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The study was performed to establish an efficient screening method for resistant cucumber to Fusarium oxy-
sporum f. sp. cucumerinum. The isolate KR5 was identified as F. oxysporum f. sp. cucumerinum based on mo-
lecular analyses of ITS and TEF genes and host-specificity test on cucurbits including melon, oriental melon,
cucumber, and watermelon. Then four cucumber and two rootstock cultivars showing different resistance
degrees to the Fusarium wilt pathogen KR5 were selected. And development of Fusarium wilt of the six cul-
tivars according to several conditions, including incubation temperature after inoculation, inoculum concen-
tration, root wounding, and growth stages of seedlings, was investigated. Disease severity of Fusarium wilt
on the resistant cultivars was changed with incubation temperatures after inoculation. The resistant cultivars
showed the higher resistance when inoculated plants were kept at 25 or 30°C than at 20°C. Among four differ-
ent growth stages of the seedlings, seven-day-old seedling represented the most difference of resistance and
susceptibility to Fusarium wilt. From above results, we suggest that an efficient screening method for resistant
cucumber to F. oxysporum f. sp. cucumerinum is to dip the non-cut roots of seven-day-old seedlings in spore
suspension of 1.0 x 10°~1.0 x 10’ conidia/ml and to transplant the seedling into a non-infected soil, and then
to incubate the inoculated plants in a growth room at 25°C for 3 weeks to develop Fusarium wilt.
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Currence, 1938; Matuo2} Yamamoto, 1957; Owen, 1956). 1
Hu S22 the] 4=ufof| A E2]3t F. oxysporum f. sp. niveum
o] 7% v 2 W 2o 3k H¢l4do] 1T %17 (Owen, 1955;
1956), F. oxysporum f. sp. cucumerinum w-5= <=8t} d 2o
A= Yol skele vl lth(Owen, 1955). o] A7 vfa} 2}
2 QhfA o) mwah Aol Be] B31%| 11 glrHBouhot, 1981;
Davis, 1966; Gerlagh®} Blok, 1988; Martyni} McLaughlin,
1983b; McMillan, 1986; Owen, 1955; 1956).
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Q1 A W o]y ALt o) A RS 7HA = FF el thgk

= HZ=35F A A o|tHAhn &, 1998; Chen =, 2010; Vakalou-
nakis, 1993). 53], 3}t woF& o] &3t WA= A o+
=39 59 EA|7} 9] 1(Freeman %, 2002; Sherf2} MacNab,
1985), WA 2 o] 45131 Gz AR =L o] 4 %= A
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2'¢} ‘Aofushinari’ &0l A WA E ohL-F- 24 (Kanno 5,
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1985) 2] Kimura’s 2-parameter distance model(Kimura, 1980)
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Bt W E7E1.0 o] 5kl Z-f-ofli= A, 1.0 21+ 2.0 o] 5}
©SEAA, 20 2= Ao R ISR, B AY
L 1052 © 2 23] A A]EF T} A A2 SAS(SAS Institute,
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Fusarium sacchariNRRL13999 (AF160278)

F. napiforme NRRL13604 (AF160266)

r F. pseudoanthophilum NRRL25206 (AF160264)
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Fig. 2. Phylogenetic tree based on sequences of translation elongation factor 1a genes of Fusarium oxysporum isolates and related species. The
values above each branch indicate the percentage levels of bootstrap support (>50%) for the branch point based on 1000 resamplings. The bar
represents 0.01 substitutions per nucleotide position. () is GenBank accession number.

