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Occurrence of Fusarium Wilt on Cruciferous Vegetable Crops and Pathogenic
Differentiation of the Causal Fungus
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Occurrence of Fusarium wilt was surveyed in fields of cruciferous vegetable crops in Korea from 1996 to 1998.
The disease severely occurred up to 40% in fields of Chinese cabbage and radish but slightly in fields of cabbage.
A total of 123 isolates was obtained from roots of the diseased plants and identified as Fusarium oxysporum
based on the morphological and cultural characteristics. Pathogenicity of nine isolates selected from the isolates
was tested by artificial inoculation to the hosts. All the isolates had similar virulence on Chinese cabbage and
cabbage, although there were some differences in virulence on cultivars tested among the isolates. The isolates
from radish were more virulent to radish than those from Chinese cabbage and cabbage. All isolates from the
crucifers were not virulent to eight species of vegetable crops except the crucifers. The results of pathogenicity
tests showed that the pathotype of Chinese cabbage-infecting isolates was identical to that of cabbage-infecting
isolates, but somewhat different from that of radish-infecting isolates.
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ey Err Wase A7 dekEr|we st wEka o]
e gt ¥ 2AsHE WA el o]y

AR AQLFES Aslste AlESETS Wollenweber
(1913)0ll &3l el F=(Brassica oleracea var. capitata 1.)
o] NETHE Yo7 = WHHOEA Fusarium conglutinans
Wollenweb.”} 522 B3 HIT} ©]% Snyder$} Hansen
(1940)¢] EFAA N we} E conglutinans®}t th2 9% 9]
Fusariumd<- F. oxysporum®.2 TYE 3, FujF5 23|
8t F oxysporum<- F oxysporum f. sp. conglutinans
(Wollenweb.) Snyder & Hans.2 #FEHoH, =35 4
st Zbgol| gk WA Aol wet oy e o
U (race)o. 2 E7F 5 tHArmstrong® Armstrong, 1952;
Armstrong®  Armstrong, 1966; Armstrong¥} Armstrong,
1981; Ramirez-Villupadua 5, 1985). 3+ F(Raphanus
sativus L)l AESH S 427l FE oxysporume F
oxysporum [. sp. raphani Kendrick & SnyderZ H551
© ™ (Kendrick$} Snyder, 1942), E oxysporum®| f. sp.
conglutinans®}t f. sp. raphani®] 7150 i3k ¥y 2 &
oldE AR, B3 EYLmd nt HE & Aot

fr 4
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B7F 91 B (Nomura®} Ishii, 1989; Pound®} Fowler,

1953).

olg} o) gFelM e AR &b o e
5o AlESH teiAe 3 AFE B A7t o
Fo4A govt, oM AASE ALoE) NES
WS YOJ)= F oxysporum®l 3k A7} wl¢ vjekgt
AAolt}. 53] v (Brassica campestris ssp. pekinensis)
o] HstE AEFHE-L FHAA wig- HZed 71==A
tHE %, 1997). & Asisle E oxysporume £3%
(forma specialisye FNFE Hsiste 3oz ¥z E
oxysporum f. sp. conglutinans®} 728 2122 71&50] 3l
S 4(Booth, 1971), 2 F o]o] thate] FAstA A+E
vzt glck. ks o] Agte Uil Aujst e 4
25t A a2EQ Wi, FuF L FoA o] AESH
MY S AntF o R ARSI, a2 URlwE B F
Aoy, 71FEE E3 45729 e E 4 7F ¥
FEHE HAAstA o] 49 477 ¥Ege EIHEE
T8z skt
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I N2ZE AWEAE FHOE WS, S, T2 A
Sa s A, BAS 47&0}315} e R
EZAAE 50~ 100574 3RHE0 7 FALEIFOH, FHEAT
o tigt YFF] vgR st 7lesth
Had £8. AR AR JfLazE 011*1 Als
254 Bole A EAS s xﬂ%ﬂo}ai s &
stk A HeEg 2 AARe] AH E}— B
Witel FARAE 10~ 15 mm®S] 2712 Xé%o}&? 1%
NaOCH-9ol| 1387 W A+stal, a2 AF 5 4
48 AR A E7]E AAS, 2% EHHWA(WA)
Aol &2 Tt 23 25°C FL7)0lA 2~3U7 ul
& F, FaidoA gutxzto 2 RE &g U2 gAY
AGEES AFs WgHoes mo] ZRAdEA A=A
(PDA slant)el] &4 wi<gstict.

