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Summary

This study was conducted to identify the physiological
characteristics of Fusarium oxysporum f. sp. conglutinans Which
causes cabbage vellows and to select resistant cultivars in Cheju
Province Which produces nearly half the cabbage in Korea.

Damage caused by cabbage vyellows disease has been rapidly
increasing in recently. The fungal pathogen F. oxysporum f. sp.
conglutinans was isolated from the stem of fusarium-infected cabbage
plants in September 1996 in the Hallim area which has been the major
production region of cabbage in Cheju Province for thirty years. The
microconidia were oval-ellopsiod cylindrical or slightly curved, and
their size was between 6.0 and 10.4pm in length and between 3.0 and
3.6um in diameter. The shape of microconidia was apex—hooked or
cylindrical having generally three septates, and their size was between
21.0 and 30.4pm in length, and between 3.1 and 4.8um in diameter. Their
colonies showed delicate white color on culture media. The mycerial
growth was optimum at 28°C, and pH 5.0, and PDA (potato dextrose

agar) medium showed better mycerial growth than other media.

In the inoculum test of cabbage seedlings in plastic film house and
also in the open field, 20 entries were examined for their resistance.
The cultivars ‘YR-Kogetsu’, ‘Akiyu’, ‘Asasio’, ‘Ayahikari’, ‘Ayakaze’,
‘Daewall’, ‘Enchorong’, ‘HN97-350", ‘HN97-397, ‘Kanmei, ‘Kosul,
‘Savoy Ace’ and ‘Yorei-41-Go’ showed resistance. And among the

resistant cultivars, ‘YR-Kogetsu’, ‘Asasio’, ‘Daewall’, ‘Enchorong’ and

,1,



‘Kanmei’ showed lower rates of head-cracking and higher marketable

yields.

Cultivars that are susceptabile to cabbage yellows showed symptoms
of wvascular plugging, vascular browning and cell collapse in the
xylem vessels of infected roots and stems. And with the advance of
cabbage yellows disease, infected leaves recorded a rapid decrease of
chlorophyll content showing brown to yellow color. But in resistant
cultivars, chlorophyll contents showed no difference between inoculation

and noninoculation treatments.
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FHFo] AlESH 2 1800t H m =] FRAIGeA A& THE o
om Ao A= 1952
Aol A A E 7] Al AFe}
grpetel A= 3~4d A
H 2AHAS Aow FAS L o AFA G T2 96l A&
RIuFEJom(Z 5, 1996; ©] &, 1996) 97l &= A EdAe FAHA
U= ®al(o] &, 1997)7F
Fusarium oxysporum f. sp. conglutinanst ulFE ®] 33k vjF3}
Ao FHLAsH AMEsHe doivta Hauxolxa vk ujE
(Brassica oleracea L. var. capitata), AL(B. oleracea L. var. acephala
DC. Alef), #-&ttt}7| %8l 3= (B. oleracea L. var. gemmifera Zenk), 2 <F
W 3=(B. oleracea L. var. botrytis), =2 %w|F(B. oleracea 1L var.
italica Plen), <=5-(B. campestris L. ssp. rapifera), 7t(B. juncea L. Czern.),
AN B. napuss L.), W5 (B. campestris L. ssp. pekinensis Lour. Rupr.)
7V 29 2 (Lepidium sativum L.), 2~2E = (Matthiola incana R. Br.)}
(Raphanus sativus L.) &°l ZEEtta 7550 9lom olzg]s} oA
of, eAlot ol 74, ot 7t T AlA Z=relA ®aEar vk (Booth,
1971).

F. oxysporum< 52 7|FH9E XY o] B e =#S F
dall AESHS do7|a xR EYTd AEste 78 d94 ¥
T Z+zte] WMYA strainES A2 U

2]
Toz d4dAd Ao Y
H 71FHE AYa 7] wiel Foooxysporum®] el oA+
EA7)Fo g W9l wel Snyderet Hansen(1940)el ¢]&l Formae
speciales® &5 o], EntE AESHS Yo7+ F oxysporum f.
sp. lycopersici, W4 d BERAYES
wl

melonis, S8kl WaERZ AW Ao 7]|+= F oxysporum f. sp. niveum, =&

2o 7= F oxysporum f. sp.

