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SEED-BORNE BEAN YELLOW MOSAIC VIRUS OF FABABEAN IN CANADA 

I.R. Evens’ 

Abstract 

Seed lots of fababean (Vicia faba) obtained from several commercial 
sources in Canada were found t o x a i n e e d  infected with a seed-borne 
virus. The virus was identified as a strain of bean yellow mosaic virus 
(BYMV). The BYMV was readily transmitted from infected to healthy 
fababeans by the cowpea aphid (A his craccivora). In a field trial of 
fababeans at Guelph natural spread o h s  virus by aphids from infected to 
healthy beans was first apparent in early July. At the end of August all 
of the field grown beans showed symptoms o f  BYMV. Seeds harvested in 
October and grown under greenhouse conditions from these plants indicated 
that on averaqe 1.7% of the seed was infected with seed-borne BYMV. 

lntrodu ct ion 

In recent years fababeans, Vicia faba L., 
have assumed a new importance i n a d a s  a 
relatively high protein animal feed crop. A 
number of cultivars or strains of this bean 
are currently being tested for their yield 
and suitability at various locations, 
primarily in the Western provinces and in the 
Maritimes. 

Fababeans were qrown at Guelph for the 
purpose of rearinq Aphis craccivora Koch, the 
cowpea anhid. Periddically virus-infected 
bean plants would develop from commercially 
obtained seed. In liqht of this fact and the 
possible future importance of fababeans in 
Canada a study was undertaken on this seed- 
borne virus. 

Materials and methods 

Virus identification 

Several lots of seed of the cultivars 
Broad Windsor and Langpod fababean were 
obtained from three commercial seed companies 
in Canada. In all instances 1 to 3 seedlings 
from each lot of 5 0 0  seeds of the two 
varieties grown under aphid-free greenhouse 
conditions developed a distinctive mosaic, 
(Figure l), indicating a seed-borne virus. 

In a host range study mechanical 
inoculations were made by dusting plant 
species with Q00-mesh Carborundum and rubbing 
the leaves with a sterile cheesecloth pad 
dipped into tap water diluted juice from 
infected bean plants. A minimum of 10 
individuals of each plant species was 
inoculated. After 3 weeks, all inoculated 
test plant species, irrespective of symptom 
expression, were checked for virus infection 

1 
Department of Environmental Biology, Univer- 
sity of Guelph, Guelph, Ontario. N1G 2W1 

123 

Figure 1. Symptoms of bean yellow mosaic in fababean; top right and 
below, typical mosaic pattern in leaves; top left, healthy leaf. 

by mechanical sub-inoculation onto pea 
seedlings, Pisum sativun L. cv. Alaska. 

The cowpea aphid reared on virus-free 
fababeans was used in transmission studies. 
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Nonviruliferous aphids were starved for 3-4 
hours and transferred collectively in groups 
of 50  or more individuals to virus-infected 
fababean leaves. After an initial access 
period of 2 minutes aphids that appeared to 
be probing were transferred singly to healthy 
test plants. In all studies with aphids 
fababean seedlings were used as test plants. 
Nonviruliferous starved aphids transferred 
directly to healthy bean seedlings were used 
as controls. 

The physical properties of the virus 
which included the thermal inactivation 
point, longevity in vitro and dilution end 
point were determined in accordance with the 
procedure suggested by Ross (1964)  using 
Alaska pea seedlings for assaying 
infectivity. 

Epidermal strips taken from the leaves of 
healthy and virus-infected plants were 
stained and examined for the presence of 
virus-induced inclusions according to a 
method described by Christie (1967 ) .  The 
virus particle morphology was determined by 
cutting up small pieces of infected or 
healthy leaf tissue in a few drops. of 1% 
phosphotungstic acid neutralized to pH 6.8 
with KOH and containing 0.025% bovine serum 
albumen. The resulting liquid was 
transferred to a Formvar coated specimen 
grid, excess fluid was removed with filter 
paper, and the specimen was examined with an 
eiectron microscope. 

Transmission of virus under field conditions 

In May of 1972 Broad Windsor fababean 
seeds were planted in 8 rows 40 m lonq 
running in a north to south direction. On 
June 1 when the beans were approximately 15 
cm in height, plants showing virus symptoms 
were removed. The field plot was then 
divided into two 20-m halves. The plants in 
the northern half of the plot in an area 
where the prevailing wind is southwesterly 
were all mechanically inoculated with a virus 
i so 1 ate maintained under greenhouse 
conditions in Broad Windsor. Adjacent to the 
faDabeans, single 40-m rows of Phaseolus 
vulgaris L. cultivars Bountiful and Dark Red 
Kidney, and pea cultivars Alaska and Thomas 
Laxton were planted in mid-June. 

