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Abstract

Nitrate-nonutilizing (it) mutants were used to determine vegetative compatibility among 34 isolategtiofilium
dahliaefrom cotton, potato, olive, eggplant, chrysanthemum and tomato from 12 sites in Israel. Based on the
formation of complementary heterokaryons, 33 isolates were assigned to two vegetative- compatibility groups
(VCGs): one VCG contained 15 isolates from cotton, eggplant, chrysanthemum and olive; and the other VCG
contained 18 isolates from potato, olive and cotton. The status of an additional isolate from tomato, which was
compatible with both VCGs, remained unclear. In a limited pathogenicity test with 10 isolates, two (from tomato
and eggplant) were pathogenic on tomato, eggplant and cotton; most isolates from cotton were pathogenic on cotton
and eggplant only; and one from cotton was non-pathogenic. Fewer isolates were pathogenic on tomato than on
cotton or eggplant. The diversity of vegetative compatibility found in\dudahliaecollection is comparable to

that found in studies of American populations.

Introduction for studying the genetic structure of anamorphic pop-
ulations of soilborne wilt and root-rot pathogens such
Verticillium wilt, caused by the soilborne vascular asFusarium oxysporurtKatan et al., 1991; Marlatt et
pathogenVerticillium dahliaeKleb., is an important  al., 1996) and/erticillium spp. (Correll et al., 1988;
disease of many crops (Pegg, 1981). In Israel, Verti- Joaquim and Rowe, 1991). In vegetative-compatibility
cillium wilt has inflicted substantial losses in a variety analyses using nitrate-nonutilizingi{) mutants, four
of crops such as potato (Krikun and Orion, 1979) and VCGs were identified among 22 isolates\bofdahliae
eggplant. This disease caused heavy damage to tomatogriginating from 10 host-plant species in eight coun-
until resistant cultivars became dominant. Occasional tries (Joaquim and Rowe, 1990). About 250 isolates
occurrence has been recorded on fruit trees such asfrom potato plants and soil in Ohio and nine other states
olive, almond, peach, mango and avocado. Since thewere assigned to three of these VCGs (Joaquim and
mid 1980s, its incidence in cotton has been on the Rowe, 1990, 1991). The existence of four VCGs has
rise. In view of its broad host range and apparently essentially been confirmed (Strausbaugh et al., 1992),
low host specificityV. dahliaehas been considered to  followed by the assignment of 29 potato isolates from
possess little genetic diversity. However, more recent California and 33 from Idaho to two and one of these
vegetative-compatibility and molecular studies have VCGs, respectively (Strausbaugh, 1993; Strausbaugh

led to the realization that genetic diversity\ihdahli- et al.,, 1992). Three of the VCGs have been found
aeis more significant than previously thought (Rowe, among 36 isolates from ornamentalwoody plants in the
1995). USA (Chen, 1994), cotton isolates form the USA and

The identification of vegetative-compatibility other countries (Bell, 1994), and 28 isolates from cot-
groups (VCGs) has proven to be an effective approach ton and solanaceous hosts in various countries (Daayf
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Table 1 Isolates oferticillium dahliae,and nitrate-nonutilizing

etal., 1995). These findings suggest that vegetative- (nity mutants generated from them, listed by vegetative-

