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A HIGHLY VIRULENT STRAIN OF CUCUMBER MOSAIC VIRUS 

OCCURRING IN CUCUMBER IN EASTERN ONTARIO' 

A. T. Bolton and V. W. Nuttall 2 

Abstract 
A s t r a i n  of  cucumber mosaic v i r u s  (CNV) w a s  i s o l a t e d  from Cucumis 

s a t i v u s  L. a t  O t t a w a ,  Onta r io ,  t h a t  was more v i r u l e n t  than  i s o l a t e s  of CIW 
-Ontario, Maryland, and Wisconsin. The new s t r a i n  also i n f e c t e d  many 
cucumber v a r i e t i e s  t h a n  w e r e  r e s i s t a n t  t o  CMV 1. Other  d i f f e r e n c e s  
inc luded  t h e  l eng th  of  t i m e  t h e  v i r u s  remained i n f e c t i v e  i n  cucumber and 
t h e  concen t ra t ion  of  t h e  v i r u s  i n  cucumber as shown by assay  tests on 
cowpea. 

Introduction 

Cucumber mosaic v i r u s  (CMV) h a s  f o r  y e a r s  
been one of t h e  most d e s t r u c t i v e  d i s e a s e s  of  
s l i c i n g  and p i c k l i n g  cucumbers. S e v e r a l  
s t r a i n s  of t h e  v i r u s  have been r e p o r t e d  by 
v a r i o u s  workers,  b u t  t h e  s t r a i n  most commonly 
used i n  b reed ing  f o r  d i s e a s e  r e s i s t a n c e  has  
been r e f e r r e d  t o  a s  cucumber v i r u s  1 ,  and 
v a r i e t i e s  of  cucumber desc r ibed  a s  mosaic 
r e s i s t a n t  have, i n  most cases ,  been t e s t e d  
a g a i n s t  t h i s  s t r a i n .  Resistance t o  t h i s  
s t r a i n  does n o t ,  however, p recu lde  
s u s c e p t i b i l i t y  t o  o t h e r  s t r a i n s  of cucumber 
mosaic v i r u s .  P o r t e r  ( 4 )  i n  1931 descr ibed  
a s t r a i n  t h a t  he r e f e r r e d  t o  as cucumber 
v i r u s  2 and r e p o r t e d  t h a t  t h e  cucumber 
v a r i e t y  Chinese Long, used as  a r e s i s t a n t  
p a r e n t  i n  much of t h e  breeding work i n  North 
America, w a s  s u s c e p t i b l e  t o  it. I n  1934 
P r i c e  (5 )  desc r ibed  t w o  s t r a i n s  of CMV t h a t  
produced yel low s p o t s  i n  tobacco leaves ;  one 
o f  t h e  s t r a i n s  w a s  capable  of  causing 
sys temic  i n f e c t i o n  i n  cowpea. 

During t h e  summer of  1966 f r u i t s  of t h e  
cucumber v a r i e t y  Armour growing a t  Ottawa 
became s e v e r e l y  a f f e c t e d  by cucumber mosaic. 
This  v a r i e t y  had surv ived  sc reen ing  f o r  CMV 
r e s i s t a n c e  using a s t r a i n  of  t h e  v i r u s  
o b t a i n e d  from B e l t s v i l l e ,  Maryland, i n  1965 
and one i s o l a t e d  a t  O t t a w a  i n  1962. 
subsequent ly  from 1966 t o  1970, s e v e r a l  
r epu ted ly  h i g h l y  t o l e r a n t  cucumber v a r i e t i e s  
became s e v e r e l y  i n f e c t e d  with CMV i n  t h e  
Ottawa area. The work desc r ibed  i n  t h i s  
paper w a s  undertaken t o  determine i f  a s t r a i n  
of  t h e  v i r u s  w a s  p r e s e n t  i n  t h e  O t t a w a  a r e a  
t h a t  w a s  d i f f e r e n t  from t h e  one i s o l a t e d  
p rev ious ly .  
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Materials and methods 

