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Summary. Pea seed-borne mosaic virus (PSbMV) can reach high levels of seed infec-
tion in Australian field peas, resulting in severe crop losses. Endemic, pea-derived
PSbMV strains can cause lentil seed infection under experimental conditions, but
PSbMV transmission has not been detected in grain harvested from lentil crops in
Australia. In contrast, specialised PSbMV strains that are seed-borne in lentils occur
in countries with long histories of lentil cultivation. A total of 29 PSbMYV isolates were
obtained from seeds of 11 exotic lentil accessions held at the Australian Grains Gene-
bank, and the isolates were identified as the P2 pathotype using the standard set of
pea differentials. However, testing with an additional set of lentil genotypes revealed
two distinct pathotypes, tentatively designated P2a and P2b. Screening of lentil acces-
sions previously reported to possess resistance to PSbMV or to bean yellow mosaic
virus (BYMV), as well as Australian (25) and North American (3) cultivars, identified
resistance to the P2b pathotype in several entries. In contrast, resistance to the more
virulent P2a pathotype was only detected in three germplasm accessions that were pre-
viously reported to be BYMV resistant. Incursions of lentil seed-borne PSbMV strains
pose major risks to the Australian lentil industry. Collaboration with research pro-
grammes in countries where lentil seed-borne PSbMV is present will facilitate resist-
ance screening against a possible wider range of pathotypes, and support research on
virulence genes and virus genes controlling seed transmission. As large-scale testing
with exotic virus strains is difficult to implement in Australia, development of molecu-
lar markers for resistance to the most virulent PSbMV strains is desirable.

Keywords. Lentil seed-borne PSbMV strains, BYMYV, virus resistance, pathogenicity
test, pathotypes.

INTRODUCTION

Lentil (Lens culinaris Medik.) is one of the world’s oldest domesticated
crops (Zohary, 1972) and ranks third in global cool-season food legume pro-
duction, after chickpea and field pea (FAOSTAT, 2026). Lentil cultivation
benefits farming systems through its ability to fix nitrogen, and more gener-
ally by providing grain that is rich in protein, carbohydrates, fibre, vitamins
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and minerals (Montejano-Ramirez and Valencia-Cante-
ro, 2024).

Cultivation of lentils in Australia is recent. Less than
40 years ago, lentil was considered an experimental crop
(Knights, 1987), and in 1993 the area of lentil produc-
tion was estimated to be only 980 ha (FAOSTAT, 2026).
By 2023, Australia was one of the world’s largest produc-
ers of lentils, with 1.41 million tons of grain harvested
from 0.80 million ha (FAOSTAT, 2026). This increase
was made possible as Australian broad-acre grain grow-
ers recognised the benefits of introducing a grain legume
into their rotations for soil health and fertility and was
underpinned by research programmes that developed
adapted varieties and improved agronomic practices
(Materne and Reddy, 2007). Within their short history,
the Australian lentil breeding programmes have focussed
on improved harvestability, tolerance to boron toxicity
and salinity, and resistance to Ascochyta blight and Bo-
trytis grey mould (Materne and Reddy, 2007; Thackwray
et al., 2024). However, comparatively little attention has
been given to breeding for virus resistance.

More than 30 virus species have been reported
to infect lentils. Among these, the viruses considered
most economically important internationally include
alfalfa mosaic virus (AMV, Alfamovirus), bean leafroll
virus (BLRV, Luteovirus phaseoli), bean yellow mosaic
virus (BYMV, Potyvirus phaseoluteum), beet western
yellows virus (BWYYV, Polerovirus), cucumber mosaic
virus (CMV, Cucumovirus), pea enation mosaic virus
1 (PEMV-1, Enamovirus), pea seed-borne mosaic virus
(PSbMYV, Potyvirus pisumsemenportati) and soybean
dwarf virus (SbDV, Luteovirus glycinis) (Kumari et al.,
2009). Lentils are particularly vulnerable to virus infec-
tions, as they are preferred hosts for efficient virus vec-
tors including the pea aphid (Acyrthosiphon pisum)
(Wale et al., 2000).

Seed-transmitted viruses are important, because
sowing infected seed results in infection foci through-
out crops early in growing seasons, whereas other
viruses must rely on viruliferous aphids migrating from
off-season hosts. Lentil sowing rates are also substan-
tially higher than those of larger-seeded pulses, fur-
ther increasing lentil crop vulnerability to seed-borne
viruses. PSbMV, CMV, AMV, BYMV and broad bean
stain virus (BBSV, Comovirus viciae) are reported to be
transmitted through lentil seed (Kumari et al., 2009). Of
these only BBSV is not present in Australia (Jones and
Congdon, 2024).

Limited virus survey data from Australian commer-
cial lentil crops have been published. Freeman (2014)
reported surveys conducted between 2000 and 2005 in
Australia’s main winter pulse growing regions of South

Joop A.G. Van Leur et alii

Australia and Victoria and found that lentil crops were
more prone to virus infections than crops of faba bean,
field pea or chickpea. CMV was the most prevalent virus
detected in lentils, which was attributed to high levels of
seed infections. Similarly, limited information is avail-
able on lentil viruses in Canada and the United States
of America (USA), despite recognition of their poten-
tial importance to pulse industries in these countries
(Rashed et al., 2018). In contrast, much information has
been published over the past three decades on the pres-
ence of lentil viruses in countries with long histories of
lentil cultivation. Virus incidences determined by tis-
sue blot immunoassays on randomly collected plants
from farmer fields have been reported from nine surveys
across eight countries. In five of these surveys, PSbMV
was the most frequently identified virus (Table 1).

PSbMYV is internationally considered a major virus
in pea (Pisum sativum), largely because of its ability to
be transmitted at high rates in pea seed (Khetarpal and
Maury, 1987). In Australia, high incidences of PSbMV
in commercial field pea crops were found to be strong-
ly associated with PSbMV transmission levels in the
seed used for sowing (Latham and Jones, 2001a; Free-
man et al., 2013; Congdon et al., 2016). Minor levels of
seed transmission were found in commercial seed lots
of faba bean and chickpea (Latham and Jones, 2001b),
but there are no reports of PSbMV seed transmission
in Australian commercial lentil seed lots, and PSbMV
infection of lentil crops has only been found near pea
crops (Agriculture Victoria, 2022). Internationally,
the only reported investigation of seed transmission
of PSbMV in non-experimental lentil seed lots is from
Ethiopia, where 84 of 270 farmer-saved seed lots were
PSbMYV infected, with the greatest seed-to-plant trans-
mission rate being 16.8% (Abraham and Makkouk,
2002). Hampton (1982) detected seed-borne PSbMV in
USDA Genebank accessions originating from a range of
West Asian, North African, European and South Amer-
ican countries, indicating that PSbMV seed transmis-
sion in lentils could be widespread.

PSbMV strains isolated from lentil seed were
found to be similar to pea-derived strains in host
range, symptomatology, seed transmission capacity and
serological reaction, but were unable to infect BYMV
resistant pea varieties (Hampton, 1982; Goodell and
Hampton, 1984; Alconero et al., 1986) and therefore
considered to be a distinct pathotype. Originally coded
PSbMV-L or PSbMV-L1, the lentil pathotype was
renamed P2 to align with the existing nomenclature of
pea-derived PSbMV strains (Kasimor et al., 1997).

Resistance and virulence genes within the PSbMV
/ Pisum sativum pathosystem have been studied exten-
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Table 1. Published surveys in which incidences of lentil viruses were determined by tissue blot immunoassays (TBIA) on randomly col-

lected plants from farmer fields.

Virus incidence (%)?