_cor_np_atibility diversity exists itv. dahliag although it compatibility group (VCG), source and isolation site
is limited to a small number of VCGs (Rowe, 1995).
The few detailed studies of VCGs i dahliae VCG lIsdlate  Source Site Number of
. . . t tant:
have focused mainly on populations from potato fields SN
(Joaquim and Rowe, 1990, 1991; Strausbaugh, 1993; >
Strausbaugh etal., 1992) and other plants (Chen, 1994; to’t‘;l (T:O’:t‘ato é’”"”;’;’\”” | 96 21
. . CO! otton an-shmue
Subbarao etal., 1995) in the l_JSA, although occasion- cot3 Cotion Ein-Shemer s 2
al isolates from other countries have been included cotd Cotton Kfar-Ha'horesh 11 2
in some studies (Akimov and Portenko, 1996; Bell, cot5 Cotton Galed 19 1
1994; Daayf et al., 1995; Joaquim and Rowe, 1990; °°:g g"go” ga:eg i? i
.. . CO otton ale
Strausbaugh et al., 1_992). No_S|m|_Iar stud|e§ have cot0 Cotton Galed 33 6
been reported o¥. dahliagpopulationsin the Mediter- cot10 Cotton Galed 28 2
ranean or Middle Eastern regions. The purpose of this epl Eggplant Ganey-Yohanan 5 3
study was to determine the genetic diversityidahli- ep;A‘“F eEpl e . 327 ‘11
. .. . . . € an amra
ae populations originating from various wilt-affected 623 Eggzmm Tamra 7 5
crops in Israel, using the VCG approach. E5 Chrysanthemum  Bet-Alpha 8 3
E6 Chrysanthemum Bet-Alpha 10 3
E7 Chrysanthemum Bet-Alpha 7 3
Materials and methods olie Olive Karme-Yossef 8 4
Il cotl Cotton Kfar-Azza 13 2
. pt12 Potato Nir-Oz 19 0
Media pt13 Potato Nir-Oz 11 0
pti4 Potato Unknown 14 2
Potato-dextrose agar (PDA) aharticillium-selective pt28 Potato Re'im 17 2
f pt29 Potato Re’'im 24 1
medium (VSM) (Ausher et al., 1975) were used for 130 Potato Reim 6 1
isolation ofV. dahliaefrom diseased plants. Puhalla’s pt31 Potato Re'im 15 2
minimal medium (MM), which is a sucrose-salt medi- pt32 Potato Re’im 13 1
um that contains nitrate as the nitrogen source (Puhalla, pt33 Potato Re'im 24 2
1985), was used to maintain thé dahliaecultures, zgg poa il o
to recognizenit mutants, and for complementation D36 Potato Re’im 13 1
(heterokaryon) tests. Chlorate media, based on MM pt37 Potato Re'im 13 2
amended with 1.5% KCIQ(MMC) or cornmeal agar oli1 Olive Karme-Yossef 22 3
with glucose (0.02%) amended with 1.5-4.0% KgIO o e ;ngibt’ysssj o
(CMC), were u_sed to generatét mutants (Correll et oli5 Olive Mashabey-Sadeh 6
al., 1988). Nitrite and hypoxanthine media were used [ = o, oo oo 12 sites 488 66

for partial phenotypic characterization ot mutants
asnitl, nit3, or NitM (Correll et al., 1987). Czapek- ;The remaining mutants wergtl.
Dox agar (CDA; Biolife, Milano, Italy) was used to Not assigned to a VCG.

. .. 3A spontaneous hyaline variant derived from ep1.
grow inoculum for pathogenicity tests. 4 Phenotype not determined.

Pathogen isolation

dahliaewere identified visually and microscopically.
Plants showing typical Verticillium wilt symptoms, or ~ One monoconidial culture was then prepared from each
branches of diseased olive trees, were collected fromisolate.
fields at various sites in Israel (Table 1). Segments
(2 cm long) were taken from the stems, dipped in 70% Generation and characterization oft mutants
ethanol, surface-sterilized with NaOCI (1%) for 1 min,
and rinsed with sterile water. Each segment was then Nitrate-nonutilizing (it) mutants were generated
cut into three pieces, which were blotted and placed essentially as described previously (Chen, 1994; Cor-
on PDA or VSM, and incubated in the dark for 7-14 rell et al., 1988; Joaquim and Rowe, 1990, 1991). In
days at 24°C or 18°C, respectively. Colonies of. preliminary experiments, CMC at four chlorate con-
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centrations (1.5, 2.0, 2.5, 4.0%) and MMC were com- Pathogenicity tests

pared for their efficiency at yieldingit mutants from

six V. dahliaeisolates. In these experiments, chlorate- Isolates o¥. dahliaewere grown on CDA (9-cm plates)
resistant sectors were more easily recognized on CMC at 24°C in the dark for 10 days. Conidia were washed
than on MMC, whereas neither sectoring nor recovery off the agar surface with 30-50 ml of tap water. The
of nit mutants was significantly affected by the chlorate inoculum concentration was determined by hemacy-
concentration. Consequently, CMC with 2.0% KGIO  tometer and adjusted to 40onidia per ml. Seedlings
was used to generatet mutants from the remaining  of cotton Gossypium hirsutunk., cv. Acala Sj-2),
isolates. CMC plates (9 cm in diameter) were cen- tomato Lycopersicon esculentuiill., cv. Rehovot
trally inoculated with small mycelial agar plugs from 13) and eggplant3olanum melongeria, cv. Classic)

