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VIRUSES OF CLOVERS AND ALFALFA IN ESSEX COUNN, ONTARIO, 1970-73 

L.F. Gates'and Joan F. Brvnskill 

Abstract 

s u r v e y s  o f  legume v i r u s e s  i n  c u l t i v a t e d  and w i l d  c l o v e r s  and  a l f a l f a  i n  
Essex County were made i n  1970-73. The i n c i d e n c e  of a l f a l f a  mosaic v i r u s  
averaged 11% i n  a l f a l f a  (Medicaqo sat iva)  c r o p s  i n  t h e  f i r s t  year ,  and 44% 
i n  t h e  second and la ter  y e a r s  o f  c u t .  Bean yel low mosaic, a l f a l f a  mosaic, 
r e d  c l o v e r  v e i n  mosaic, and pea s t r e a k  v i r u s e s  occur red  a t  l o w  l e v e l s  i n  
r e d  c l o v e r  (Tr i fo l ium p r a t e n s e )  c r o p s ,  though t h e y  were f r e q u e n t l y  
encounte red  i n  w i l d  c l o v e r s .  White c l o v e r  mosaic v i r u s  and tobacco  
r i n g s p o t  t y p e  v i r u s e s  w e r e  a l so  i s o l a t e d  from wi ld  c l o v e r s .  Bean common 
mosaic, pea commn mosaic, c l o v e r  yel low mossic, and c l o v e r  ye l low v e i n  
v i r u s e s  were n o t  encounte red  i n  t h i s  survey.  

Resume 

D e  1970 a 1973, on a e f f e c t u e  dans  l e  cornte d*E:ssex, d e s  r e l e v e s  de  
v i r u s  de  legumineuses d a n s  l e s  t r e f l e s  c u l t i v e s  e t  sauvages e t  dans l a  
luzerne .  La f r e q u e n c e  du v i r u s  d e  l a  mosafque de l a  l u z e r n e  a a t t e i n t  en 
moyenne 11% d a n s  l e s  cultures d e  l u z e r n e  (Medicaqo s a t i v a )  d u r a n t  l a  
premiere  annee, e t  44% pendant l a  seconde e t  l e s  a u t r e s  annees  d e  coupe. 
La  mosarque jaune  du h a r i c o t ,  l a  mosarque d e  l a  l u z e r n e ,  l a  mosafque d e s  
n e r v u r e s  du t r e f l e  rouge e t  l a  b i g a r r u r e  du p o i s  ne se  s o n t  m a n i f e s t e e s  
qu 'a  un f a i b l e  degre  dans l e s  c u l t u r e s  de  t r e f l e  rouge ( T r i f o l i u m  
p r a t e n s e ) ,  b i e n  qu'on a i  pu frequemment les t r o u v e r  chez  les t r g f l e s  
sauvages. On a egalement  i s o l e  sur  ces d e r n i e r s  l e  v i r u s  de  l a  mosafque du 
t r g f l e  b l a n c  e t  ceux  de l a  t a c h e  a n n u l a i r e  du tabac. Dans cette enquete,  
on n * a  p a s  t r o u v e  de v i r u s  d e  l a  mosafque commune d u  h a r i c o t  e t  du po is ,  de 
l a  mosaltque jaune e t  de l a  mosafque jaune d e s  n e r v u r e s  du t r g f l e .  

I n  Essex County, O n t a r i o ,  r e d  c l o v e r  
( T r i f o l i u m  p r a t e n s e  L,.) and a l f a l f a  (Medicaqg 
s a t i v a  L.) occupy a b o u t  4% of t h e  arable l a n d  
as f o r a g e  c r o p s  and, b e i n g  p e r e n n i a l s ,  
p r o v i d e  a l i k e l y  s o u r c e  of v i r u s e s  f o r  
soybeans,  beans,  peas ,  tomatoes, and 
peppers .  Legume v i r u s e s  recorded  i n  
sou thwes te rn  O n t a r i o  i n c l u d e  t h o s e  i n c i t i n g  
a l f a l f a  mosaic (AMV), soybean mosaic, bean 
mosaic, tobacco  r i n g  s p o t  (TRSV) ,  r e d  c l o v e r  
v e i n  mosaic (RCVMV), pea e n a t i o n  mosaic, pea  
common mosaic (PCMV) , pea streak (PSV) ,  bean 
ye l low mosaic (BYMV), and whi te  c l o v e r  mosaic 
(WCMV) (1, 6,  22) . 