T3 FF9 GEA E2]= Toussoun Nelson(1976)°]
AREE WS oF7 Wgsle] 3Gt PDA AFAEIA]
of| A w3t #5=9 &*OH AATE H7ist] XA
ZA degdg WFo)2 o] WA
Al WZ}%BE HE 2 o, 25°Ce] F2719A
1277} v Fat et wi s SR n A stollA] wold
EAE dlof Yo 3“321](streptomycin 0.05 g/L)2 713
WA o2&ttt 2 F 25°C F27]0A 3~4U7} ul
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Fe o, Fat/dellAl PDAAFRHE|A] ol ThA] o] 4] 5ke] Y
G BEIEA AP AHEEA

HA7e P 2 Py 54 24 2 #FE
o] Fed 54L& A st dxEA 2ElE #F
£ Fisher 5(1982)°] 7123l 71 o)A BB A) (carnation leaf
agar: CLA)| o]4)&te] 27°C L7104 10~ 14L 7+ )
G5 AP AN A% D P ER A} FE
Zke] ge) & A& 45T 50708 AR T 3 )
A B AR 9JEl FAEFES PDA )
Aol 3RHE- 0.2 o]2] & 27°C F271oA 7I7F vi U3
g, 739 Fue S5

WA AA. uF, FlF, FollA 228 4 FAF
Fol WAANS AR Aste] JIFEE iR #F

Table 1. List of vegetable crops used for pathogenicity tests of
Fusarium oxysporum isolates

Host Cultivar Produc- g 4 company
tion year
Chinese  Chunhawang 1996 Heungnong(Korea)
cabbage Gonaengjiyeoreum 1995  Jungang(Korea)
Jangmi 1997 Nongwoo(Korea)
Manjeom 1996 Seoul(Korea)
Yeoreumshingwan 1995 Dongwon(Korea)
Cabbage Daegong 1996 Sakada(Japan)
Daetong 1996 Seoul(Korea)
Green Hero 1997 Hannong(Korea)
Gusto 1997 Hannong(Korea)
Sagyehwak 1997  Dakii(Japan)
Radish Cheonhadachyeong 1996  Seoul(Korea)
Gosanjidaehyeong 1996 Nongwoo(Korea)
Hanoldaehyeong 1996 Hannong(Korea)
Jangbaekminong 1997 Heungnong(Korea)
Jangchundaehyeong 1996  Seoul(Korea)
Cucumber Baekrokdadagi 1995  Seoul(Korea)
Eunseongbackdadagi 1994 Heungnong(Korea)
Eggplant Daeheukjang 1995 Dongwon(Korea)
Heukmajang 1997 Nongwoo(Korea)
Melon Keumnodaji-euncheon 1994  Nongwoo(Korea)
Keumssaragi-euncheon 1996  Heungnong(Korea)
Red Keumsil 1996 Cheil(Korea)
pepper Pungchon 1996 Heungnong(Korea)
Spinach  Moogunghwa 1997 Heungnong(Korea)
Namul 1997 Nongwoo(Korea)
Tomato  Seogwang 1995 Heungnong(Korea)
Gwangmyung 1995 Hannong(Korea)
Water Dalgona 1996 Seoul(Korea)
melon Ondongne 1996 Donwon(Korea)
Welsh Seokchangwedaepa 1996 Daenong(Korea)
onion Heugyeobhandaepa 1997 Nongwoo(Korea)
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¥ F, 1~2cmd A2 Fgt SRR (SFot
.28 2 F55=23g:210g:40 m)7} E 500 mie] 4tz
Fehaade] s7RY 2%k th, 25°C 327104 30~
4047 Mg HELSE A3

258 W98 S ) et AEEH e AR
stzt QaZEQ] Wi, FuE, Fe 2 sl F54, 4
Arsha ol9je] AERQ 1 F U A= 7zt ol F
ZH FASIATH(Table 1), FAIS F£9] €A+ 9cem ¥
EHAIUN Aol Ha 2nje] FX1 9d &HET
25°C 3279 A 24~48A17F wljFste] WolAZl o2, 4
T8 ELFU31°C, A7 Aol B71 SetaE A3 X
E@F7 25cm, £°1 21 cm)oll F=E5H4 0.