71 ANESHE doJ)= F oxysporum f sp. fragaria, 5ol A&
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2HS doJ= F ooxysporum f sp. conglutinans % 25%°] W ¥
84 Armstrong 5(1953)2 FuF¢} 7, 2EA A= AlE
He F oxysporum¥ UE olgta EHFea  #gddd we F

conglutinans Z "3t SulF A&
F AESHTS race 2, 2EI A ESH TS race 322 FF/FT AL A
QFst AT g8 Pound®t Fowler(1953)%
1 &

oxysporum f. sp. conglutinans race 1, F *

a

oo
H

S-S F. conglutinans race 1,

=
i Aleeds L

lly

[e]
SHE F oxysporum f.
o

l‘ii

sp. conglutinans race 2, 2~EA A ESH F. oxysporum f. sp.
conglutinans race 3.2 73 Z1S A¢te AUt 1 ¥ Armstrong 5
(1965)2 ul=2] New Yorkx| 9ol Aujs= 2EANA F2g 79 H

A4l F. oxysporum f. sp. conglutinans race 33 th& AL Qs
[e)

o
&

o]Z F. oxysporum f. sp. conglutinans race 4% ™3I
Raimrez—Villpadua 5(1985)°] <3l type A A3dA UwF= FIAAN7=
WS #aE5te] race 52 W3

FF AlEeHY AMA BAL JY FTAE ol ¢4 B
ASE Hola HAaHor FRYPger Hidxol WAo] vedrt &3
HAED =24 Ao Wt EYAA A= A HH, 4= 27
SAE L AEAe Aol A Z=yko] WAdEY. WAddEe AEA
o] B THS st F9 £AS HSY skt olH g AEvE HY
A=A = 2ASHA "k (Peterson 2+ Pound, 1960)

o] WMo ML 2xo} #AVF Zed WAdT R FelA 7~35T <]

e/
2
2

A&o] 7hedtd AEH 22 26~30To|th. A o] 23T ol4o]

WAy sk 7hd AskA R E REE 27~28Tolal 17T o] s)
A= Al wAEA FErHAEE, 1979). Walker®t Smith(1930)
2 18~33ColAe W A H3S 3 Ay} W57} 28CollA 71
=7 Yelgow 18T olatet 33Toldoll A x4t dAA 3] At
tha Haskeh, wWedo] HFsiA I AZEA Y] 7R A2 wet
b= 20Tl A 269, 25TColl A 179, 28CollA 12, 30Tl &= 7
Aol Ao vk A e, 1979).
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Fusarium? WU WA Ho = Eodikd ois ATF47% 4
Fal wom kA 5(1970)2 g 5(1971) 2 4(1969)= chloropicrin?l
o Edatnol Al WA E37F v Bastlar, I
A(1973)= BenomylAl o] #Fx 8= a37F dvhar st

22y Jones®t Gilman(1915)8 A& WAl gk Aol oA
o3t EdAaEe AUt oy =¥ Bl o] Ho] 5o &3 sttt
s

Sl F AlESH AFAH FEFFT diIT dF+= "5 WisconsinT
A A g AlRE RS Jones(1914), Walker(1933), Anderson(1933) & ¢
o AFAE os A FF tiE AUt o Fol AT AR F
%9 o 2% ‘Badger Ballhad7} ¢loH, o] #%& ‘Wisconsin Ball'#
‘Wisconsin Hollander'®] nl3d5Eol 9&] & HH(C.M.L 1970).

