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Root-dipping inoculation method has been widely used to determine the resistance of watermelon
to Fusarium oxysporum f. sp. niveum causing Fusarium wilt. Although this method leads to the precise
results of plant disease responses, more rapid and efficient assay methods have been still required
because the root-dipping inoculation method is labor-intensive and time-consuming. In this study, we
established a simple and effective bioassay method based on the comparison of various inoculation
methods and growth conditions. To develop the system, the occurrence of Fusarium wilt on four
resistant and susceptible cultivars was investigated by four different inoculation methods, root-
dipping, scalpel, tip and soil-drenching methods. Of these inoculation methods, scalpel method
resulted in clear plant disease resistance responses with the simplicity. With the use of scalpel method,
we also explored the disease development of the cultivars depending on inoculum concentration,
growth stage of seedlings, and incubation temperature after inoculation. Furthermore, we found that
the resistance degrees of 23 cultivars derived by scalpel inoculation method were similar to the results
Received February 6, 2017 by root-dipping method established previously.
Revised February 24,2017

Keywords: Breeding, Cucurbit, Disease resistance, Fusarium wilt, Inoculation method
Accepted February 24,2017 y 9

N B L, 922, Bl 2, Yut Y, BAY, 920
g, QUi 28 L 9 5 255 0] 1315 IThKSPR 2009).

FH2 A AAHCZ Qe = AE2
oA i, g7| ek @A 33U A& F st R 20153 ol =
A4 AA APAEH O] 2F 119%31 9,901 A& A3t F
g gEolt o2 EF IR A Ve FHo=
T AAto] 7He ot A TLof w2 el = wol WAy skal

¥ 2 o

pISSN 1598-2262, elSSN 2233-9191

Research in Plant Disease
www.online-rpd.org

©The Korean Society of Plant Pathology

£ 3] Fusarium oxysporum f. sp. niveum©l] 9]t J =227
(Fusarium wilt)> = ] &] <=} 2 v} 3270 A o] Ay 5}
AR E Z o & Yol Ut
ol U 7|7 By Y ST E JYUT T 11 &9
Al o] F 9 FATtA AEAE AEA S, B 29 &=
T 7oA = E717HAZE 20A = B & 5 o
(Agrios, 2005; Lee®} Lee, 1994). T3t 7] 4] & of ojgt 5
=
=

A zLo), & 7|15 EolAd o] Qlil(Lee, 1969), =4}

@This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Research in Plant Disease Vol. 23 No. 2 169

o W raced] £33 = & A =4 (Crall, 1963), ~1f
47 &% ('Sugar baby, ‘Charleston gray;, ‘Calhoun gray, ‘PI-
296341-FR)°] T3t X 9/ Zto]of Wt race 0,1,2 H 382
TFE3FH(Cirulli, 1972; Martyn¥} Netzer, 1991; Netzer, 1976;
Netzer®} Dishon, 1973; Zhou 5, 2010). 58 G =2 ¥ &
WA 517] $J35le] u|= 5ol A= F oxysporum f. sp. niveum
race 1] gt A ¢4 FFo] MTEo A= gloy
(Martyn, 1996), -2 Urgtoll A= AR E I Q= A3 FF
o] glom thAilo] A hES o] &3 H= Aul7t &3]
AHEE AL Sl o] A& =F o] Wol 85l —Erxﬂ
AL 7FA 1 Qo] AHAE 2271 QthLee Lee, 1994).
21 HUHF B3lo] W2 Q2L raced £ 5 st A
o] tf-3-3t7] fI5to] thFet AFE FF 7ol gk R
T7FF7FstaL itk wEbA] o] & QI3 pHF F 22U A
A ALY HA T AR FF NT S Al et
o) s Az disf A&X o2 A AL &
U= ol g asiet

FERAY O vt AE o] gt WA v AHE
FAAEY YA AN HAAY HAFFHeE |
2] A A ¥ (root-dipping)& Y¥FA o2 AHg-8taL §lrh(Jo
5, 2015; Lee 5, 2014; Martyn, 1987; Zhou -, 2010). 3} x| 9k
o) e A% BN EEC] AAM 49 S5 Bo}
A W97 EAA o] AT Fo] A2 & Bl o] 4
She BH4& A Lo ofu) S8k §12.9] Sl o]} gol
olck. Bek ohieh A17ha} B elo] Bo] 4 a8 ohs B
o] Qlth(LatinT} Snell, 1986). whetA] o] BFH O 2 %A &

