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Summary. - The susceptibility of 19 pea cultivars to pea seed-borne mosaic virus (PSbMV) by mechani­
cal inoculation and the virus transmission by seeds were determined. All tested cultivars were highly suscep­
tible to the virus infection. The virus transmission by seeds was found in 1.9% - 32.7%. A correlation be­
tween mechanical and vector-mediated infections of pea and virus transmission by seeds is discussed. 
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Introduction 

PSbMV reduces yields of leguminous plants. The virus is 

transmitted by seeds. PSbMV transmission by pea seeds was 

observed first in former Czechoslovakia by Musil (1966). The 

virus can b e  also transmitted by seeds of lentil (Hampton and 

Muehlenbauer, 1977), vetch and broad bean (Musil, 1980). 

Our previous studies (Kvičala etal., 1973; Musil et al., 1981; 
Jurik et al., 1994) revealed a significant difference in the sus­

ceptibility o f  different pea cultivars to PSbMV as well as in the 

virus transmission by seeds which varied from 1% to 55%. 

Jurik et al. (1994) studied the relationship between the pea 

susceptibility to PSbMV and the virus transmission by aphid 

Acyrthosiphon pisum. Other studies on the relation of PSbMV 

infectivity and pea cultivars were aimed at finding the cultivars 

either resistant or little susceptible to the PSbMV infection 

(Hampton et al., 1976; Chico and Zimmer, 1978; Spaar and 

Kleinhempel, 1985; Musil and Jurik, 1990; Wang era/., 1993). 
Dif ferences  in t he  susceptibility o f  pea  cultivars to  

PSbMV were demonstrated to depend on the way of virus 
infection (by vector or  mechanical inoculation) and on the 
mode of testing of  the cultivars, namely in glasshouse or 
field conditions (Musil and Jurik, 1990; Jurik et al., 1994). 
In this study we focused our attention to the susceptibility 
o f  some pea cultivars to PSbMV introduced by mechanical 
inoculation in f ield conditions, and at the same time to the 
efficacy of  PSbMV transmission by seeds of infected plants. 

Abbreviations: ID ELISA = indirect enzyme-linked immuno­
sorbent assay; PSbMV = pea seed-borne mosaic virus 

Materials and Methods 

Virus. The PsS3 isolate of PSbMV (Musil, 1966) was used in 
the experiments. 

Pea cultivars. Altogether 19 pea cultivars originating from 
Czech Republic, Hungary, Germany, Netherlands, and Great Brit­
ain, kindly provided by Ing. A. Lebeda, Vegetable Breeding Sta­
tion, Smržice, Czech Republic, were tested. Seeds of individual 
cultivars were planted in the experimental lot in our institute. Three 
weeks after the planting, 5 - 7 cm long pea sprouts were infected 
mechanically by PSbMV The degree of susceptibility was deter­
mined 2 months later by visual evaluation of symptoms of virus 
infection (leaf rolling and'mild mosaic), followed by indirect en­
zyme-linked immunosorbent assay (ID ELISA) of viral antigen. 
Apparently healthy plants which were negative by the first ID 
ELISA were retested for the presence of viral antigen 14 days 
later. Seeds from infected plants were harvested at the end of the 
vegetation period. All plants were repeatedly treated by an insecti­
cide (Pirimor) in weekly intervals. 

PSbMV transmission by seeds. The harvested seeds were di­
vided into three groups. In the first group 1000 seeds from each 
pea variety were used to estimate the presence of viral antigen on 
day 35 after seed germination by ID ELISA. The correlation be­
tween the presence of viral antigen and infectious virus was ex­
amined by re-inoculation of the samples from individual plants 
onto the cultivar Meteor, which is highly susceptible to the PSbMV 
infection. In some cultivars such a correlation was followed in the 
rest of seeds at two intervals (days 10 and 35 after germination). 

ID ELISA. The presence of PSbMV antigen in samples from 
infected plants and their germinating seeds, respectively, was de­
tected by ID ELISA as described by Gallo and Musil (1988), 
using the monoclonal antibody 5E3/D9 (Matisová and Gallo, 
1994). 
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Resul ts  a n d  Discuss ion  

The degree  o f  susceptibility o f  the pea cultivars under 
study to the PSbM V infection was  assayed b y  determining 
the percentage o f  infected o f  total PSbMV-inoculated plants 
(Table I). High degree o f  susceptibility o f  the pea cultivars 
examined to the PSbM V infection w a s  found. It varied from 
7 0  to 1 0 0 %  depending on the pea cultivar. 

