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Resistance Degree of Radish Cultivars to Fusarium oxysporum
f. sp. raphani according to Several Conditions

Song-Yi Baik, Kyoung Soo Jang, Yong Ho Choi, Jin-Cheol Kim, and Gyung Ja Choi’

Chemical Biotechnology Research Center, Korea Research Institute of Chemical Technology, Daejeon 305-600, Korea

Abstract. This study was conducted to establish the efficient screening system for resistant radish to Fusarium
oxysporum f. sp. raphani. Five radish cultivars (“‘Myoungsan’, ‘Chungdu’, ‘Jangsaeng’, ‘Hannongyeorm’,
and ‘Chungsukungjung”) showing different degree of resistance to the fungus were selected. And the development
of Fusarium wilt of the cultivars according to several conditions such as root wounding, dipping period of
roots in spore suspension, inoculum concentration, and incubation temperature to develop the disease was
tested. In distinguishing the resistance degree of the radish cultivars to the disease, non-cut roots were more
effective than cut roots. And occurrence of Fusarium wilt of the radish plants increased in the proportion
to increase of root-dipping period and spore concentration of the fungus. Thus, optimum conditions to differentiate
susceptible and resistant cultivars to the disease were root-dipping period of 0.5 hour and spore concentration
of 1 x 10 conidia-mL™". Disease severity of Fusarium wilt on the cultivars was changed with incubation
temperature and the radish seedlings incubated at 25°C represented the most difference of resistance and
susceptibility to Fusarium wilt. From the above results, we suggest that the efficient screening method for
resistant radish to Fusarium oxysporum f. sp. raphani would be to dip non-cut roots of fourteen-day-old radish
seedlings in spore suspension of 1 x 10 conidia-mL™" for 0.5 hour and to transplant the inoculated plants
to plastic pots with fertilized soil, and then to incubate the radish plants at a temperature of 25°C for development

of Fusarium wilt.
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Fig. 1. Development of Fusarium wilt of five radish cultivars
when cut and non-cut roots were dipped in spore suspension
of Fusarium oxysporum f. sp. raphani KR1. Fourteen-day-old
seedlings of the cultivars were inoculated with the fungus by
dipping cut or non-cut roots of the seedlings in a spore suspen-
sion of 1.0 x 10" conidia-mL™ for 0.5 hour. The inoculated
plants were incubated in humidity chamber at 25C for 24
hours and then transferred to a greenhouse at 25 + 5C. After
3-4 weeks, disease severity of the radish seedlings was
investigated. Each value represents the mean disease index
of two runs with ten replicates each. Values in the labeled
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with the same letter are not significantly different in Duncan’s St 3+ AA

multiple range test at P = 0.05.
Table 1. Fusarium wilt development of five radish cultivars according to root dipping period®.

) Incubation period (hour)
Cultivar
0 0.5 2 4 8

Myoungsan 0.1+ 0.1 0.3 +0.2 0.6 + 0.5 0.7 £ 0.5 1.0 £ 0.0
Chungdu 0.1 + 0.1 0.8 +0.5 0.7 £ 0.5 1.6 £ 1.0 1.6 £ 0.9
Jangsaeng 0.7 £ 0.5 0.7 £ 0.5 09 + 05 1.3 £ 05 26 1.1
Hannongyeorm 09x04 25 1.1 3204 3415 3917
Chungsukungjung 34 £ 1.1 34+14 35+ 14 32 +13 3.6 £09

“Fourteen-day-old seedlings of five radish cultivars were moculated W|th Fusarium oxysporum f. sp. raphani KR1 by dipping the
roots of the seedlings in a spore suspension of 1.0 x 107 conidia-mL™ for 5 different incubation periods. The inoculated plants
were incubated in humidity chamber at 25C for 24 hours and then transferred to a greenhouse at 25 + 5C. After 3-4 weeks,

disease severity of the radish seedlings was investigated.
YEach value represents the mean disease index *

Kor. J. Hort, Sci. Technol, 29(1), February 2011

standard deviation of two runs with ten replicates each.
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Fig. 2. Fusarium wilt occurrence of five radish cultivars according
to inoculum concentration. Fourteen-day-old seedlings of the
cultivars were inoculated with Fusarium oxysporum f. sp.
raphani KR1 by dipping the roots of the seedlings in spore
suspensions of three different concentrations for 0.5 hour.
The inoculated plants were incubated in humidity chamber
at 25C for 24 hours and then transferred to a greenhouse
at 25 + 5C. After 3-4 weeks, disease severity of radish
seedlings was investigated. Each value represents the mean
of two runs with ten replicates each. Values in the labeled
with the same letter are not significantly different in Duncan’s
multiple range test at P = 0.05.