Seeds harvested from the fababeans were 
germinated during the winter of 1973 and 
checked for seed-borne virus. 

Results 

Virus identification 

The following hosts were susceptible to 
the seed-borne virus from fababean: 
Cheno odium arnaranticolor Coste Q Reyn, and 
E+%EZ- wi . gave local lesions; 
F r e n b  ( P h ~ ~ ~ o l u s  vulgaris) cv. Kentucky 
Wonder Wax, Kentucky Wonder: pea (Pisum 

sativum) cv. Alaska, Thomas Laxton, and 
Crimson clover (Trifolium incarnatum L.) 
developed a severe svstemic mosaic svmotom 

A .  

following infection by ;he virus. 

Nonsusceptible hosts were mustard 
(Brassica ( p a  Coss. 1 cv. Tendergreen, 
cucumber ucumis satins L.) cv. Chicago 
Pickling, dames v i o l e t s  eris matronalis 
L.) , Nicotiana c l e v e l a n h ,  2. rustica 
L., N. tabacum L. cv. Samsun NN, French be an 

cv. Bountiful, Dark Red 
Romano, Royalty, and 

Topcrop, pea (Pisum sativum) cv. Little 

beans in the host range study indicates the 
probability that this is a pea mosaic strain 
of BYMV. 

In aphid transmission tests 37 out of 100  
cowpea aphids given 2 or more minutes access 
to an infected fababean leaf transmitted the 
virus to healthy fababean seedlings. 

A study of physical properties revealed 
that the virus was inactivated at 5 9  c in 
crude sap taken from infected fababeans and 
was not infectious to Alaska pea at sap 
dilutions greater than 10-3. The virus 
remained infectious for 60 h but not for 7 2  h 
at 21 C in crude sap extracts. 

Stained epidermal leaf strips taken from 
virus-infected fababean leaves and examined 
with a light microscope revealed the presence 
of amorphous cytoplasmic inclusion bodies 
similar to those reported by Bos ( 1969 )  and 
Evans (1969)  for bean yellow mosaic virus 
(BYMV!. Electron microscope examination of 
negatively stained leaf dip preparations 
revealed the presence of filamentous rods 
similar to those reported by others for BYMV 
(Brandes and Bercks 1965,  Brandes and Wetter 
1959,  Taylor and Smith 1968 ) .  

Transmission of virus under field conditions 
In the field approximately 45% of the 

mechanically inoculated fababeans showed 
mosaic symptoms by July 1. These 
mechanically infected plants were tagged so 
that seed pods removed at harvest could be 
collected separately. Natural spread of 
virus by aphids in the field was first 
apparent on scattered plants by mid-July. At 
the end of July all plants in the 
mechanically inoculated half of the plot 
showed symptoms of virus infection. About 
10% of fababean plants in the downwind 
noninoculated half of the plot showed 
evidence of virus infection. This 
information concurs with the general 
observation that aphid vectors of plant 
viruses move in the direction of the 
prevailing wind; healthy fababeans upwind of 
virus-infected plants become infected later 
on in the season than plants downwind 
(Swenson 1968) .  By late August all fababeans 
in the field plot were infected with virus. 
In the adjacent rows all of the Alaska peas 
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w e r e  v i rus- infec ted  bu t  no v i rus  i n f e c t i o n  
w a s  apparent  i n  Bountiful  o r  Dark Red Kidney 
bean o ; - L i t t l e  Marvel pea. Only one species  
of aphid, Aphis fabae Scopoli ,  could be 
i d e n t i f i e d  as coloniz ing  t h e  field-grown 
plants .  Colonies of A. fabae never b u i l t  up 
to more than a few h E n d r i n d i v i d u a l s  on 
s c a t t e r e d  p l a n t s  apparent ly  due to decimation 
of colonies  by predaceous in sec t s .  

I n  e a r l y  October fababean seed w a s  
c o l l e c t e d  from mechanically in fec t ed  p l a n t s ,  
from p l a n t s  t h a t  showed v i r u s  in fec t ion  from 
na tu ra l  aphid transmission by l a t e  Ju ly ,  and 
from p l a n t s  t h a t  d i d  not snow in fec t ion  u n t i l  
la te  August. Seeds grown from mechanically 
in fec t ed  p l a n t s  r e su l t ed  i n  8 ou t  of 454 o r  
1.8% of seedl ings  being in fec t ed  with t h e  
v i rus .  From t h e  na tu ra l ly  in fec t ed  p l a n t s  7 
ou t  of 51 0 or 1.4% showed evidence of v i r u s  
i n  seed harvested from p l a n t s  i n fec t ed  by 
l a t e  Ju ly ,  and 9 out  of 463 p l a n t s  o r  1.9% 
had v i r u s  i n  seed harvested from those p l a n t s  
which had shown symptoms by l a t e  August. 
Thus, less than 2% of t h e  seed taken from 
vi rus- infec ted  p l a n t s  w a s  i n fec t ed  with seed- 
borne v i rus  i n  t h i s  cul t ivar  of fababean. 