In  1966 i s o l a t i o n s  were made from w i l t e d  
'Marketer '  cucumbers (Cucumis s a t i v u s  L.) 
growing i n  t h e  f i e l d  a t  b t t awa  ( isolate  0 4 6 )  
and from s e v e r e l y  i n f e c t e d  p l a n t s  i n  t h e  
greenhouse a t  t h e  O t t a w a  Research S t a t i o n  
( isolate  C-66). The i n f e c t i v i t y  of t h i s  
i s o l a t e  w a s  compared with t h a t  of t h e  s t r a i n  
of CPIV ob ta ined  from B e l t s v i l l e ,  Md., i n  1965 
( i s o l a t e  B-65); an i s o l a t i o n  made from 
cucumbers a t  Ottawa i n  1962 ( i s o l a t e  0-62); 
and a s t r a i n  of t h e  v i r u s  i d e n t i f i e d  as 
cucumber v i r u s  1 ob ta ined  i n  1966 from t h e  
Univers i ty  of  Wisconsin ( i s o l a t e  W - I ) .  
P re l iminary  i n f e c t i v i t y  tests f a i l e d  t o  show 
d i f f e r e n c e s  between 0-66 and C-66 and between 
B-65 and W - I ;  t h e r e f o r e  i s o l a t e s  0-66, 0-62, 
and W-I w e r e  used i n  t h e  exper imenta l  work 
r e p o r t e d  here .  

Inoculum w a s  p repared  by g r i n d i n g  
s y s t e m i c a l l y  i n f e c t e d  cucumber l e a v e s  and 
stems i n  0.05 M phosphate b u f f e r  a t  pH 7.0 a t  
a r a t e  of  1 gram tissue t o  10 m l  b u f f e r  
s o l u t i o n .  The inoculun w a s  rubbed l i g h t l y  
i n t o  cucumber cotyledons o r  l eaves  a f t e r  
d u s t i n g  them with 600-mesh carborundum 
powder . 

To test  f o r  rate of m u l t i p l i c a t i o n  of t h e  
v i r u s  wi th in  cucumber p l a n t s  , h e a l t h y  
Marketer p l a n t s  w e r e  i n o c u l a t e d  a t  t h e  second 
t r u e  l e a f  s t a g e  and inoculum w a s  p repared  
from them 3, 4 ,  6 ,  8,  10, 12, 16, 20, and 24 
days l a t e r .  This  inoculum was rubbed o n t o  
cotyledons of  14-day-old Marketer p l a n t s  and 
observa t ions  w e r e  made 14 days l a t e r .  

Assay tests were made us ing  t h e  cowpea 
(Vigna s i n e n s i s  Savi.) v a r i e t y  Dix ie lee .  
Cucumber p l a n t s  of t h e  v a r i e t y  Marketer were 
i n o c u l a t e d  with each of t h e  v i r u s  i s o l a t e s  i n  
t h e  usua l  manner. A t  va r ious  i n t e r v a l s  
inoculum w a s  p repared  from t h e  i n f e c t e d  
p l a n t s  and rubbed o n t o  t h e  l eaves  of cowpea 
p l a n t s  t h a t  had been p l a n t e d  a t  i n t e r v a l s  so 
t h a t  each i n o c u l a t i o n  wail made on p l a n t s  of  
t h e  same age. Local l e s i o n s  appeared about 
48 hours  a f t e r  i n o c u l a t i o n  and were counted 
4 t o  6 days l a t e r .  

, 
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Results 

Each of t h e  t h r e e  s t a i n s  0-66, 0-62, and 
W-I caused severe  symptoms, inc lud ing  
s t u n t i n g  and m o t t l i n g ,  on t h e  s u s c e p t i b l e  
Marketer cucumber. There were d i s t i n c t  
d i f f e r e n c e s  among t h e  i s o l a t e s  i n  t h e  degree 
of s t u n t i n g ,  t h e  amount of yellowing, and t h e  
mosaic p a t t e r n  on t h e  leaves.  0-66 caused 
very severe s t u n t i n g  bu t  l i m i t e d  l e a f  
c h l o r o s i s  whereas 0-62 produced d e f i n i t e  
yel low b l o t c h e s  on t h e  leaves.  W-I i n f e c t i o n  
r e s u l t e d  i n  ve in  c l e a r i n g  and m o t t l i n g  of t h e  
type g e n e r a l l y  descr ibed  f o r  t h e  d i s e a s e  on 
cucumbers. A l l  t h r e e  i s o l a t e s  caused t h e  
f r u i t s  t o  become extremely warty accompanied 
by yel low mot t l ing .  