FulF A A= A type 3 B typed] F7HA i E o
o A type AZAL @A $AFHS Y 2% 5o Az

32

s
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ry
X,

glol =& AL Yeldth 8y B type AL 20T ol3lol A&
=S ABAS YEAINE 25T oo oA o Hjgw W) A

telzte] AujE wreEthal Bask vk, 1979).
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o] Arl® Adste] 1% Aot 4
2P EFENaOCH o2 133 xHATet & 27 87cme] Petri dishell
2> WA(water agar) #1A] 9o &&Fi 25C F27]A 543t v
3l T} PDA(potato dextrose agar) W Aol o]2]slo] 547t nj s} i)
k¥l A= PDB(potato dextrose broth) HiA oA 2 &ul 2F(110rpm,
28°C, 4)3to] ‘PUFERE i Fol] HES the WAHS gl & #Hd
TS WA o[ A A2 e slem, PDABI Ao o] 23te] 25T 7]
A 15~204 1F s FetaA AGE Ay HAEAe UE EAEA] P
2 A7|E Fedn g 4008] el #wE3FS] Snyderet Hansen(1940)2]
A Al ek Bl L} AT

s
eSS A7 5mme cork borer® Z#tA A7 9em] Petri dishol]l +H]
H PDAWIRA] FFol o] sk 1jro L5 22, 24, 26, 28, 30, 32C= =4
3k g2 7)o A 12041 7F vkl & 2wl AL ES FAES



WA ol pHY WA FAZHFE 2AS] SIske] PDAMAE 2415
ArbgkE& Aoz pHE 4.0, 50, 6.0, 70, 8022 =43 tf
4

AZF WFet F FARLFS S5

Wi A A EA S 2AFSE7] $8te] PDA(potato  dextrose agar),
NA(nutrient agar), TSA(tryptic say agar), RBA(rose bengal agar),
OMA(oat meal agar), CMA(corn meal agar), PA(pepton agar),
MA(malt agar), MSA (mannitol salt agar), YMA(yeast malt agar)
5 ZAte] 120TC oA 2047 Arstal 27 87cm Petri dishd 20mlE
Hol #3 & JA Y 5SmmE cork borerZ ZeEhA o]t 28T

1ol A 497 Wk F AR RS St

1.5 2kAofl 2[5t oAb MEAN 2}

kA 7FeAS AR Yste] Toclofos—metyl 5734, Fluazinam <=3}
A, Dimethorph <=3}4], Benomyl <=3}4, Iprodione =3}A4], Tebuconazole =
SHAE o] &3] AL AFA] HolE F45k3

Fusariumv& 217 5mm$] cork borer= Zebx PDA®IAIE F-2 87cm
9] Petri dishe =9 %31, 217 5mm paper diske] &A1 ¢FAE 0.3me% A
A5 AR 7R A HA Yol 6 F wAMEE AAEIE SAe

[ex]
AA

]
2
=
i
n-lLl

=5 AEdd H1A
213 Fusariumy-S PDBH]A| o] &l (110rpm, 25C, 4¥3H)3sl4
Aol S A2 (6,000g, 10min)3t §& A dwE TS FA, APAE
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Table 1. Morphological characteristics of F. oxysporum f. sp. conglutinans

isolated from infected cabbage stem

Division Characteristics Snyder & Hansen(1940)”

Mycelium Delicate white Delicate white or peach
colors

Microconidia

Shape Oval-ellipsiod cylindrical, Oval-ellipsiod cylindrical,
straight to curved straight to curved
Size 6.0~10.4x3.0~3.64m 5.0~12.0x2.2~3.5um

Macroconidia

Shape Hooked apex or cylindrical, Hooked apex, generally 3~5
generally 3 septates septates
Size 3 septate : 21.0~30.4x 3 septate : 27~46x3~5um
3.1~4.8/m (Mostly 27~46x3~4.5/m)
5 septate : 35~60x3~5um
6-7 septate : 50~66x3.5~5um

“ C.M.L Description of Pathogenic Fungi and Bacteria No.213.
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AdufFo A E#EH FFE Snyder?t Hansen(1940)¢] EHs 43 F
oxysporum®| FENA QL 50 wALe] A Ay FAEZAS] YEel A7,

0 A w3} 2

N

HACEL

Fig. 1. Microconidia(MI) and macroconidia(MA) of F. oxysporum f. sp.

conglutinans isolated infected cabbage stem(x400).
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Length(mm)

Temperature(°C)

Fig. 2. Length of mycelial growth of F. oxysporum f. sp. conglutinans
on PDA media at different temperature.