the growing margins o¥. dahliaeisolates on MM were used for testing pathogenicity. Seedlings were
(usually six or more plates per isolate), and incubated uprooted from the soil 2—4 days after emergence (7-14
at 24°C for 2—4 weeks. Densely sporulating sectors days after sowing). Their roots were washed free of soll
which emerged from the developing colony were sub- and dipped ininoculum suspension for 3 min. The roots
cultured by removing conidia from their surfaces, using of control seedlings were dipped in water. Seedlings
a bacteriological loop, and streaking them on MM. were then transplanted (five per pot in three replicates)
Subcultures which grew as thin, expansive colonies to 850-ml pots filled with Rehovot sandy soil (3.8%
without aerial mycelium were considerad mutants. clay, 0.0% silt, 97.2% sand, and 0.4% organic mat-
Partial phenotypic characterizationmif mutants was  ter, pH 6.9), and maintained in the greenhouse at 20—
attempted by growing them on nitrite and hypoxanthine 25°C under natural (approximately 11-14 h) daylight.
media (Correll et al., 1987). Mutants that grew sparse- After 40 days, disease severity was assessed using the
ly on hypoxanthine were classified as NitM, where- following 0-3 rating: 0= no symptoms, 1= vascular
as mutants that grew profusely on hypoxanthine were discoloration without apparent leaf symptoms, 2= vas-

classified ait1. cular discoloration with leaf-wilt symptoms, and 3=
dead plant. Disease severity index (DSI) was calcu-
Complementation (heterokaryon) tests lated using the following formula: DSI=(R x N)]

x 100/H x T, where R= disease rating, N= number
Complementation betweenit mutants was tested of plants within this rating, H= the highest rating (=
on MM in 5-cm-diameter petri plates. A mycelial plug 3), and T= the total number of plants counted. Thus,
of a NitM mutant was placed in the center of the plate, DSI values ranged from 0 to 100. Inoculation tests
and threanitl mutants of the same or different isolates were repeated twice. Non-inoculated cotton, tomato
were placed around it, 1.0-1.5 cm away, in a trian- and eggplant seedlings, maintained under the same
gular pattern. The plates were incubated af €4for conditions and serving as controls, showed no disease
30 days and growth was inspected at weekly intervals. symptoms.
Complementation was evident by the development of  Results were pooled for all inoculation experi-
prototrophic growth where two mutant colonies met ments, and experiment was regarded as a blocking
and formed a stable heterokaryon. The degree of com-factor after ascertaining that there was no isolate x
plementation, measured by the intensity of prototroph- experiment interaction. Analyses of variance to com-
ic growth, was ranked as follows: strong (++), with pare allisolates for each host were conducted according
aerial mycelium and microsclerotia; weak (+), with a to Welch’s method for unequal variances (as confirmed
zone of microsclerotia but no aerial mycelium; very by the Levene test) and unequal sample sizes (Milliken
weak (+), with a zone (often uncertain) of sparse and Johnson, 1989). Analysis of variance was used to
microsclerotia; and no prototrophic growth ), Tests establish significant interactiorP (< 0.05) between
were repeated once. In case of uncertain or incon- host and isolate. Thereafter, one-way analysis of vari-
sistent results, additional testing was done by pairing ance was used to compare hosts for each isolate. A
only two mutants per plate, to avoid interference from simultaneous comparison of means was performed by
neighboring mutants. the Bonferroni method.
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Results mutants of the 34 isolates of the collection to determine
vegetative compatibility.
Isolates ofV. dahliae According to the formation of strong complemen-

