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Abstract: This study was conducted to establish an efficient screening system to identify melon resistant to Fusarium oxysporum
f. sp. melonis. F. oyxsporum f. sp. melonis GR was isolated from infected melon plants collected at Goryeong and identified
as F. oxysporum f. sp. melonis based on morphological characteristics, molecular analyses, and host-specificity tests on cucurbits
including melon, oriental melon, cucumber, and watermelon. In addition, the GR isolate was determined as race 1 based on
resistance responses of melon differentials to the fungus. To select optimized medium for mass production of inoculum of F.
oxysporum f. sp. melonis GR, six media were tested. The fungus produced the most spores (microconidia) in V8-juice broth.
Resistance degrees to the GR isolate of 22 commercial melon cultivars and 6 rootstocks for melon plants were investigated.
All tested rootstocks showed no symptoms of Fusarium wilt. Among the tested melon cultivars, only three cultivars were susceptible
and the other cultivars displayed moderate to high resistance to the GR isolate. For further study, six melon cultivars (Redqueen,
Summercool, Superseji, Asiapapaya, Eolukpapaya, and Asiahwanggeum) showing different degrees of resistance to the fungus
were selected. The development of Fusarium wilt on the cultivars was tested according to several conditions such as plant
growth stage, root wounding, dipping period of roots in spore suspension, inoculum concentration, and incubation temperature
to develop the disease. On the basis of the test results, we suggest that an efficient screening method for melon plants resistant
to F. oxysporum f. sp. melonis is to remove soil from roots of seven-day-old melon seedlings, to dip the seedlings without cutting
in spore suspension of 3 x 10° conidia/mL for 30 min, to transplant the inoculated seedlings to plastic pots with horticulture
nursery media, and then to cultivate the plants in a growth room at 25 to 28°C for about 3 weeks with 12-hour light per day.
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oxysporumi}t 100%9] A5AS Btk 18| & oY
Zto] tisto] phylogenic treeE 2HJ5l3l< fqi = o F
oxysporumi} FLst 152 FA5IHH(Fig. 1). ITS I
dut oz agolo] F5 FEsh] flste] g AREH

5

I

=

e, Fusarium 42) S+ HHS 9lejAl= TEF 7%
7H Agsiciar 4 A QIcKGeiser et al., 2004). 3FAEE 2
A% GR #FE= 7 A 9o oA F. oxysporum=}
QEg el o)e] Peh W AT 5

100

F. bulbicola

] 88
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F. napiforme NRRL13604 (AF160266)
62 F. pseudoanthophilum NRRL25206 (AF160264)

F. brevicatenulatum NRRL25446 (AF160265)
F. subglutinans NRRL22016 (AF160289)
NRRL13618 (AF160294)

F. anthophilum NRRL13602 (AF160292)

F. succisae NRRL13613 (AF160291)
F. bactridioides NRRL20476 (AF160290)

F. begoniae NRRL25300 (AF160293)
F. guttiforme NRRL22945 (AF160297)
F. concentricum NRRL25181 (AF160282)
EL F. dlaminii NRRL13164 (AF160277)
[ F. oxysporum NRRL25603 (AY527534)

99 [ F. oxysporum NRRL22902 (AF160312)

GR

F. pseudocircinatum NRRL22946 (AF160271)

F. denticulatum NRRL25302 (AF160269)

—‘j F. phyllophilum NRRL13617 (AF160274)

F. udum NRRL22949 (AF160275)

0.01

Fig. 1. Phylogenetic tree based on sequences of rDNA-TEF regions 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 1,000
resamplings. The bar represents 0.01 substitutions per nucleotide position. GenBank accession numbers are represented in

parentheses.

Table 1. Pathogenicity of Fusarium oxysporum f. sp. meloni.

s GR isolate on four cucurbits”.

Crop Cultivar Scientific name Disease index’
Melon Betarich Cucumis melo 32 £ 08
Asiahwanggeum Cucumis melo 4.0 = 0.0
Oriental melon Geumje C. melo var. makuwa 4.0 + 0.0
Joeundae C. melo var. makuwa 4.0 £ 0.0
Cucumber Asiacheongjang Cucumis sativus 0.0 £ 0.0
Baekmibaekdadagi Cucumis sativus 0.0 £ 0.0
Watermelon Seotaja Citrullus lanatus 03 £ 05
Kokoma Citrullus lanatus 0.0 £ 0.0

“Seven-day-old seedlings of eight cultivars were inoculated with GR isolate by dipping the roots of seedlings in spore suspension
of 3.3 x 10° conidia/mL for 30 minutes. The inoculated plants were incubated in a dew chamber at 25°C for 24 hours and
then transferred to a growth room at 25°C with 12-hour light a day. After 3 weeks, disease severity of the seedling was
investigated on a scale of 0-4, where 0 = represents no disease symptom; 1 = slight discoloration of vascular system, slight
stunting; 2 = slight discoloration of vascular system, stunting; 3 = discoloration of vascular system, yellowing and severe stunting;

= death.

