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Winter wheat has the greatest share in cereal cropping system in Poland (Kra-
sowicz 1999). Fusarium spp. and Gaeumannomyces graminis var. tritici (Sacc.) v. Arx et
Olivier are the main pathogens infecting roots of winter wheat (Łacicowa 1979,
Korbas et al. 2000). Fusarium graminearum Schwabe and F. culmorum (Sacc.) Shoem
are regarded nondiscriminating but common pathogens on most cereals and
grasses (Wiese 1977), including wheat (Truszkowska et al. 1980). These species
were isolated from infected stems, roots (Weber and Amein 1990), ears (Miedaner
et al. 2001) and leaves (Remlein-Starosta and Rataj-Guranowska 2001) of wheat
plants together with F. acuminatum Ellis et Everh., F. avenaceum (Fr.) Sacc.,
Microdochium nivale (Fries) Samuels et Hallet, and several other Fusarium species.
Fusarium oxysporum Schlecht. emend. Snyd. et Hans. has been only occasionally iso-
lated from wheat (Weber and Amein 1990) and was considered a pathogen of mi-
nor importance for this plant.

However, during long and unusually warm autumn 2000, in south-eastern Po-
land (Lublin region) on fields located in the Experimental Station at Osiny, belong-
ing to the Institute of Soil Science and Plant Cultivation at Puławy, severe
Fusarium root-rot caused by F. oxysporum was observed on winter wheat. It oc-
curred on wheat cultivated only in integrated management system, although the
plant was grown on the same field, in three other management systems, i.e. or-
ganic, conventional and monoculture. Taking into account crop sequence, only in
integrated farming the wheat was cultivated after faba bean. The former crop was
also seriously damaged by F. oxysporum.

The aim of this study was: 1) to determine the pathogenicity of F. oxysporum iso-
lates from wheat towards faba bean (Vicia faba var. minor Peterm.) and wheat plants
– in an infection experiment, and 2) to check by means of two methods: vegetative
compatibility test and RAPD if F. oxysporum isolates recovered from aftercrop –
winter wheat, originated from faba bean.

Pathogenicity of the isolates. Wheat kernels and faba bean seeds were placed
on mycelium overgrown agar discs in glass tubes filled with perlite. Two different
isolates were checked. Both isolates: BPR 1288 and BPR 1289 showed pathogenic-
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ity to bean and wheat seedlings expressed by necroses on outer parts of roots and
by plant growth reduction.

Vegetative compatibility. Single-spore cultures were obtained from four iso-
lates from faba bean and two isolates from winter wheat (Table 1). The cultures
were grown on PDA at 24°C for seven days. Nit mutants were recovered on mini-
mal medium (MM) or PDA supplied with 60 g/l of potassium chlorate. In order to
recover nit mutants 0.5-cm agar plugs with mycelium were placed at four points of
each 10-cm-diameter Petri dish. After 7–10 days of incubation so-called putative
mutants were transferred to MM (Correll et al. 1987). Thin colonies with delicate
mycelium considered nit mutants were subcultured on MM in 5-cm-diameter Petri
dishes. Their phenotypes were determined according to common method (Correll
et al. 1987). Next, all nit M mutants and two–three nit 1 mutants recovered from
each isolate were paired with themselves within each isolate. This way a pair of
mutants, which were most efficient in heterokaryon formation, has been selected
for each isolate studied. Such a pair was considered an isolate-tester for VCG
(Rataj-Guranowska and Pieczul 2001). In the last pairing all the self-compatible
isolates were paired with each other.