tary heterokaryons, 33 of the isolates could clearly be
The 34 isolates used in this study originated from grouped into two VCGs tentatively designated VCG |
six host plants at 12 sites in Israel. Most of the iso- and VCG Il (Table 2). VCG | comprised 15 isolates
lates were obtained from potato and cotton (13 and 9, (eight from cotton, three from eggplant, three from
respectively) whereas the remainder came from olive, chrysanthemum, and one from olive; ep1Aw, a hyaline
chrysanthemum, eggplant and tomato (Table 1). When variant from ep1 that retained the parental vegetative-
the isolates were grown on MM or CDA, three mor- compatibility characteristics, was not considered an
phological types emerged with respect to pigmenta- independentisolate), and its tester strains were cot3/P1,
tion: black isolates, with very dark cultures due to cot4/K1 and epl/A5. VCG Il comprised 18 isolates
guick melanization of microsclerotia at early stages of (13 from potato, four from olive, and one from cotton)
colony development, and sparse aerial mycelium; gray and its tester strains were cot1/C6, pt32/A3, pt31/D3
isolates, with dense hyaline aerial mycelium and slow and oli1l/D3. Different mutants of the same isolates
melanization of microsclerotia; and white (albino) iso- usually showed similar reactions (positive or negative
lates, which appeared as occasional sectors from thewith respect to prototrophic growth and microsclero-
previous types (e.g. isolate ep1Aw), or as monoconi- tial formation), although variations were sometimes
dial segregants from originally mixed isolates. Dur- observed in the intensity of complementation. Such
ing prolonged incubation, the colonies of gray isolates variation did not affect the VCG assignment, which
became darker while those of white isolates remained was based on the strongest reaction observed. Het-
hyaline. White isolates did not revert to the wild type erokaryon morphology often reflected the morpholo-
but retained thé/. dahliaemorphology of verticillate gy of the parent isolates: mutants of black isolates

conidiophores and conidia. tended to form dark heterokaryons with little aerial
mycelium; whereas mutants of gray isolates tended to
Generation and characterization oft mutants form whitish heterokaryons, consisting of dense aer-

ial mycelium, with slow microsclerotial melanization
The isolates varied in both the yield oft mutants and gradual darkening during prolonged incubation.
and the proportions of the different phenotypic class- The interaction betweenit mutants of one VCG and
es among these mutants. A total of 488 mutants was testers of the other was usually negative, although very
obtained, ranging from 3-33 mutants per isolate. Out weak or uncertain complementation was observed in
of 466 mutants phenotyped, 66 (14%) were classi- 6-11% of such combinations (Table 2).
fied as NitM (Table 1) and the remainderratl. No Using the seven testers of the two VCGs, isolate
nit3 phenotype, characterized by thin growth on nitrite  tom1 from tomato could not be unequivocally assigned
medium, could be recognized, in agreement with pre- to either VCG, because itst1 mutants showed posi-
vious reports ofV. dahliae(Chen, 1994; Joaquim and  tive complementation reactions with two NitM testers

Rowe, 1991; Strausbaugh et al., 1992). of VCG | as well as two of VCG Il (Table 2). In an
attempt to clarify this situation, the interaction between
Vegetative compatibility four nit mutants of tom1 (threwit1 and one NitM) and

complementary mutants of 20 isolates from the two
Different mutants of each isolate were first paired VCGs was further assessed in Bd1 x NitM com-
among themselves to determine self-compatibility. binations (Table 3). The thremitl mutants of tom1
Complementary (NitM anaditl) mutants of several  showed positive reactions (strong-to-weak prototroph-
isolates were then paired in various inter-isolate com- ic growth) with NitM mutants from four out of 12
binations, and where the pairings resulted in strong VCG I isolates and three out of eight VCG Il isolates.
complementary heterokaryotic growth the parent iso- In the reciprocal pairings, the NitM mutant of tom1
lates were assigned to the same VCG. Based on theirshowed complementation (very weak to weak) only
ability to form strong heterokaryons with mamyt with nitl mutants of VCG | isolates. Since the ambi-
mutants, seven NitM mutants were chosen as testerguity concerning isolate tom1, which seems to bridge
strains. These testers, which represented seven isolatebetween the two VCGs, was not resolved, it has not
originating from four host plants, were paired wititl been assigned to a VCG.
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Table 2 Complementation betweetitl mutants from 34 isolates (vertical axis) and seven NitM mutants (horizontal axis) used as tester
strains ofVerticillium dahliae

VCG! Isolate NitM tester strains (isolate/mutant)
VCG | VCG I
(nit 1) cot3/P1 cot4/K1 epl/A5 cot1/C6 pt32/A3 pt31/D3 0li1/D3

? tom1 ++3 [+ +— - - ++ ++

| cot2 ++ ++ ++ - - +— -
cot3 ++ ++ ++ - - - +—/—
cot4 ++ ++ ++ - - - -
cots ++ ++ ++ - - - -
cot6 ++ ++ ++ - - - -
cot8 ++ ++ ++ - - - -
cot9 ++ ++ ++ - - - +—/—
cot1l0 ++ ++ ++ - - +—/— +—/—
epl ++ ++ ++ - - - -
eplAw + ++ ++ - - - -
ep2 ++ ++ ++ - - - -
ep3 +— ++ ++ — — - -
E5 ++ ++ ++ - - +—/— +—/—
E6 ++ ++ ++ - - - -