N NESHE EAPE ] T S0 BE SEE T
5oy A4 Aol2 MY A3 U444 5 ol
R R CE R P R

% 7S o= Aay
2 §ET 5 U o] 7] Jhuo] B2kt BHo] o2
o2 B2 5 A5 o

7 ..
0" conidia-

—_

=
2 4= SIch(Kuc, 1987, 1994). 12
d AEE 2AE] fleliAE 1.0 x
mL! Eo] ASg YT EA@etolo] 308 Hek M |3to]

AESHE Rol Euaolet AZkHgc,

M 20 mE f E552 AS3SE MY

F. oxysporum f. sp. raphani®| 7|5=0] tigt g 9 &
ol B¢ &&= whet Mg 4 qleka HiE Bf Qlok
(Nomura and Ishii, 1989; Pound and Fowler, 1953). wz2}A4]
AlEaol tiegt A =7t thE 55 FE0l HE &
Of Auf ZLeof wheh AlESol tiet A Aol Aol
£ Uetdl= A& 2487 flske] 20C, 25C 9 30T 9]
AGATIN A5 WAS ARech. 25C 2] LA
A ARt FE52 20C oA Aufgt FEE A &5

AR, AR 0TS O S ARES Lehiele

OL]. L=
o, 4 53¢ el Aresie U w2 P
& H3thFig. 3). 3 30C o= 77t A2 o= st

Disease index

q a a ab
m20T ab
41 mW25C
37 bc
C
2 1 (
1 C . c
} eum Ct kungj

Myoungsan Chungdu

Fig. 3. Development of Fusarium wilt of five radish cultivars
according to incubation temperature. Fourteen-day-old seedlings
of the cultivars were inoculated with Fusarium oxysporum f.
sp. raphani KR1 by dipeing the roots of the seedlings in spore
suspension of 1.0 x 10" conidia-mL™ for 0.5 hour. The inocu-
lated plants were incubated in a growth chamber with 12-hour
light a day at 20°C or 25°C. After 3 weeks, disease severity of
the radish seedlings was investigated. Each value represents
the mean disease index of two runs with ten replicates each.
Values in the labeled with the same letter are not significantly
different in Duncan’s multiple range test at P = 0.05.

A ol AESH AR A AlolE AR 4= glgleh o
AS A2 17-20C0o|al, A|E2H 2 F. oxysporum f.
sp. raphani®] A= 9 9 A 22 25C o|th(Sherf and
Macnab, 1986; Suzuki, 1978). wa}A Fo] A &2 A&
4 o A ALET Ale2 T 222 25T oA
A Whee sk & o lSlth e R F EF
O Aol et AR A=E A flsfAl= 25T
oA Aufst= Aol Agsteiet A 3 H FEE
Zholl= B elatol sl 2H-gsh= FAAE A tE 4 9
7] ol FollA AlESH Aol
< QA= 20T ol A] S

ol}e] AMriE F EFFE9

o = A
2 A7) T BLH Yo
A

=
=
&

e}
ot
By
otk
o

< $AE IFotaL &
d(25 £ 5C)oflA 149 FF Auit 7of s = Ao

5 A|AZ 3 F. oxysporum f. sp. raphani®] EAEEFA(1
x 107 conidia-mL™)o] 305 ot A7}t 1, Yol & AE
o] A3t & 25C AYS/foll Al shFofl 12A17F B¢t F&
SHHA 35U 59k Auiet Fof] Ale58 TS

Aol upAd Ao g YZE Gt A, B Ae5H
o A FE= o7 FAbolA st qlon, A
ol thgt A3Hd A 2 ATA 7 FAlel dhshx
Aol ®arg up glch drbH o g QTL A2l 7ol
o 24, AEY v 2 AEY A A7) ol et A
A 0d Ao & AolE YeERHTH( Agrios, 2005). S}HA]
2 Aol A AR AlEZ ol tigh A FEQ HAHE,
AFE W AT AlESHol tigt A3 e A
2o wef & AolF Helou, 2=E Ao Wy 21

S

> o
wr = o i

FEoo rfr rr e & orfr

=

[o

b

Kor. J. Hort, Sci, Technol, 29(1), February 2011



A s YA AT kA
& ojgiet. weby] P A

m f. sp. conglutinans)©l] Tt A-type
HjS= FSAE - AlES8THF. oxysporum f. sp.
raphani)®) gt AR B EEE 20| 94 AR o
3 e vehd 7hs A o o= dem Eld
a7}t itk Walker, 1930).