Country  Year(s) Reference SuFrlsl(;Z 4 2::;: Seed-borne viruses Other ﬁz;ttlfgzgu‘irrlgz
PSbMV CMV AMV BYMV BBSV Viruses’

Syria 1991-1993 Kumari et al. (1993) 161 3,320 0.19 nt nt nt 091 nt BBSV
Tirkiye 1996 Bayaa et al. (1998) 39 7,800 0.03 nt nt 0.01 0.24 nt BBSV
Pakistan 1997 Makkouk et al. (2001) 29 2,085 16.26 1.06 0.00 0.00 0.00 0.72 PSbMV
Ethiopia 1998 Tadesse et al. (1999) 32 4,670 9.87 0.04 0.00 0.02 0.02 3.00 PSbMV
Iraq 2000 El-Muadhidi et al. (2001) 10 1,700 0.00 0.00 0.00 1.82 0.00 0.35 BYMV
Iran 2001, 2002 Makkouk et al. (2003) 34 6,080 0.61 0.00 0.16 0.05 0.66 7.81 luteo
Ethiopia 2004 Bekele et al. (2005) 11 810 1543 0.00 0.00 0.12 0.00 6.05 PSbMV
Azerbaijan 2007, 2008 Mustafayev et al. (2011) 9 1,291 1541 0.00 0.00 0.00 0.00 14.18 PSbMV
Nepal 2024 Khadka et al. (2024) 94 4,711 1212 0.53 nt nt nt nt PSbMV

ant: not tested.

b Other viruses: PEMV-1, luteo- and poleroviruses (as determined by the 5G4 monoclonal antibody), faba bean necrotic yellows virus
(FBNYV, Nanovirus necroflaviviciae), chickpea chlorotic dwarf virus (CpCDV, Mastrevirus cicerparvi).

sively. Single, recessively inherited resistance genes have
been identified in field pea that correspond to the four
known pathotypes (P1-P4). These genes include: sbml,
which confers resistance to all four PSbMV pathotypes;
sbml!, a different allele of the sbml gene, which pro-
vides resistance to the P1 and P2 pathotypes; and sbm2,
which confers resistance to the P2 and P3 pathotypes
(Johansen et al., 2001; Gao et al., 2004). Among these,
sbm?2 is strongly linked to the mo gene for BYMV resist-
ance (Provvidenti and Alconero, 1988), or possibly the
same gene with an allele of different specificity (Bruun-
Rasmussen et al., 2007).

In contrast, PSbMV resistance genes in lentils
have received far less attention. Haddad et al. (1978)
screened 568 lentil accessions from the USDA Gen-
ebank, using mechanical inoculations with a non-
pathotyped PSbMV strain that originated from pea.
Resistance was assessed based on absence of symptoms,
with symptomless plants re-inoculated and their prog-
enies tested. Of four accessions identified as immune,
one (PI 368648) was crossed with two susceptible vari-
eties, ‘Tekoa’ and ‘Precoz’, demonstrating that resist-
ance was controlled by a single recessive gene. Crosses
of PI 368648 with another of the resistant selections,
PI 212610, indicated that both selections shared the
same resistance gene, for which the code sbv was pro-
posed. Hampton (1982) compared an isolate derived
from the Greek lentil accession PI 297772 (PSbMV-L)
with a pea-derived PSbMV isolate, by inoculating len-
til accessions known to be either immune or suscep-
tible to PSbMV, and found a differential reaction to
both strains in some accessions. No follow-up has been

reported to identify more resistant germplasm or to
develop PSbMV resistant lentil varieties. Furthermore,
no studies have examined potential linkages between
potyvirus resistance genes in lentil, comparable to
those described in pea (Provvidenti and Hampton,
1991; Bruun-Rasmussen et al., 2007).

Testing seed of lentil accessions from the Austral-
ian Grains Genebank (AGG) that originated from the
USDA Genebank has identified PSbMV in several lines,
but no cross infection to neighbouring accessions dur-
ing seed increases was detected (van Leur et al., 2013a).
To date, no lentil seed-borne PSbMV infections have
been found in Australian commercial seed increases or
production fields. However, an incursion of lentil seed-
borne PSbMV strains into lentil crops could have major
impacts on the Australian lentil industry, particularly as
production expands from winter rainfall environments
into sub-tropical regions that are likely to be virus-
prone. Breeding for resistance is a cost-effective and
environmentally sustainable strategy for virus manage-
ment. To support this approach, Australian lentil breed-
ing programmes require knowledge of PSbMV resistance
in locally adapted varieties, and should have access to
sources of PSbMYV resistance.

The aim of the present study was to evaluate resist-
ance of lentil varieties and germplasm accessions to
lentil seed-derived PSbMV isolates, in order to identify
potential sources of resistance that can be exploited by
lentil breeding programmes to pre-emptively develop
germplasm combining local adaptation with effective
PSbMV resistance.
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MATERIALS AND METHODS
Virus diagnostics

Tissue blot immunoassays (TBIA) were used for all
diagnoses, as these assays provide a reliable, rapid, and
cost-effective methodology for testing large numbers
of individual plants for virus infections (Freeman et
al., 2013; van Leur et al., 2025). After blotting growing
tips of plants on nitrocellulose membranes (Schleiger &
Schuell Protran, 0.45 pm pore size), the membranes were
processed using polyclonal antibodies specific to PSbMV
(DSMZ, AS-0129) or BYMV (DSMZ, AS-0717), follow-
ing the procedures described by Kumari et al. (2022).

Germplasm tested and virus isolates used

Five lentil germplasm accessions with reported
resistance or tolerance to PSbMV (Haddad et al., 1978;
Hampton, 1982; Kumari and Makkouk, 1995), and seven
accessions with reported BYMV resistance (McKirdy et
al., 2000; Al Khalaf et al., 2009; Kanawaty et al., 2017),
were obtained from the Australian Grains Genebank
(AGG, Horsham, Victoria; Table 2). Single plant selec-
tions were made from several Genebank accessions to
minimise possible heterogeneity. The AGG also supplied
seed of additional lines that were identified during the
study as potential donors of resistance. Twenty-five Aus-
tralian lentil varieties were obtained from the National
Lentil Breeding Program (Horsham, Victoria) or com-
mercial seed merchants.

Four pea seed-derived PSbMV strains were used for
initial screening of lentil germplasm. These were: Ps11-
11/16 (P1 pathotype, isolated from a ‘Kaspa’ seed lot har-
vested at the Plant Breeding Institute in Narrabri, New
South Wales (NSW)); Ps11-13/19 (P2 pathotype, isolated
from a ‘Dundale’ seed lot harvested at the Wagga Wagga
Agricultural Institute, NSW); Ps11-16/16 (P3 pathotype,
isolated from an ‘Excell’ seed lot harvested in a farmer’s
field in southern NSW); and Ps11-10/2 (P4 pathotype,
isolated from an ‘Excell” seed lot harvested at the Wag-
ga Wagga Agricultural Institute, NSW). Isolation and
pathotyping procedures for these strains were described
in a previous study (van Leur et al., 2025).

All PSbMYV isolates obtained from lentil were first
pathotyped on a Pisum sativum differential set (van
Leur et al., 2025), consisting of genetically homogene-
ous single plant progenies from PI 193835 (sbml resist-
ance gene, resistant to all PSbMV pathotypes), PI 269774
(sbml1' gene, resistant to P1 and P2 pathotypes) and
‘Dark Skin Perfection’ or ‘Greenfeast’ (sbm2 gene, resist-
ant to P2 and P3 pathotypes). Single plant progenies of
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lentil genotypes were used for further pathotype differ-
entiation of lentil strains. A PSbMV- and BYMV-suscep-
tible lentil variety (‘PBA Jumbo2’ or ‘PBA Kelpie XT’)
was included as a susceptible control in each test. Tests
were repeated if controls were not or poorly infected.

A total of 29 lentil seed-borne PSbMV strains were
pathotyped. Fifteen strains were isolated in 2012 from
seed of AGG accessions (van Leur et al., 2013a). These
accessions were duplicates from the USDA Genebank,
and had been previously reported as PSbMV infected
(Hampton 1982; Goodell and Hampton, 1984). The
remaining 14 strains were isolated during 2018, 2024 or
2025, and originated from AGG accessions, evaluated as
part of ongoing studies to identify resistance to a range
of lentil viruses. All strains were increased on PSbMV-
susceptible Vicia faba lines, including the varieties ‘PBA
Amberley’ or ‘Fiesta’ and germplasm selections Ac1206
(originating from China) or Acl229 (from Ecuador).
PSbMYV infection in inoculated faba bean plants was con-
firmed by TBIA before leaf tissue was used as inoculum.
Virus strains were preserved by drying infected faba bean
tissue over silica gel and storing at 5-8°C in paper enve-
lopes placed inside airtight plastic boxes on silica gel.

