes or b l o t c h e s  o f  t i s s u e  w e r e  
g r a y i s h  whi te  and n e c r o t i c .  During June t h e  
d i s e a s e  w a s  i d e n t i f i a b l e  p r i n c i p a l l y  by 
s h o r t ,  spindle- shaped s t r e a k s  or l i g h t  g reen  
t o  yellow mosaic on t h e  youngest t w o  o r  t h r e e  
l eaves .  The a f f e c t e d  p l a n t s  w e r e  u s u a l l y  
o n l y  s l i g h t l y  s t u n t e d  b u t  had fewer t i l l e r s  
than  mosaic-free p l a n t s .  

V e r i f i c a t i o n  of t h e  presence of  WSSMV i n  
f i e l d  c o l l e c t i o n s  w i t h  mosaic symptoms w a s  
done by t ransmiss ion  from p l a n t  and s o i l  
samples and sometimes by e l e c t r o n  microscopic  
examinat ion of l e a f  d i p  p r e p a r a t i o n s .  

Manual t r ansmiss ion  tests w e r e  done by 
g r i n d i n g  1 g o f  l e a f  t i s s u e  wi th  3 m l  o f  
water and about  2 mg of  ce l i te ,  then  rubbing 
t h e  mixture  on t h e  l e a v e s  of  'Kent '  w i n t e r  
wheat i n  t h e  2-3 l e a f  s t a g e .  Some p l a n t s  
were kep t  i n  a growth room a t  8-12C w i t h  
about  1200 f t - c  of  l i g h t  f o r  12-16 hr/day. 
S i m i l a r l y  i n o c u l a t e d  wheat p l a n t s  and 
' C l i n t l a n d  60' o a t  p l a n t s  were p laced  i n  a 
greenhouse a t  about  18-25C. The development 
of s p i n d l e  s t r e a k  mosaic symptoms on wheat 
k e p t  up t o  3 months a t  8-12C, b u t  n o t  on 
p l a n t s  a t  18-25(3, i n d i c a t e d  t h e  presence o f  
WSSMV. The development of mosaic on wheat,  
b u t  n o t  on oats,  a t  18-25C i n d i c a t e d  t h e  
presence of  agropyron mosaic v i r u s  (AMV),  
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whi le  symptoms on oats i n d i c a t e d  wheat s t r e a k  
mosaic v i r u s  (WSMV) . 

A root- soak transmission tes t  w a s  done by 
l i g h t l y  washing t h e  r o o t s  of each d i s e a s e d  
p l a n t  t o  f r e e  them from so i l ,  then  p l a c i n g  
them i n  water i n  p e t r i  d i s h  with 15-20 
sprou ted  wheat seeds. A f t e r  one day a t  20C 
and another  a t  8-12C, t h e  s e e d l i n g s  w e r e  
t r a n s p l a n t e d  i n t o  a p o t  of noninfec t ive  so i l  
and grown a t  8-12C f o r  3 months. 

S o i l  i n f e c t i v i t y  tests  were done by 
p l a c i n g  a 4-cm l a y e r  o f  test s o i l  on t o p  of  a 
n o n i n f e c t i v e  p o t t i n g  s o i l  mixture i n  a 5- inch 
c l a y  p o t ,  then  seeding 'Kent' wheat (15- 20  
s e e d s )  i n  t h e  test  so i l  and maintaiping a t  8- 
12C f o r  3 months. When necessary a 
s a t i s f a c t o r y  tes t  could be done by mixing a 
few grams of t h e  tes t  so i l  with t h e  p o t t i n g  
s o i l  a t  seed l eve l .  

Results 
F i e l d  surveys ,  1969  

Wheat s p i n d l e  s t r e a k  mosaic w a s  observed 
i n  62 of  t h e  1 0 7  ( 5 8 % )  f i e l d s  o f  w i n t e r  wheat 
observed i n  May and June. The es t imated  
percentages of d i seased  p l a n t s  var ied  from 
trace t o  2 0 %  i n  1 4  f i e l d s ,  2 1  t o  8 0 %  i n  I t  
f i e l d s  and 8 1  t o  100% i n  3 7  f i e l d s .  The mean 
i n f e c t i o n  f o r  a l l  f i e l d s  w a s  37 .6%.  

