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Development of Effective Screening Method and Evaluation of Radish Cultivars
for Resistance to Fusarium oxysporum f. sp. raphani
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To establish the efficient screening method for resistance of radish to E oxysporum f. sp. raphani, we
investigated the development of Fusarium wilt of two radish cultivars, ‘Songbaek’ (susceptible) and
‘Tokwang’ (moderately resistant), according to several conditions such as inoculation methods, inoculum
concentrations, and dipping periods of radish roots in spore suspension. By infected soil and soil-drenching
inoculation methods, Fusarium wilt did not occur on the seedlings of both cultivars. In root dipping
inoculation method using cut or non-cut roots of radish plants, the cut roots were easily infected by the
pathogen than non-cut roots. And the disease development of two cultivars represented significant difference
in non-cut root method. On the other hand, disease severity of Fusarium wilt on radish seedlings according to
inoculum concentration increased in a dose-dependant manner, regardless of dipping periods. Using
screening method established from the results, the 41 commercial radish cultivars were evaluated the degree
of resistance to F. oxysporum f. sp. raphani. Among them, 6 radish cultivars were resistant, 22 cultivars were
moderately resistant, and 13 cultivars were susceptible to Fusarium wilt.

Keywords : Breeding, Fusarium wilt, Radish yellows, Raphanus sativus, Resistant

F(Raphanus sativus)= 22 HA5H o] 714 FE=
T, &=, A8 2 FHY 2UA Tl dE EAE
TGRS F, 1989). -2yt st A& T sl Fo
20063 Al HWA-E 13,192 haZA] 533210=0] A4ts
ATHEHFAA F, 2007). T2 A= /do] w2 4l
FE $49H N2 Y AR dF A7t 7hsst
A =AY, @ 717k Ao s - Waiot A

59 g7t AR F7H5a ek AFAA ol B4

e Wall2= BAY 5 19F°0] BHiEo Ark(3h=2
=53], 2009).

T AESHE Y27= F oxysporum f. sp. raphani=
EAAFFE EY WolH FHEAES FAJste] 7]

*Corresponding author
Phone) +82-42-860-7434, Fax) +82-42-861-4913
Email) kjchoi@krict.re.kr

= ol
o © 71t}(van Peer
19343 w|= A F1o} San
Benito®ll %)= White Chmese Winter Radish || 5= 3E of] A]
25 BaEoen, 1 5 1946 -r]}\i/\] Waukesha2]
T XA F AlE2H o] RyE F dAle v=

ZyA ol A WA 3FAL 9 TH(Pound, 1959; Pound$} Fowler,
1953). 8yt = 28 AHE o] Wo] WAs %S
Ao R FAsA Yo} 198730 EH 2ol F Ay
@AM AF BAEHAJTHE, 1994). T2yt 95 F
AR M = 692 E~78 2 F ST 3 F915H
NES 247} 3 SHsts 2Abo] BT 3]0

=7
ARSI} BekEe Wl wAsgon,

A WYY R
ol W] JEA! 9w oIS Ao BE =
w7k AL 250l Batse] dor, ve F A



T

TR T AESH A %

T A

=
il
lo

<{

s
o o
N
Hm
oS

A
&4, 2002). F= H> W
Ao e B AA e Aol won, S
T AESH A8 5 AATE gls B

>~
o
E -
R
s
Py
off
2 Mol rhe m oy

e}

¢

=)

o £ Jo f0 Z kI do o Mo % O rlr olN X b o

A B B A A B FIED Yt A
otk 2BER oxd AYY ER A ¥ AE
W Aol glo] 7 87 WEA Wgow QA
siek. AA) # AELHe) APY B FFEL 5
ole, BRatold, BAE o}, AAERE, e nFE

5ol Al Blsa ok, B S A
A AT AR FAYH T3 BAA e
SME Ae B vk gtk o ATE AaiE &

49 W Ay APl BFHolth

==

weld B AroHE §8H9 B ASey A3 7
AYe ggstua 4E Y, AEY 55, WA AL 5
ThoFst uhy 20 WE T ASSW WY AEE 2A}
som, Bgs YUY o] 8dl] AREF 4159 T
ANESH AP AR Aelaa.
o H
M= o g
A, W A3 AAWe ghd] 98 T A

ity
X

<l
ofN
ol
ol
s
ro
>
~~
[\ )
wh
I+
2
a
=2
>
=
{ies

Aol ARE-skAT

2 9] AF HFY AF 5x8 9H XEXE &
70 ml, (F)HE) L8P E 558 B3 F
Y ggate] 240A 7, 10, 149 A &
o AR&-SFAT