Testing for BYMYV resistance in accessions reported
as resistant was carried out using mechanical inocula-
tions with BYMV isolates originating from northern
NSW; isolated from faba beans growing in commercial
crops (isolates By20-05 and By22-15) or from red clo-
ver (Trifolium pratense) growing in pastures (isolates
By23-01 and By23-02). The BYMV isolates from red
clover were found to be more virulent than those from
faba bean, and formed a separate phylogenetic group
in molecular analyses (Maina et al., 2025). However, all
four isolates failed to infect the pea variety ‘Greenfeast’,
which contains the single recessive mo gene conferring
resistance to BYMV (van Leur et al., 2013b).

Screening tests

For each genotype / pathotype combination one
0.33 L plastic pot was sown with six seeds. The pots
contained a commercial potting mixture, adjusted with
lime to pH 6.8-7.0, and were after sowing placed into an
aphid-proof, temperature controlled (18-24°C) green-
house. Late emerging and poorly growing seedlings
were removed 10 to 14 d after sowing, and the remain-
ing plants were then each mechanically inoculated by
rubbing a virus suspension into the first and second leaf.
Virus inoculum was prepared by homogenising 3 to 5 g
of fresh PSbMV infected young faba bean leaves with 3 g
of silicon carbide in 15 to 25 mL of cold 0.01 M sodium
phosphate buffer (pH 7.0). Plants were TBIA-tested for
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Table 2. Lentil accessions and varieties with reputed resistance to PSbMV or BYMYV, tested in the present study.

Name  AGG* ILLP PI¢ Origind Typed Virus Resistance (Reference)

. PSbMYV resistant (Haddad et al., 1978)
[LLO217 70094 217 212610 Afghanistan Landrace PSbMV-L resistant, PSbDMV susceptible (Hampton, 1982)
ILL0277 71162 277 297745 Greece Landrace PSbMV resistant (Haddad et al., 1978)

. PSbMV resistant (Haddad et al., 1978)

ILL1931 71601 1931 368648 North Macedonia Improved cv PSOMV-L resistant, PSbMV resistant (Hampton, 1982)
ILL1935¢ 71604 1935 368651 North Macedonia Improved cv. PSbMV-L resistant, PSbMV susceptible (Hampton, 1982)
Red Chief 72936 477921 USA Improved cv ~ PSbMV tolerant (Kumari and Makkouk, 1995)
ILL0083 74515 83 Afghanistan Landrace BYMYV resistant (Al Khalaf et al., 2009)
ILL0336 75305 336 298122 France Unknown BYMV resistant (Al Khalaf et al., 2009)
ILL0518 71489 518 320951 India Landrace BYMV highly resistant (Kanawaty et al., 2017)
ILL1949 71624 1949 379372 Serbia Landrace BYMYV highly resistant (Kanawaty et al., 2017)
ILL4736 75304 4736 Canada Breeding line  BYMV resistant (Al Khalaf et al., 2009)
ILL5005 5005 Spain Landrace BYMYV moderately resistant (Kanawaty ef al., 2017)
ILL7163 74059 7163 Pakistan Breeding line D MY highly resistant (McKirdy et al, 2000)

BYMV resistant (Al Khalaf et al., 2009)

2 Accession number with the Australian Grains Genebank, Horsham, Victoria, Australia (AGG).

b International Legume Lentil (ILL) accession number with the International Center for Agricultural Research in the Dry Areas (ICARDA).
¢ Plant Introduction (PI) accession number with the United States Department of Agriculture’s Agricultural Research Service (USDA-ARS).
4 Origin and Type, according to GENESYS (Accessed January 15, 2026, from https://www.genesys-pgr.org/).

¢PI 368651 is heterogeneous for PSbMV-L resistance (Hampton, 1982).

virus presence 3 weeks after the inoculations. Infection
percentages were calculated based on the numbers of
inoculated seedlings.

BYMV inoculation procedures were the same as
those described above.

Seed transmission trial

Seed transmission in mechanically inoculated lentil
varieties was assessed in 2018 (five varieties) and 2019
(two of the five varieties tested in 2018), using virus
strains isolated from lentil seed (three in 2018 and two
in 2019) or pea seed (four in 2018 and three in 2019).
Eight seeds per variety were sown into 4 L capacity pots,
using the potting mixture and greenhouse conditions
described above. One pot for every strain / variety com-
bination was used in 2018. Because of poor seed yields in
2018, the number of varieties was reduced in 2019, when
two pots per strain / variety combination were sown.

All emerged seedlings were inoculated at the 2-3
leaf development stage. Virus presence was assessed
2-3 weeks later, and four infected plants per pot were
retained and grown to maturity. Seed harvested from
these plants was grown in trays in the greenhouse, and
emerged seedlings were individually TBIA-tested for
presence of PSbMV. Seed-to-plant transmission percent-
ages were calculated based on the number of emerged
seedlings.

RESULTS AND DISCUSSION

Strain differentiation among lentil seed-derived PSbMV
isolates

All lentil seed-derived PSbMV strains were unable
to infect the sbml, sbml! and sbm?2 pea differential lines,
and were therefore classified as pathotype P2. However,
initial testing of lentil seed-derived strains on ILL0277,
a germplasm accession previously reported as resistant
to a pea-derived PSbMV strain (Haddad et al., 1978),
revealed variations, even when a single-seed progeny
of this accession was used. ILL0277 was resistant to all
pea seed-derived PSbMYV strains, but lentil seed-derived
strains segregated into two distinct groups. These were
tentatively classified as separate pathotypes: P2a, com-
prising strains able to infect ILL0277, and P2b, compris-
ing strains unable to infect ILL0277.

Strain isolations from lentil seed in 2012 identi-
fied the more virulent P2a pathotype in two accessions
originating from Chile, AGG71307 (PI 299222) and
AGG71315 (PI 299233). Isolates from the Iranian acces-
sion AGG72306 (PI 432218) were mixed, with three
strains pathotyped as P2a and one as P2b, whereas all
four strains isolated from the Greek accession AGG71189
(PI 297772) were pathotyped as P2b (Table 3). Hamp-
ton (1982) previously isolated a PSbMV strain from PI
297772 seed (PSbMV-L), and showed a unique virulence
pattern for this strain across a range of lentil germplasm.
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Between 2018 to 2025, more than 500 lentil acces-
sions were received from the AGG to be evaluated for
resistance to a range of viruses of importance to the
Australian lentil industry. Of these, 58 accessions were
selected for seed testing based on PSbMV susceptibil-
ity and geographic origin, of which seven showed seed
infections. Seven P2a pathotype strains were isolated
from accessions collected in Ethiopia and Greece, and
seven P2b strains were isolated from two accessions
originating from Nepal (Table 3).

The germplasm accessions used for isolations have
undergone multiple regeneration cycles since collection,
and may have been exposed to infections originating
from diverse sources. Consequently, the pathogenicity of
the isolates does not necessarily reflect the PSb MV pop-
ulation present in the respective countries of origin.

PSbMV strain-specific resistance in lentil germplasm and
breeding lines

None of the five accessions previously reported as
PSbMYV resistant showed resistance to the P2a strain; how-
ever, ILL1931, ILL1935 and ‘Red Chief” reacted similarly to
ILL0277, with resistance to the P2b strain (Table 4).

Testing of seven lentil lines with reputed BYMV
resistance yielded three lines (ILL0083, ILL0518 and
ILL1949) with resistance to both lentil seed-derived
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PSbMV pathotypes (P2a and P2b) and two lines (ILL0336
and ILL4736) that were resistant to P2b, but susceptible to
P2a, exhibiting a resistance pattern similar to ILL0277.

