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Abstract

Isolates ofFusarium oxysporumfrom lily were screened for pathogenicity, vegetative compatibility and DNA
restriction fragment length polymorphisms, and compared to reference isolates ofF. oxysporumf.sp.gladioli and
F. oxysporumf.sp. tulipae to justify the distinction ofF. oxysporumf.sp. lilii . Twenty-four isolates from different
locations in The Netherlands (18 isolates), Italy (4 isolates), Poland and the United States (1 isolate each) shared
unique RFLP patterns with probes D4 and pFOM7, while hybridization did not occur with a third probe (F9).
Except for a self-incompatible isolate, these 24 isolates all belonged to a single vegetative compatibility group
(VCG 0190). Isolates belonging to VCG 0190 were highly pathogenic to lily, but not to gladiolus or tulip, except
for a single nonpathogenic isolate. Six saprophytic isolates ofF. oxysporumfrom lily were nonpathogenic or only
slightly aggressive to lily, gladiolus and tulip, belonged to unique VCGs and had distinct RFLP patterns. Three
pathogenic isolates previously considered to belong toF. oxysporumf.sp.lilii were identified asF. proliferatumvar.
minus; all three belonged to the same VCG and shared unique RFLP patterns. These three isolates were moderately
pathogenic to lily and nonpathogenic to gladiolus and tulip. The reference isolates ofF. oxysporumf.sp. tulipae
were pathogenic to tulip, but not to lily and gladiolus; they shared a distinct RFLP pattern, different from those
encountered among pathogenic and saprophytic isolates from lily, and formed a separate new VCG (VCG 0230).
Reference isolates ofF. oxysporumf.sp.gladioli belonging to VCG 0340 proved pathogenic to both gladiolus and
lily, but not to tulip. These isolates, as well as isolates belonging to VCGs 0341, 0342 and 0343 ofF. oxysporumf.sp.
gladioli, had RFLP patterns different from those encountered among the isolates from lily or tulip. These findings
identify F. oxysporumf.sp.lilii as a single clonal lineage, distinct fromF. oxysporumf.sp.gladioli and f.sp.tulipae.

Introduction

The cultivation of flower bulbs, a tradition of
paramount economic importance to The Netherlands,
is threatened by soil-borne diseases, among which bulb
and corm rots caused by the fungusFusarium oxys-
porumSchlecht.: Fr. take a prominent place (Baayen,
1992; Baayen and F̈orch, 1998). Specialized forms of
this fungus exist for tulip (F. oxysporumf.sp. tulipae
Apt), gladiolus (F. oxysporumf.sp. gladioli [Massey]
Snyder & Hansen), crocus (F. oxysporumf.sp. croci

Boerema & Hamers), hyacinthus (F. oxysporumf.sp.
hyacinthiMuller), narcissus (F. oxysporumf.sp. nar-
cissi Snyder & Hansen), lily (F. oxysporumf.sp. lilii
Imle) and cyclamen (F. oxysporumf.sp. cyclaminis
Gerlach) (Linderman, 1981; Boerema and Hamers,
1988, 1989; Roebroeck and Mes, 1992a; Woudt et al.,
1995). The degree of specificity is questionable, how-
ever, since isolates ofF. oxysporumf.sp.gladioli from
gladiolus also affect other iridaceous species such as
crocus, iris, ixia and freesia (McClellan, 1945). More-
over, isolates from the latter host species can also
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infect gladiolus suggesting that this group of strains is
pathogenic to the iris family, rather than to gladiolus
alone (Linderman, 1981; Roebroeck and Mes, 1992a
and unpublished data). Löffler and Mouris (1992) and
Löffler et al. (1995) observed that isolates from glad-
iolus and iris were also pathogenic to lily, although
their aggressiveness was low compared to isolates orig-
inating from lily itself (supposedlyF. oxysporumf.sp.
lilii ). This was true for isolates belonging to VCG 0340
of F. oxysporumf.sp.gladioli; however, isolates from
VCG 0341 and VCG 0342 were not pathogenic to lily
(H.J.M. Löffler, unpublished data). On the contrary, an
isolate considered to belong toF. oxysporumf.sp.tuli-
paealso proved to be pathogenic to lily (Löffler et al.,
1995). The distinction ofF. oxysporumf.sp. lilii from
F. oxysporumf.sp.gladioli or F. oxysporumf.sp. tuli-
paethus became questionable.