ST NN Y= £E2 wf TE Fo =224

ol gk A el HAE At A2 &olshA] gt
JYus gy FH AR G2 2YY AFAEAS 8 &
o7 AL Y= Bk ZHHESH A4 ol
3t} Lee 5 (2015a)2 & 2 9] 22 7 W (F. oxysporum f. sp.
melonis)®l| Tt A FA AA LS scalpel £ HH-S o] &3}
of ZHRSlA A el W H S R ae v ol

2 Aol v gEa ol oje 2ue o 4
A 7H‘:£°P7l H”}"q % B2EF, SEAZE Hh
= AHESto] et g =2 24

UX], scaIpeI tip 2 EF ¥=(soil-drenching)

T SO EF=Y W24 I L AT
W50 scalpel 4 WS At 1
& ARESto] A& BFAI7], HEY 55,

= oo R oox o it o
o,
H1
ﬂllﬂl
E,

(o
)
otk
o I
N
o
Gl
BN
>
p'L
2
By
u
A
Rl
9
iy
(i)
i)
i
i
R

2 scalpel W< o] &3 7tH tiF AFH S s,
o| W o] A8/ gelsty] Hste] Ald = 21EF
e O & 2& 39| F oxysporum f. sp. niveum-Z scalpel B
Haop By IO 2 HFstl AP FF=Y B=&

70 A 2ol & )

WG

ERET

LUt R, AT F S Sue YR B0 PR
2o g A AL QAL 2] EE0X
B 2L 7102, ' E ) R YR, AR A EE,
AR AT U UE S AR 1y
O B SweE wRB R AL DA )
AEZ welRE YUET SUE 2 2 FHA
RIS, RS AT 725t 4] 483
Ak

a3 28] A¥-E Y3l A= F oxysporum f. sp. niveum©]|
A 48 2E2 A g A (Asia Seed, Seoul, Korea) &} ‘A &
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Fig. 1. Growth stage of watermelon seedlings: 7-, 10-, 13-, and
16-day-old watermelon plants.



170 Research in Plant Disease Vol. 23 No. 2

= 8
2%%7,10138 216 Wl GofAet Fd YO
TAE oHEote] 2 Auit ek fEE Aol A

&3 A thFig. 1).

M=o
Ho &

M

[. e etk =k e of| A Y- gt
E utr 2 BE B2]3tF oxysporum f. sp. niveum HA o5
(race 0; Jo -5, 2015)5 potato dextrose agar (Becton, Dickinson
and Co,, Franklin Lakes, NJ, USA) 8} x| o] % &3} 31 25°Co]| A] 1
FLTE gt Fof FF o2 HE HAF 2Z4Bx8 mm)= F
2} o] V-8 juice broth B Z] 100 mlof 670 % HF 3t}
Z3H A= 25°Co0| A 7 52t 150 rpm 2 2 Z ghujj ok ah
ko et A5 470 AZRE AYA FAE AAST 9
41+ 2](4,300g, 10+, 4°C; Beckman Coulter Inc., Brea, CA, USA)
of FeHZ AAsHAY. 22 F-& A= B+t

AE Yl g et =249 48 AoA=
1.0x10°Z} 1.0x10” conidia/ml7} E| =&, 18] 1 4 2 A9
g2 APA= HEY g0 e s g2x2dy g
A& A3t BE A F o] A= 3.0x10° conidia/ml7} = ==
TS AHESt] 2 =5 2T 18 HE
H ko O put g2y DAY ol 22 5
=7} 3.7x10°%, 1.1x10° 3.3x10°% 1.0x10” conidia/ml7} = ==
2 A A NS 21|51

i YEXAYF HE. 2 IA HZ TS AN
gt fFHE ZEOX Fobx B FHO Z& EE A
A3 Sof FH T H U ZAEE Y of 308 T A A5t
ek 1283 5x8 A E ZE (68 ml/pot)oll Y S E 555
i 55 TR0 Y F& S5 UE Tl HFE 4
9 HEES &A A A

i)
i

=]
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TEAYPL 10RO 23] 35 H o
9.1 (SAS Institute Inc.,, Cary, NC, USA) L2 132 o] &3}
ANOVA 4 sl A2 Ho 7+ v L& 93+4] Duncan’s
multiple range test (P=0.05)5 A A 3} % Tt