Lentil genotype resistant to P2a and P2b, as well as
those resistant only to P2b, also showed complete immu-
nity to the four pea seed-derived pathotypes, P1, P2, P3
and P4 (Table 4).

Twenty-five Australian lentil varieties were tested
with pea seed-derived PSbMV strains. The varieties
‘Aldinga’, ‘Boomer’, ‘Commando’, ‘Nipper’, ‘Northfield’,
‘Nugget’, ‘PBA Blitz’, ‘PBA Flash’, ‘PBA Giant’, ‘PBA
Greenfield’, ‘PBA Jumbo’, ‘PBA Jumbo2’, ‘PBA Kelpie
XT’, ‘GIA Leader’, ‘GIA Metro’, and ‘GIA Sire’ reacted
as susceptible. In contrast, ‘PBA Ace’, ‘PBA Bolt’, ‘PBA
Hallmark XT°, ‘PBA Herald’ and ‘ALB Terrier’ all showed
complete resistance. ‘PBA Highland XT’, ‘PBA Hurricane
XT’, ‘GIA Lightning’ and ‘GIA Thunder’ gave heteroge-
nous reactions, with up to 25% susceptible plants. Het-
erogenous resistance reactions were expected, because
all tested varieties were developed prior to commence-
ment of the National Lentil Breeding Program deliber-
ate selection for resistance to endemic (pea seed-derived)
PSbMYV strains in 2022. The varieties resistant to the pea
seed-derived virus strains were also tested with the lentil
seed-derived P2a and P2b strains. All were resistant to
the P2b strain, but all were susceptible to P2a.

Improving resistance to Ascochyta blight (caused
by Ascochyta lentis) has been a high priority for the

Table 3. Pathotyped PSbMYV strains isolated from lentil seed accessions kept at the Australian Grains Genebank.

Lentil accession

PSbMYV strain codes

.. Isolation
Origin Y

AGG*  ILL® PI¢ car Pathotype P2a Pathotype P2b

. PsL12-11/1; PsL12-11/2; PsL12-11/3;
71307 299222  Chile 2012 PeL12-11/4
71315 404 299233  Chile 2012 PsL12-6/1; PsL12-6/3; PsL12-6/5
21189 304 297772 Greece 012 2’%12—5/1; PsL12-5/3; PsL12-5/5; PsL12-
72306 432218 Iran 2012 PsL12-8/2; PsL12-8/3; PsL12-8/4 PsL12-8/1
70465 4895 Ethiopia 2018 PsL18-13/1
70527 5912 Ethiopia 2018 PsL18-14/14
73624 Greece 2024 PsL24-1/1; PsL24-1/2; PsL24-1/3

PsL24-2/1; PsL24-2/2; PsL24-2/3; PsL24-

74312 7857 Nepal 2024 2/4; PsL24-2/5; PsL24-2/6
74314 7859 Nepal 2024 PsL24-3/1
73612 Greece 2025 PsL25-1/1
73614 Greece 2025 PsL25-2/1

2 Accession number with the Australian Grains Genebank, Horsham, Victoria (AGG).

b International Legume Lentil (ILL) accession number with the International Center for Agricultural Research in the Dry Areas (ICARDA).
¢Plant Introduction (PI) accession number with the United States Department of Agriculture’s Agricultural Research Service (USDA-ARS).

dPsL18-14/1 showed inconsistent reactions in eight pathogenicity tests, with six tests showing P2a reactions, and two tests showing P2b

reactions.



The pea seed-borne mosaic virus / lentil pathosystem

127

Table 4. PSbMV and BYMV resistance? of selected® lentil accessions and varieties.

PSbMYV pathotype BYMV strain
Accession Origin RePorted -
name resistance P2a P2b P1 P2 P3 P4 Moderate  High*
virulence  virulence
ILL0217 ¢ Afghanistan PSbMV S S S nt nt S S S
1LL02774 Greece PSbMV S R R R R R MR MR
ILL1931 North Macedonia PSbMV S R R R R R S S
ILL1935 North Macedonia PSbMV S R R nt nt R R MR
Red Chief USA PSbMV S R R nt nt R S S
1LL00834 Afghanistan BYMV R R R R R R MR S
1LL03364 France BYMV S R R R R R S S
ILL0518¢ India BYMV R R R nt nt R R MR
ILL19494 Serbia BYMV R R R nt nt R R MR
ILL47364 Canada BYMV S R R R R R MR S
ILL5005 4 Spain BYMV S S S nt nt S MR S
ILL7163¢ Pakistan BYMV S S S nt nt S S S

aR: complete resistance, MR: low infection (<20% plants tested positive), S: susceptible, nt: not tested.

® Origin and background provided in Table 2.

¢BYMV moderate virulence; By20-05 and By22-15 isolated from faba bean, BYMV high virulence; By23-0land By23-02 isolated from red

clover (Maina et al., 2025).

4 Genetically homogeneous single plant progenies used for pathogenicity tests.
¢ Two sources of ILL7163 were tested; (1) Australian Grains Genebank, (2) imported from the International Center of Agricultural

Research. Both showed a similar reaction.

Australian lentil breeding programme, and the Canadian
variety ‘Indianhead” was used as a main donor for this
resistance (Thackwray et al., 2024). ‘Indianhead’ (PI
320952, AGG 70793) is a black-seeded lentil intended
for use as a green manure crop (Slinkard, 1988) and
was selected at the University of Saskatchewan, Canada,
from a germplasm accession originating from former
Czechoslovakia (https://www.genesys-pgr.org/). In the
present study, ‘Indianhead’ reacted similarly to ILL0277;
resistant to the pea seed-derived pathotypes P1 to P4 and
the lentil seed-derived pathotype P2b, but susceptible
to pathotype P2a, and could be an unintentional donor
of the strain-specific PSbMV resistance found in the
limited number of Australian cultivars. ‘Indianhead’ has
also been used as a donor of Ascochyta blight resistance
in the lentil breeding programmes in Canada and the
USA (Thackwray et al., 2024). The Canadian breeding
line ILL4736 (University of Saskatchewan breeding code
G-118), reportedly resistant to BYMV, showed a PSbMV
reaction similar to ILL0277 (Table 4), although pedigree
information for ILL4736 is not publicly available. The
reportedly PSbMV tolerant variety ‘Red Chief” also
reacted like ILL0277 (Table 4). ‘Red Chief’ was selected
at Washington State University from a cross between PI
181886 and PI 329171 (Wilson and Muehlbauer, 1983).
In the present study, PI 181886 (AGG 71068, originating
from Syria) was PSbMV-susceptible and PI 329171 (AGG

71505, originating from Iran), was heterogeneous for
PSbMYV resistance.

No recent information on PSbMV resistance in
North American lentil cultivars is available, but the
results from ‘Indianhead’, ‘Red Chief” and ILL4736 indi-
cate that resistance to the pea strains and the P2b lentil
strain is present within the Canadian and USA breeding
programmes.

BYMYV resistance in lentil germplasm

Several accessions showed moderate resistant reac-
tions, expressed as less than 20% of plants infected
by BYMV, even after repeated tests on homogenous
genotypes derived from single seed progenies. No host
accession displayed complete resistance to all four of
the BYMV isolates. However, two accessions previously
reported as highly resistant to Syrian BYMV isolates,
ILL0518 and ILL1949 (Kanawaty et al., 2017), were only
infected by highly virulent isolates derived from red clo-
ver. The previously reported high virulence on faba bean
of these isolates (Maina et al., 2025) was confirmed on
lentils in the present study. The susceptibility of acces-
sions previously reported to be highly BYMV resistant
such as ILL7163 (McKirdy et al., 2000), indicates signifi-
cant regional differences in pathogen virulence.
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Table 5. Seed to plant transmission rates (%) of five PSbMV susceptible lentil varieties after mechanical inoculations with pea seed- and

lentil seed-derived PSbMYV strains in greenhouse trials.