HYTF HES Aslde G55 23Ul EA e B
Y7t FF UL EE AR FHY £ Fojd vs, &
¥ &FoR 2 4L HEAL 508 Y A &9

Wid Foz At P (contro)ll = HEUH 2
& ¢ SFF-RPAE AT BE HA9HEA

AYL 3ptEo 2 sty on, FEE A EA= 24
(18~32°C)oll &A AustAA HF & c0dol dHAE
£ ARG AR Frte HET 2579 g
YWE-7E AsHA WA s Qi AV AlEe 4%

HQl A folle A8 S/ (severe symptoms) .2, ¥g]
7 "ML FQov ANEs S48 HolA] &= A

dl= k3t F d(weak symptoms)S.Z 39},

55 23 1 9dae) Y Est 95

A S FAHoE YA AazEe] AlESH &
LS A A, wjFo; RN e AESHe] 47
A AL 5 570 AelA A 40%= wl§- AsHA
WA 3 TH(Table 2). FulFo = Aot 34 A9
A EA AT 10%% A SA ).
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1 A, C B), Asde F& JH=z Asnrt, $d &4
3] AlE] A ZEEA Hewdd dEE JEAe
W2 QAFt 4 BEEA] @, K] B A

HE)

B2 A s st HE e Ui =aRe g
Wx o2 Wake zlo] B o= UEsTthFg. 1
B, D, F).

Hue £9 € 4. < Hole 4t
I AAFEe] HE a2y B3 Fusarium 455
of thet Fe 9wk S AR 49, &9
FEL 25 ZAA @7 A (monophialide)E ¥4 3+,
A EA L AFEAAEA 2 FHEAE AT
(Fig. 2 A~CQ). JEEAZAE F2 3~57), T2 7}%
7ol Aeh 7HR Y B, I A7 18~70X
2~6umAth 2T BUY F2 d¥o= F
2o} AV 78 Ul Z2 2749 AuhE 7H A jlen,
I A7E 5~38X2~6 umAth FHEAE T4, AR
241 Y YA gYFelL, I I7E 4~12X4~12um
ATk

2 #5ES PDA BIlA o wjste] 2=AMG 2

[}

[e]
NESE

4 i 3, NEHAE SFURYOR Asen, wjFet FoA £
3t #FES #EFS UAE BaNg oz, JFuFdA
Wk 8 WA 19969TE 199897kA] S AL B #FES 4 WA 2348 fUckFig. 2 D).
Table 2. Occurrence of Fusarium wilt on cruciferous vegetable crops in Korea from 1996 to 1998
Host Location Month surveyed No. of fields surveyed No. of fields infected % Infected plants
Chinese cabbage Hoengseong June 4 3 10~40
August 10 1 30
Hongcheon June 4 1 <2
July 26 10 1~40
Jeju May 3 1 <2
Pyeongchang July 14 8 5~10
Taebaek August 15 8 2~10
Cabbage Hongcheon July 5 1 10
Jeju May 5 1 10
Radish Buyeo March 45 3 1~10
Cheongwon October 15 3 10~40
Paju June 11 1 30
Pyeongchang June 19 2 2~10
Yeoncheon June 6 2 2~40
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Fig. 1. Symptoms of Fusarium wilt on three species of curciferous vegetable crops in the field. A) wilt and yellows of Chinese cabbage;
B) a longitudinal section of the diseased Chinese cabbage root showing vascular discoloration; C) wilt and yellows of cabbage; D) a
longitudinal section of the diseased cabbage root showing vascular discoloration; E) wilt and yellows of radish; F) a transverse section of
the diseased radish root showing vascular discoloration.
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1971; Nelson &, 1983; Snyder$} Hansen, 1940)°] 7€t @52 W3t (Table 4), ¥ i3 HAdHA 42
E oxysporum®] 5%} Hls2dte] E oxysporumSE 4 3}, t)RBe) FFEo] Bl 7)Fo] @A glo] vjd]
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sgon], 7 AR WQwel Bo FRE MERoA 94l dNom, 4 37 WA e W) E
370, Fuiol 3070, ROl SeNEA RE 123 @5 of weh okshAv 3o ehdThTable 5). FAEFE