I n  many areas of O n t a r i o ,  e a s t e r n  Canada 
and t h e  U.S.A., r e d  c l o v e r  i s  a f r e q u e n t  
s o u r c e  of BYMV, PCW, RCVMV, PSV, and  less 
f r e q u e n t l y  of AMV, WCMV, and c l o v e r  ye l low 
mosaic v i r u s  (CYMV) (10 ,  12, 19, 20, 22, 2 4 ) .  
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whi te  c l o v e r  (Tr i fo l ium r e p e n s  L.) is o f t e n  
i n f e c t e d  w i t h  WCIylV, AMV, and less  f r e q u e n t l y  
w i t h  RCVMV and PSV (1,  19, 20,  22 ) .  AMV, 
o f t e n  a t  high l e v e l s  of i n c i d e n c e ,  is u s u a l l y  
found i n  a l f a l f a  (2 ,  5, 10,  18, 26), which 
may also c o n t a i n  WCMV, CYMV, BYMV, tobacco  
s t r e a k  v i r u s ,  and TRSV ( 7 ,  10, 19, 2 0 ) .  CYMV 
h a s  been found on ly  i n  and w e s t  o f  Wisconsin, 
Kentucky, and Oklahoma (1, 7, 2 0 ) ,  and c l o v e r  
ye l low v e i n  v i r u s  ( C W V )  o n l y  i n  Quebec, 
P a s t e r n  Canada (22) , and North C a r o l i n a  ( 1 5 ) .  

Spread of BYMV from r e d  c l o v e r  i n t o  Leans 
h a s  been d e t e c t e d  f o r  2 0 0  m downwind and  60 m 
upwind ( 1 0 ) .  Although AMV has been relJorted 
t o  spread  from c l o v e r  and a l f a l f a  i n t o  beans  
and soybeans, s e v e r a l  workers n o t e  t h a t  AMV 
was n o t  observed t o  s p r e a d ,  o r  t h a t  it s p r e a d  
very much less  t h a n  BYMV (2, 5, 10, 2 6 ) .  

v i r u s e s  reduce  t h e  p r o d u c t i v i t y  of legume 
c r o p s  and r e s i s t a n c s  t o  w i n t e r  t e m p e r a t u r e s  
of c l o v e r s ,  though n o t  a lways of  a l f a l f a  (7, 
21,  2 3 ,  r e f s .  i n  12) .  White c l o v e r  may lose 
up t o  h a l f  of i t s  y i e l d  from s t r a i n s  of AMV 
and BYMV, e s p e c i a l l y  i n  combinat ion,  and also 
from CYMV (14,  17,  2 1 ) .  AMV i s  o f t e n  m i l d  or 
symptomless i n  a l f a l f a  (2, 5, 2 6 ) ,  b u t  high 
l e v e l s  of i n f e c t i o n  caused y i e l d  losses of 
22- 30% i n  e a r l y  c u t s ,  and s m a l l e r  losses i n  
l a t e r  c u t s ,  i n  t h e  s s a s o n  a f te r  i n o c u l a t i o n  
(7, 9 ) .  
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Severa l  forage  legume vi ruses ,  inc luding 
WCMV, CYMV and a v i r u s  r e l a t e d  t o  tomato 
r ingspo t  i n  r ed  c lover ,  and AMV i n  a l f a l f a ,  
have been found t o  be seed t ransmit ted  (8, 
11).  

I n  Essex County, wheat and oat f i e l d s  a r e  
usua l ly  undersown with r e d  c love r ,  which is 
c u t  t h e  following season, and then  ploughed 
under. A l fa l f a  is s i m i l a r l y  undersown, b u t  
u sua l ly  is c u t  f o r  s e v e r a l  years. These 
crops,  and roads ide  legumes, were examined 
f o r  v i r u s  i n f e c t i o n  dur ing  1970-73. 