The inc idence  of  WSSM i n  1969  w a s  
moderate i n  comparison wi th  t h e  incidence i n  
o t h e r  y e a r s  i n  t h e  decade (Table 1 ) .  There 
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w e r e  6 y e a r s  i n  which d i seased  p l a n t s  w e r e  
found i n  a h igher  percentage of  f i e l d s  and 5 
i n  which t h e  mean percentages o f  i n f e c t e d  
p l a n t s  w e r e  higher .  

Transmission tests f o r  WSSMV i n  f i e l d  samples 

Although t h e  number o f  test  plants :  t h a t  
developed symptoms w a s  v a r i a b l e ,  t h e  combined 
r e s u l t s  o f  t h e  t h r e e  types of t ransmiss ion  
tests  confirmed t h e  presence of WSSMV i.n a l l  
Ontar io  f i e l d s  from which p l a n t s  w i t h  WSSM 
symptoms were c o l l e c t e d  (Table 2 ) .  The 
manual t ransmiss ion  tests  i n d i c a t e d  t h e  
presence of WSSMV i n  a l l  p l a n t  samples wi th  
WSSM symptoms c o l l e c t e d  i n  May b u t  faileid f o r  
t h r e e  of t h e  f o u r  samples c o l l e c t e d  i n  June 
a f t e r  t h e  wheat w a s  headed and had 
experienced very w a r m  weather. The l a c k  o f  
mosaic development i n  oats kep t  a t  18- 25C 
a f t e r  i n o c u l a t i o n  i n d i c a t e d  t h a t  WSMV w a s  n o t  
p r e s e n t  i n  any of t h e  Ontar io  samples t e s t e d .  
The development o f  symptoms i n  i n o c u l a t e d  
wheat kep t  e i t h e r  a t  8-12C or 18-25C, b u t  n o t  
i n  o a t s ,  confirmed t h e  presence of AMV i n  one 
sample of  wheat,  No. 64 ,  which had symptoms 
resembling agropyron mosaic. The root.-soak 
method confirmed t h e  presence of  WSSMV i n  8 
of t h e  11 samples t e s t e d ,  and t h e  so i l  
i n f e c t i v i t y  test confirmed t h e  presence of  
WSSMV i n  1 3  of t h e  16 samples t e s t e d ,  
inc lud ing  t h e  f o u r  samples c o l l e c t e d  i n  June. 

Observat ions o f  p a r t i c l e s  wi th  t h e  electron 
microscope 

Although p a r t i c l e s  i n  l e a f  d i p  
p repara t ions  from p l a n t s  wi th  symptoms of  

T a b l e  1 .  Incidence of whea t  spindle s t r e a k  m o s a i c  in w i n t e r  wheat  i n  Ontario,  1960-69 

No. f i e lds  accord ing  to  
T o t a l  d i seased  p lan t s  F i e l d s  with d i s e a s e  Mean  % 

Year  f i e lds  0% tr-2070 21430% 81-100o/a No. 7 0  infect ion 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

4 3  25 5 

106 25 6 

50 29 9 

39 5 1 3  

33 25 3 

24 24 0 

41 12  4 

140 19 8 

96 33  11 

107 45 14 

4 

7 

5 

6 

1 

0 

6 

26 

6 

11 

9 

68 

7 

15 

4 

0 

19 

87 

46 

37 

1 8  

81 

21 

34 

8 

0 

29 

121 

6 3  

62 

72.0 

76.4 

42.0 

87. 1 

24.2 

0 .0  

70.7 

8 6 . 4  

65 .6  

57.9 

24. 7 

61. 6 

19 .4  

4 5 . 6  

13. 3 

0 . 0  

50 .0  

6 5 . 1  

47 .4  

37 .6  
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Tab le  2. Verif icat ion of WSSMV in plant  and so i l  s a m p l e s  f r o m  Onta r io  f i e lds  in which m o s a i c - d i s e a s e  p l an t s  w e r e  found in 1969 

Vi rus  
ident i f ied 

Date Manual .  t r a n s m i s s i o n  to  Infection f r o m  
F ie ld  Mosa ic- d i seased  p l an t s  s a m p l e s  Oats  'Kent1 wheat Root of F ie ld  