YEach value represents the mean disease index + standard deviation of two runs with ten replicates each.
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Fig. 2. Spore production of Fusarium oxysporum f. sp. melonis
GR in six incubation media.

Table 2. Resistance of four melon differentials to Fusarium oxysporum f. sp. melonis GR".

Cultivar Resistance gene Disease index’ Response”
Charentais T 4.0 £ 0.0 S
Charentais Fom-1 Fom-1 4.0 £ 0.0 S
Charentais Fom-2 Fom-2 0.1 + 0.3 R
MR-1 Fom-1, Fom-2 0.0 £ 0.0 R

"Seven-day-old seedlings of four melon cultivars with different genotypes were inoculated with F. oxysporum f. sp. melonis GR
by dipping the roots of seedlings in spore suspension of 3.3 x 10° conidia/mL for 30 minutes. The inoculated plants were
incubated in a dew chamber at 25°C for 24 hours and then transferred to a growth room at 25°C with 12-hour light a day
for 6 days. And the seedlings were further cultivated at 28°C. Three weeks after inoculation, disease severity of the seedling
was investigated on a scale of 0-4, where 0 = represents no disease symptom; 1 = slight discoloration of vascular system,
slight stunting; 2 = slight discoloration of vascular system, stunting; 3 = discoloration of vascular system, yellowing and severe

stunting; 4 = death.

YEach value represents the mean disease index *+ standard deviation of two runs with ten replicates each.
"R, resistant [disease index (DI) = 0 - 1.0]; MR, moderately resistant (DI = 1.1 - 2.5); S, susceptible (DI = 2.6 - 4.0).



76 Kor. J. Hort. Sci. Technol. 33(1), February 2015

ZAE ofef AAKSE] $IEIATE Veduice broth Hh<Jol 4] oF
791 9k 150mpm o2 Asujeksls Zlo] T&Ae Holch

= 232| F=2X4H0|| chst XMakd
S0 HE FF 223 HE ARG dE 5 65
9] F. oxysporum f. sp. melonis GR -5(race 1)°] tgt #&t
A BT 2ARE A, FARIAIA B2 AEe
2 sk Sl WE AuE tiE 67l FS(AIESR,
‘SAER, ‘FEZP, NO.8, ‘RS111’, ‘AE)o|A= o
=240 A5 WASHA] otk wWekA o5 tiE F5=
£ GR ol that LES] AT BEUS L & Ak
AR 22F WE F5 T TASAfolA =2 o
A FFor skl Sl S (=T, A
=, ‘o X|obA5F, ‘ol RlofRZuIE, GEFRTFTIoloF) %
‘opiot o} AEFRIITolOF S Aelg A 3
T W7 1.0 ofste] W WS Hof o5 race | 3t
ol tiet =2 A FFUS & 5 UATHTable 3).
2h o]5 EEs Fom-2 AFY $AAN RO &
= ‘Fom-I" ARt A =) P
ok 3 gE2Y A3 F5or BiEL Qe AE
A
©

ot

FR3tsfolob L= race 191 GR 50| thsto] #4442
ouE o] FFL Fom I AFHY FAAE AL F
2 2459t

09 YRAYY AYY FROR BAHA YL 17%
E% % ) oblolEE T AZapulop oA MY 40
2 Bl w2 40 BEUS L 5 Utk 1217 e
157) $% % WA} AR Aol W 220} 249)
thh W AGHE Uehon], 1 9] 137 U8 EEES
9T 0.9-2.09) gAY TS 2 ci(Table 3). w2t
A BEn Qb BE FEE F TSI FATE
AGH FFE ST RO HHT AT WEEF RS

o T

[e

N

fl
o

A o] atoli= UATE race 10 gt AT FE
& o 4 glgitt

AE g2yl digt aeAed AdE d4 S
e st7] flsto] ofe] Wz Wi WE FEE9Y F
oxysporum f. sp. melonis®] t)st 34 2}fo|& ZASH|

g % HEAA, FEAZY ofalolataior, Te)n
Ae) A= ot ofAlolg T EES Aalct

MS Al7|0] T2 BE SEm
GRo| A A7)0 e We BEse] YRRy WA
Hes e $Jsto] AW 6] EFE hEeiL 7, 10,

Table 3. Resistance degree of 22 commercial melon cultivars
to Fusarium oxysporum f. sp. melonis GR"