Fig. 2. Disease index of Fusarium wilt in watermelon plants. O,
no symptoms; 1, darkening of roots, no stunting or symptoms in
tops; 2, darkening of roots, slightly top stunting; 3, dark stunted
roots, severe stunting of roots and tops; 4, death.
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ﬂﬂﬂTddﬁéﬁ o EEREEEREE
doA BE o7 =5 5t o= A EE I A=AV
oF 22 A4/ FF A AAE FHHE ohE Al 7HA A F
W S0 vlste] =2 W T o] uje- Rk th(Table 1).
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st g ERY WA AYshA g o 4%
=l

ofuet &wmebE = A vhee e ArkTable ). 1 Scalpel} tip A% W& ®e) WA A g ol Aot 2
AT B AR A EB L 10x10° conidia/ o] AE 4] BFE FERY Y| T AFA wrE
ml9] FE o A= A 34 L, 1.0x10’ conidia/mle] =2 F o] A, FEAFA 5o Aoz & eyt 314
TS B ole AT EATh THip FF HHS AP Ao mhet o) AHE F= AR
32274 347 Foyspoum B BLHH AL of Aolh BT AR E glof A kel YRRy A
StAV BEof T AA, e A FES Al AT A S WS diF A A A HF HRH L2 scalpel
Table 1. Occurrence of Fusarium wilt on four cultivars depending on inoculation method*
Inoculation method Inoculum fo.n centration Cultivar
(conidia/ml) Bulrojangsaeng  Soknoranggul Seotaja Jijonggul
Root-dipping’ 1.0x10° 0.0+0.0a° 23+13a 35407 a 3.7#05a
1.0x10 0.0+0.0a 25+13a 3.8+0.6a 3.8+04a
Scalpel" 1.0x10° 0.0+0.0a 2.0+15a 33+1.2a 34+1.0a
1.0x107 0.0+£0.0a 24+12a 3.8+04a 3.9+03a
Tip' 1.0x10° 0.0£0.0a 22+13a 3.5+0.7 a 34+1.1a
1.0x10’ 0.0+0.0a 21+14a 3.7+09a 34+1.1a
Soil-drenching** 1.0x10° 0.1£03a 0.3+0.5b 0.8+1.0b 0.7£1.3b
1.0x107 0.0+£0.0a 1.0£1.2a 14+£15b 1.9+19a

*Ten-day-old seedlings of three watermelon (Soknoranggul, Seotaja, Jijonggul) and one watermelon-rootstock (Bulrojangsaeng) cultivars
were inoculated with Fusarium oxysporum f. sp. niveum (Fon) HA. The inoculated plants were incubated in a dew chamber at 25°C for 24 h
and then transferred to a growth room at 25°C with 12-h light a day. After 4 weeks, disease severity of the seedling was investigated on a

scale of 0-4.

'Seedlings of each cultivar were uprooted and the roots were washed gently in water. The plant roots were inoculated with two different
spore concentration (1.0x10° conidia/ml and 1.0x10” conidia/ml) of Fon HA by which the roots were dipped in spore suspensions for 30

min. The infected plants were transplanted into 40-cell plastic trays.

*Each value represents the mean of disease index+standard deviation of two runs with ten replicates each.