Table 1. Pathogenicity of Fusarium oxysporum f. sp. cucumerinum KR5
to cucumber, melon, watermelon and oriental melon®

E-2] ¥ F. oxysporum w552 12} W @A o] wro] B 31 & 31 Q)

thBouhot, 1981; Davis, 1966; Gerlaghi} Blok, 1988; Martyni}

Crop Cultivar Scientific name ?ri\Sdeea;be McLaughlin, 1983b; McMillan, 1986; Owen, 1955; 1956). w}2}
: ; — A B Ao A ARE-E KRS = 200l e E Qi 0]
Cucumber Asiacheongjang Cucumis sativus 40+0.0 ofl 74t 2142 LR A F. oxysporum . sp. cucumerinum ©.
Beakmibaekdadagi Cucumis sativus 28+1.1 2 =59t 123 of 427} W, 30], 21} Sof 12 A
Melon Betarich Cucumia melo 20+00 N © - ;E T T o e o °©
Asiahwanggeum  Cucumia melo 26+09 = Uk 212 Owen(1955)9] of3f &.atel ZUA & aiat 2l

Watermelon Seotaja Citrullus lanatus 14+£1.1 dAlez A7 A

Kokoma Citrullus lanatus 1.0+0.0

Oriental melon  Geumje C.melovar.makuwa  2.0+0.0 Ko 220 2 20| HSIAZH WM Qo] JaZx]H
Joeundae C.melovar.makuwa 3.0%1.0 of gt &2 A AW IS AT AP AT F
*Seven-day-old seedlings of each cultivar were inoculated with F. 25 AEFsla1R}F AT 0] @.0] 457 EF3} 2 0] & 237

oxysporumf. sp. cucumerinum KR5 by dipping the roots in spore suspen-
sion of 1.0 x 10’ conidia/ml for 30 min. The inoculated plants were incubated
in a dew chamber at 25°C for 24 hr and then transferred to a growth
room at 25°C with 12-hour light a day. After 3 weeks, disease severity
of the plants was investigated.

®Each value represents the mean disease severity + standard deviation of
two runs with ten replicates each.
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[ Support ® Nunbusher B Russuboy il Minicue = Glorysamcheok ® Jungboksamcheok
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Disease index
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~

b
I bc
. |l

20°C 25°C 30°C

Incubation temperature

0

Fig. 3. Development of Fusarium wilt on four cucumber and two rootstock
cultivars incubated at three temperatures. Seven-day-old seedlings of
each cultivar were inoculated with Fusarium oxysporumf. sp. cucumerinum
KR5 by dipping the roots in spore suspension of 1.0 x 10” conidia/ml
for 30 min. The inoculated plants were incubated in a dew chamber at
20, 25, and 30°C for 24 hr and then transferred to a growth room at 20,
25, and 30°C with 12-hour light a day, respectively. After 3 weeks, disease
severity of the plants was investigated. Each value represents the
mean of two runs with ten replicates each. Values in the labeled with
the same letter within each incubation temperature of seedlings are
not significantly different in Duncan’s multiple range test at P=0.05.
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e STk SR A 2o] B3 ‘e amol'e} H]U Y]
739, 25°C} 30°Col| A= 0.8 1] uke] oA A o1 2] Al LFeRY
O}, 20°Co)| A= 2.29] Bt R =& W o A3} o] F
ﬁl‘% (Fig. 3). 20]9] F=27" A4 A4 25°C2} 30°CO
A B 7Hs SR, 30°Col A o418k A&7 4A] J2ks
A oha ASHE 97k 5% BASHE of el gl Qick whet
A F. oxysporum f. sp. cucumerinum 52 &3+ A3 of o
AFAREO] A & Al =5 24°C T= 26°C W @] of] =35}
11 Q)= A X F(Vakalounakis, 1993; 1995; 1996; Vakalounakis
2} Smardas, 1995), 20| TR A3 A= XAL6H]
91814 = 1% T 25°Col 4 Aotz 2ol Agskele Az

g},

o_,>: Eﬁ

HEH S0 ME 20| A XY UM oot g
Zxo] My E thAl =9 F, oxysporum f. sp. cucumerinum
KRS 27} Wefolof A x|5lo] HEal A 1, 54 o]

[JSupport M Nunbusher M Russuboy Il Minicue = Glorysamcheok ® Jungboksamcheok
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Disease index
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b

bc
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9.0 x 107

b
Wb
be
N IE

3.3 x 10°

b
0 b b [l

1.1 x 10° 1.0 x 107 3.0 x 107

Inoculum concentration (conidia/ml)