Methods 

The r e a c t i o n s  of i n d i c a t o r  hos t s  and 
v i r u s  p a r t i c l e  s i z e  were t h e  major means of 
i d e n t i f i c a t i o n .  I n d i c a t o r  p l an t s  were 
tobacco (Nicotiana tabacum L. 'Samsun NN' and 
'Haronova') , pepper (Capsicum f ru t e scens  L., 
'Ca l i fo rn ia  Wonder') , French bean (ghaseolus 
v u l q a r i s  L. 'Topcrop' and 'Bountiful ' )  , pea 
(Pisum sativum L. 'Thomas Laxton' and ' L i t t l e  
Marvel') , cowpea (Viqna s i n e s i s  (Torner) Savi 
' Early Ramshorn') , Chenopodium amaranticolor 
Coste and Reyn., broad bean (Vicia faba  L. 
'Long Pod') , Gomphrena qlobosa L. , snapdragon 
(Antirrhinum maius L:), and o the r  hos t s  
u se fu l  f o r  p a r t i c u l a r  v i ruses .  P lants  were 
sap- inoculated by t h e  leaf- rub method with 
carborundum as an abras ive .  They were kept  
i n  a greenhouse maintained a t  22-28 C. 

AMV, BYMV, and TRSV were recognized by 
t h e i r  t y p i c a l  e f f e c t s  on these plants .  WCMV 
r ap id ly  produced l i g h t  green l o c a l  l e s i o n s  on 
cowpea. I t  in fec t ed  French bean, b u t  not  C. 
amaranticolor,  g. qlobosa, o r  t h e  so1anaceo';s 
hosts. PSV and RCVMV gave l o c a l  l e s i o n s  on 
G_. globosa and C. amaranticolor.  They were 
d i s t ingu i shed  by particle s i z e  and by t h e  
f a c t  t h a t  RCVMV was slower than PSV i n  
producing l e s i o n s  on g. globosa. snapdragons 
were checked f o r  CYMV, and Haronova tobacco 
f o r  C Y W .  

P a r t i c l e s  of t he  rod-shaped v i ruses  were 
examined i n  leaf  - d ip  prepara t ions  s t a i n e d  
w i t h  phosphotungstic ac id  (pH 7.0) o r  
shadowed with platinum - palladium (80:20) 
(Figs. 1-4).  The mean lengths  and t h e  s i z e  
range of p a r t i c l e s ,  based on t h e  examination 
of 5-8 i s o l a t e s  of each v i r u s  (n = t o t a l  
number of p a r t i c l e s  measured), were; RCVMV 
630 nm (615-653, n =  253);  WCMV 457 nm (436- 
473, n = 237) ; PSV 591 nm (562-615, n = 120); 
BYMV 179 nm (757-798, n = 77) .  Particle 
widt.hs, based on 14-20 p a r t i c l e s  from 2-3 
i s o l a t e s  of each v i rus ,  were; RCVMV 12.1 nm, 
WCMV 13.5 nm, PSV 12.6 nm, and BYMV 14.2 nm. 
These measurements agree  with t h e  published 
measurements f o r  t hese  v i ruses .  

Local i s o l a t e s  of WCMV reac ted  p o s i t i v e l y  
with antiserum t o  t h i s  v i r u s  from t h e  
American Type Culture Collection.  

V i r u s  inc idence  

v i r u s  symptoms i n  6-10 quadra ts  o f  1 M 2  per  
f i e l d  usual ly  once during t h e  season, w i t h  
c o l l e c t i o n  of 2-3 t y p i c a l  shoots  per f i e l d  
f o r  v i r u s  i d e n t i f i c a t i o n .  Some c o l l e c t i o n s  
of symptomless c love r s  were made e a r l y  i n  t h e  
season i n  1972 and 1973. Only 2 o u t  of 30 
c o l l e c t i o n s  of symptomless p l a n t s  contained 
v i ruses  so t h a t  r e l i a n c e  on symptoms appears 
j u s t i f i e d .  A l fa l f a  crops  were c a r e f u l l y  
examined f o r  v i rus- l ike  symptoms i n  1970 and 
1971. I n  1972 and 1973, 10 shoo t s  per f i e l d ,  
r ega rd le s s  of symptoms, w e r e  c o l l e c t e d  a t  
random e a r l y  i n  t h e  s p r i n g  and, l a t e r ,  from 
t h e  regrowth t h a t  occurred s h o r t l y  a f t e r  
c u t t i n g  t h e  crop, while t h e  shoots  were s t i l l  
only a few c m  t a l l .  These shoots  were t e s t e d  
ind iv idua l ly  f o r  v i r u s e s  and, al though t h e i r  
numbers were i n s u f f i c i e n t  f o r  conclusions 
about any one f i e l d ,  t h e  results gave an  
e s t ima te  of v i r u s  inc idence  over t h e  30-40 
f i e l d s  t e s t e d  each year. 