For a proper selection of isolates to be used in
breeding programmes for resistance and for studies
on the etiology of the disease, the ambiguous sta-
tus of F. oxysporumf.sp. lilii needs to be clarified.
Besides data on the pathogenic ability of isolates, the
overall genetic diversity present among isolates from
lily needs to be investigated. Vegetative compatibility
groups withinF. oxysporumare commonly believed to
represent single clonal lineages of the fungus, that are
characterized by specific DNA fingerprints, isozyme
profiles and karyotypes. While such studies have been
carried out for many formae speciales ofF. oxyspo-
rum (Aloi and Baayen, 1993; Baayen et al., 1997;
Bosland and Williams, 1987; Correll, 1991; Elias et al.,
1993; Kistler, 1997; Kistler et al., 1987; Manicom and
Baayen, 1993; Migheli et al., 1995; Tantaoui et al.,
1996), including f.sp.gladioli (Roebroeck and Mes,
1992a; Mes et al., 1994), only preliminary results have
been published forF. oxysporumf.sp. lilii (Löffler and
Rumine, 1991). Moreover, no data are currently avail-
able forF. oxysporumf.sp. tulipae. The present study
was undertaken to compare the pathogenic ability of
isolates ofF. oxysporumfrom lily, gladiolus (VCG
0340 in particular) and tulip to these three hosts as well
as to characterize the genetic diversity among these
isolates by vegetative compatibility assays and RFLP
analyses.

Materials and methods

Fungal isolates. Thirty isolates ofF. oxysporumfrom
lily from The Netherlands (21 isolates), Italy (5 iso-
lates), Poland (1 isolate) and the U.S.A. (3 isolates)

were obtained from various sources (Table 1). Two iso-
lates from a previous study (Löffler et al., 1995) and an
additional one received asF. oxysporumbut all three
now re-identified asF. proliferatumwere included in
this study. Seven reference isolates ofF. oxysporum
f.sp. gladioli were selected belonging to VCG 0340,
VCG 0341, VCG 0342 and VCG 0343, as well as ten
isolates ofF. oxysporumf.sp. tulipae. Isolates were
stored on potato dextrose agar (PDA), on ‘Protect bac-
terial preserves’ at−80◦C, or in liquid nitrogen. Mor-
phological examination of isolates grown on potato
dextrose agar or carnation leaf agar was performed
according to Gerlach and Nirenberg (1982).

Pathogenicity tests. Pathogenicity for lily, gladiolus
and tulip was tested in a greenhouse at 20◦C using
the cultivars Esther (Lilium sp., Asiatic hybrid group),
Nymph (Gladiolus × nanusHort.), Prominence and
Rosario (Tulipa gesnerianaL. hybrids). These culti-
vars are known to be highly susceptible to, respec-
tively, Fusarium oxysporumf.sp. lilii , f.sp. gladioli
(races 1 and 2) and f.sp.tulipae (Löffler et al., 1995;
Roebroeck and Mes, 1992a and unpublished data;
Straathof et al., 1993). Corms and bulbs appropriately
pre-treated for cultivation were obtained from general
stock at the institutes of the authors, and were surface-
sterilized using 0.8% formaldehyde (gladiolus corms
and tulip bulbs) or 1.5% sodium hypochlorite (lily
scales). Inocula were prepared by culturing the iso-
lates on potato dextrose broth on a reciprocal shaker
at 22◦C for nine days, filtering the cultures through
cheese cloth and adjusting the conidial suspension to
approximately 107 conidia/ml with a hemacytometer.
Five gladiolus corms and ten tulip bulbs (five of cv.
Prominence and five of cv. Rosario) per isolate were
dipped into the conidial suspension and planted in soil
(85% peat, 10% clay, 5% sand) in square pots (8 cm).
Ten lily bulb scales per isolate were placed in heav-
ily infested soil, prepared from steam-sterilized soil
(enriched with 50 ml malt extract per liter soil) inoc-
ulated with 40 ml conidial suspension and incubated
for one week at 20◦C. Infested soil prepared in such
a manner contains generally about 104 colony forming
units per gram soil (R.P. Baayen, unpublished data).
Symptom development of plants (bulbs/corms, roots,
shoots) was assessed visually on an ordinal scale from
0 (unaffected) to 5 (rotten completely) after four weeks
(tulip), six weeks (gladiolus) or eight weeks (lily). For
lily scales, values up to 2 do not necessarily indicate
rot development. Slight browning normally occurs at
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Table 1. Isolates ofFusarium oxysporumandF. proliferatumfrom lily, gladiolus and tulip, listed according to pathogenicity to
these three host species, vegetative compatibility group (VCG) and RFLP pattern with probes D4, F9 and pFOM7

