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ABSTRACT
NETZER, D., S. NIEGO, and E. GALUN. 1977. A dominant gene conferring resistance to Fusarium wilt in cucumber.
Phytopathology 67: 525-527.
A single-spore culture of an isolate of Fusarium
oxysporum f. sp. cucumerinum from a wilted cucumber plant
in the Samaria area, was utilized to test wilt resistance in
cucumber lines and cultivars. Only one inbred line, WIS-248,
from the introduction collection at the Weizmann Institute of
Science, showed resistance. This line also was resistant to

additional isolates of F. oxysporum f. sp. cucumerinum.
Analysis of progenies of crosses between the resistant WIS248 line and a susceptible inbred cultivar (Shimshon) as well
as of backcross progenies to the susceptible parental cultivar
indicated that resistance to Fusarium wilt is controlled by a
dominant gene tentatively designated Foc.

Additional key words: Cucumis sativus, breeding for disease resistance.

Fusarium wilt and foot-rot of cucumber (Cucumis
sativus L.) have been described in many parts of the
world. In several countries; e. g., Japan [cited by Komada
and Ezuka (7)], The Netherlands (14), United States (9),
England (4), and Israel (3, 11), cucumber wilt causes
serious economic damage. The cucumber wilt pathogen,
Fusarium oxysporum f. sp. cucumerinum (Schlecht.)
Owen, is specific to this host (1, 10).
Tests of F. oxysporum isolates from wilted melon,
watermelon, and cucumber, collected from various
locations in Israel and used for cross-inoculation
experiments, verified that only those isolates from
cucumber, were F. oxysporum f. sp. cucumerinum (3).
In heavily infested fields, profitable cucumber
production is not possible unless resistant cultivars are
used. In the course of breeding such cultivars, we
investigated the inheritance of resistance to Fusarium wilt
in cucumber. Our main findings are reported below.
MATERIALS AND METHODS
The inoculum was derived from a single-spore culture
of F. oxysporum f. sp. cucumerinum No. 706, which was
isolated from a wilted cucumber plant collected in the
summer of 1970 in northern Samaria. This isolate
previously was found (3) to be highly specific to its
respective host (C. sativus).
Cultures were grown in a liquid medium as suggested
by Komada and Ezuka (7) and consisting of the following
components (grams per liter of tap water): K2 HPO 4, 1;
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MgSOa4 7H2O, 0.5; KC1, 0.5; Fe-EDTA, 0.01; yeast
extract, 1; L-aspargine, 2; D-glucose, 30. To 20 ml of this
medium dispensed in 100-ml Roux bottles, 0.5 ml of a
dense spore suspension was added. The bottles were kept
stationary for 7-8 days at 25 C. The growth of each bottle
was macerated in 100 ml of sterile tap water. The
suspension then was mixed with 3 kg of sieved, air-dried,
and heat-sterilized sandy loam soil. This infested soil
contained hyphal fragments as well as micro- and macroconidia, and had approximately 1.3>X 106 propagules/ ml.
The infested soil was placed either in asbestos flats (24
X 12 X 7cm) or in Jiffy pots (10 X 10 X 8 cm)in which 1820 plants of six or seven lines or one line, respectively,
were sown. The plants were maintained in a greenhouse
kept at about 28 C air and 26 C soil temperature. Soil
moisture was kept optimal for vegetative growth of the
cucumber seedlings.
Daily records were kept of the number of wilted plants.
Wilt symptoms in susceptible plants began to appear 12
days after sowing and final assessment was made on the
20th day.
Sections of wilted plants were placed on PDA plates for
re-isolation of F. oxysporum f. sp. cucumerinum . The
surviving plants were transplanted after an additional 7
days (i. e., on the 27th day after sowing) and grown to
maturity for either self- or cross-pollinations.
RESULTS
The following commercial cultivars and breeding line
of cucumber were tested for resistance: China, Harris
Double Yield (Harris Seed Co., Rochester, NY 14624);
Ashley, Chipper, Galaxy (Asgrow Seed Co., Kalamazoo,
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MI 49001); Aofushinari N=2, Chojitsu-Ochiai N=2,
Kagafushinari, Karihafushinari, Natsufushinari, Peking,
Saganihanjiro, Shimoshirazu, Taisen-Kema (Nishi Seed
Co., Tokyo, Japan); Aodai, Jihai (Takii Seed Co., PO 7,
Kyoto, Japan); Ben-Shemen, Bet-Alpha (Hazera Seed
Co., Haifa, Israel); and WIS-248. All were maintained by
selfing at the Department of Plant Genetics of the
Weizmann Institute of Science (WIS). Only the inbred
line, WIS-248, was resistant. It also was resistant when
tested with five isolates of F. oxysporum f. sp.
cucumerinum obtained from wilted cucumber plants
in three regions of Israel (the Esdralon Valley, the coastal
region, and the southern Negev Desert). None of the
progeny from self-pollination of the WIS-248 line wilted
after inoculation with isolate 706. We then crossed WIS248 with several susceptible cultivars and, in all cases, the
F1 progeny was as resistant as WIS-248. The inheritance
of resistance to Fusarium wilt was further tested using the
inbred cultivar Shimshon as the susceptible parent (Table
1). The F 2 progeny of the cross WIS-248 X Shimshon
segregated in a 3:1 ratio (resistant:susceptible), indicating
a single dominant gene for resistance. To obtain further
information, F1 plants of this cross were backcrossed to
the susceptible parent (cultivar Shimshon). The F1
progeny of this backcross segregated in a 1:1 ratio
(resistant:susceptible). The same ratio was obtained when
either a plant of cultivar Shimshon or the F1 plant served
as the female parent. To test the mode of wilt resistance
further, F 2 plants were self-pollinated and the progenies
were tested by inoculation with isolate 706. Selfpollination was performed in F 2 plants which had not
been inoculated, as well as F 2 plants that had been
inoculated, but did not wilt. Eleven and seven progenies
of such plants, respectively, were obtained. Of the 11 F 3
progenies of noninoculated F2 plants, two progenies
consisted of susceptible plants only, five of both
susceptible and resistant plants, and four of resistant
plants only. The five F 3 segregating progenies contained a
total of 111 resistant and 40 susceptible plants,
approximating a 3:1 ratio (x2 = 0.13, P = 0.70-0.80).
Three F 3 progenies out of the seven resistant self-
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pollinated F2 plants contained resistant plants only, and
the four segregating progenies consisted of a total of 161
resistant and 43 susceptible plants, approximating a 3:1
ratio (X2 = 1.67, P = 0.10-0.20). When resistant plants of
nonsegregating F 3 progenies were self-pollinated, only
resistant F 4 plants resulted.
DISCUSSION
The results of inoculation of F 1, F 2, and backcross
progenies support the hypothesis that a single dominant
gene in WIS-248 controls wilt resistance to isolate No. 706
of Fusariumoxysporum f. sp. cucumerinum. We propose
to designate the alleles controlling resistance and
susceptibility as Foe and Foc÷, respectively. Our data
indicate further that, when FociFoci F 2 plants are selfpollinated, a 3:1 ratio of resistant:susceptible F 3 progeny
is obtained and that self-pollination of Foc/ Foe F3 plants
(i.e., resistant plants of nonsegregating F 3 progenies)
results in resistant F 4 plants only. A survey of the
pathogenicity of F. oxysporum f. sp. cucumerinum
isolates in Israel (Netzer, unpublished) did not reveal any
isolate that caused a reaction different from that of isolate
No. 706 in either susceptible cucumber cultivars or in the
resistant WIS-248 line. This does not exclude the possible
existence of other isolates in Israel or other countries.
When cultivars of the Aofushinari group were
inoculated with isolate No. 706, wilting was observed
although these cultivars are resistant to Japanese isolates
of F. oxysporum f. sp. cucumerinum (7). Except for a
single, short report (13), which suggests that resistance is
controlled by three genes, there is no previous
information on the inheritance to Fusarium wilt on
cucumber. Risser (12) reported on a dominant gene (Fom
1.2) for resistance to both races 1 and 2 of the melon wilt
pathogen (F. oxysporum f. sp. melonis). Either one or
two dominant genes for resistance to muskmelon wilt had
been reported previously by Mortensen (8). Bennett (2)
reported that in watermelon Fusarium wilt resistance in
F1 progeny was intermediate between the resistant and
the susceptible parent. Henderson-et al. (6) studied the