Fig. 4. Fusarium wilt occurrence of four cucumber and two rootstock
cultivars according to inoculum concentration. Seven-day-old seedlings
of each cultivar were inoculated with Fusarium oxysporumf. sp. cucumerinum
KR5 by dipping the roots in spore suspensions of 1.1 x 10°,3.3 x 10°,
1.0x 107,3.0x 107, and 9.0 x 10’ conidia/ml for 30 min. The inoculated
plants were incubated in a dew chamber at 25°C for 24 hr and then
transferred to a growth room at 25°C with 12-hour light a day. After 3
weeks, disease severity of the plants was investigated. Each value
represents the mean of two runs with ten replicates each. Values in
the labeled with the same letter within each inoculum concentration
of seedlings are not significantly different in Duncan’s multiple range
testat P=0.05.

Aglo] ThE £ M LE QLR AE 0,0 0]312] =2 T4
2 Uehch. I3 20] 744 B FRAE I BRe4
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S| R0k ‘g A o]’ 9] Qo) = 9.0 x 107 conidia/ml 2] %o
e F =R S 2 9rHFg.4).

Martyn} McLaughlin(1983a)-2
F8 o83 1 ] T U B AL I A
Thol| A 71 =2 A E %91 1 x 10°conidia/mlo]| 4] ‘Dixielee’
o} ‘Smokylee’ 22 A3 EESo] o8] E4S 2 ey
T o Ikl a, v Ao Aol W =2 gyl
3k e19tof| 1 x 10° conidia/ml2] HZEYS AFR3F A w3l ot
4= ) tHFreemani} Rodriguez, 1993; Freeman 5, 2002; Zhou
5,2010). 0] F=2go] Tt A F HwA £ T
9] 3z 2}3EFoH(8 x 107 conidia/ml)2 AFR3E AQ = 9l ot
(Vakalounakis, 1993; 1995; Vakalounakis@} Smardas, 1995), =
Aol HEY o] T @2y WAo) Aol wet
1.1 x 10® conidia/mlo]| A] 1.0 x 10’ conidia/ml =% o] 32} & €}
& ARG SHE Zlo] 2o] FREAY kA A A
o ulerla 20 2 weke gl

OJH

F. oxysporum f. sp. niveum <t
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Fig. 5. Development of Fusarium wilt on four cucumber and two
rootstock cultivars when cut and non-cut roots were dipped in a
spore suspension of Fusarium oxysporum f. sp. cucumerinum. Seven-
day-old seedlings of each cultivar were inoculated with F. oxysporum
f. sp. cucumerinum KR5 by dipping the cut and non-cut roots in spore
suspension of 1.0 x 10 conidia/ml for 30 min. The inoculated plants
were incubated in a dew chamber at 25°C for 24 hr and then trans-
ferred to a growth room at 25°C with 12-hour light a day. After 3
weeks, disease severity of the plants was investigated. Each value
represents the mean of two runs with ten replicates each. Values in
the labeled with the same letter within each inoculation method of
seedlings are not significantly different in Duncan’s multiple range
testat P=0.05.
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Fig. 6. Fusarium wilt occurrence on four cucumber and two rootstock
cultivars inoculated at four growth stages of seedlings. Seven-, ten-,
thirteen- and sixteen-day-old seedlings of each cultivar were inocu-
lated with Fusarium oxysporum f. sp. cucumerinum KR5 by dipping the
roots in spore suspension of 1.0 x 10’ conidia/ml for 30 min. The
inoculated plants were incubated in a dew chamber at 25°C for 24 hr
and then transferred to a growth room at 25°C with 12-hour light a
day. Three weeks after inoculation, disease severity of the plants was
investigated. Each value represents the mean of two runs with ten
replicates each. Values in the labeled with the same letter within each
growth stage of seedlings are not significantly different in Duncan’s
multiple range test at P=0.05.
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