S t r a i n  0-66 produced mild m o t t l i n g  and 
moderate s t u n t i n g  of p l a n t s  of t h e  resistant 
cucumber v a r i e t y  IJiagara, bu t  symptoms on t h e  
f r u i t s  were severe. No symptoms were 
observed i n  this v a r i e t y  a f t e r  i n o c u l a t i o n  
with 0-62 or W - I .  The v a r i e t y  Armour became 
s l i g h t l y  mot t led  and s e v e r e l y  s t u n t e d  a f t e r  
i n o c u l a t i o n  with 0-66 , whereas [J-1 caused 
mild m o t t l i n g  and 0-62 d i d  n o t  produce 
symptoms i n  t h i s  v a r i e t y .  Both 0-66 and W - I  
caused severe f r u i t  symptoms i n  Armour. The 
cucumber v a r i e t i e s  Chinese Long and Tokyo 
Long Green were r e s i s t a n t  t o  a l l  t h r e e  
i s o l a t e s .  

In  t e s t i n g  f o r  r e a c t i o n  t o  i n f e c t i o n  by 
t h e  var ious  i s o l a t e s  it was observed t h a t  t h e  
t i m e  i n t e r v a l  between i n o c u l a t i o n  of c u c d e r  
and at tempts  t o  recover  t h e  v i r u s  f o r  assay 
a f f e c t e d  t h e  inoculum i n f e c t i v i t y .  When s a p  
was taken from Marketer p l a n t s  16 days a f t e r  

Table 1. Time required by three CMV i s o l a t e s  t o  
produce severe symptoms i n  Marketer 
cucumber 

- * 
sever i ty  ra t ings  for  virus i s o l a t e s  

Days a f t e r  
inoculat ion 0-66 0-62 W - 1  - 

3 + - 

4 + - 

6 + + 

8 ++ +++ + 
10 +++ + ++ 

1 2  +++ + ++ 
16 +++ + +++ 

20 

24 + 

- + + 

* 
Severi ty ra t ings :  - = no infect ion t o  +++ = 

severe symptoms. 

i n o c u l a t i o n ,  0-66 and W-I  produced severe  
symptoms i n  cucumber whi le  only very mild 
symptoms appeared i n  t h o s e  inocula ted  with 0- 
6 2 .  P l a n t s  t h a t  had been i n f e c t e d  f o r  a 
s h o r t e r  per iod  of t i m e  were then  used f o r  
inoculum product ion,  with t h e  r e s u l t  t h a t  
severe  symptoms were produced with 0-66 and 
0-62 and mild symptoms with W-I. 

Four experiments run over  a per iod  of 7 
months i n d i c a t e d  t h a t  isolates 0-66 and W-I 
were most i n f e c t i v e  12-16 days a f t e r  
i n o c u l a t i o n  and t h a t  0-62 w a s  most i n f e c t i v e  
8 days a f t e r  inocu la t ion  (Table 1 ) .  There 
w a s  also some v a r i a t i o n  among t h e  s t r a i n s  i n  
t h e  t i m e  i n t e r v a l  dur ing  which t h e  p l a n t s  
remained i n f e c t i v e .  

The d i f f e r e n c e s  among t h e  t h r e e  s t r a i n s  
i n  t i m e  r equ i red  t o  reach m a x i m u m  i n f e c t i v i t y  
and i n  l eng th  of t h e  i n f e c t i v i t y  per iod  were 
demonstrated i n  an assay f o r  v i r u s  t i t e r  
using Dixielee cowpea as t h e  l o c a l  l e s i o n  
hos t  (Table 2 ) .  The concent ra t ion  of 0-66 i n  
sap  from iblarketer cucumber w a s  considerably 
h igher  than t h a t  of t h e  o t h e r  t w o  s t r a i n s  and 

z 
0 

L 

9 100 
0 
z o  

0 2 4 6 8 10 12 14 16 18 20 22 24 
DAYS AFTER CUCUMBER INOCULATION 

Figure 1. Pattern of infectivity of three isolates of cucumber mosaic 
virus a s  determined by assay an 'D ix ie lee '  cowpea. 