E7 ++ ++ ++ - - - -
olié ++ ++ ++ - - - _

Il cotl - - - ++ ++ ++ ++
pt12 - - - ++ ++ ++ ++
pt13 - - - ++ ++ ++ ++
pt14 - - - ++ ++ ++ ++
pt28 - - - ++ ++ ++ ++
pt29 - - - ++ ++ ++ ++
pt30 - - - ++ ++ ++ ++
pt31 - - - ++ ++ ++ ++
pt32 - - - ++ ++ ++ ++
pt33 - - - ++ ++ ++ ++
pt34 - - - ++ ++ ++ ++
pt35 - - - ++ ++ ++ ++
pt36 - - - ++ ++ ++ ++
pt37 +—/— - - ++ ++ ++ ++
olil +—/— +—/— - ++ ++ ++ ++
oli2 - - - ++ ++ ++ ++
oli4 - - - ++ ++ ++ ++
oli5 - - - ++ ++ ++ ++

lvegetative-compatibility group.

2Not assigned to a VCG.

SIntensity of prototrophic growth of the heterokaryon: ++ = strong, with aerial mycelium and microsclerotia; + = weak, with a zone of
microsclerotia but no aerial mycelium; +— = very weak, often uncertain, with a sparse microsclerotial zone; — = no growth. Reactions
separated by a slash indicate variation among mutants or experiments.

Pathogenicity oW. dahliaeisolates late (cot9) was not pathogenic at all (Table 4). All the
remaining isolates were pathogenic, at various levels of
The pathogenicity of 10 isolates, originating from three aggressiveness, to cotton and eggplant, irrespective of
hosts and representing the two VCGs, was comparedtheir host of origin. Only two isolates, originating from
by inoculating each isolate on the three hosts. One iso-tomato and eggplant, were also pathogenic to tomato,
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Table 3 Complementation in NitMx nitl pairings between
mutants of isolate tom1 and 20 isolates representing two
VCGs! of Verticillium dahliae

VCG Isolate Mutants tom1 mutants
NitM  nitl  nitl NitM
Al B6 D1 D30
I cot2 R20 R18 2 - - -
cot3 P1 P9 +—- - + +—
cot4 K1 +— - — -
coté F1I2 F9 ++ ++ 3 +-
cot9 E7 E3 - - -
cotl0 B1 +
epl A5 Al - — B
ep2 B40 B7 - +—
ep3 F30 F21 - - +—
E5 C12 + +
E6 C36 Ci17 + + +—
E7 B17 + +
Il cotl C6 Cl10 - — — —
pt14 Ad - - .
pt28 A3 .. e e =
pt32 BL .. .. . -
pt33 B3 .=
pt36 Al A2+ + .=
pt37 D1 Cc1 A= -
olil D3 D2 +- + + -

lvegetative-compatibility groups.
2 See footnote 3 in Table 2.
3 Not tested, or complementary mutants not available.

Table 4 Pathogenicity to cotton, tomato and eggplant of
Verticillium dahliaeisolates originating from these host plants

VCG! Isolat¢ Disease severity indéx
Cotton Eggplant Tomato
? tom1 37.7cB  68.3aA 49.2 aB
| cot2 86.0 aA 31.5bcB 0.8bC
cot3 92.2 aA 18.5¢cB 0.0
cot4 96.6 aA 50.0abcA NT
cots 88.3aA 36.2 bcB 3.2bC
cot6 96.6 aA 50.0abcA NT
cot8 93.3a NT 0.0
cot9 0.0 0.0 0.0
epl 44.2 abcA  54.8 abA 30.5aA
Il cotl 59.3 bA 61.3 abA 6.7 bB

lvegetative-compatibility group.

2 Prefix of isolate name indicates host of origin: tom = tomato,
cot = cotton, ep = eggplant.

30n a scale of 0-100 (see Materials and methods).

4Not assigned to a VCG.