Seed to plant transmission rates (%)

PSbMV strain Isolated from Pathotype PBA Flash PBA Jumbo2 PBA Blitz Boomer Nipper
2018 2019 2018 2019 2018 2018 2018
PsL12-11/1 Lentil P2a 17.5 nt* 0.0 nt 2.9 2.5 52
PsL12-6/5 Lentil P2a 15.8 28.1 16.7 20.2 14.3 10.5 19.8
PsL12-5/3 Lentil P2b 0.0 nt 0.0 nt 7.0 0.0 2.1
PsL12-8/1 Lentil P2b nt 213 nt 22.0 nt nt nt
Ps11-11/16 Pea P1 7.9 4.3 0.0 2.2 6.5 0.0 2.2
Ps11-13/19 Pea P2 0.0 nt 0.0 nt nt 0.0 0.0
Ps11-16/16 Pea P3 0.0 0.0 0.0 0.0 nh® 0.0 2.0
Ps11-10/2 Pea P4 13.5 1.0 0.0 0.0 10.4 0.0 6.7

ant: not tested.
b nh: not harvested.

While the single recessive gene (mo) within the
Pisum sativum gene pool provides complete immunity
to all BYMYV isolates regardless of origin or virulence, no
comparable gene was identified in lentil (Lens vulgaris)
in this study.

PSbMYV seed transmission in lentils under greenhouse con-
ditions

Mechanical inoculations of PSbMV onto lentil varie-
ties, grown in pots under greenhouse conditions, result-
ed in severe growth reductions, irrespective of virus iso-
late origin (from lentil or pea seed) or pathotype. Seed
yields from the greenhouse-grown plants were very low
compared with field-grown plants, and seed transmis-
sion tests were therefore conducted on only 40 to 100
harvested seeds per strain/variety combination. Seed
transmission results were highly variable, but the only
strain that failed to be seed transmitted in any of the
tested lentil varieties was the pea seed-derived strain
Ps11-13/19 (P2 pathotype). The lentil seed-derived strain
PsL12-6/5 (P2a pathotype) showed the greatest level of
seed transmission in both years (Table 5). Because of the
limited number of seeds tested, these are only indicative
results. However, they confirm earlier results showing
that pea-derived PSbMV strains can be seed transmitted
in lentils under experimental conditions (Hampton and
Muehlbauer, 1977; Coutts et al., 2008).

CONCLUSIONS

The results of this study demonstrate that the
PSbMV/Lens culinaris pathosystem is distinct from the

well-characterised PSbMV/Pisum sativum pathosystem.
When PSbMV strains isolated from lentil seed held at the
Australian Grains Genebank were tested on a standard
pea differential set, all were classified as pathotype
P2. However, testing these strains on lentil germplasm
accessions with reported PSbMV resistance revealed
two distinct pathotypes, tentatively designated P2a and
P2b. Lentil genotypes resistant to the P2a pathotype
were also resistant to the P2b, whereas the reverse was
not observed. Lentil genotypes resistant to either P2a or
P2b were also resistant to all pea seed-derived PSbMV
pathotypes (pathotypes P1, P2, P3 and P4).

Several recently developed Australian lentil varieties
were resistant to the P2b pathotype and to pea-derived
pathotypes. Australian lentil breeding programmes
share research sites with pea breeding programmes,
and high PSbMYV infection levels are common in Aus-
tralian pea crops, particularly at research stations (van
Leur et al., 2025). Symptoms of PSbMV in field peas can
be difficult to identify under field conditions (Khetar-
pal and Maury, 1987). However, in lentils, PSbMV can
have severe effects, irrespective of whether the infecting
strain originated from pea or lentil seed. It is therefore
possible that Australian lentil breeders have inadvert-
ently selected for resistance to the PSbMV pea strains
present in their trial fields.

The strong linkage between BYMV resistance and
resistance to PSbMV pathotype P2 in field pea (Provvi-
denti and Alconero, 1988) prompted the present inves-
tigation of a possible similar relationship within the
PSbMV / Lens vulgaris pathosystem. Testing lentil lines
reported as BYMYV resistant did not identify a gene con-
ferring complete immunity to all the tested BYMYV iso-
lates, comparable to the mo gene in field pea. However,
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the most BYMV resistant lentil accessions (ILL0518 and
ILL1949) were immune to all PSbMV pathotypes. Fur-
ther investigations of resistance in lentils to different
potyviruses would therefore be valuable.

More than 40 years ago, Goodell and Hampton
(1984) warned of the risk that lentil seed-borne PSbMV
strains could escape from genebanks into commercial
lentil fields. Nearly three decades later, van Leur et al.
(2013a) raised the same concern for the emerging Aus-
tralian lentil industry. Since then, lentil production in
the ‘new’ lentil producing countries — Canada, the USA,
and Australia - has expanded substantially, reaching a
combined area of more than 2.5 million ha in 2023, rep-
resenting about half of the global lentil area (FAOSTAT,
2026). Despite this growth, and the widespread presence
of PSbMV in pea crops, PSbMV seed transmission has
not yet been reported in commercial lentil crops in these
countries. The absence of specialised lentil seed-borne
strains is the most likely explanation for this discrepancy.

In the present study, all lentil seed-derived PSbMV
strains were classified as the P2 pathotype, but the P2
pathotype is not unique to lentils. Alconero and Hoch
(1989) pathotyped 189 PSbMV strains isolated from
seeds of a wide range of pea germplasm introductions
held at the USDA Genebank, and identified 14 isolates
reacting as the P2 pathotype using two pea lines
capable of differentiating the four PSbMV pathotypes.
In addition, a pea seed-derived P2 pathotype strain has
previously been identified in Australia (van Leur et al.,
2025). Pathotyping of PSbMYV isolates using standardised,
homogenous pea and lentil genotypes is essential
for pea and lentil breeding programmes to identify
effective and durable resistance genes. However, single
gene virulences in pathogen populations are unlikely
to explain complex traits including seed transmission,
which are probably controlled by multiple virus genes
(Wang and Maule, 1994; Simmons and Munkvold, 2014).
To fully understand the uniqueness of lentil seed-borne
PSbMYV strains, collaboration with research programmes
in countries where these strains are endemic is needed,
and should include pathotyping as well as studies of seed
transmission and host resistance of local germplasm.
Ademe et al. (2025) examined eight PSbMV strains
isolated from lentils grown in farmer fields or research
stations in different regions of Ethiopia. Although the
strains were isolated from plants, it is likely that they
were lentil seed-borne. Phylogenetic analysis showed that
six isolates clustered with the published lentil seed-borne
PSbMV-L1 strain (GenBank accession code: AJ252242),
and were distinct from pea seed-borne strains. However,
no pathotyping was undertaken by Ademe et al. (2025).
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Strict quarantine regulations have undoubtedly
played important roles in preventing introduction of
lentil seed-borne strains into Australian lentil fields
(Maina and Jones, 2023). However, rapidly expanding
lentil cultivation, together with increasing international
travel and trade, make incursions of lentil seed-borne
strains very likely. Pre-emptive breeding is required,
using parental material with resistance to the most vir-
ulent lentil seed-borne virus strains, but requires better
understanding of the inheritance of PSbMV resistance
in lentils. The only published study on PSbMV inherit-
ance used a non-pathotyped PSbMV strain originating
from field pea and identified a single recessive gene (sbv)
in both PI 368648 and PI 212610 (Haddad et al., 1978).
In the present study, PI 368648 (ILL1931) was resistant
to the P2b pathotype, but susceptible to the P2a patho-
type, and PI 212610 (ILL0217) was found to be suscep-
tible to PSbMV. Hampton (1982) found that PI 212610
was resistant to the lentil seed-borne strain PSbMV-L,
but was susceptible to the pea seed-borne strain. This is
contrary to the present study, where lentil lines resistant
to a lentil seed-borne strain (either P2a or P2b) were also
resistant to all pea seed-borne strains. This discrepancy
likely reflects heterogeneity within the germplasm acces-
sions, common in genebank material, and the single-
plant progeny tested was not representative of the origi-
nal accession.