it remained high over  a longer  per iod  (Fig.  
1 ) .  I s o l a t e  0-62 reached maximum t i t e r  i n  9 
days and W-I i n  1 7  days a f t e r  inocu la t ion .  
Inoculum of 0-66 and W-I prepared 2 4  days 
a f t e r  i n o c u l a t i o n  d i d  n o t  produce l o c a l  
l e s i o n s  i n  cowpea, b u t  inoculum of 0-62 
prepared 2 9  days a f t e r  i n o c u l a t i o n  was 
i n f e c t i v e .  In  four  assays  conducted over  a 
per iod  of 1 4  months under s l i g h l y  d i f f e r e n t  
environmental condi t ions  , t h e s e  d i f f e r e n c e s  
remained c o n s i s t e n t  ( T a b l e  2 ) .  

Discussion 

Considerable v a r i a t i o n  i n  t h e  incuba t ion  
t i m e  of CMV i n  cucumber before  t h e  appearance 
of  ClYV symptoms has been reported.  According 
t o  Kooistra  ( 2 )  symptoms of cucumis v i r u s  2 
appeared 12-14 days a f t e r  inocu la t ion .  
Linnasalmi ( 3 )  repor ted  t h a t  t h e  mot t l ing  
symptoms of U4V appeared 10-14 days a f t e r  
inocu la t ion ,  and symptoms of cucumber green 
mottle mosaic usua l ly  could be observed 3 
weeks a f t e r  inocu la t ion .  According t o  
D o o l i t t l e  ( I )  symptoms of CMV appeared 6 days 
a f t e r  inocu la t ion .  P o r t e r  (10 found t h a t  
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Tab le  2. Recovery of CMV isolates from Marketer  cucumber a t  v a r i o u s  times a f t e r  
i n o c u l a t i o n  as exp re s sed  by t h e  number o f  local l e s i o n s  produced i n  
D ix i e l ee  cowpea 

Average no. of l e s i o n s  per cowpea l e a f  
CMV Days a f t e r  

isolate cucumber i n o c u l a t i o n  T e s t  1 T e s t  2 T e s t  3 T e s t  4 Averaae 

w-1  

0 -62 

0 -66 

3 

4 

6 

9 

11 

1 4  

17 

20 

24 

3 

4 

6 

9 

11 

1 4  

17 

20 

24 

3 

4 

6 

9 

11 

14 

1 7  

20 

24 

22 1 2  

38 52 

65 96 

187 150 

147 1 2 1  

45 67 

20 

18 

22 

36 20 

5 1  73 

147 122 

268 148 

264 2 82 

387 415 

198 

78 

2 

12 19 

52 23 

41  27 

102 111 

155 129 

196 217 

196 

97 

3 

1 7  

50 

88 

192 

207 

82 

1 7  

10 

1 9  

28 

49 

96 

163 

217 

326 

302 

37 

0 

22 

1 7  

1 9  

86 

180 

224 

271 

154 

1 7  

1 0  

29 

58 

163 

105 

110 

41  

26 

25 

51  

46 

96 

195 

2 56 

352 

216 

51 

6 

9 

26 

22 

94 

99 

168 

221 

137 

2 

15 .2  

42.2 

64.8 

173.0 

145.0 

76.0 

26.0 

18.0 

22.0 

33.7 

53.8 

115.2 

193.5 

254.7 

370.0 

238.7 

55.3 

2.6 

15.5  

29.5 

27.2 

98.2 

140.7 

201.2 

229.3 

129.3  

7.3 

symptoms of CMV1 and CMV2 were produced 4 t o  
6 days r e s p e c t i v e l y  a f t e r  inocu la t ion .  

In  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e r e  w a s  
l i t t l e  v a r i a t i o n  i n  incuba t ion  per iod  wi th in  
a s i n g l e  s t r a i n  i n  s p i t e  of t h e  f a c t  t h a t  
t h e r e  w e r e  v a r i a t i o n s  i n  environmental 
condi t ions  dur ing  t h e  course of t h e  
experiments. There w e r e ,  however, d e f i n i t e  
d i f f e r e n c e s  i n  t h e  p a t t e r n  of i n f e c t i v i t y  
between d i f f e r e n t  s t r a i n s .  