*Values in the labeled with the same letter within columns are not significantly different in Duncan’s multiple range test at P=0.05.
'Seedlings were inoculated with Fon HA by cutting the roots with a scalpel, and then 10 ml of spore suspension was applied to soil.
'Seedlings were inoculated with Fon HA by cutting the roots with a 10-ml tip, and then 10 ml of spore suspension was applied to soil.
**Seedlings were inoculated with Fon HA by pouring the spore suspension (10 ml) on soil without cutting of the roots.
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Table 2. Occurrence of Fusarium wilt on four cultivars depending on plant growth stage*

Plant growth stage
Cultivar
7-day-old 10-day-old 13-day-old 16-day-old
Bulrojangsaeng 0.0£0.0" b* R 0.0£0.0¢ R 0.0£0.0¢ R 0.0£0.0¢ R
Soknoranggul 2.5+1.2a MR 22+1.0b MR 21+£1.2b MR 2.0£0.7b MR
Seotaja 3.3+09a S 39+03a S 3.5+0.8a S 3.3+09a S
Jijonggul 3.7+0.7 a S 3.8+0.6 a S 39+03a S 3.5+0.8a S

*Seven-, ten-, thirteen-, sixteen-day-old seedlings of three watermelon (Soknoranggul, Seotaja, Jijonggul) and one watermelon-rootstock
(Bulrojangsaeng) cultivars were inoculated with Fusarium oxysporum f. sp. niveum HA by cutting the roots with a scalpel, and then 10 ml
of spore suspension (3.0x10° conidia/ml) was applied to soil. The inoculated plants were incubated in a dew chamber at 25°C for 24 h and
then transferred to a growth room at 25°C with 12-h light a day. After 4 weeks, disease severity of the seedling was investigated on a scale

of 0-4.

*Each value represents the mean of disease index+standard deviation of two runs with ten replicates each.
*Values in the labeled with the same letter within columns are not significantly different in Duncan’s multiple range test at P=0.05.
SResistance response: 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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Table 3. Occurrence of Fusarium wilt on four cultivars depending
on incubation temperature*

Incubation temperature
Cultivar
25°C 30°C
Bulrojangsaeng 01+03'c¢* R 0.0£0.0b R
Soknoranggul 2.0+09b MR 2.7+13a S
Seotaja 4.0+00a S 3.6+1.0a S
Jijonggul 3.7t0.7 a S 35+1.0a S

*Ten-day-old seedlings of three watermelon (Soknoranggul, Seo-
taja, Jijonggul) and one watermelon-rootstock (Bulrojangsaeng)
cultivars were inoculated with Fusarium oxysporum f. sp. niveum
HA by cutting the roots with a scalpel, and then 10 ml of spore
suspension (3.0x10° conidia/ml) was applied to soil. The inocu-
lated plants were incubated in dew chambers at 25°C and 30°C for
24 h and then transferred to growth rooms at 25°C and 30°C with
12-h light a day, respectively. After 4 weeks, disease severity of the
seedling was investigated on a scale of 0-4.

*Each value represents the mean of disease index+standard devia-
tion of two runs with ten replicates each.

*Values in the labeled with the same letter within columns are not
significantly different in Duncan’s multiple range test at P=0.05.
SResistance response: R, resistant (disease index [DI]=0-1.0); MR,
moderately resistant (DI=1.1-2.5); S, susceptible (DI=2.6-4.0).

of whet A Aol Zo]E UEtfl= ALz Kol o
(Phytophthora capsici)©l| T3t 113 2] 234 1} upzk71 2] 2
SrediE o gaxdy AP FH A3 (quantita-
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Martyn2} McLaughlin (1983) F. oxysporum f. sp. niveum 2]
A& Y =7 1.0x10°5- € 1.0x10° conidia/mIZ Z 7184
EFUNH A=Y AP U= s EFFT=Y B=22
A A EC] wolXtal e, & Ao E T
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AR} E g E 7o FAA LR F94 e Aol=
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Table 4. Occurrence of Fusarium wilt in four cultivars depending on inoculum concentration*

Inoculum concentration (conidia/ml)

Cultivar
3.7x10° 1.1x10° 3.3x10° 1.0x10
Bulrojangsaeng 0.0+0.0" ¢ R® 0.0+0.0 ¢ R 0.0+0.0 ¢ R 0.0+0.0 ¢ R
Soknoranggul 1.5+0.8 b MR 1.740.8 b MR 1.9+1.0b MR 22+1.2b MR
Seotaja 2.8+1.1ab S 3.7+05a S 3.6+0.7 a S 3.7+0.7 a S
Jijonggul 3.1+1.0a S 3.7+0.7 a S 3.7+09a S 4.0+00a S