No. Locat ion Symptoms  % col lected 18-25C 18-25C 8-12C dis .  plants  so i l  WSSMV Other  

l ( a )  Ottawa WSSM May 27 8/ 29 1/17 1/21 t 
June 20 0/11 2/20 2/24 7/27 t l ( b )  Ottawa WSSM 

4 P t .  Co lborne  .WSSM 100 May 13 0/20 0/22 5/34 0 / 2 0  7/71 t 
5 P t .  Colborne WSSM o r  AM 1 plt May 13 0/18 0/15 1/28 t 
7 P t .  Co lborne  WSSM <1 May 1 3  0/26 0/14 1/27 0/41 t 

75 May 1 3  0/21 0/15 5/26 2/16 2/54 t 24 Talbotvi l le  W S5M 
27 Blenheirn WSSM 75 May 1 3  0/29 0/17 6/32 1/17 12/18 t 
28 New Glasgow WSSM 75 May 1 3  0 / 2 h  0/14 20/33 5/40 t 

0/22 0/13 13/27 1/15 2/10 t 30 Cedar  Spr ings  WSSM 100 May 1 3  
1/15 4/47 t 47 Clandeboye WSSM 25 May 1 3  0/26 0/14 7/41 

0/15 0/15 5/28 0/13 0/27 t 49 Clandeboye WSSM o r  WSM? <1 May 1 3  
51 E k e t e r  WSSM 90 May 1 3  0/15 0/10 9/27 0/15 0/16 t 
58 To t t enham WSSM 50 May 13 0/20 0/12 9/21 2/16 5/65 t 

100 May 13 0/29 0/13 1/21 2/14 2/13 t 59 Bondhead WSSM 
64 Renf rew AM 1 plt May 1 3  0/15 11/12 15/15 - AMV 

100 Clinton WSSM 100 June  19 0/10 0/34 12/15 t 

106 Newmarke t  WSSM 100 June 19 0/11 0/37 5/16 t 
M4 WSMV con t ro l  WSM May 14 25/25 15/16 11/29 0/27 - WSMV 

Ck Po t t ing  so i l  

101 Clinton WSSM 75 June  19 0/9 0/22 1/12 t 

m i x t u r e  0/25 0 / l 6  0/15 0/27 

WSSM were more r e a d i l y  observed a f t e r  
shadowing w i t h  pal ladium than  a f t e r  s t a i n i n g  
n e g a t i v e l y  w i t h  phosphotungst ic  a c i d ,  they  
were g e n e r a l l y  much more d i f f i c u l t  t o  f i n d  
t h a n  p a r t i c l e s  of  WSMV o r  ANV i n  p l a n t s  
i n f e c t e d  w i t h  t h e s e  v i ruses .  Par t ic les  were 
r a r e l y  found i n  p r e p a r a t i o n s  from wheat 
c o l l e c t e d  i n  June. It  was sometimes 
necessa ry  to  examine s e v e r a l  g r i d s  prepared 
from a p l a n t  i n f e c t e d  wi th  WSSMV to  f i n d  a 
few p a r t i c l e s ,  which were u s u a l l y  p a r t l y  
obscured by non- spec i f i c ,  f i n e ,  g r a n u l a r  
m a t e r i a l ,  b u t  sometimes clumps of  p a r t i c l e s  
w e r e  found. The p a r t i c l e s  w e r e  t h i n  (12- 
13 rnF) and f l exuous  and v a r i e d  i n  l e n g t h  from 
200 to  >2000 mp. Particles o f  WSiW and NIV 
were more r e a d i l y  found and were more 
d i s t i n c t l y  v i s i b l e ,  more uniform i n  s i z e  (19 
x 650 - 750 mp ) ,  b u t  less f lexuous  than  
p a r t i c l e s  a s s o c i a t e d  w i t h  WSSM ( 5 , 6 ) .  
Although e l e c t r o n  microscopy provided an 
a d d i t i o n a l  means f o r  i n d i c a t i n g  t h e  presence 
of  WSMV o r  AMV i n  mosaic d i s e a s e d  p l a n t s ,  t h e  
u n r e l i a b i l i t y  of  t h i s  method f o r  f i n d i n g  
p a r t i c l e s  i d e n t i f i a b l e  w i t h  WSSMV l i m i t e d  t h e  
use fu lness  of  t h e  l e a f  d i p  e l e c t r o n  
microscopic  technique f o r  r o u t i n e  
de te rmina t ion  of  t h e  presence of  WSSMV. 