Results and discussion 

a l f a l f a  mosaic v i r u s  

AMV occurred w i t h  unexpected frequency i n  
a l f a l f a  crops, i n f e c t i n g  11% of t h e  shoo t s  i n  
f i rs t  year crops,  and 44% i n  crops  i n  t h e i r  
second and l a t e r  years  of c u t  (Table 1) .  
These l e v e l s  of i n f e c t i o n  would cause  
es t imated  y i e l d  l o s s e s  of 2% and 7% 
r e spec t ive ly  (7, 9 ) .  The incidence of AMV i n  
red c love r  f i e l d  crops  was low, but  roads ide  
c lovers  were o f t e n  infec ted .  

I s o l a t e s  of AMv could  be d iv ided i n t o  t w o  
main groups based on t h e i r  e f f e c t s  on French 
beans: those  which produced small  local 
l e s i o n s  on t h e  primary leaves ,  u sua l ly  
without becoming s y s t e m i c ,  and those  which 
mul t ip l i ed  i n  l o c a l  a r e a s  with d i f f u s e  edges, 
causing c h l o r o s i s  and vein  nec ros i s  on t h e  
inocula ted  leaves,  and l a t e r  becoming 
systemic and causing necros is  i n  uninoculated 
leaves .  These t w o  t ypes  of i s o l a t e  were 
obtained about equal ly  from a l f a l f a ,  and both 
were i s o l a t e d  from r e d  and white c love r s  and 
from yellow sweet c love r  (Meli lotus 
o f f i c i n a l i s  L.). 

About half  t h e  AMV i s o l a t e s  from a l f a l f a  
i n  Essex County became systemic i n  French 
beans, as observed i n  Indiana (3) , whereas i n  
England only 1.7% of i s o l a t e s  from a l f a l f a  
were of t h i s  type (9 ) .  

I s o l a t e s  from Essex County t h a t  became 
systemic i n  French beans usua l ly  produced 
very mild symptoms i n  tobacco, moderate 
symptoms i n  pepper, and d i d  no t  i n f e c t  
cucumber. Systemxc s t r a i n s  descr ibed by 
Zaumeyer and Pa t ino  (26, 27) a l s o  showed 
these  tendencies,  bu t  t hose  i s o l a t e d  by 
Houston and Oswald (13) gave t y p i c a l  symptoms 
on solanaceous hosts .  Four of 71 Essex 
County i s o l a t e s  t e s t e d  resembled t h e  " a l f a l f a  
yellow mosaic" v i r u s  i n  producing an i n t e n s e  
systemic yellow mosaic i n  cowpea (25).  A few 
i s o l a t e s  produced smal l  green r i n g s  on t h e  
inocula ted  primary leaves  of 'Bountiful '  
French beans a s  descr ibed by F roshe i se r  (8 ) .  

Estimations of v i ruses  i n  c love r s  
depended on counts of shoots  o r  p l an t s  with 
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Figures 1-4. Virus particles from leaf-dip preparations, stained with phosphotungstic acid, pH 7.0, X 66.875. 1) Bean yellow mosaic virus, 2) Red clover 
vein mosaic virus, 3) Pea streak virus, 4) White clover mosaic virus. 