*Ten-day-old seedlings of three watermelon (Soknoranggul, Seotaja, Jijonggul) and one watermelon-rootstock (Bulrojangsaeng) cultivars
were inoculated with Fusarium oxysporum f. sp. niveum HA by cutting the roots with a scalpel, and then 10 ml of each spore suspension
was applied to soil. The inoculated plants were incubated in a dew chamber at 25°C for 24 h and then transferred to a growth room at
25°C with 12-h light a day. After 4 weeks, disease severity of the seedling was investigated on a scale of 0-4.

*Each value represents the mean of disease index+standard deviation of two runs with ten replicates each.

*Values in the labeled with the same letter within columns are not significantly different in Duncan’s multiple range test at P=0.05.
SResistance response: 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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Table 5. Resistance degree of 21 commercial watermelon culti-
vars and 2 watermelon-rootstock cultivars against Fusarium wilt
caused by Fusarium oxysporum f. sp. niveum (Fon)*

Inoculation method

Cultivar

Scalpel’ Root-dipping’*

Bulrojangsaeng 0.0+00° R 0.0£0.0 R
(rootstock)
ShinFR-bulsajo 0.0+0.0 R 0.0+0.0 R
(rootstock)

Soknoranggul 2.0+1.2 MR 2.5+1.3 MR
Seolgang102 3.541.1 S 3.9+0.3 S
Hwanggeumggul 3.3%1.2 S 3.8+0.4 S
Bestggul 3.610.7 S 3.5+0.5 S
Noranbusibok 3.3+1.1 S 3.7+£0.7 S
Jangchunggul 4.0+0.0 S 3.8+04 S
Super grand prix 3.8+0.6 S 3.5+0.8 S
Jijonggul 4.0+0.0 S 3.5+0.8 S
Chilbokggul 3.8+0.6 S 3.8+04 S
Supergold 3.5+£0.8 S 3.4+0.8 S
Busibok 4.0£0.0 S 4.0+£0.0 S
Seotaja 3.5+1.1 S 3.610.5 S
Noranbok 3.6+0.7 S 3.6+0.5 S
Wellbing 3.9+03 S 3.5+0.5 S
Kokoma 3.9+0.3 S 3.5+0.5 S
Nakdonggul 3.7+0.9 S 3.9+0.3 S
Wonderfulggul 3.8+04 S 3.9+0.3 S
Bravoggul 3.610.8 S 4.0+£0.0 S
Heukho 3.7£0.9 S 3.8+04 S
Kamchunggul 4.0+0.0 S 3.8+04 S
Nunettineggul 4.0+0.0 S 3.9+0.3 S

*Ten-day-old seedlings of each cultivar were inoculated with Fon
HA. The inoculated plants were incubated in a dew chamber at
25°C for 24 h and then transferred to a growth room at 25°C with
12-h light a day. After 4 weeks, disease severity of the seedling was
investigated on a scale of 0-4.

'Seedlings of each cultivar were inoculated with Fon HA by cut-
ting the roots with a scalpel, and then 10 ml of spore suspension
(3.0x10° conidia/ml) was applied to soil.

*Seedlings of each cultivar were uprooted, and the roots were
washed gently in water. The plants were inoculated by dipping the
roots in the spore suspension (3.0x10° conidia/ml) of Fon HA for
30 min and then transplanted into 40-cell plastic trays.

SEach value represents the mean of disease index+standard devia-
tion of two runs with ten replicates each.

'Resistance response: R, resistant (disease index [DI]=0-1.0); MR,
moderately resistant (DI=1.1-2.5); S, susceptible (DI=2.6-4.0).

= 2}o] & H ¢ thTable 4). & %X % 1.0x10 conidia/ml <]
Ao W2 FY JAFEE SHlgjof o= 2ol e
B2 scalpel & o] §5to] H P22 AF A= 4
A317] Y3 A= 1.1x10° conidia/ml W A] 3.3x10° conidia/ml
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At
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Al 48F217) 22| aL 4=8h8 o & 270 F 2370 FF 50 ¥
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