Although the present study has demonstrated sub-
stantial differences in PSbMV virulence and resistance
patterns between the field pea and lentil pathosystems,
lentil germplasm accessions were identified with com-
plete immunity to infections, similar to those observed
in field pea. Detailed studies on PSbMV in field pea have
revealed different alleles of resistance genes each react-
ing with specific pathotypes. Similar studies for PSbMV
in lentils could facilitate the development of pathotype-
specific resistance markers, like those developed for
field pea (Swisher Grimm and Porter, 2020). Austral-
ian breeding programmes would be greatly assisted by
molecular markers capable of identifying resistance to
specific PSbMV pathotypes, as large-scale resistance
screening using exotic virus strains is both risky and dif-
ficult to implement.

ACKNOWLEDGEMENTS

This study was financially supported by the Grains
Research and Development Corporation, Australia, and
the Australian Centre for International Agricultural
Research.



130

LITERATURE CITED

Abraham A., Makkouk K.M., 2002. The incidence and
distribution of seed-transmitted viruses in pea and
lentil seed lots in Ethiopia. Seed Science and Technol-
ogy 30: 567-574.

Ademe A., Kumari S.G., Moukahel A., Alemu T., Abra-
ham A., ... Ahmed S., 2025. Phylogenetic analysis,
mixed infection and seed transmission of Pea seed-
borne mosaic virus in Ethiopia, Physiological and
Molecular Plant Pathology 136: 102531. https://doi.
org/10.1016/j.pmpp.2024.102531

Agriculture Victoria, 2022. Temperate pulse viruses: pea
seed-borne mosaic virus. Accessed March 1, 2026,
from https://agriculturevic.gov.au/

Alconero R., Provvidenti R., Gonsalves D., 1986. Three
pea seedborne mosaic virus pathotypes from pea and
lentil germ plasm. Plant Disease 70: 783-786. https://
doi.org/10.1094/PD-70-783

Alconero R., Hoch J.G., 1989. Incidence of pea seedborne
mosaic virus pathotypes in the US national Pisum
germplasm collection. Annals of Applied Biology 114:
311-315. https://doi.org/10.1111/j.1744-7348.1989.
tb02107.x

Al Khalaf M., Kumari S.G., Haj Kassem A., Makkouk
K.M., Al Chaabi A., 2009. Differentiation between
susceptible and resistant faba bean, lentil and pea
genotypes to Bean yellow mosaic virus on the basis
of virus movement and multiplication. Arab Journal
of Plant Protection 27: 165-173.

Bayaa B., Kumari S.G., Akkaya AW., Erskine W., Makk-
ouk K.M., ... Ozberk, 1., 1998. Survey of major biotic
stresses of lentil in South-East Anatolia, Turkey. Phy-
topathologia Mediterranea 37: 88-95.

Bekele B., Kumari S.G., Ali K., Yusuf A., Makkouk K.M.,
... Hailu D., 2005. Survey of viruses affecting legume
crops in the Amhara and Oromia Regions of Ethio-
pia. Phytopathologia Mediterranea 44: 235-246. htt-
ps://doi.org/10.14601/Phytopathol_Mediterr-1803

Bruun-Rasmussen M., Moller 1.S., Tulinius G., Hansen
J.K.R., Lund O.S., Johansen L.E., 2007. The same
allele of translation initiation factor 4E mediates
resistance against two Potyvirus spp. in Pisum sati-
vum. Molecular Plant-Microbe Interactions 20: 1075-
1182. https://doi.org/10.1094/MPMI-20-9-1075

Congdon B.S., Coutts B.A., Renton M., Banovic M.,
Jones R.A.C., 2016. Pea seed-borne mosaic virus in
field pea: widespread infection, genetic diversity, and
resistance gene effectiveness. Plant Disease 100: 2475-
2482. https://doi.org/10.1094/PDIS-05-16-0670-RE

Coutts B.A., Prince R.T., Jones R.A.C., 2008. Further
studies on Pea seed-borne mosaic virus in cool-sea-

Joop A.G. Van Leur et alii

son crop legumes: responses to infection and seed
quality defects. Australian Journal of Agricultural
Research 59: 1130-1145. https://doi.org/10.1071/
ARO08113

El Muadhidi M., Makkouk K.M., Kumari S.G., Jerjess M.,
Murad S.S., ... Tarik F.,, 2001. Survey for legume and
cereal viruses in Iraq. Phytopathologia Mediterranea
40: 224-233.

FAOSTAT, 2026. United Nations Food and Agricul-
ture Organization, Statistics Division, Rome, Italy.
Accessed April 1, 2026, from https://www.fao.org/
faostat/en/#data/QCL

Freeman A., Spackman M., Aftab M., McQueen V., King
S., ... Rodoni B., 2013. Comparison of Tissue blot
immunoassay and high throughput PCR for virus-
testing samples from a southeastern Australian pulse
virus survey. Australasian Plant Pathology 42: 675-
683. https://doi.org/10.1007/s13313-013-0252-9

Freeman A., 2014. DAV00048 - Victorian pulse pathology
and virology support program — Final Report. Grains
Research and Development Corporation, Canberra,
Australia. Accessed December 11, 2025, from https://
grdc.com.au/research/reports/report?id=319

Gao Z., Johansen LE., Eyers S., Thomas C.L., Ellis
T.H.N., Maule A.]., 2004. The potyvirus recessive
resistance gene, sbml, identifies a novel role for
translation initiation factor eIF4E in cell-to-cell traf-
ficking. The Plant Journal 40: 376-385. https://doi.
org/10.1111/j.1365-313X.2004.02215.x

Goodell J.J., Hampton R.O., 1984 Ecological characteris-
tics of the lentil strain of pea seedborne mosaic virus.
Plant Disease 68: 148-150. https://doi.org/10.1094/
PD-68-148

Haddad N.J., Muehlbauer FJ., Hampton R.O., 1978.
Inheritance of resistance to Pea seed-borne mosaic
virus in lentils. Crop Science 18: 613-615. https://doi.
org/10.2135/cropscil978.0011183X001800040022x

Hampton R.O., 1982. Incidence of the lentil strain of Pea
seedborne mosaic virus as a contaminant of Lens
culinaris germ plasm. Phytopathology 72: 695-698.
https://doi.org/10.1094/Phyto-72-695

Hampton R.O., Muehlbauer EJ., 1977. Seed transmission
of the Pea seedborne mosaic virus in lentil. Plant
Disease Reporter 61: 235-238.

Johansen LE., Lund O.S., Hjulsager C.K., Laursen J.,
2001. Recessive resistance in Pisum sativum and
potyvirus pathotype resolved in a gene-for-cistron
correspondence between host and virus. Journal of
Virology 75: 6609-6614. https://doi.org/10.1128/
JV1.75.14.6609-6614.2001

Jones R.A.C., Congdon B.S., 2024. Australian cool-sea-
son pulse seed-borne virus research: 1. Alfalfa and


https://doi.org/10.1016/j.pmpp.2024.102531
https://doi.org/10.1016/j.pmpp.2024.102531
https://agriculture.vic.gov.au/
https://doi.org/10.1094/PD-70-783
https://doi.org/10.1094/PD-70-783
https://doi.org/10.1111/j.1744-7348.1989.tb02107.x
https://doi.org/10.1111/j.1744-7348.1989.tb02107.x
https://doi.org/10.14601/Phytopathol_Mediterr-1803
https://doi.org/10.14601/Phytopathol_Mediterr-1803
https://doi.org/10.1094/MPMI-20-9-1075
https://doi.org/10.1094/PDIS-05-16-0670-RE
https://doi.org/10.1071/AR08113
https://doi.org/10.1071/AR08113
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.1007/s13313-013-0252-9
https://grdc.com.au/research/reports/report?id=319
https://grdc.com.au/research/reports/report?id=319
https://doi.org/10.1111/j.1365-313X.2004.02215.x
https://doi.org/10.1111/j.1365-313X.2004.02215.x
https://doi.org/10.1094/PD-68-148
https://doi.org/10.1094/PD-68-148
https://doi.org/10.2135/cropsci1978.0011183X001800040022x
https://doi.org/10.2135/cropsci1978.0011183X001800040022x
https://doi.org/10.1094/Phyto-72-695
https://doi.org/10.1128/JVI.75.14.6609–6614.2001
https://doi.org/10.1128/JVI.75.14.6609–6614.2001