Cultivar Trait' Disease index’ Response”
Asiahwanggeum 4.0 = 0.0 S
Asiajochunmanchu R 1.3 £ 0.5 MR
Asiapapaya 2.0 £ 0.0 MR
Asiaseongha R 1.0 = 0.0 R
Betarichi 2.0 = 0.6 MR
Earlselite 2.0 £ 0.0 MR
Earlselysee 1.3 + 05 MR
Earlsgoldking 1.3 + 0.7 MR
Earlshappy 14 + 05 MR
Earlsking 1.9 £ 0.3 MR
Earlsmounthagye 1.3 + 0.5 MR
Earlsparty 1.1 + 0.8 MR
Earlstopone 1.5+ 05 MR
EarlsVIP 11 +03 MR
Eolukpapaya 4.0 £ 0.0
JangchoonFRpapaiya R 4.0 £ 0.0

Jjhagye 1.7 + 0.5 MR
Jjonetop 22 +04 MR
Redqueen R 0.7 £ 0.7 R
Sejiokay 24 + 0.5 MR
Summercool R 0.7 + 0.5 R
Superseji 09 * 0.3 R

“Seven-day-old seedlings of 22 melon cultivars were inoculated
with F. oxysporum f. sp. melonis GR by dipg)ing the roots of
seedlings in spore suspension of 3.3 x 10° conidia/mL for
30 minutes. The inoculated plants were incubated in a dew
chamber at 25°C for 24 hours and then transferred to a growth
room at 25°C with 12-hour light a day for 6 days. And the
seedlings were further cultivated at 28°C. Three weeks after
inoculation, disease severity of the seedling was investigated
on a scale of 0-4, where 0 = represents no disease symptom;
1 = slight discoloration of vascular system, slight stunting;
2 = slight discoloration of vascular system, stunting; 3 = slight
discoloration of vascular system, yellowing and severe stunting;
4 = death.
YResistant cultivar to Fusarium wilt published by each seed
company.
*Each value represents the mean disease index + standard
deviation of two runs with ten replicates each.
"R, resistant [disease index (DI) = 0 - 1.0]; MR, moderately
resistant (DI = 1.1 - 2.5); S, susceptible (DI = 2.6 - 4.0).
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Fig. 3. Development of Fusarium wilt on six melon cultivars according to growth stage of melon seedlings. Seven-day-old, ten-day-old,
thirteen-day-old, and sixteen-day-old seedlings of each cultivar were inoculated with Fusarium oxysporum f. sp. melonis GR
by dipping the roots of seedlings in spore suspension of 3.3 x 10° conidia/mL for 30 minutes. The inoculated plants were
incubated in a dew chamber at 25°C for 24 hours and then transferred to a growth room at 25°C with 12-hour light a
day for 6 days. And the seedlings were further cultivated at 28°C. Three weeks after inoculation, disease severity of the
seedling was investigated. Each value represents the mean disease index + standard deviation of ten replicates each. And
values labeled with the same letter are not significantly different in Duncan’s multiple range test at p = 0.05.
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Fig. 4. Development of Fusarium wilt on six melon cultivars when cut and non-cut roots were dipped in the spore suspension
of Fusarium oxysporum f. sp. melonis GR. Seven-day-old seedlings of each cultivar were inoculated with GR isolate by dipping
the roots of seedlings in spore suspension of 3.3 x 10° conidia/mL for 30 minutes. The inoculated plants were incubated
in a dew chamber at 25°C for 24 hours and transferred to a growth room at 25°C with 12-hour light a day for 6 days.
And the seedlings were further cultivated at 28°C. Three weeks after inoculation, disease severity of the seedling was investigated.
Each value represents the mean disease index + standard deviation of ten replicates each. And values labeled with the same
letter are not significantly different in Duncan’s multiple range test at p = 0.05.
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Fig. 5. Development of Fusarium wilt on six melon cultivars according to dipping period of roots in spore suspension. Seven-day-old
seedlings of each cultivar were inoculated with Fusarium oxysporum f. sp. melonis GR by dipping the roots of seedlings in
spore suspension of 3.3 x 10° conidia/mL for 0 to 5 hours. The inoculated plants were incubated in a dew chamber at
25°C for 24 hours and then transferred to a growth room at 25°C with 12-hour light a day for 6 days. And the seedlings
were further cultivated at 28°C. Three weeks after inoculation, disease severity of the seedling was investigated. Each value
represents the mean disease index * standard deviation of ten replicates each. And values with the same letter are not
significantly different in Duncan’s multiple range test at p = 0.05.

FSSIT, 2 EAEEelo] AT SA AYE 08 HIRANE EORs A B ARelA 12 vl o)
A oA FEATA thr FEQ] oprjolutuloPE E & ZO A|7F Boto] ¥Eom B HMS Swskil glout
o A4S YEFATHFig. 5). (Freeman et al., 2002; Jacobson and Gordon, 1988; Namiki

HE fuol oo ZA HEHE HX|eh= WHoRE et al.,, 2000), HE FHOA AR F. oxysporum f. sp.