Isolatea From Pathogenicityb VCGc RFLPd Origin Sourcee

Lily Gladiolus Tulip D4 F9 pFOM7

Fusarium oxysporumf.sp. lilii
Fol-71# Lily 4.8a 0.0 a 0.9 abc 0190 a — a Italy ISF
Fol-36 Lily 4.7ab 0.0 a 1.0 abcd 0190 a — a The Netherlands LBO
Fol-73# Lily 4.7ab 0.0 ab 1.0 abcd 0190 a — a Italy ISF
Fol-4 Lily 4.6abc 0.0 a 0.7 abc 0190 a — a The Netherlands LBO
Fol-33 Lily 4.6abc 0.2 ab 1.3 abcd 0190 a — a The Netherlands LBO
Fol-18 Lily 4.5abcd 0.8 abcd 1.2 abcd 0190 a —a The Netherlands LBO
Fol-38# Lily 4.5abcd 0.2 ab 1.1 abcd 0190 a —a The Netherlands LBO
Fol-43 Lily 4.5abcd 1.4 abcd 2.4def 0190 a — a The Netherlands LBO
Fol-80# Lily 4.5abcd 0.2 ab 1.1 abcd 0190 a —a Poland RIPF
Fol-9 Lily 4.4abcde 0.0 a 1.3 abcd 0190 a —a The Netherlands LBO
Fol-10# Lily 4.4abcde 0.0 a 1.2 abcd 0190 a —a The Netherlands WAU
Fol-35 Lily 4.4abcde 0.0 a 0.9 abc 0190 a —a The Netherlands LBO
Fol-40 Lily 4.4abcde 0.0 a 0.8 abc 0190 a —a The Netherlands LBO
Fol-11 Lily 4.3abcde 0.0 a 1.1 abcd 0190 a —a The Netherlands WAU
Fol-78# Lily 4.3abcde 1.0 abc 0.9 abc 0190 a —a Italy ISF
Fol-19 Lily 4.2abcdef 0.0 a 0.4 ab 0190 a — a The Netherlands LBO
Fol-42 Lily 4.2abcdef 0.6 abc 1.3 abcd 0190 a —a The Netherlands LBO
Fol-63 Lily 4.2abcdef 0.0 a 1.1 abcd 019− a — a U.S.A. FRC
Fol-28# Lily 4.1bcdef 0.0 a 0.6 ab 0190 a — a Italy ISF
Fol-3# Lily 4.0bcdef 0.0 a 1.3 abcd 0190 a — a The Netherlands LBO
Fol-27# Lily 4.0def 0.0 a 1.0 abcd 0190 a — a The Netherlands LBO
Fol-15 Lily 3.9def 0.0 a 0.8 abc 0190 a — a The Netherlands CPRO-DLO
Fol-5# Lily 3.9abcdef 0.0 a 0.7 abc 0190 a — a The Netherlands LBO
Fol-7 Lily 1.9 hi 0.4 ab 1.1 abcd 0190 a — a The Netherlands LBO

SaprophyticFusarium oxysporumfrom lily
Fol-67# Lily 2.5 hi 0.0 a 1.6 bcde I b A b U.S.A. FRC
Fol-17# Lily 2.3 hij 0.2 ab 2.0 cde II c B c The Netherlands CPRO-DLO
Fol-65# Lily 2.3 hij 0.1 ab 1.0 abcd III d C d U.S.A. FRC
Fol-77# Lily 2.0 hij 0.6 abc 0.7 abc IV e D e Italy ISF
Fol-14# Lily 2.0 hij 0.0 a 1,0 abc V f E f The Netherlands CPRO-DLO
Fol-6# Lily 1.6 hij 0.0 a 0.7 abc VI g — g The Netherlands WAU

Fusarium oxysporumf.sp.gladioli
G15# Gladiolus 4.5abcd 4.4d 0.7 abc 0340 h F h The Netherlands LBO
Ir7# Iris 4.3abcde 4.2d 1.4 abcde 0340 h F h The Netherlands LBO
Ir2# Iris 4.3abcde 2.6cd 0.7 abc 0340 h F h The Netherlands LBO
X1# Ixia 2.4 hi 4.0d 0.5 ab 0340 h F h The Netherlands LBO
G23# Gladiolus 0341 i i The Netherlands LBO
Cr1# Crocus 0342 j j The Netherlands LBO
G82# Gladiolus 0343 k k Italy LBO