Serology a s  an  a i d  i n  d i s t i n g u i s h i n g  v i r u s e s  
caus ing  mosaic symptoms i n  wheat - 

M i c r o p r e c i p i t i n  tests  wi th  s p e c i f i c  
a n t i s e r a  (6 )  were u s e f u l  f o r  i d e n t i f y i n g  WSMV 
and AMV i n  c l a r i f i e d  j u i c e  from mosaic- 
d i s e a s e d  wheat p l a n t s .  Sometimes t h e  t i t r e  
of  AMV i n  f i e l d- c o l l e c t e d  p l a n t s  was t o o  l o w  
t o  d e t e c t  t h e  v i r u s ,  b u t  i f  young wheat 
p l a n t s  w e r e  i n o c u l a t e d  and t h e  j u i c e  

e x t r a c t e d  a f t e r  12-14 days a t  18-25(3, t h e  
v i r u s  w a s  u s u a l l y  d e t e c t a b l e  i n  p r e c i p i t i n  
tests. 

Although a t t empts  w e r e  made t o  develop an 
an t i se rum by i n j e c t i n g  r a b b i t s  w i t h  
c o n c e n t r a t e s  of p a r t i c l e s  from p l a n t s  
i n f e c t e d  w i t h  WSSMV, subsequent  use o f  serum 
from t h e  r a b b i t s  i n  p r e c i p i t i n  tests  f a i l e d  
t o  demonstrate  t h e  presence of WSSMV i n  
c l a r i f i e d  j u i c e  from d i s e a s e d  p l a n t s .  

Discussion 

Although t h e  manual t r ansmiss ion ,  root- 
soak t ransmiss ion ,  and s o i l  i n f e c t i v i t y  tests 
each y i e l d e d  p o s t i v e  r e s u l t s  f o r  t h e  p resence  
of WSSMV i n  most samples, and t h e  combined 
resu l t s  confirmed i t s  presence i n  a l l  samples 
from f i e l d s  i n  which WSSM w a s  observed,  t h e  
p recen tages  of  t es t  p l a n t s  i n f e c t e d  by each 
method were v a r i a b l e .  Manual t r ansmiss ion  
was more s u c c e s s f u l  f o r  samples c o l l e c t e d  i n  
May than  i n  June when t h e  wheat was more 
mature. The smal l  number of  test  p l a n t s  
i n f e c t e d  i n  any of  t h e  tests by t h e  root- soak 
method probably i n d i c a t e s  t h a t  temperature  
condi t ions  dur ing  t h e  i n f e c t i o n  per iod  w e r e  
n o t  optimum f o r  t h e  v e c t o r  o r  t h e  v i r u s .  The 
v a r i a b l e  r e s u l t s  from s o i l  t r ansmiss ion  tests  
may r e f l e c t  d i f f e r e n c e s  i n  i n f e c t i v i t y  of  t h e  
soi ls  as w e l l  a s  f a i l u r e  t o  prov ide  optimum 
environmental c o n d i t i o n s  f o r  i n f e c t i o n .  

Symptoms produced by WSPlV and AMV on some 
p l a n t s  may sometimes be d i f f i c u l t  t o  
d i s t i n g u i s h  from WSSM i n  t h e  f i e l d .  However, 

I :  
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t h e  presence of  t h e s e  v i ruses  can be 
determined e a s i l y  by t h e  d i f f e r e n c e s  i n  h o s t  
r e a c t i o n s ,  t h e  development of symptoms i n  one 
t o  t w o  weeks a t  temperatures  t o o  high f o r  
WSSM development, l a c k  of  s o i l  
t r a n s m i s s i b i l i t y , .  d i f f e r e n c e s  i n  p a r t i c l e  
morphology, and r e a c t i o n s  t o  s p e c i f i c  
a n t i s e r a .  
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