O|A, o|A| ¥, AASL |

o

melonis 2] FEE s BE9] HalE X3 Erlof 304
Ax A|sto] HGFsh= Ao| o vieAlsioiar Az Qlck

HMEQ| =0 M2 WE SEARZIE HiAl

tl0|_ o Oo 2o

FHIgh W fHE GR 759 ThAl 71 (13 x 107,
4.0 x 10*, 1.2 x 10°, 3.6 x 10°, 1.1 x 106c0njdia/mL)91 Z2}
aaonoﬂ il;qs}*v o]xlg}oq 67H tﬂli _4 1:4%’-&7134

I R AT A, ssislep e oAelg
439 e ARle] S ol ke Uede
ek, “TelL A EEOIE die] Bl HE

o) 22} s&=7t %7#&}011 e gERgye) dyes 37t
a1 th(Fig. 6). 1.2 x 10°conidia/mL %= HE LA L 7
Y FEE ofUe AP opXofufutop E
wo] A3 Bk 183 Kue(1987, 1994)= A1 &2
AR AN deeE Bdde AFsHd AEA7t
27] dAHo] AEE =T = e o] flo] st
Ao 7o) olfojd 4= glrkal Haugh Wl Qlch
uhebA] oAul A e

=
o

AFY SEE Aslel W A% A7), BT F e
=

FEHoz AR HWE] AL A7, HE T Aujex, I
A AIZHS o] g5t HE wo mE gaERdy wS
Aldlal Aol A EAF =S 13 x 10°, 4.0 x 10°, 1.2 x
10°, 3.6 x 10°, 1.1 x 10°conidia/mL& ©] W30 A3l 4

I}, F. oxysporum f. sp. melonis©l| T3t W20 APA A=
L 3 x 10°conidia/mL 9] Z}gletoof 2 z|5}o] A
sh Aol o mubsolet zrsolct

01-)1

Tl 20f| [E WE =R 2H Ll

P2 ST RO A 2220, 25, 30°C)
of W2 6% WE FF=Y Aol AolE AR A3
A FFE0AE AT Al ko HAR] B=
2ol AsHA WA tH(Fig. 7). SHAITE A} FF
S 25°C9} 30°Cof|l A &2 AdAS HERH2 L, 20°C]
Ae Aol FUAEA w2 d=2249 e 23
ti(Fig. 7).

A FEE9 Bt G220 S AR
O A= Aole flout 25°CHL: 30°CofAf thas | Qith
SHAITE 30°Cof| A= o)A Fof 59| Fakeo] HojA=

A57) wk. wety WE gaaael 494 44 9

N]I_L.

ﬂl

rlr

50 r
O 1.3 X 104 conidia/mL O+ 4.0 x 10* conidia/mL
B’ 1.2 x 10° conidia/mL ®: 3.6 x 10° conidia/mL a . aa a
40 - . a a apgma
®’ 1.1 X 108 conidia/mL
a
> 30 |
©
£
[}
8 20 |
s 2
2 b
Q bc
1.0 bcd
deCd cde
e de de
0.0 1 1 L L
Redqueen  Summercool Superseji Asiapapaya Eolukpapaya Asiahwanggeum

Fig. 6. Development of Fusarium wilt of six melon cultivars according to inoculum concentration. Seven-day-old seedlings of
each cultivar were inoculated with Fusarium oxysporum f. sp. melonis GR by dipping the roots of seedlings in spore suspension
of five concentrations for 30 minutes. The inoculated plants were incubated in a dew chamber at 25°C for 24 hours and
then transferred to a growth room at 25°C with 12-hour light a day for 6 days. And the seedlings were further cultivated
at 28°C. Three weeks after inoculation, disease severity of the seedling was investigated. Each value represents the mean
disease index * standard deviation of ten replicates each. And values labeled with the same letter are not significantly different

in Duncan’s multiple range test at p = 0.05.
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Fig. 7. Development of Fusarium wilt of six melon cultivars according to incubation temperature. Seven-day-old seedlings of
each cultivar were inoculated with Fusarium oxysporum f. sp. melonis GR by dipping the roots of seedlings in spore suspension
of 3.3 x 10° conidia/mL for 30 minutes. The inoculated plants were incubated in a dew chamber at 20, 25, and 30°C for
24 hours and then transferred to a growth room at 20, 25, and 30°C, respectively, with 12-hour light a day. After 3 weeks,
disease severity of the seedling was investigated. Each value represents the mean disease index + standard deviation of
ten replicates each. And values labeled with the same letter are not significantly different in Duncan’s multiple range test

at p = 0.05.
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