Fusarium oxysporumf.sp.tulipae
Tu4# Tulip 2.4 hi 0.0 a 3.7 fg 0230 l G l The Netherlands LBO
Tu3 Tulip 2.3 hij 0.4 abc 2.8ef 0230 l G l The Netherlands LBO
Tu8 Tulip 2.1 hij 0.0 a 3.8 fg 0230 l G l The Netherlands LBO
Tu10 Tulip 2.0 hij 0.2 ab 4.2g 0230 l G l The Netherlands LBO
Tu13 Tulip 2.0 hij 0.0 a 3.9 fg 0230 l G l The Netherlands LBO
Tu5 Tulip 1.8 hij 0.4 abc 2.8ef 0230 l G l The Netherlands LBO
Tu9 Tulip 1.8 hij 0.2 ab 3.6 fg 0230 l G l The Netherlands LBO
Tu1 Tulip 1.6 ij 0.4 abc 2.6ef 0230 l G l The Netherlands LBO
Tu14 Tulip 1.5 ij 0.0 a 3.7 fg 0230 l G l The Netherlands LBO
Tu11 Tulip 1.5 ij 0.0 a 3.6 fg 0230 The Netherlands LBO
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Table 1. Continued

Isolatea From Pathogenicityb VCGc RFLPd Origin Sourcee

Lily Gladiolus Tulip D4 F9 pFOM7

Fusarium proliferatumfrom lily
Fol-69# Lily 3.7efg 0.0 a 0.9 abc VII m — m Italy ISF
Fol-75# Lily 3.5 fg 0.2 ab 1.1 abcd VII m — m Italy ISF
Fol-30# Lily 2.6ghi 0.0 a 0.7 abc VII m — m Italy ISF
Control 1.5 j 1.3 bc 0.0 a

a Isolates of which the classification was checked by means of ITS-RFLP have been marked (#). Isolates
Fol-28 and Fol-30 have been referred to in a previous study (Löffler and Rumine, 1991) as FolA and FolC,
respectively.
b Per column, average disease indices followed by the same letter reflect frequency distributions that do not
differ significantly from one another (P < 0.01). Values in bold are markedly higher than those of control
plants.
c VCG 019-, self-incompatible isolate ofF. oxysporumf.sp. lilii of which the mutants could not be placed
in VCG 0190.
d Per column, isolates with the same letter have the same RFLP pattern. -, no hybridisation.
e Abbreviations: CPRO-DLO, DLO Centre for Plant Breeding and Reproduction Research, Wageningen,
The Netherlands; FRC, Fusarium Research Centre, University Park, Pennsylvania, U.S.A.; ISF, Istituto
Sperimentale per la Floricoltura, Pescia, Italy; LBO, Bulb Research Centre, Lisse, The Netherlands; WAU,
Wageningen Agricultural University, Wageningen, The Netherlands.

the wound surface upon detachment of scales from the
mother bulb, and intense brown defense responses may
develop over several mm from the wound in incompati-
ble combinations. The frequency distributions of num-
bers of plants (or scales) in the six symptom classes
were compared non-parametrically using Wilcoxon’s
test corrected for ties.

Vegetative compatibility tests.Nitrate nonutilizing
(nit) mutants were generated and characterized asnit1,
nit3 or NitM mutants as described previously (Correll
et al., 1987; Aloi and Baayen, 1993). Enhanced chlorate
concentrations (30 g KClO3 per l) proved necessary
for obtaining mutants from isolates ofF. oxysporum
f.sp. tulipae. Pairings were made on minimal medium
(Puhalla, 1985) and incubated at room temperature for
at least two weeks. Complementary mutants producing
abundant aerial mycelium at the interface of colonies
were placed in the same vegetative compatibility group
(VCG). Tester mutants (Fol-42nit1, Fol-43nit1, Fol-3
NitM, Fol-42 NitM) of the major VCG found among
isolates from lily were selected for further complemen-
tation tests. Mutants of isolates from lily that could
not be placed in the main VCG were tested against all
other such mutants and were either placed in the main
VCG by linkage to other mutants than the testers, or
were classified as distinct. Representative isolates of all

VCGs were subsequently tested for complementation
with nit1 and NitM tester mutants of VCGs 0340, 0341,
0342 and 0343 ofF. oxysporumf.sp.gladioli and with
complementary mutants representing the single VCG
found in this study forF. oxysporumf.sp.tulipae.