S i l l  and Walker ( 6 )  r e p o r t e d  d i f f i c u l t y  
i n  producing l o c a l  l e s i o n s  i n  t h e  cowpea 
v a r i e t y  Black when t h e  inoculum w a s  obtained 
d i r e c t l y  from s e v e r e l y  i n f e c t e d  cucumber 
p l a n t s ,  and t h e y  found it necessary t o  use 
tobacco p l a n t s  as sources of assay inoculum. 
S i l l  and Walker (7) later  a t t r i b u t e d  t h e  lack 
of  product ion of l o c a l  l e s i o n s  i n  cowpea t o  

t h e  presence of a v i r u s  i n h i b i t o r  i n  
cucumber. In  t h e  p r e s e n t  s tudy ,  using t h e  
cowpea v a r i e t y  Dix ie lee ,  no d i f f i c u l t y  was 
encountered i n  ob ta in ing  local l e s i o n s  using 
t h e  s a p  d i r e c t l y  from cucumber p l a n t s .  The 
v i r u s  t i t e r  of s a p  from p l a n t s  i n f e c t e d  with 
s t r a i n  0-66 was much g r e a t e r  and remained so 
f o r  a longer  t i m e  than  t h a t  of s a p  from 
p l a n t s  i n f e c t e d  with e i t h e r  i s o l a t e  W - 1  of 
cucumber v i r u s  1 o r  i s o l a t e  0-62. It. i s  
p o s s i b l e  t h a t  t h e  i n h i b i t o r  p r e s e n t  i n  
cucumber i s  less e f f e c t i v e  a g a i n s t  0-66 than 
it i s  a g a i n s t  t h e  o t h e r  s t r a i n s .  

It  seems q u i t e  ev iden t  t h a t  0-66 i s  a 
s t r a i n  of CMV d i s t i n c t  from cucumber v i r u s  1 
represen ted  i n  the  experimental  work by W- 1. 
The method by which 0-66 became widespread i n  
t h e  Ottawa a r e a  i s  n o t  known. In  t h e  f i e l d  
t h i s  s t r a i n  caused a high incidence of r a p i d  

i 

i 
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w i l t i n g  i n  s u s c e p t i b l e  varieties such as 
Marketer ,  Highmoor, and S t r a i g h t  Eight .  The 
v i r u s  i s o l a t e d  from w i l t e d  or s e v e r e l y  
s t u n t e d  p l a n t s  i n  t h e  a r e a  from' 1966 t o  1970 
i r i  a l l  cases proved t o  be of t h e  0-66 type .  
At tempts  t o  produce t h e  r a p i d  w i l t i n g  
symptoms i n  t h e  greenhouse and i n  growth 
rooms w e r e  unsuccess fu l  so t h e r e  i s  no  proof  
t h a t  t h i s  i s  a t y p i c a l  symptom of  i n f e c t i o n  
w i t h  t h i s  p a r t i c u l a r  s t r a i n .  S t r a i n  0-66 
f a i l e d  t o  cause sys temic  i n f e c t i o n  i n  - Chenopodium amaranticolor and d i d  n o t  produce 
symptoms of any k i n d  i n  Phaseolus  v u l g a r i s .  
The f a c t  t h a t  moderate t o  s e v e r e  symptoms 
appeared on f r u i t s  o f  v a r i e t i e s  such as 
SMR58, Triumph, S a t i c o y  MR, I l i y i e l d  MR, 
Cha l l enger ,  Gemini, and Spar tan  Dawn a t  t h e  
Ottawa Research S t a t i o n  i s  reason f o r  some 
concern. I f  t h e s e  v a r i e t i e s  are r e s i s t a n t  i n  
o t h e r  areas i n  North A m e r i c a ,  s t r a i n  0-66 
p robab ly  e x i s t s  on ly  i n  t h e  O t t a w a  a r e a ;  b u t  
i f  t h i s  s t r a i n  i s  widespread t h e s e  and m y y  
o t h e r  supposedly r e s i s t a n t  v a r i e t i e s  w i l l  
become i n f e c t e d .  
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