P S b M V  transmission b y  seeds was  estimated visually 
with a subsequent determination o f  the presence o f  PSbM V 
antigen b y  ID ELISA in both visually positive and negative 
plants. The transmission w a s  found to vary from 1.9% (cv. 
Záboj)  to 3 2 . 7 %  (cv. Migella). The virus transmission rate 
did not depend on the susceptibi l i ty  o f  individual pea  
cultivars to the PSbMV infection (Table 1). 

Table I. Susceptibility o f  pea cultivars to PSbMV infection and  the 
v i r u s  transmission b y  seech tested b y  ID ELISA 

Cultivar/country Suceptibility Transmission by 
to infection (%) seeds (%) 

1. Bohdan (CZ) 100 4.0 
2. Migella (D) 9 6  32.7 
3. Wawcrplus (NL) 94 4.2 
4. Borctta (D) 92 5.8 
5. Bunny (NL) 90 19.0 
6. Midget (D) 90 14.2 
7. Scout (NL) 88 7.0 
8. Radovan (CZ) 84 27.3 
9. Avola (D) 83 7.0 

10. Progreta (UK) 80 0* 
11. Darfon (NL) 80 4.3 
12. Finale (NL) 77 15.4 
13. Marx (UK) 75 13.6 
14. Early T.D. (UK) 72 12.2 
15, Bornella (D) 72 10.7 
16. Solara (NL) 70 11.1 
17. Tessa (NL) 70 28.8 
18. Záboj (CZ) 70 1.9 
19. Regina (H) 70 9.1 

* Seeds were not available. 

No substantial d i f ference  in the presence o f  viral anti­
gen  w a s  obse rved  when  de te rmined  on  days  10 and  3 5  

a f t e r  g e r m i n a t i o n ,  respectively,  t hough  10-day-old p e a  

plants  d id  no t  and  35-day-old pea  p lants  d id  mani fes t  typi­

cal s y m p t o m s  ( leaf  ro l l ing)  o f  v i ru s  infect ion (Table 2) .  

T h e  P S b M V  transmiss ion by  seeds  in these  t w o  intervals 

d i f fered ,  e .g .  2 4 . 1 %  vs.  3 3 . 7 %  with cv. Migel la .  Th i s  f ac t  

can  b e  expla ined  by  a low n u m b e r  o f  seeds  used in this  

exper iment .  However ,  average  values  f r o m  these  t w o  in­

tervals  we re  v e r y  s imi lar  t o  those  f o u n d  in o u r  previous  

exper iment ,  w h e n  1000 s e e d s  f r o m  each p e a  cultivar we re  

tested.  O n  d a y  35 ,  however ,  the  p resence  o f  infect ious  vi­

r u s  w a s  demons t r a t ed  in all p lan ts  in which  the  viral  anti­

gen  w a s  detec ted .  

Table 2. Correlation between the presence of PSbMV infection and 

virus antigen in some pea cultivars 

Day after germination 

Cultivar 10 35 

IT ID ELISA IT ID ELISA 

Bohdan 1/28 1/28 (5,3%) 1/22 1/22 (4,9%) 
Migella 7/29 7/29 (24,1%) 10/23 10/23 (33,7%) 

Midget 5/32 5/32 (15,6%) 4/30 4/30 (26,9%) 

Radovan 6/23 8/23 (34,8%) 4/21 4/21 (26,9%) 
Early T.D. 3/27 4/27 (14,8%) 2/22 2/22 (9,1%) 

Tessa 9/33 9/33 (27,3%) 8/26 8/26 (29,0%) 

Záboj 1/25 1/25 (4,0%) 0/28 0/28 (0%) 

IT - infectivity teston cv. Meteor. 

In the f ie ld  experiment, all PSbMV-infected pea cultivars, 
except cv. Progreta, produced seeds.  Neither s igni f icant  
changes in the seed s ize  nor other s igns  on the seeds were  
noticed a s  observed also b y  Musil  et al. (1981).  