Ribosomal DNA analysis.Classification of the var-
ious vegetative compatibility groups asF. oxyspo-
rum, F. redolensor F. proliferatum was performed
by restriction fragment analysis of the internal tran-
scribed spacer (ITS) region of the ribosomal DNA
(Waalwijk et al., 1996a, 1996b). Amplification was
performed directly from mycelium (Blakemore et al.,
1994) in a PCR reaction using the primers ITS-1 and
ITS-4 as previously described (Waalwijk et al., 1996a).
Amplifications were performed in a 100µl reaction
volume containing 60µm of both primers, 2 units Taq
DNA polymerase (Gibco-BRL) and 1.5 mM MgCl2.
PCR conditions consisted of a denaturing step of 1 min
at 94◦C, 35 amplification cycles and an extension step
of 10 min at 72◦C. Amplification cycles were 1 min
at 94◦C, 1 min at 56◦C and 1.5 min at 72◦C. Ampli-
fied products (circa 550 bp) were digested individually
with HinfI and analyzed on 1.5% agarose gels. Isolates
with fragments of 90, 180 and 265 base pairs were
considered to have been properly classified asF. oxy-
sporum. Isolates with fragments of 265 and 290 base
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pairs (apparently not belonging toF. oxysporum) were
further analysed withAluI, MspI, RsaI and SmaI for
distinction betweenF. redolens(no cleavage sites with
AluI, RsaI or SmaI, and two withMspI) andF. prolifer-
atumvar.proliferatum(a single cleavage site withAluI,
RsaI andSmaI, and three withMspI). Variant popula-
tions ofF. proliferatummay lack theSmaI site and thus
also lack one of the threeMspI sites (Waalwijk and
Baayen, 1995; Waalwijk et al., 1996a and unpublished
data; Elmer and Vossbrinck, 1997).

Restriction fragment length polymorphisms of total
DNA. Isolates were inoculated onto PDA (Oxoid)
plates covered by sterile cellophane and cultured for
seven days at 20◦C. Mycelium was harvested by scrap-
ing off the cellophane, and was lyophilized and pro-
cessed according to the methods described by Raeder
and Broda (1985). Alternatively, DNA was extracted
from liquid cultures grown for five days in potato dex-
trose broth at 27◦C. DNA preparations digested with
HindIII were electrophoretically resolved on agarose
gels, blotted to nylon membranes and hybridized with
one of the following probes: D4, a probe fromF. oxy-
sporum f.sp. dianthi (Manicom et al., 1987); probe
F9, a 0.5 kb PCR product fromF. oxysporumf.sp.
dianthi(Baayen et al., 1997), and pFOM7, a mitochon-
drial probe fromF. oxysporumf.sp.melonis(Jacobson
and Gordon, 1990). Probes were either labelled radio-
actively (32P), or with digoxinin using a Boehringer
DIG DNA labelling and detection kit.

Results

Uninoculated lily scales developed a narrow brown bar-
rier zone at the wound surface, resulting in indices clas-
sified between 1 and 2 as usual for healthy propagative
material of lily (Table 1). However, control corms of
gladiolus developed rot symptoms due to latent infec-
tions, which are extremely difficult to avoid in propaga-
tive material of gladioli (Roebroeck and Mes, 1992a).
Control bulbs of tulip remained wholly unaffected.

Twenty-three isolates ofF. oxysporumfrom lily
could be placed in a single VCG, to which we assign
the four-digit code 0190 according to the system of
Puhalla (1985). Classification of these isolates asF.
oxysporumwas confirmed by ITS-RFLP for ten ran-
dom members of VCG 0190. Two isolates (Fol-5 and
Fol-28) strongly complemented each other but could
only be linked to the main group by weak reactions

with the mutants of isolate Fol-80. The isolates in VCG
0190 shared unique RFLP patterns with probes D4 and
pFOM7 while no hybridization occurred with probe
F9 (Table 1; Figure 1). For some isolates minor devia-
tions from the basic RFLP patterns were observed (an
impression is given in Figure 1). Self-incompatible iso-
late Fol-63 shared the RFLP pattern of the previous
isolates but could not be placed in VCG 0190. With
the exception of isolate Fol-7, all isolates sharing the
characteristic RFLP pattern of VCG 0190 were highly
pathogenic to lily cv. Esther (Table 1). None of these
isolates was distinctly pathogenic to gladiolus, but most
were slightly aggressive to tulip.

Six saprophytic isolates ofF. oxysporumfrom lily
each belonged to single-member VCGs, and all had
unique RFLP patterns (Table 1). All six isolates were
identified asF. oxysporumby ITS-RFLP. None of these
was distinctly pathogenic to lily or gladiolus, while they
were slightly aggressive to tulip.

Ten reference isolates ofF. oxysporumf.sp. tuli-
pae could be placed in a single VCG, to which we
assign the four-digit code 0230. However,nit mutants
could be obtained only with difficulty for these isolates

Figure 1. Schematic diagram of the characteristic RFLP profiles
with probes D4, F9 and pFOM7 for isolates of A,Fusarium oxy-
sporumf.sp. lilii (VCG 0190); B,F. oxysporumf.sp. gladioli
(VCG 0340), and C,F. oxysporumf.sp. tulipae (VCG 0230).
Arrowheads indicate markers (in kb). RFLP profiles for other
VCGs in F. oxysporumf.sp. gladioli have been published else-
where (Mes et al., 1994).
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and complementation reactions between mutants were
rather weak. The isolates studied shared distinct RFLP
patterns with the probes used (Figure 1). None of them
was distinctly pathogenic to lily or gladiolus, while all
were highly pathogenic on tulip.