, 
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Table 1. Legume v i ru se s  i n  ESseX county ,  Ontar io ,  1970-73 

Number of  f i e l d s  o r  l o c a t i o n s  wi th  
Number of  times i n f e c t i o n  l e v e l  (%) i .ndicated(a)  Average i n f e c t i o n  ( % )  

i s o l a t e d  from sou c No. of  f i e l d s  i n  a l l  f i e l d s  of  each 
Source p l a n t s  v i r u s  p l a n t  collections'ae o r  l o c a t i o n s  Trace Up t o  10 ll-.50 51-100 c rop  and year  o f  c u t  

F i e l d  crops  

Red c love r ,  1st year  of  c u t  none 
AMV 9 
BYMV 29 
PSV 4 
RCVMV 1 

Red c love r ,  2nd year  of  Cut BYMV 4 

A l f a l f a ,  1st year  o f  c u t  none 1 

1 324 A l f a l f a ,  2nd year  o r  o l d e r  none I 
AMV I 

Yellow sweet c l ove r  none 
AMV 
BYMV 
RCVMV 

none 
AMV 
BYMV 

1 
2 
1 

Als ike  c love r  
1 
9 

Roadsides and waste  ground 

Red c love r  

Als ike  c lover  

whi te  c l ove r  

Yellow sweet c l ove r  

A l f a l f a  

none 
BYMV 9 
PSV 1 
RCVMV 3 
TRSV(b) 9 
WCMV 4 

none 
AMV 1 
BYMV 1 
PSV 1 
TRSV (b) 2 
WCMV 1 
none 
AMV 3 

E:Fb) 2 3 

WCMV 8 

none 
AMV 6 
BYMV 8 
PSV 1 
RCV 3 

3 TFS% 

none 
AMV 17 

13 
4 

14 
4 
1 

1 

16 
19 

9 
5 1  

2 
1 
2 
1 

2 

1 

18 
9 
6 
3 
9 
4 

6 
1 
1 
1 
1 
1 
Y 
3 
2 
2 
7 

3 
4 
6 
1 
2 
3 

4 
3 

1 3 
5 8 
4 
1 

4 5 

1 5 

1 
1 
1 

1 

7 2 
4 2 
2 1 
8 1 
2 

1 

1 
1 

2 
2 

1 2 

2 
2 2 
1 
2 
2 1 

2 

0 .2  
1.1 

20 .0  

2 11.1 

22 44.4 

2 

3 

3 

1 
1 

1 

1 

1 
1 

(a) Co l l e c t i ons  and e s t ima t e s  of  i n f e c t l o n  were of  p l a n t s  wi th  symptoms, except  from a l f a l f a  f i e l d s ,  where i n  1972 and 1973 random samples 

(b) Includes  tobacco and tomato r i ngspo t s  and pos s ib ly  o t h e r  r i ngspo t  types .  

o f  p l a n t s  were co l l e c t ed .  v i ru se s  i n  p l a n t s  wi th  mixed i n f e c t i o n s  a r e  recorded s epa ra t e ly .  

AMV - a l f a l f a  mosaic v i r u s ;  BYMV - bean yellow mosaic v i r u s ;  PSV - pea s t r e a k  v i r u s ;  RCVMV - red  cl.over ve in  mosaic v i r u s ;  TRSV - see 
( b )  helow; WCMV - white  c l ove r  mosaic v i r u s .  

The frequency o f  AMV i n  c l o v e r s  and 
a l f a l f a  i n  E s s e x  County may be r e l a t e d  t o  t h e  
presence of many solanaceous crops ,  
e s p e c i a l l y  tomatoes, peppers, eggplants  
(solanum melonsena L.) , and tobacco, a s  w e l l  
a s  t o  l a r g e  acreages  of soybeans and green 
beans. P r a t t  ( 2 2 )  d id  n o t  i s o l a t e  AMV from 
c love r s  i n  o t h e r  a r e a s  of Ontario,  though it 
w a s  found i n  Quebec. AMV was t h e  most 
f r equen t ly  i s o l a t e d  v i r u s  i n  r e d  c l o v e r s  i n  
Washington ( l o ) ,  where l a r g e  acreages of 
f i e l d  beans and a l f a l f a  are grown, and it w a s  
f requent  i n  Rhode I s l and  ( 1 9 ) .  Frosheiser  
(8) suggested t h a t  most i n i t i a l  AMV 
i n f e c t i o n s  i n  a l f a l f a  s t ands  may arise from 
i n f e c t e d  seeds.  