The pea seed-borne mosaic virus / lentil pathosystem

cucumber mosaic viruses and less important viruses.
Viruses 16: 144. https://doi.org/10.3390/v16010144

Kanawaty A., Kumari S.G., van Leur J., Hammadi H.,
2017. Screening of lentil genotypes for resistance to
Bean yellow mosaic virus and effect of mixed infec-
tion on the susceptibility of some resistant lentil gen-
otypes. Arab Journal of Plant Protection 35: 171-177.
https://doi.org/10.22268/AJPP-035.3.171177

Kasimor K., Bagget, J.R., Hampton, R.O., 1997. Pea culti-
var susceptibility and inheritance of resistance to the
lentil strain (pathotype P2) of pea seedborne mosaic
virus. Journal of the American Society for Horticul-
tural Science 122: 325-328. https://doi.org/10.21273/
JASHS.122.3.325

Khetarpal R.K., Maury Y., 1987. Pea seed-borne mosaic
virus: a review. Agronomie 7: 215-224. https://doi.
org/10.1051/agro:19870401

Khadka R.B., Kumari S., van Leur J.A.G., 2024. Preva-
lence and incidence of lentil viruses in Nepal.
Abstract book of the 15th Australasian Plant Virology
Workshop, 29-31 October 2024, Gold Coast, Australia.
Accessed January 15, 2026, from https://hdlhandle.
net/10568/159867

Knights E. J. 1987. Lentil: A potential winter grain leg-
ume crop for temperate Australia. Journal of the Aus-
tralian Institute of Agricultural Science 53: 271-280.

Kumari S.G., Makkouk K.M., Ismail L.D., 1993. Survey of
seed-borne viruses in lentil in Syria and their effects
on lentil yield. Arab Journal of Plant Protection 11:
28-32.

Kumari S.G., Makkouk K.M., 1995. Variability among
twenty lentil genotypes in seed transmission rates
and yield loss induced by pea seed-borne mosaic
potyvirus infection. Phytopathologia Mediterranea
34:129-132.

Kumari S.G., Larsen R., Makkouk K.M., Bashir M.,
2009. Virus diseases and their control. In: The len-
til: botany, production and uses. (W. Erskine, F. J.
Muehlbauer, A. Sarker and B. Sharma, ed.), Cam-
bridge, MA, USA, CABI Press, 306-325. https://doi.
org/10.1079/9781845934873.0306

Kumari S.G., Moukahel A., El Miziani I., 2022. Diagnos-
tic tools validated by ICARDA’s Germplasm Health
Unit (GHU) for detection of legume seed-borne
pests. International Center for Agricultural Research
in the Dry Areas (ICARDA), Beirut, Lebanon.
Accessed January 15, 2026, from https://hdlLhandle.
net/10568/126879

Latham L.J., Jones R.A.C., 2001a. Alfalfa mosaic and
pea seed-borne mosaic viruses in cool season crop,
annual pasture, and forage legumes: susceptibility,
sensitivity and seed transmission. Australian Jour-

131

nal of Agricultural Research 52: 771-790. https://doi.
org/10.1071/AR00165

Latham L.J., Jones R.A.C., 2001b. Incidence of virus
infection in experimental plots, commercial crops,
and seed stocks of cool season crop legumes. Aus-
tralian Journal of Agricultural Research 52: 397-413.
https://doi.org/10.1071/AR00079

Maina S., Jones R.A.C., 2023. Enhancing biosecurity
against virus disease threats to Australian grain
crops: current situation and future prospects.
Frontiers in Horticulture 2: 1263604. https://doi.
org/10.3389/thort.2023.1263604

Maina S., van Leur J., Ghorbanic A., Jones R.A.C., 2025.
Analysis of 40 new isolates of bean yellow mosaic
virus reveal important new insights into its phylog-
eny, evolutionary dynamics and biology. Proceedings
of the 16th International Symposium of Plant Virus
Epidemiology, Sdo Paulo, Brazil. Accessed January
15, 2026, from https://ispve2025.com/files/ispveproc-
book.pdf

Makkouk K.M., Bashir M., Jones R.A.C., Kumari S.G.,
2001. Survey for viruses in lentil and chickpea crops
in Pakistan. Journal of Plant Diseases and Protection
108: 258-268. https://www.jstor.org/stable/45154856

Makkouk K.M., Kumari S.G., Shahraeen N., Fazlali Y.,
Farzadfar S., ... Reza Mansouri A., 2003. Identifica-
tion and seasonal variation of viral diseases of chick-
pea and lentil in Iran. Journal of Plant Diseases and
Protection 110: 157-169.

Materne M., Reddy A.A., 2007. Commercial cultiva-
tion and profitability. In: Lentil: An Ancient Crop for
Modern Times. (S.S. Yadav, D.L. McNeil and P.C. Ste-
venson, ed.), Dordrecht, The Netherlands, Springer,
173-186.

McKirdy S.J., Jones R.A.C., Latham L.J., Coutts B.A., 2000.
Bean yellow mosaic potyvirus infection of alternative
annual pasture, forage, and cool season crop legumes:
susceptibility, sensitivity, and seed transmission. Aus-
tralian Journal of Agricultural Research 51: 325-345.
https://doi.org/10.1071/AR99110

Montejano-Ramirez V., Valencia-Cantero E., 2024. The
importance of lentils: An Overview. Agriculture 14,
103. https://doi.org/10.3390/agriculture14010103

Mustafayev E., Kumari S.G., Attar N., Zeynal A., 2011.
Viruses infecting chickpea and lentil crops in Azer-
baijan. Australasian Plant Pathology 40: 612-620.
https://doi.org/10.1007/s13313-011-0094-2

Provvidenti R., Alconero R. 1988. Inheritance of resist-
ance to a lentil strain of pea seed-borne mosaic
virus in Pisum sativum. Journal of Heredity 79:45-
47. https://doi.org/10.1093/oxfordjournals.jhered.
all0444


https://doi.org/10.3390/v16010144
https://doi.org/10.22268/AJPP-035.3.171177
https://doi.org/10.21273/JASHS.122.3.325
https://doi.org/10.21273/JASHS.122.3.325
https://doi.org/10.1051/agro:19870401
https://doi.org/10.1051/agro:19870401
https://hdl.handle.net/10568/159867
https://hdl.handle.net/10568/159867
https://doi.org/10.1079/9781845934873.0306
https://doi.org/10.1079/9781845934873.0306
https://hdl.handle.net/10568/126879
https://hdl.handle.net/10568/126879
https://doi.org/10.1071/AR00165
https://doi.org/10.1071/AR00165
https://doi.org/10.1071/AR00079
https://doi.org/10.3389/fhort.2023.1263604
https://doi.org/10.3389/fhort.2023.1263604
https://ispve2025.com/files/ispveprocbook.pdf
https://ispve2025.com/files/ispveprocbook.pdf
https://www.jstor.org/stable/45154856
https://doi.org/10.1071/AR99110
https://doi.org/10.3390/agriculture14010103
https://doi.org/10.1007/s13313-011-0094-2
https://doi.org/10.1093/oxfordjournals.jhered.a110444
https://doi.org/10.1093/oxfordjournals.jhered.a110444

132

Provvidenti R., Hampton R.O., 1991. Chromosomal dis-
tribution of genes for resistance to seven potyviruses
in Pisum sativum. Pisum Genetics 23: 26-28.

Rashed A., Feng X., Prager S.M., Porter L. D., Knodel
J.J., ... Eigenbrode S.D., 2018. Vector-borne viruses
of pulse crops, with a particular emphasis on North
American cropping system. Annals of the Entomo-
logical Society of America 111: 205-227. https://doi.
org/10.1093/aesa/say014

Simmons H.E., Munkvold G.P., 2014. Seed transmis-
sion in the Potyviridae. In: Global perspectives on
the health of seeds and plant propagation material.
Dordrecht, The Netherlands, Springer, 3-15.