None of the VCGs detected among isolates ofF.
oxysporumfrom lily coincided with VCGs 0340, 0341,
0342 or 0343 ofF. oxysporumf.sp. gladioli or VCG
0230 ofF. oxysporumf.sp.tulipae. The RFLP patterns
of the VCGs detected among isolates ofF. oxysporum
from lily also differed from those ofF. oxysporumf.sp.
tulipae and VCGs 0340, 0341, 0342 and 0343 ofF.
oxysporumf.sp.gladioli (Table 1). Out of four isolates
belonging to VCG 0340 ofF. oxysporumf.sp.gladioli
tested, three were highly pathogenic to lily cv. Esther
while not or only slightly aggressive to tulip. The iso-
lates ofF. oxysporumf.sp.tulipaewere pathogenic only
to tulip (Table 1).

Disease development on gladiolus corms inoculated
with isolates belonging toF. oxysporumf.sp. lilii or
F. oxysporumf.sp. tulipae was slightly lower than
in uninoculated controls, suggestive of induced resis-
tance responses as observed previously in gladiolus
(Roebroeck and Mes, 1992b).

Three Italian isolates (Fol-30, Fol-69 and Fol-75),
two of which were previously considered to belong toF.
oxysporumf.sp. lilii (Löffler et al., 1995), were identi-
fied asF. proliferatumby ITS-RFLP. These isolates had
a single cleavage site withAluI andRsaI, and two with
MspI, but lacked aSmaI site. On carnation leaf agar,
these three isolates formed polyphialides with mostly
two conidiogenous loci, and produced clavate but never
pyriform or globose microconidia adhering in short
chains (mostly<15 conidia), indicating that they prob-
ably belong toF. proliferatumvar.minus. These isolates
formed a distinct VCG, and shared unique RFLP pat-
terns with probes D4 and pFOM7 that differed from all
previous ones (Table 1). All three isolates were mod-
erately pathogenic on lily cv. Esther, while they were
nonpathogenic on gladiolus and tulip.

Discussion

A single group was detected by RFLP fingerprinting
among pathogenicF. oxysporumisolates from lily from
The Netherlands, Italy, Poland and the U.S.A. Given
their distinctive pathogenic specialization and wide
geographic distribution, the members of this group are
considered to representF. oxysporumf.sp. lilii proper.
Virtually all members of this group belonged to VCG

0190, although some aberrant behaviour was observed
for two isolates (Fol-5 and Fol-28) which were only
weakly compatible with one of the mutants in VCG
0190. A third isolate (Fol-63) sharing the main RFLP
fingerprint was incompatible with the isolates of VCG
0190. With the exception of isolate Fol-7, all mem-
bers of this group were pathogenic to lily cv. Esther. In
previous studies isolate Fol-7 also was at best weakly
pathogenic to lily cultivars (L̈offler and Rumine, 1991;
Löffler et al., 1995). The aggressiveness levels of the
pathogenic isolates within VCG 0190 found here corre-
spond well with those reported by Löffler et al. (1995).
A certain degree of evolutionary radiation within this
group, originally a single clonal lineage, thus seems
apparent at the genetic (VCG) and pathogenic level
(aggressiveness). Other formae speciales have also
been proposed to consist of one clonal lineage (Elmer
et al., 1994; Tantaoui et al., 1996), and evolutionary
radiation within clonal lineages ofF. oxysporumis not
unknown either (Baayen et al., 1997; Fernandez et al.,
1997; Gordon and Martyn, 1997; Leslie, 1993; Mes
et al., 1994). The remaining isolates ofF. oxysporum
from lily were nonpathogenic or only slightly aggres-
sive on lily, gladiolus and tulip and probably can be
considered random saprophytic strains of the fungus.
In a number of preliminary trials, these isolates had
also been found nonpathogenic to lily (H.J.M. Löffler,
unpublished data).