N
1=
Ak
ok o
Jo
jn
3

2
ok
_>|~[_Il
°
ﬂ.llﬂi
f
52

(F. oxysporu

2L 19 i
o do N
oX ok 1o

=X

g

2 B

H AL XSS (Fusarium oxysporum f. sp. raphani)
A e Ay ol EEAY AAUS B Sisto
of

= =
)
ol
ol
s
o
=
=
2
ot
ox.
]
ofN
A=)
oy
4>

H
o
1o
Rl
il
lo
o
oX oY

g rlo
i

=

Aufeis Lol wreh E55
wgon), 25C oA AusIES
WHES, Ay EEe o 9
2HE B BSOS
1] glaiae we) 2]
14908 Fo] walE |

W AR 0547 5

jo
ol
:

flo
i)
ofN
ot

>

o

s

-~

o
S

©

o M

flo rlo

lrt
in}
I

rl

o ox o
H
N

)
ful
e
=
o
ox H
O
L
_E

nz
o

=2

=
ot
>
o
ox,
)
e
il
Y
ox
ol

ol
=

X 10 do rlo 2 1ol ox
=)
4>

my
flo
o
2
; it
=
o 2
>~ &2
flo
=)
ofN
o

I
= do

10" conidia-

0
)

)

ot

o
=

U

Mo

]

o
1
o,
ok
rE
oo
o
2
4
pacs
2
O,

Agrios, G.N. 2005. How plants defend themselves against patho-
gens, p. 207-248. In: Plant pathology. Fifth ed. Academic
Press, New York.

Alabouvette, C., B. Schippers, P. Lemanceau, and P.A.H.M.
Bakker. 1998. Biological control of fusarium wilts, p. 15-36.

Kor. J. Hort, Sci. Technol, 29(1), February 2011

In: G.J. Boland and L.D. Kuykendall (eds.). Plant-microbe
interactions and biological control. Marcel Dekker, New York.

Baik, S.Y., J.-C. Kim, K.S. Jang, Y.H. Choi, and G.J. Choi. 2010.
Development of effective screening method and evaluation
of radish cultivars for resistance to Fusarium oxysporum f.
sp. raphani. Res. Plant Dis. 16:148-152.

du Toit, L.J. and G.Q. Pelter. 2003. Wilt of radish caused by
Fusarium oxysporum f. sp. raphani in Washington State. Online.
Plant Health Progress doi:10.1094/PHP-2003-0616-01-HN.

Kendric, J.B. and W.C. Snyder. 1936. A vascular Fusarium disease
of radish. Phytopathology 26:98.

Ku, K H., K.A. Lee, Y.L. Kim, and Y.W. Lee. 2006. Quality
characteristics of hat-air dried radish (Raphanus sativus L.)
leaves. J. Korea Soc. Food Sci. Nutr. 35:780-785.

Kuc, J. 1987. Plant immunization and its applicability for disease
control, p. 255-274. In: 1. Chet (ed.) Innovative approaches
to plant disease control. John Wiley, New York.

Kuc, J. 1994. Induced systemic resistance, a non-pesticide tech-
nology for disease control in plant, p. 511-518. In: D.L.
Weigmann (ed.). Proc. 4th. Nat. Conf. Pesticides. Blacksburg,
Virginia.

Ministry for Food, Agriculture, Forestry and Fisheries (MIFAFF).
2007. Crop production, p. 112-113. In: Agricultural & Forestry
Statistical Yearbook.

Moon, Y.G., W.G. Kim, W.D. Cho, and J.M. Sung. 2001. Occurrence
of Fusarium wilt on cruciferous vegetable crops and pathogenic
differentiation of the causal fungus. Res. Plant Dis. 7:93-101.

Nomura, K. and K. Ishii. 1989. Effect of environmental conditions
on pathogenicity and host range of yellow fusaria, Fusarium
oxysporum f. sp. conglutinans and f. sp. raphani. Bull. Coll.
Agr. & Vet. Med., Nihon Univ., 46:48-56.

Peterson, J.L. and G.S. Pound. 1960. Studies on resistance in
radish to Fusarium oxysporum f. sp. conglutinans. Phytopathology
50:807-816.

Pound, G.S. and D.L. Fowler. 1953. Fusarium wilt of radish in
Wisconsin. Phytopathology 43:277-280.

Sherf, A.F. and A.A. Macnab. 1986. Yellows, p. 264-265. In:
Vegetable diseases and their control. 2nd ed. John Wiley &
Sons, Inc., New York.

Song, J.O., Y.W. Kim, and J.H. Cho. 1996. Varietal difference
and inheritance of cabbage yellows (Fusarium oxysporum f.
sp. conglutinans Snyder et Hansen) resistance in cabbage.
Korean J. Breed. 28:171-177.

Suzuki, S. 1978. Growth of radishes as influenced by the high
temperatures above the optimum range. J. Japan Soc. Hort.
Sci. 47:375-381.

The Korean Society of Plant Pathology (KSPP). 2009. Vegetables,
p- 99-103. In: W.-G. Kim and H.M. Koo (eds.). List of plant
disease in Korea. 5th ed. KSPP, Suwon, Korea.

van Peer, R., T. Xu, H. Rattink, and B. Schippers. 1988. Biological
control of carnation wilt caused by Fusarium oxysporum f.
sp. dianthi in hydroponic system. ISOSC Proc. 361-373.

Walker, J.C. 1930. Inheritance of Fusarium resistance in cabbage.
Jour. Agr. Res. 40:721-745.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