AEYD o). o] NESHS Lo T F oxysporum
f. sp. raphani KR1 5% 7} dFHEZHE 2FTU%e

W, o] #F-E potato dextrose agar(Becton, Dickinson and

d A AN

gl EFES W A 97t 149

Co.) HiA| o x]7¢ste] 25°C &=27]A 79 &<t wj st
TFOZRE FARZNS Wo] malt extract broth(Becton,
Dickinson and Co.) ¥iA|ol] HF3}IL o]& 25°C & 3
oAl 79 F<t 150 rppmo.2 WEu)Fstdn). vl g3t KR1
TTE 439 AZZE A2l 4AME AAsSt, BEn7
3t A hemocytometerE ©|-&3F] EAH(AYEAYEANQ]
U s 439t 9442 1.0x107 conidia/m/7t F %=
5 st JELE ARSI

HEQ Bx=d39] ASole zh2E 1.0x10° 3.0x10°,
1.0x107, 3.0x107 conidia/m/2 ZA 3R o, 1 9 #F
HEe A= 5.0x107, 1.5x10° conidia/pot YE=Z, o]
E JEHY A5 EY ml G 5.0x10°3F 5.0x1070 7}

55 JFTAE FolETh

AEe8TE HAE oHE HEHS A5 JTHeR
HAdHS JEsthe A€ AQS BE A2 2494

Al Fo) Rl E Wol B2 ARl FL AN F
3

FAEE A 2417 F3F A8t HEEATE HES
¥ fHE 5x8 94 FEE YA SHE 555 AMEsIA
ol2lstath. A HEW 5 B AAe AFE R E
7HIE ol83ste] 2 em A= B3 ARE Fol] ZAAE
Aol HABIATE g A7 ] E 7 AIESH T

ol
HEsHAT o E HEWHe] Aole deh do 8
E 5309 100 m/ & ZAEEAS 5 miE 2 4
Az OPEE 5x8 94 XECE T ESF 70 m)°l
Y 5 FAE XE T 19Y gFste] HEskdh
w9 WAl HES 7 fEE 19 F9F 25°C

A oA wiFE & 24 (25+5°C)2 %A OF 3~4F F

%137_70-/\

rol

» [

=

2N
ox =
Mo XN, Hz ol
Hoox o @ 48 Q& oy

> rr 4

(O
o
=
=
= g

oSk
3 hincs
E )
N
ol Lﬁ‘
2
e —
o
of L
o5
PR
=
T o
w2
i o

B
o
z
N
J
oX,
o
il
K
ol
ol
2
i)
>
RN
I e
[o 1o of

o
32 o\

o, o]F AQJg BE AP sHHEO R 23] AA
SAS(SAS Institute, Inc., 1989, Cary, NC) X =21
§3t9 ANOVA 1418 tlom, g 7t v

ol
38
o

|
i)
o
o

El
o
o



150 LESI N

Hel oHE HF
e AW 2Ela e e JAHE o
TS APt o HE JFH e
RO AlEerE o] A
Aol 873 E -vermiculite=1:1
ol BEF m/ T 25x10YM7F HEE F
oxysporum f. sp. raphani®] ZAFAEG NS 4Jo] FH|3 o]
HEY A5 gt A4S Fhsivtal Bkl
oy, B AgdME EY m/ T 5.0x10°% 5.0x1071<]
HEd TEE FH oY B 7 TAE ot J
FoAE W, BE Aol AEFHe] BASHA &
Atk WA o|HE HIFHL F AIESH A 4F
of AgsA] F2 WHor AZEUT
AL AIEEHAS ATt HES B HSH
o] Aol FE T 1.5x10709) TAUERE HF 38l
/‘\_:1 =

4719 . FRAM - AESHo

o
-
)
il

AL ek THTable 1). & 5(1996) ST A&+
(F. oxysporum f. sp. conglutinans) &8-S ]3] ¥
< ATARE W, EY AFHET A FFRANA

WA o] ok ETh BAsiith v # Ae]
ANESHE A7 HEHA oM e Wol ds HAYsEX
omg AF HITH BT F Al A A8

o] F3relx] e Aoz A7FE AL

0 o M! ok 1

=

Table 1. Occurrence of Fusarium wilt in two radish cultivars after
soil drenching of spore suspension of Fusarium oxysporum f. sp.
raphani KR1*

Inoculum Culti Plant growth stage (after sowing)
e ultivar
(conidia/pot) 7 days 10 days 12 days
. Songbaek 0° 0 0
5.0x10
Tokwang 0 0 0
¢ Songbaek 0 0 0
1.5x10
Tokwang 0 0 0

"Each seedling of two radish cultivars was inoculated with F
oxysporum f. sp. raphani KR1 by drenching the spore suspensions
on soil of each pot. The infected plants were incubated in humidity
chamber at 25°C for 24 hr and then transferred to a greenhouse at
25+5°C. After 3 weeks, disease severity of the radish seedlings was
investigated.