5In each column, values with different lower-case letters are
significantly different according to pairwise t - tests with the
Bonferroni correction® = 0.05). For each isolate (horizontal
line), upper-case letters refer to differences between hosts.
6Not tested.

mum, whereas isolates belonging to VCG Il originated
from potato, cotton and olive. Thus, with respect to the
host of origin, each of these two VCGs contained iso-
lates from at least three different host plants, cotton and
olive being represented in both. The status of an addi-
tional, single isolate from tomato was not clear since

and thus pathogenic to the three hosts. All pathogenic it seemed to be vegetatively compatible with isolates

cottonisolates belonging to VCG | were highly aggres-
sive to cotton (DSI = 86-97), less aggressive to egg-

from both VCGs | and II. Such overlap, or cross-VCG
compatibility, has occasionally been noticed previous-

plant (DSI = 18-50), and non-pathogenic to tomato ly (Joaquim and Rowe, 1990; Rowe, 1995). Addition-
(DSI = 0-3). Although several isolates induced severe al isolates from tomato need to be tested to examine
symptoms on cotton, they did not appear to be of the whether they constitute a specific subpopulatioV.of

defoliating type (Bell, 1994; Schnathorst and Mathre,
1966). An overall comparison of DSI by the Kruskall-
Wallis nonparametric test, followed by the Wilcoxon
test for each pair of hosts, showed significant differ-

dahliae Incidence ol. dahliaeon tomato has become
rare due to wide use of cultivars possessing#bhgene
for resistance.

All pathogenic isolates tested, regardless of their

ences between the three hosts; cotton being the mosthost of origin, were pathogenic to cotton and egg-

susceptible and tomato the leaBk( 0.0001 in each
case).
Discussion

Two distinct VCGs were identified among 33 isolates
of V. dahliaefrom Israel. Isolates belonging to VCG |

plant, but only isolates which originated from tomato
and eggplant were pathogenic to tomato. Eggplant is
considered susceptible to isolates\bfdahliaefrom
different sources (Horiuchi et al., 1990; Resende et
al., 1994), and our results agree with this concept.
Results from other studies concerning the specificity
of V. dahliaeisolates to tomato have been inconclu-
sive: in some cases high specificity has been suggested

originated from cotton, olive, eggplantand chrysanthe- (Horiuchi et al., 1990), while in others this has not



been the case (Ligoxigakis and Vakalounakis, 1994;

Tjamos, 1981). In another study. dahliaestrains
from cotton manifested differential virulence to toma-
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Daayf F, Nicole M and Geiger JP (1995) Differentiation\efticil-
lium dahliaepopulations on the basis of vegetative compatibility
and pathogenicity on cotton. European Journal of Plant Pathology
101: 69-79

to (Schnathorst and Mathre, 1966), whereas none of poriuchi S, Hagiwara H and Takeuchi S (1990) Host specificity of

our cotton isolates was pathogenic to tomato.
Although isolate cot9 was vegetatively compati-
ble with testers of VCG I, it was not pathogenic on

any of the hosts tested. This isolate may have lost its
pathogenicity upon cultivation, or may represent a non-

pathogenic fraction of unknown size that exists inthe
dahliaepopulation. The level of VCG diversity among

the 34 isolates from Israel is comparable to that found

among populations of. dahliaein American potato
fields and other collections of strains (Rowe, 1995).

isolates ofVerticillium dahliaetowards cruciferous and solana-
ceous plants. In: Hornby D (ed), Biological Control of Soil-borne
Plant Pathogens (pp 285-298) CABI, Wallingford, UK

Joaquim TR and Rowe RC (1990) Reassessment of vegetative
compatibility relationships among strains\érticillium dahliae
using nitrate-nonutilizing mutants. Phytopathology 80: 1160—
1166

Joaquim TR and Rowe RC (1991) Vegetative compatibility and viru-
lence of strains oferticillium dahliaefrom soil and potato plants.
Phytopathology 81: 552-558

Katan T, Zamir D, Sarfatti M and Katan J (1991) Vegetative com-
patibility groups and subgroups iRusarium oxysporunf.sp.
radicis-lycopersici Phytopathology 81: 255-262

More isolates need to be tested to better estimate theKrikum Jand Orion D (1979erticillium wilt of potato: importance

spectrum of VCG diversity, and reveal any association

and control. Phytoparasitica 7: 107-116

between VCG, host plant and virulence that may exist Ligoxigakis EK and Vakalounakis DJ (1994) The incidence and dis-

in the local population.
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