A THTable 3). o EF AR uFEFC HYAdo) oy AAFHe
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Fig. 2. Morphological and cultural features of Fusarium oxysporum isolated from cruciferous vegetable crops. A) hyphae, conidiophores,
microconidia and macroconidia; B) macroconidia; C) chlamydospores; D) colonies on PDA after seven days of incubation at 27°C in the
dark. Each scale bar represents 30 pm.

Table 3. Isolation of Fusarium oxysporum from roots of crucifer- Table 4. Isolates of Fusarium oxysporum used for examination of
ous vegetable crops showing wilt symptoms from 1996 to 1998 pathological characteristics
Common . . No. of . . Isolated year
name Scientific name Location isolates Source of isolates  Isolate No. Location and month
Chinese  Brassica campestris Hoengseong 6 Chinese cabbage  F6142-2 Jeju June 1996
cabbage  ssp. pekinensis Hongcheon 13 F6152-3 Hongcheon July 1996
Jeju 8 F6156-1  Hongcheon July 1996
Pyeongchang 7 -
Taebaek 3 Cabbage F6165-1 Jeju June 1996
Cabb Brassica ol a h 5 F6190-2 Hongcheon  July 1996
abbage  Drassica oleracea  Hiongeheon F6192-3  Hongcheon July 1996
var. capitata Jeju 25
ish 1-2 B h 1998
Radish Raphanus sativus ~ Buyeo 20 Radis 1;2;; 51 Bzzzg ?ﬁ?;c 1398
Cheongwon 7 )
Pajn 3 F63373  Paju June 1998
Pyeongchang 20

Yeoncheon 6
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Table 5. Pathogenicity of Fusarium oxysporum isolates from cruciferous vegetable crops on Chinese cabbage by artificial inoculation

Disease severity on Chines cabbage cultivars®

Source of isolates  Isolate No. -
Chunhawang Gonaengjiyeoreum Jangmi Manjeom  Yeoreumshinkwan
Chinese cabbage F6142-2 ++ - + ++ ++
F6152-3 ++ + - ++ +
F6156-1 + + ++ ++ ++
Cabbage F6165-1 ++ + - + +
F6190-2 + + ++ ++ ++
F6192-3 ++ ++ - + ++
Radish F6311-2 ++ ++ + + ++
F6325-1 - ++ ++ + +
F6337-3 - + ++ + +
Control - - - - -

4+ severe symptoms, +: weak symptoms, —: no symptom.

Table 6. Pathogenicity of Fusarium oxysporum isolates from cruciferous vegetable crops on cabbage by artificial inoculation

Disease severity on cabbage cultivars®

Source of isolates - Isolate No.

) Daegong Daetong Green Hero Gusto Sagyehwak
Chinese cabbage F6142-2 + + + ++ +
F6152-3 + + - ++ +
F6156-1 + + - ++ ’ +
Cabbage F6165-1 + + + ++ -
F6190-2 + + + ++ +
F6192-3 + + ++ ++ -
Radish F6311-2 - + + + -~
F6325-1 + + + + -
F6337-3 + + + ++ -
Control - - - - -
*++: severe symptoms, +: weak symptoms, —: no Ssymptom.
Hjj5o]] EH%P B el FElEl REA adtt. A 22 2FES TR FAS 2ES WAl &
FAFFEY FlF] g BARAR A, FAE T Ao Yeigt FAFFES Tl tg HaAdl
FEL Gusto%%g A 455 diste] R HE QoA e dAE FEY FFE0] uiF 2 GuiSE] #
Aol Fa A UNUTHTable 6). WL FTAFFS  FESRO Fe Aoz g,
st ZrdS 2 GustoEFoA S #HAEE 2 of FATFEY AR 099 AiEol g WY
e R SR @FEec] FEY FFEETE vAh AR 49, 25 5 ) ZE) tiE 2% Bl 9
BdAgel A AR Yoy MAFHoR FAIFF  UTHTable 8).
Sl o] g YL FFE Tl 11
92 gt o
FRFEe) 2o g3 JUANAR A%, TARFE
FolA Wil P 3@FE FA FEES U@ o A7 24 A, T oy AdolA YAlskgt A
Y7gde] mlefatAY O*ﬁﬁ}(Table 7). FaiFAM BT LFE] AEIH] thd BAEly Qe Aoz wE