"Each value represents the mean disease index of two runs with five
replicates each.
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Table 2. Development of Fusarium wilt in two radish cultivars
when cut and non-cut roots were dipped in the spore suspension
of Fusarium oxysporum f. sp. raphani KR1*

Cultivar
Method
Tokwang Songbaek
Cut root 4.9+0.1a* 4.6+0.3a
Non-cut root 2.6+£0.3b 4.5+0.4b

Y14-day-old seedlings of two radish cultivars were inoculated with £
oxysporum f. sp. raphani KR1 by dipping the roots of radish
seedlings in spore suspension of 1.0x107 conidia/ml for 2 hr. The
infected plants were incubated in humidity chamber at 25°C for 24 hr
and then transferred to a greenhouse at 25+5°C. After 3 weeks,
disease severity of the radish seedlings was investigated.

“Each value represents the mean disease index+standard deviation of
two runs with five replicates each. Values in the labeled with the
same letter are not significantly different in Duncan’s multiple rage
test at P =0.05.
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Fig. 1. Fusarium wilt occurrence of two radish cultivars according
to inoculum concentration. 14-day-old seedlings of two radish
cultivars were inoculated with Fusarium oxysporum f. sp.
raphani KR1 by dipping the roots of the radish seedlings in each
spore suspension for 2 hr. The infected plants were incubated in
humidity chamber at 25°C for 24 hr and then transferred to a
greenhouse at 25+5°C. After 3 weeks, disease severity of radish
seedlings was investigated. Each value represents the mean of
two runs with five replicates each. Values in the labeled with the
same letter are not significantly different in Duncan’s multiple
rage test at P =0.05.
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Table 3. Fusarium wilt development of two radish cultivars according
to root dipping period”

. Incubation period (hr)
Cultivar
2 4 8 16 24
Songback 4.8a” 3.6ab 3.6ab 22b 3.0ab 3.0ab
Tokwang 4.6a 34ab 42ab 4.0ab 3.2ab 3.4ab
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Table 4. Resistance degree of the 41 commercial radish cultivars
to Fusarium wilt caused by Fusarium oxysporum f. sp. raphani
KR1*

Cultivar Company Trait Disease index
A01 A YR® 0.4+0.14°¢
BO1 B YR 0.6+0.42
Co1 C 0.7+0.00
DO1 D 0.9+0.14
EO1 E YR 0.9+0.28
C02 C 1.0+£0.21
Co3 C 1.1£0.35
Co4 C 1.1£0.35
D02 D 1.1+0.00
C05 C 1.1+0.00
E02 E 1.2+0.21
B02 B 1.3+£0.35
B03 B 1.3£0.21
B04 B YR 1.3+0.07
C06 C 1.3+0.28
FO1 F YR 1.4+0.35
BO5 B YR 1.4+0.49
B06 B YR 1.4+0.28
BO7 B 1.4+0.42
BO8 B 1.6£0.28
D03 D 1.7+0.14
B09 B YR 1.8+0.21
A02 A 1.9+1.06
B10 B 2.0£0.14
A03 A 2.1£0.71
A04 A 2.2+0.07
A05 A 2.2+1.13
Co7 C 2.5+0.28
A06 A 2.8+1.56
Bl11 B 2.8+0.42
D04 D 2.9+0.35
C08 C 2.9+0.21
C09 C 3.2+0.49
D05 D 3.2+0.42
C10 C 3.2+0.28
B12 B 3.3+0.49
Cl1 C 3.4+0.14
A07 A 3.5+0.07
D06 D 3.6+0.71
B13 B 3.9+0.92
CI2 C 4.0+0.00

Y14-day-old seedlings of two radish cultivars were inoculated with
Fusarium oxysporum f. sp. raphani KR1 by dipping the roots of
radish seedlings in spore suspension of 1.0x107 conidia/m/. The
infected plants were incubated in humidity chamber at 25°C for 24 hr
and then transferred to a greenhouse at 25+5°C. After 3 weeks,
disease severity of the radish seedlings was investigated.

“Each value represents the mean disease index of two runs with five
replicates each. Values in the labeled with the same letter are not
significantly different in Duncan’s multiple rage test at P = 0.05.

*14-day-old seedlings of each radish cultivar were inoculated with
oxysporum f. sp. raphani KR1 by dipping the roots of radish
seedlings in spore suspension of 1.0x107 conidia/ml for 2 hr. The
infected plants were incubated in humidity chamber at 25°C for 24 hr
and then transferred to a greenhouse at 25+5°C. After 3 weeks,
disease severity of the radish seedlings was investigated.

PResistant cultivar to Fusarium wilt supported by each seed company.

‘Each value represents the meantstandard deviation of two runs with
ten replicates each.
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