TABLE 1.Tests for resistance to Fusarium oxysporum f. sp. cucumerinum in progenies of crosses of a resistant inbred line (WIS248) and susceptible inbred cucumber cultivar Shimshon

Parents and crosses
WIS-248 (resistant line)
Shimshon (susceptible line)
F1 (WIS-248 X Shimshon)
F2 (WIS-248 X Shimshon)

Plants
tested
(no.)
59
50
58

Phenotypic segregation (R:S)a
Expected
Observed
ratio
number
all R
59:0
all S
0:50
all R
58:0

X2

P

...
......
...

...
...

Ib

95

3:1

66:29

1.55

.20-.30

2c
Total

101
196

3:1
3:1

76:25
142:54

0.002
0.68

.95-.98
.30-.50

Ib
59
2c
60
Total
119
'Symbols: R = resistant, and S = susceptible.
hWith Shimshon as the female parent.
cWith WIS-248 as the female parent.
dWith F1 plant as the female parent.

1:1
1:1
1:1

29:30
34:26
63:56

0.02
1.07
0.41

.80-.90
.30-.50
.50-.70

BCi (WIS-248 X Shimshon) X Shimshon
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inheritance of Fusarium wilt resistance in several
watermelon cultivars and suggested that in cultivar
Summit wilt resistance was controlled by a single
dominant gene.
loss
may result in complete
cucumber
Fusarium
e
lo rat , grauting of indivulos
wIlt of
ofcumbe
ofusaecrop. wilt
of the crop. In some locations, grafting of individual
plants on a resistant species (CucurbitaficifoliaBouch•)
was suggested as the only means of avoiding wilting (5).
The finding that a cucumber line has a single dominant
gene for resistance to F. oxysporum f. sp. cucumerinum
could be of great economic significance.
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