Differences in virulence towards specific lily culti-
vars have not been found within VCG 0190, even when
testing 24 isolates (of which 23 also were included
in this study) on 20 different lily accessions, repre-
senting widely different groups of hybrids as well as
botanical species and species hybrids (Löffler et al.,
1995). Besides differences in aggressiveness levels and
a single isolate (Fol-7) having lost its pathogenicity,
pathogenic diversity among isolates ofF. oxysporum
f.sp. lilii apparently is small, compared to the race
diversity observed in other formae speciales (Baayen
et al., 1997; Bosland and Williams, 1987; Elias et al.,
1993; Roebroeck and Mes, 1992a). The present study
thus confirms the previous conclusion of Löffler et al.
(1995) that the use of a single highly aggressive iso-
late in screening tests should suffice in breeding pro-
grammes for resistance in lily to basal rot.

Three isolates of VCG 0340 ofF. oxysporumf.sp.
gladioli proved pathogenic to lily cv. Esther, imply-
ing that isolates pathogenic to lily need not necessarily
belong toF. oxysporumf.sp.lilii . For unknown reasons,
all three isolates were considerably more aggressive
to lily than in previous trials (L̈offler et al., 1995).
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Lily can potentially be a secondary host for isolates
belonging to other formae speciales ofF. oxysporum,
as reported for other monocots such asAsparagus, the
secondary host forF. oxysporumf.sp.apii which nor-
mally infects celery (Armstrong and Armstrong, 1975;
Elmer and Stephens, 1989). However, isolates belong-
ing toF. oxysporumf.sp.gladioli have not been recov-
ered from commercially grown lilies thus far (E.J.A.
Roebroeck, unpublished data).

The isolates ofF. oxysporumf.sp.tulipaetested were
pathogenic to tulip cultivars, but not to lily or gladiolus.
They shared unique RFLP fingerprints, and belonged
to a single VCG that is presently assigned the four-digit
code 0230. The isolates ofF. oxysporumf.sp. tulipae
that were included in the present study can therefore
also be classified as a single clonal lineage. A single
isolate (Fot-8) that had been pathogenic on lily in pre-
vious studies (L̈offler et al., 1995) was reclassified in
this study as a member of VCG 0190 and is considered
a contaminant of the original isolate from tulip.

Three mildly pathogenic isolates (Fol-30, Fol-69 and
Fol-75) received asF. oxysporumf.sp.lilii were reclas-
sified in this study asF. proliferatum var. minus, a
pathogen of thick-leaved monocots likeSansevieria
spp., Dracaenaspp. andGasteria spp. on which it
causes severe leaf lesions (Gerlach and Nirenberg,
1982) and of garlic bulbs (Simay, 1990). In lily, the bulb
scales (thickened but subsoil leaves) are infected. The
isolates involved were mildly pathogenic to lily while
nonpathogenic to gladiolus and tulip, and belonged to
a single VCG, suggestive of pathogenic specialization
on lily in F. proliferatumvar. minuslike in F. oxyspo-
rum. However, with only three isolates from the same
source at hand it cannot be judged whetherF. prolif-
eratum is truly associated with lily as primary host.
The isolates involved are known to have a slightly dif-
ferent virulence towards lily cultivars from theLil-
ium longiflorumgroup, but their pathogenic potential
otherwise closely resembles that ofF. oxysporumf.sp.
lilii (Löffler et al., 1995). Morphological characteriza-
tion of the three isolates asF. proliferatumvar. minus
rather thanF. proliferatumvar. proliferatumwas sup-
ported by an alteredSmaI/MspI site in the ITS region
of the ribosomal DNA. A similar condition occurs in
some populations ofF. proliferatum from asparagus
(Elmer and Vossbrinck, 1997) and carnation (Waalwijk
and Baayen, unpublished data), which may similarly
belong toF. proliferatumvar.minus.

Acknowledgements

This study was supported in part by the Netherlands’
Urgency Programme for Research on Diseases and
Breeding of Flower Bulbs. We thank T.R. Gordon
for providing us with probe pFOM7. The authors
thank Trudy B.M. van den Bosch, Frieda van Dreven,
and Marjon C. Krijger for laboratory assistance. We
thank the international VCG numbering coordinator for
F. oxysporum, Talma Katan, for supplying us with
proper VCG codes. We also thank the reviewers for
their contribution to this manuscript.