&%Z F F6165-12 FAIgH A FEF) s A3 o
o] IoH, F6190-2% SHEthd |, F6192-3-2 3}
Ny S g 2zt Hgado] sk Aow VEhe
1 o]je] & HeAde] As gl Fol

2EFIE

o, dF 2RAME T L&) 40%9 23 By 2
Folle ol Hdde d=Ert vie 58 202 FHHY
Ak Al

AELH BN F2 SLOA 108 Aol
BRE ko) AH WS AL 4457 ol ¥ 2
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Table 7. Pathogenicity of Fusarium oxysporum isolates from cruciferous vegetable crops on radish by artificial inoculation

Disease severity on radish cultivars®

Source of isolates  Isolate No. -
Cheonhadaehyeong Gosanjidachyeong Hanoldaehyeong Jangbaekminong Jangchundaehyeong

Chinese cabbage  F6142-2 - - - + +
F6152-3 - - + + -
F6156-1 + - + - -~
Cabbage F6165-1 - - - - -
F6190-2 - - ++ - -
F6192-3 ++ — ++ - -
Radish F6311-2 ++ ++ ++ ++ ++
F6325-1 ++ + ++ ++ ++
F6337-3s ++ + ++ ++ ++
Control - - - - -

®++: severe symptoms, +: weak symptoms, —: no symptom.

Table 8. Pathogenicity of Fusarium oxysporum isolates from cruciferous vegetable crops on eight non-cruciferous vegetable crops

Disease severity on crops®
EG TO WO SP Cu ME WM

Chinese cabbage ~ F6142-2 - - - - - - - _
F6152-3 - - - - - - - _
F6156-1 - - - - - — - —

Cabbage F6165-1 - - - - - - - -
F6190-2 - - - - - - - -
F6192-3 - - - - - - - -

Radish F6311-2 - - - - - - - -
F6325-1 - - - - - - - -
F6337-3 - - - - - - - -

Control - - - - - - - -

Source of isolates Isolate No.

“RP: red pepper, EG: eggplant, TO: tomato, WO: welsh onion, SP: spinach, CU: cucumber, ME: melon, WM: water melon.
®— : no symptom.

Aot o, dF AGe Aldstg-2ulelA AuEed 7 th 71E9 AF A, SFEYE FF7 ulFdE Y
Folle AS 27% AESHo] HatA WAt F 4ol e ALE HIH v (Nomura} Ishii, 1989;
< HiFot F= AldsheauiolA Ao g Bol Ajuls  Pound} Fowler, 1953), ©] A AFNAME oA &
IS 2ol AR T2 A% Fse vlEe] & 2d FFEY HYH S PEdA BEd F3E9 Y
OS2 NESHY Y2 O 71 Aos Jddr AH AR Ao E veht vFgE 559 231

A AaAEQ Wi, G, Fo) BE P L uEid #FE9 28382 F oxysporum f. sp.
B Fusarium oxysporums 8] 73352, BYN B3l conglutinans$t SL3 A2 R Th oy ZTAFE
E At AL A WAE A R4 A% 9 Foll tigh BAAd 2t A3, A2 FE2Y 458
T UAAA gl wig- Fasielh HAsla A4z i 2 iR FFEET HdAgo]l e Ao
A B3 F oxysporum dFES] HAARE 2AME A3} Yeht, 7249 #5753 w3 2 PSgd 455
FAETFES ARSI o]9f9 AiFE = WA ol ¢l | 1318 (forma specialis) -2 WL E (race)ZHol| = X}ol
Rew, s A LFEAT Eo)F HAAHE 7R 7F e AeZ AR
al
I3