RAPD. Isolation of DNA was performed by Qiagen “DNeasy Plant Mini Kit”
according to manufacturer’s instructions. Two perilously described primers were
used: PSM No 5 i PSM No 63 (Nirenberg et al. 2002). All reactions were performed
twice in volumes containing following components: 0.5 U Taq polymerase and
1.25 �l 10 × buffer PCR, 200 �M dNTP mix, 2.5 mM MgCl2, 0.8 �M primer, 60 ng
of DNA. The mixture was made up to 12.5 �l with sterile distilled water. The am-
plification was carried out in Biometra thermocycler with heated lid, programmed
for 35 cycles of 2 min in 94°C, 1 min in 47°C (PSM No 5) or 1 min in 52°C (PSM No
63), 90 s in 72°C, and 5 min in 72°C at the end. PCR products were loaded into
wells in 2% agarose gel containing 0.25 �g/ml ethidium bromide and run at 90 V
for 15–18 h. The PCR products were visualized and photographed on a UV trans-
illuminator.
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Table 1
Vegetative compatibility pairing between isolates of Fusarium oxysporum

from winter wheat (BPR 1288 and 1289) and faba bean
(BPR 1342, 1343, 1344 and 1345)

Isolate BPR 1288 BPR 1289 BPR 1342 BPR 1343 BPR 1344 BPR 1345

BPR 1288 + + – – – –

BPR 1289 + + – + – –

BPR 1342 – – + – – –

BPR 1343 – + – + – –

BPR 1344 – – – – + –

BPR 1345 – – – – – +

+ – vegetatively compatible, – – vegetatively non-compatible.



Both isolates, BPR 1288 and BPR 1289, showed pathogenicity to bean and
wheat seedlings expressed by necroses on outer parts of roots and by plant growth
reduction. All the studied isolates were self-compatible. The two isolates from
wheat – BPR 1288 and BPR 1289, produced heterokaryon, but only one of them –
BPR 1289 was compatible with one isolate from faba bean (BPR 1342). Thus, three
isolates belonged to one vegetative compatibility group (VCG). The remaining iso-
lates from faba bean belonged to three other different VCGs (Table 1). On the ba-
sis of molecular data to one RAPD group were classified isolates from wheat – BPR
1288 and BPR 1289 and one isolate from faba bean – BPR 1343. Those isolates
were previously classified to one VC group. The other isolates from faba bean –
BPR 1342, 1344 and 1345 had distinct RAPD profiles, confirming their classifica-
tion to separate VC groups (Phot. 1).

Our study started with the observation of F. oxysporum – commonly weak patho-
gen of winter wheat, which became seriously damaging wheat agent under warm
conditions. The phenomenon was earlier observed by Corraza et al. (1999) for F.
oxysporum infecting wheat roots in warm climate countries. In our case the wheat
was diseased being an aftercrop of faba bean. This plant is known to increase
Fusarium growth and its inoculum, especially F. oxysporum (Filipowicz 1981). Most
probably the winter wheat was under such conditions predisposed to root-rot
caused by F. oxysporum. Obviously, at least a part of F. oxysporum inoculum infecting
wheat originated from faba bean. We proved that one isolate from faba bean was
later found in the diseased wheat. Three vegetatively compatible isolates shown in
our vegetative compatibility studies should be treated as clones of one isolate. This
result was confirmed by RAPD and infection experiment results. In similar way it
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Phot. 1. Comparison of RAPD patterns obtained with primers PSM 5 and PSM 63 from isolates:
1 – BPR 1288, 2 – BPR 1289, 3 – BPR 1343, 4 – BPR 1342, 5 – BPR 1344, 6 – BPR 1345,

M – marker MassRuler (Fermentas, Lithuania) (photo by K. Pieczul)



has been proved that F. oxysporum f. sp. pisi infected the secondary host plant – as-
paragus, causing root-rot of plants following peas in the field. Beside the disease
symptoms it was possible to induce heterokaryons between the F. oxysporum iso-
lated from asparagus and F. oxysporum f. sp. pisi (Blok et al. 1995).

The presented communication is an example of uncommon application of vege-
tative compatibility and RAPD methods. There is a good correlation between VCG
and RAPD results, such a correlation has been shown by a number of authors
(Bentley et al. 1998, Vakalounakis and Fragkiadakis 1999).

The two methods might be not only an additional characteristics but also a con-
clusive way in the disease agents diagnostics. The vegetative compatibility ap-
proach might also be useful in other plant-pathogen systems in the future.
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