References

Aloi C and Baayen RP (1993) Examination of the relationships
between vegetative compatibility groups and races inFusarium
oxysporumf.sp.dianthi. Plant Pathology 42: 839–850

Armstrong GM and Armstrong JK (1975) Reflections on the wilt
fusaria. Annual Review of Phytopathology 13: 95–103

Baayen RP (1992) Resistance mechanisms of plants to rot and wilt
diseases caused byFusarium oxysporum. Acta Horticulturae
325: 675–682

Baayen RP and F̈orch MG (1998) Transfer cell formation reveals
a biotrophic phase in bulb rot of lilies infected byFusarium oxy-
sporumf.sp.lilii . In: Summerell B and Burgess LW (eds), Pro-
ceedings of the Paul E. Nelson Memorial Symposium, Novem-
ber 1997. APS Press, in press

Baayen RP, Van Dreven F, Krijger MC and Waalwijk C (1997)
Genetic diversity inFusarium oxysporumf.sp. dianthi and
Fusarium redolensf.sp. dianthi. European Journal of Plant
Pathology 103: 395–408

Blakemore EJA, Jaccoud Filho DS and Reeves JC (1994) PCR for
the detection ofPyrenophoraspecies,Fusarium moniliforme,
Stenocarpella maydis, and thePhomopsis/Diaporthecomplex.
In: Schots A, Dewey FM, and Oliver R (eds), Modern assays for
plant pathogenic fungi: identification, detection and quantifi-
cation (pp. 205–213) CAB International, Wallingford, Oxford,
U.K.

Boerema GH and Hamers MEC (1988) Check-list for scientific
names of common parasitic fungi. Series 3a: Fungi on bulbs:
Liliaceae. Netherlands Journal of Plant Pathology 94, supple-
ment 1: 1–32

Boerema GH and Hamers MEC (1989) Check-list for scientific
names of common parasitic fungi. Series 3b: Fungi on bulbs:
Amaryllidaceae and Iridaceae. Netherlands Journal of Plant
Pathology 95, suppl. 3: 1–32

Bosland PW and Williams PH (1987) An evaluation ofFusar-
ium oxysporumfrom crucifers based on pathogenicity, isozyme
polymorphism, vegetative compatibility, and geographic ori-
gin. Canadian Journal of Botany 65: 2067–2073



894

Correll JC (1991) The relationships between formae speciales,
races, and vegetative compatibility groups inFusarium oxys-
porum. Phytopathology 81: 1061–1064

Correll JC, Klittich CJR and Leslie JF (1987) Nitrate nonutilizing
mutants ofFusarium oxysporumand their use in vegetative
compatibility tests. Phytopathology 77: 1640–1646

Elias KS, Zamir D, Lichtmann-Pleban T and Katan T (1993)
Population structure ofFusarium oxysporumf.sp. lycopersici:
restriction fragment length polymorphisms provide genetic evi-
dence that vegetative compatibility group is an indicator of
evolutionary origin. Molecular Plant-Microbe Interactions 6:
565–572

Elmer WH and Stephens CT (1989) Classification ofFusarium
oxysporumf.sp.asparagiinto vegetatively compatible groups.
Phytopathology 79: 88–93

Elmer WH and Vossbrinck CR (1997) Ribosomal DNA sequences
from the ITS regions differ between vegetatively incompat-
ible isolates ofFusarium proliferatumfrom asparagus. Phy-
topathology 87: S28

Elmer WH, Wick RL and Haviland P (1994) Vegetative com-
patibility amongFusarium oxysporumf.sp.basilicumisolates
recovered from basil seed and infected plants. Plant Disease
78: 789–791

Fernandez D, Ouinten M, Tantaoui A and Geiger JP (1997)
Molecular records of micro-evolution within the Algerian
population ofFusarium oxysporumf.sp. albedinisduring its
spread to new oases. European Journal of Plant Pathology 103:
485–490

Gerlach W and Nirenberg HI (1982) The genusFusarium– a pic-
torial atlas. Mitteilungen aus der Biologischen Bundesanstalt
für Land- und Forstwirtschaft, Berlin-Dahlem 209: 1–406

Jacobson DJ and Gordon TR (1990) Variability of mitochondrial
DNA as an indicator of relationships between populations of
Fusarium oxysporumf.sp.melonis. Mycological Research 94:
734–744

Gordon TR and Martyn RD (1997) The evolutionary biology of
Fusarium oxysporum. Annual Review of Phytopathology 35:
111–128

Kistler HC (1997) Genetic diversity in the plant-pathogenic fun-
gusFusarium oxysporum. Phytopathology 87: 474–479

Kistler HC, Bosland PW, Benny U, Leong S and Williams PH
(1987) Relatedness of strains ofFusarium oxysporumfrom
crucifers measured by examination of mitochondrial and ribo-
somal DNA. Phytopathology 77: 1289–1293

Leslie JF (1993) Fungal vegetative compatibility. Annual Review
of Phytopathology 31: 127–150

Linderman RG (1981)Fusariumdiseases of flowering bulb crops.
In: Nelson PE, Toussoun TA, and Cook RJ (eds),Fusarium:
diseases, biology and taxonomy (pp. 129–141) Pennsylvania
State University Press, University Park, Pennsylvania, U.S.A.
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