In our previous study (Jurik et al., 1994), the same pea  
cultivars were susceptible in 4 - 1 0 0 %  to the PSbMV in­

fection, when transmitted by  aphids.  Similar  h igh  degree  o f  

susceptibility t o  P S b M V  af te r  either mechanica l  infect ion 

o r  transmission by  aphids w a s  found  with  Migella,  Bornella,  

Darfon  a n d  Regina  cultivars. Othe r  cultivars were  less  sus­

ceptible t o  t he  v i rus  t ransmission b y  aphids .  A marked  d i f ­

ference  in t he  susceptibility o f  cultivars t o  P S b M V  between 

the  two  ways o f  vi rus  infect ion w a s  observed in Radovan,  

Solara, Scout,  Midge t  and  Tessa cultivars, varying from 70  

to  9 0 %  with  mechanical  inoculation, bu t  reaching only 2 0 %  

with  transmission b y  aphids.  

T h e  dif ferences  found  indicate that  (a)  in  P S b M V  trans­

mission b y  aphids,  the  initial phase  o f  infect ion is inf lu­

enced b y  m o r e  factors  than in the  mechanica l  v i rus  inocu­

lation, (b)  t he  relationship o f  t h e  aphid  vector  t o  t he  given 

cultivar plays also an  important  ro le  irrespective o f  the  v i ­

rus  in question (Kvičala and Musil,  1967). O f  importance 
is also the PSbMV pathotype used f o r  examination o f  the 
susceptibility o f  the pea cultivars to the v i rus  infection. The 
PSbMV isolates can b e  similar in considering their mor­

phology, serological relatcdness, and the range o f  host plants, 

however, their  ability to  infect  di f ferent  p e a  genotypes  is  

not the  s ame  (Alconcro  et al., 1986). 

T h e  susceptibility o f  di f ferent  p e a  cultivars t o  P S b M V  

infection w a s  not  connected with  mechanica l  inoculation 

o r  virus transmission by  aphids.  Similarly, n o  corelation be­

tween the  susceptibility o f  p e a  cultivars t o  P S b M V  a n d  vi­

rus  transmission b y  seeds  w a s  observed (Fig. 1). Migella ,  

Darfon,  Finale, Bornella,  and  Regina cultivars were  higly 

(above 6 0 % )  susceptible to  the  P S b M V  infect ion (irrespec­

tive o f  whether  induced by  mechanical  inoculation o r  trans­

mission by aphids),  bu t  t he  virus t ransmission by  seeds var­

ied f r o m  32 .7% (cv. Migella)  to  4 . 3 %  (cv. Darfon) .  O n  the  
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Fig. 1 
Susceptibility o f  some p e a  cultivars to PSbMV introduced mechanically a n d  b y  vector, and  v i r u s  transmisiion b y  seeds 

The names of cultivars represented by numbers are listed in Table 1. Susceptibility to PSbMV infection by mechanical means (empty columns); 
susceptibility to PSbMV infection by vector (data from Jurik et al., 1994) (black columns); PSbMV transmission by seeds (hatched columns). 

other hand, in the pea cultivars with low susceptibility to 
PSbMV infection by transmission by aphids (less than 20%), 
the rate of  virus transmission by  seeds was  relatively high 
(cv. Radovan 27.3%, cv. Tessa 28.8%). 

Our results indicate that testing of  the susceptibility of  
pea cultivars to the PSbMV infection and of  the subse­
quent virus transmission b y  seeds in the f ie ld  experiment 
provided only approximate data, even though the experi­
mental conditions were standardized, i.e. one virus isolate 
(PsS3) was inoculated mechanically in the same dose onto 
all pea  cultivars on  day 14 after germination. All  these fac­
tors significantly affected the results o f  our previous study 
(Musil et al., 1981), in which the rate o f  virus transmis­
sion by seeds was  found to b e  influenced also by  degree 
o f  maturity o f  the pea  seeds. Thus, the  rate o f  virus trans­
mission by  seeds can by  different in two consecutive years 
even when using the  same pea  cultivars (Masmoudi  et al., 

1992). 
A s  follows f rom the results obtained, the pea cultivars 

u n d e r  s tudy  w e r e  f o u n d  t o  b e  compara t ive ly  h igh ly  
susceptibile to  the PSbMV infection. From practical and 
quarantine aspects, the finding of  the cultivars either im­
mune or less susceptible to the PSbMV infection would by 
more desirable. To f ind  such cultivars, a broader spectrum 
of  wild Pisum species is being studied. 
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