Bean yellow mosaic v i r u s  

BYMV (Fig. 1) occurred widely i n  r e d  and 
yellow sweet c love r s  on roads ides  and waste 
ground. I t  w a s  the  most commonly found v i r u s  
i n  red c lover  f i e l d  crops ,  b u t  i t s  inc idence  
i n  these crops ,  which normally are kept  f o r  
only  1 year o f  cu t t i ng ,  was l o w  (Table 1 ) .  
Most i s o l a t e s  produced b r i g h t  mosaics without  
nec ros i s  i n  French bean, bu t  a few produced 
nec ros i s ,  a s  descr ibed  i n  t h e  l i t e r a t u r e  (4, 
1 6 ) .  Necrotic and mild isolates w e r e  
recovered from white bean p l o t s  a t  Harrow. 

BYMV was es t imated  t o  a f f e c t  10-50% of 
t h e  p l a n t s  i n  r ed  c love r  f i e l d s  i n  Wisconsin, 
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Minnesota, Idaho, and Kentucky, compared with 
2-10% f o r  AMV (12,  24) .  

Red c love r  ve in  mosaic v i r u s  and pea s t r e a k  
v i r u s  

These v i r u s e s  (Figs. 2, 3) occur 
f r equen t ly  i n  red c love r  crops  i n  Wisconsin, 
Minnesota, Idaho, and Kentucky (12 ,  24) , b u t  
i n  Essex County red  c l o v e r  crops they were 
found only inf requent ly .  This  may be because 
pea c rops  a r e  less f requent ,  except poss ib ly  
near windsor, t han  i n  some U.S.A. areas. 
They were, however, o f t e n  encountered i n  
roadside c love r s  i n  Essex County (Table 1 ) .  
and RCVMV has been recorded i n  peas i n  t h e  
county ( 6 ) .  P r a t t  (22) encountered t h e s e  
v i ruses  i n  red  and white c love r s  i n  o t h e r  
p a r t s  of Ontar io  and e a s t e r n  Canada. 

White c lover  mosaic v i r u s  

This  v i r u s  (Fig. 4) , recorded once (1 )  i n  
c love r s  i n  Essex County, was o f t e n  i s o l a t e d  
from white and red  c love r s  on roadsides and 
i n  orchards but  not  from f i e l d  crops of 
c lovers .  White c love r  patches were o f t e n  
extens ively  i n f e c t e d  with t h e  v i rus .  

Tobacco r inqspo t  and r e l a t e d  v i ruses  

Viruses of t h e  tobacco r ingspo t  type,  
recorded once from red  c lover  f i e l d  crops i n  
Essex County (6)  were f requent ly  encountered 
i n  c love r s  on roads ides  and waste ground. I n  
cross- protec t ion  t e s t s  on loca l  i s o l a t e s  of 
t h i s  type,  using known i s o l a t e s  of TRSV and 
tomato r ingspo t  v i rus ,  one l o c a l  i s o l a t e  
behaved l i k e  TRSV, one l i k e  tomato r ingspo t  
v i r u s ,  and one behaved l i k e  TRSV bu t  d id  
cause  some l e s i o n s  on p l a n t s  previous ly  
inocula ted  with TRSV. The  l o c a l  tomato 
r ingspot  v i r u s  i s o l a t e ,  compared w i t h  TRSV, 
caused fewer nec ro t i c  pa t t e rns  on t h e  upper 
l eaves  of tobacco, caused more r a p i d  nec ros i s  
of C_. amaranticolor and d id  not  i n f e c t  
spinach (Spinacia o l e racea  L.) . However, it 
behaved l i k e  TRSV i n  i n f e c t i n g  snapdragon and 
lima bean (Phaseolus l imensis  MacF.) . 
Other v i r u s e s  

Pea common mosaic and bean common mosaic 
have been recorded i n  Essex County (6)  , b u t  
were not  encountered i n  t h i s  survey. Clover 
yellow mosaic v i r u s  and c lover  yellow vein  
v i r u s  have n o t  been found i n  ESSex County. 
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