Slinkard A.E., 1988. Indianhead lentil as an annual leg-
ume green manure crop for Western Canada. Cana-
dian Journal of Plant Science 68: 838.

Swisher Grimm K.D., Porter L.D., 2020. Development
and validation of KASP markers for the identification
of pea seedborne mosaic virus Pathotype P1 resist-
ance in Pisum sativum. Plant Disease 104: 1824-
1830. https://doi.org/10.1094/PDIS-09-19-1920-RE

Tadesse N., Ali K., Gorfu D., Yusuf A., Abraham A., ...
Kumari S.G., 1999. Survey for chickpea and lentil
viruses in Ethiopia. Phytopathologia Mediterranea 38:
149-158.

Thackwray E.L., Materne M.A., Shunmugam A.S.,
Henares B.M., Lee R.C., Kamphuis L.G., 2024. The
history and pedigree of Australian lentil cultivars.
Legume Science 6: p.e70006. https://doi.org/10.1002/
leg3.70006

van Leur J.A.G., Freeman A., Aftab M., Spackman M.,
Redden B., Materne M., 2013a. Identification of seed-
borne Pea seed-borne mosaic virus in lentil (Lens
culinaris) germplasm and strategies to avoid its intro-
duction in commercial Australian lentil fields. Aus-
tralasian Plant Disease Notes 8: 75-77. https://doi.
org/10.1007/513314-013-0099-5

van Leur J.A.G., Kumari S.G., Aftab M., Leonforte A.,
Moore S., 2013b. Virus resistance of Australian pea
(Pisum sativum) varieties. New Zealand Journal of
Crop and Horticultural Science 41: 86-101. https://
doi.org/10.1080/01140671.2013.781039

van Leur J., Aftab M., Freeman A., 2025. Pea seed-borne
mosaic virus pathotypes isolated from Australian pea
(Pisum sativum) seed. Phytopathologia Mediterranea
64: 71-76. https://doi.org/10.36253/phyto-15934

Wang D., Maule A.]., 1994. A model for seed transmis-
sion of a plant virus: Genetic and structural anal-
ysis of pea embryo invasion by Pea seed-borne
mosaic virus. The Plant Cell 6: 777-787. https://doi.
org/10.1105/tpc.6.6.777

Joop A.G. Van Leur et alii

Wale M., Jembere, B., Seyoum E., 2000. Biology of the
pea aphid, Acyrthosiphon pisum (Harris) (Homop-
tera: Aphididae) on cool-season legumes. Interna-
tional Journal of Tropical Insect Science 20: 171-180.
https://doi.org/10.1017/S1742758400019603

Wilson V.E., Muehlbauer EJ., 1983. Registration notice:
‘Redchief” lentil. Crop Science 23: 802-803. https://
doi.org/10.2135/cropscil983.0011183X002300040062x

Zohary D, 1972. The wild progenitor and the place of
origin of the cultivated lentil: Lens culinaris. Eco-
nomic Botany 26, 326-332. https://doi.org/10.1007/
BF028607


https://doi.org/10.1093/aesa/say014
https://doi.org/10.1093/aesa/say014
https://doi.org/10.1094/PDIS-09-19-1920-RE
https://doi.org/10.1002/leg3.70006
https://doi.org/10.1002/leg3.70006
https://doi.org/10.1007/s13314-013-0099-5
https://doi.org/10.1007/s13314-013-0099-5
https://doi.org/10.1080/01140671.2013.781039
https://doi.org/10.1080/01140671.2013.781039
https://doi.org/10.36253/phyto-15934
https://doi.org/10.1105/tpc.6.6.777
https://doi.org/10.1105/tpc.6.6.777
https://doi.org/10.1017/S1742758400019603
https://doi.org/10.2135/cropsci1983.0011183X002300040062x
https://doi.org/10.2135/cropsci1983.0011183X002300040062x
https://doi.org/10.1007/BF028607
https://doi.org/10.1007/BF028607

	Evaluation of Trichoderma asperellum ICC012 and T. gamsii ICC080 to protect almond pruning wounds from infections caused by fungal trunk pathogens
	Hamza Bin Sajid, Maya Hachicha, Yan-Jiun Huang, Mónica Berbegal, Josep Armengol*
	Phylogenetic diversity and pathogenicity of Colletotrichum species associated with avocado anthracnose in Chile
	Marcelo I. Bustamante1,2,*, Ysadora Fernández1, Claudio Osorio-navarro1,3, Cristóbal Cárdenas1, Tyler B. Bourret4, Akif Eskalen2, José Luis Henríquez-Sáez1
	Beyond the primary host: survival of Heterodera schachtii (Nematoda, Heteroderidae) through alternative hosts
	Diogo Azevedo1, Eugénia de Andrade2,3, Maria L. Inácio2,3,*, Ana Paula Ramos4,5.*, Maria João Camacho2,3
	Cross-infection and asymptomatic colonization by Botryosphaeriaceae fungi on lignified stems of apple and olive, and dormant cuttings of grapevine
	Laura Hernández1, Pedro Mondino1, María Julia Carbone1, Victoria Moreira1, Oscar Bentancur2, Sandra Alaniz1,*
	Occurrence and genetic diversity of grapevine leafroll-associated virus 4 in Algeria
	Anfel Djenaoui1,*, Osamah Alisawi2, Manel El Air3, Nour Elhouda Laidoudi4, Imene Mahdid1, Rima Hind Boudchicha5, Naima Mahfoudhi3, Arezki Lehad1,*
	Virome analysis reveals apple mosaic virus in the monumental tree Castagno dei cento cavalli in Sicily
	Matilde Tessitori1,*, Marina Ciuffo2, Cristina Marzachì2, Marco Forgia2
	Assessment of damage potential of Gnomoniopsis castaneae to fruit and trees of European Chestnut (Castanea sativa)
	Francesca Carloni1, Carlo Bregant2, Benedetto T. Linaldeddu2, Giorgio Maresi3, Sergio Murolo1,*
	Preserving autochthonous Albanian plum germplasm: Plum pox virus-free status and in vitro sanitation perspectives for the ‘Tropojane’ cultivar
	Magdalena Cara1,2, Serafina Serena Amoia3,*, Valbona Sota4,7, Jordan Merkuri2, Orges Cara5,2, Klevis Hoxhallari1,2, Elektra Papakosta6, Efigjeni Kongjika7, Angelantonio Minafra3
	Occurrence of Cylindrocarpon-like anamorphs causing black root rot of strawberry plants in Türkiye
	Havva Dinler1, Ayhan Yildiz2, Seher Benlioglu2, umit ozyilmaz2, Kemal Benlioglu2,*
	Resistance and virulence patterns in the pea seed-borne mosaic virus (PSbMV) / lentil (Lens culinaris) pathosystem
	Joop A.G. Van Leur1,*, Jule H. George1, Safaa G. Kumari2
	Detection and persistence of Bacillus- and Trichoderma-based biocontrol products on lemon plants
	Giuseppa Rosaria Leonardi1, Amanda Vaccalluzzo1, Giorgio Gusella1,*, Greta La Quatra1, Alessandra Pino1,2, Dalia Aiello1, Cinzia Caggia1,2, Cinzia L. Randazzo1,2, Giancarlo Polizzi1
	Synergism of abiotic stresses and Hop Stunt Viroid infections causing citrus decline in Jahrom Orchards, Iran
	Seyed Ali Akbar Bagherian1,*, Behzad Hajieghrari2, Mojahed Kamalizadeh2
	Spatial distribution and molecular characterization of persistently aphid-transmitted viruses causing yellowing and stunting in faba bean and chickpea crops in Tunisia
	Samia Mghandef1,2,*, Safaa G. Kumari3, Abdulrahman Moukahel3, Imen Hamdi1, Arvind Varsani4, Asma Najar1
	First report of Fusarium clavum and Fusarium venenatum causing leaf spots on Magnolia grandiflora
	Michele Narduzzi1, Carlo Bregant2, Anna Maria Vettraino1,*