L o

AN 2B FAFFEY w2 o) tigh E oxysporum®| = 1207 ©]/de] R 3}3 o] &) sy
BEL AP FFo et vk Aol AU, 8] (Amstrong?} Armstrong, 1981; Correll, 1991), E oxysporum
4 Zjo] glo] BF wiS 2 o Aol AN f. sp. conglutinansol s 42 7H¢] WA (race)o] SAS
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£ Zleg BuEo] At AmstrongZ Armstrong, 1952;
Armstrong@} Armstrong, 1966; Armstrong¥ Armstrong,
1981; Ramirez-Villupadua &, 1985). &3] Armstrong®
Armstrong(1981)2 A8 A AES Helote dFe
2% F oxysporum f. sp. conglutinans®l &3}m, vl
9 £5 HAslste 4F7F 42 race 13 22 E7F3H3
t}. @A E oxysporum 4552 HUA, isozyme ¥,
AAE33Hol 71Z38t ARG AR e FilFHd
T F0E 59 £33 S 44 f.osp. conglutinans
9} f. sp. raphaniZ ¥5 3% 2™ (Bosland and Williams,
1987; Bosland and Williams, 1988), EAAE38H2 ¢l &4
Ao M= Ztzh Solg ©d ATA ALE gIfnt
(Kistler, 1997; Kistler 5, 1987; Kistler 5, 1991). 284}
F. oxysporum®) f. sp. conglutinans$t f. sp. raphani®| 7)
Fo tig Hegde FHFxA, 53] ES2=d wet |
T+ Qo 2 Z(Nomura®} Ishii, 1989; Pound$} Fowler,
1951) o] & &3] thar s HazE F50
7128 HYE EF 477 o AEUA olFoiHer &
Aoz AztEn

AAE HEAY A, A GulF FF FolA
Gustool| 4] 3t W o] Alstsd &), GufsolA] Eejd 45
P HES Pl FFo] AFER] Aol BdY
o] plekalAL Wo] HXA] ¥ Aoz YEhgt) IH
& 5(1996) WF 5 I FuF AuEFo] dHFE

—_

Aol s, AHAIEE Zpdolt st o
A A3 A ARl 2o YR RolE BT

AAES] FEAY A3, dF FolA £ 457t
Hj S 2 ofuj ol Z3et v e JEhHA, YR vl 3
oA E2BH FF7F Foll= 74t MAAHE vEh
B2 FASZHo| BAg X ujF F PFE A
W3kAY W3 2 PFAIESEe] AT T FE&
A kA JH AlESHo] AFH R BT 7Mool
=S Aoty B3 EFREIF ALY ol oA &
23 FF7F FFo = HALE YERN I, FajFolA
223 37 Folx He4de vebd 5 Jth(Nomura
9} Ishii, 1989; Pound¢} Fowler, 1953). X9} A &S24
A AloldlE 2 H(E)Y] AAAAIZE AL B = (Walker
9} Smith, 1930) A8t} A 22HES ALHOE A|HE}
S22 Z2oA A AE, AESHY HAL oS
gold Zo= FPHETH

=] ot
= =

1996 A6 1998 37kA] =} A x1aba A A2 HEL] &

- AR

Aol AESY TS 2AE A, wiFs FolM e
B Fo] Hof 40%71A AstAl B, FajFol
M df gAY 47 BAS T AlESs e
ol AT HAZEY WE PHEFY F 1233F
o] Fusariumzto] EE|stRom, FAFFE 4 ¥
WA B8 2AKSE A, 25 Fusarium oxysporum.
2 FAFIAG. FAFTEY WF 2 Pl dig
AL FAEFF wet o zole ey #FE3
of FEA TEHA gskeh. Foll tig HUdel slo
Ae dAR FEe 458 wF ¥ i a5
ERT 3% Aoz yetgdh. FAEFES AR o
oo AizEe e BALHEE AH, 2F T g &
B dis] =5 Heddel itk o d7+d, v

FEo HYFL PiFHE 2FE BLFEH ¥

e Ao et
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