Discussion 

It i s  concluded from t h e  above evidence 
t h a t  t h e  seed-borne virus  i n  fababean is a 
s t r a i n  of  BYMV. Its f a i l u r e  to i n f e c t  
cul t ivars  of  Phaseolus bean such a s  Bountiful  
and Dark R e a  Kidney formerly would have lea 
to c l a s s i f y i n g  t h i s  v i r u s  as a s t r a i n  of t h e  
pea mosaic vi rus ,  but  Box (1970) now regards  
t h i s  v i r u s  as a v a r i a n t  of BYMV. The 
resistance of L i t t l e  Marvel pea t o  i n f e c t i o n  
by t h e  v i rus  and t h e  s u s c e p t i b i l i t y  of t h e  
Alaska and Thomas Laxton cu l t ivars  is i n  
agreement wi th  t h e  r e p o r t s  of Corbett  (1958) 
and Ford (1 963) f o r  BYMV. 

Seed transmission of BYMV i n  fababean and 
o t h e r  legumes has been demonstrated 
previous ly  (Bos 1970, Corbett  1958). I n  
s e v e r a l  Middle Eas tern  coun t r i e s  t h i s  seed- 
borne v i r u s  p re sen t s  s e r ious  problems i n  t h e  
c u l t i v a t i o n  of fababean (Izadpanah e t  a l .  
1969, Kaiser e t  al .  1967). I n  I r an ,  Kaiser 
(1972) showed t h a t  s eve ra l  pathogenic s t r a i n s  
of t h i s  v i r u s  could be i s o l a t e d  from broad 
beans i n  d i f f e r e n t  areas of t h a t  country. I n  
a p l an t ing  of 56 fababean types  from 14 
coun t r i e s ,  he showed t h a t  BYMV w a s  seed-borne 
i n  80% of t h e  l ines  with an incidence of 0.1% 
t o  2.4%. I n  addi t ion  to BYMV, a t  least two 
o t h e r  v i ruses  are known to be seed-borne i n  
fababean (Gibbs and Paul 1970, Gibbs and 
Smith 1970). 

A t  Guelph it has been demonstrated t h a t  
commercially ava i l ab le  fababean i n  Canada may 
be in fec t ed  with seed-borne BYMV. I n  t h e  
f i e l d  t r i a l  n a t u r a l  spread of t h e  v i r u s  
occurred r ap id ly  i n  Ju ly  and August probably 
as a r e s u l t  of transmission by several 
spec ie s  of  aphid vec to r s  (Kennedy e t  al.  
1962). 

Plant ings  of fababeans from v i rus- f ree  
seed could become in fec t ed  wi th  indigenous 
s t r a i n s  of BYMV from weed o r  crop sources 
such a s  na tu ra l ly  in fec t ed  red  clover and 
white sweet clover. This is a problem t h a t  
w i l l  have to be looked i n t o  i f  fababeans a r e  
t o  become an e s t ab l i shed  crop,  bu t  fababeans 
imported i n t o  Canada and those  c u l t i v a r s  
cu r ren t ly  undergoing agronomic evaluat ion  
should be checked f o r  t h e  presence of seed- 
borne v i rus .  S t r a i n s  of BYMV present  i n  
imported seed lo t s  might be f a r  more 
pathogenic to fababean than isolates of t h e  
v i rus  occurring n a t u r a l l y  i n  North America. 
However, v i rus ,  i f  present  i n  seed lo ts ,  can 
be con t ro l l ed  under f i e l d  p l o t  condi t ions  i f  
i n fec t ed  p l a n t s  are rogued ou t  as soon as 
symptoms become evident.  I f  t hese  in fec t ed  
p l an t s ,  which never number much more than 2% 
of a p lant ing ,  a r e  removed by e a r l y  June, 
then aphid transmission t o  heal thy  p l a n t s  
w i l l  be prevented and t h e  c u l t i v a r s  f reed  
from vi rus .  This is due to t h e  f a c t  t h a t  t he  
v i r u s  i s  t o t a l l y  dependent on t h e  presence of 
aphid vectors  f o r  spread i n  t h e  bean crop. 
I n  most loca t ions  i n  Canada l i t t l e  i f  any 
aphid build-up occurs before t h e  end of June 
(Swenson 1968) and consequently spread of 

BYMV would not t ake  p lace  i n  t h e  fababean 
crop before t h i s  t i m e .  
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