Length(mm)

Fig. 3. Length of mycelial growth of F. oxysporum f. sp. conglutinans

on PDA media at different pH incubated at 28C.
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Table 2. Effect of different media on the mycerial = growth of F. oxysporum
f. sp. conglutinans for 24hr incubation at 28C

Length of mycelial growth

Media (mm/day)
Corn meal agar 0.5
Malt agar 4.3
Mannitol salt agar 2.6
Nutrient agar 4.0
Oat meal agar 3.9
Pepton agar 3.3
Potato dextrose agar 55
Rose bengal agar 4.4
Tryptic soy agar 4.9
Yeast malt agar 4.8
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FulF AESiel b At WAE Awels] 95kl PDA )
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Table 3. Growth inhibition of different agricultural chemicals on the
mycerial growth of F.oxysporum f. sp. conglutinans after 6

days incubation at 28°C

. ) Control length of mycelial growth
Agricultural chemicals

(mm)
Benomyl(50%) WP. 650mg/L 1
Dimethomorph(25%) WP.1000mg/L 0
Fluazinam(50%) WP.500mg/L 2

Iprodione(50%) WP.2000mg/L 0
Tebuconazole(25%) WP.1000mg/L 2
Tolclofos—metyl(50%) WP.2000mg/L 0
Control(Distilled Water) 0

¥ 32 oA HHA e A e dolr 7] Y5ke] paper diskel Benomyl &
65 sAIFAE AT F dAF AFAA ZHE 4T Aol
Al g eFA| T ol A Tebuconazol(25%)=34] 1,000mg/LS A& @S w
Abel ABGAA o)t 25mm=z 7HE g o)len 1 the2 Fluazinam
(50%) 3} 500ppm, Benomyl(50%) <34 650mg/L. &= ©] Atk 17
U 18] FekEe Al wA AFAA sHo] fATE kAT A AlE

B A ol Al ALY AR ETE A dolBngE Bt A
of v WA AFAAHS dolr ] SaM = F5 FAESA A

= =
A A del dastrta A s AT

o

flo
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Table 4. Symptom expression of different cabbage cultivars measured
with 4 days of intervals after inoculation with conidial

Suspension(2X106conidia/ ml) of F. oxysporum f. sp. conglutinans

Days after inoculation

Cultivar Infection
11 13 17 20 24 rate(%)

Shikidiri 3 5 7 7 9 100
YR-Kogetsu 1 1 0
Banchu Riso 1 3 5} 7 7 100
Akimaki

Gokuwase 2-Go : 0 ! ! ) 100
Akiyu 1 1 1 1 1 0
Asasio 1 1 1 1 1 0
Ayahikari 1 1 1 1 1 0
Ayakaze 1 1 1 1 1 0
Casiopea 1 1 1 1 1 0
Chunryong 1 3 3 5 7 100
Chuwang 3 3 5 5 7 100
Daewall 1 1 1 1 1 0
Daetong 1 3 5 5 7 100
Donwang 1 1 3 3 5 100
Dongbok 1 1 3 5 7 100
Dongpung 1 1 3 5 7 100
Dongwhan 3 5 7 7 9 100
Enchorong 1 1 1 1 1 0
Fukamidori 1 3 5 5 7 100

to be continued
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Table 4. Being continued

Days after inoculation

Cultivar Infection
11 13 17 20 24  rate(%)
HN97-350 1 1 1 1 1 0
HN97-388 1 1 1 1 1 0
HN97-396 1 1 1 1 1 0
HN97-397 1 1 1 1 1 0
Haruhikari 7-Go 3 3 3 7 9 100
Irodori 1 1 1 1 1 0
Kanmei 1 1 1 1 1 0
Kosui 1 1 1 1 1 0
Miharu 3 5 5} 7 9 100
Nulpuren 1 1 1 1 1 0
Sagunga 1 1 3 7 7 100
Savoy Ace 1 1 1 1 1 0
Woojinlho 1 3 5) 5 7 100
White Hunter 1 3 3 5) 7 100
YR-Nodoka 1 1 1 1 1 0
Yoreidl-Go 1 1 1 1 1 0

“degree of infection. 1 ; No symptom, 3 ; Wilting or slight yellowing
of cotyledon, 5 ; Stunting of cotyledon and yellowing of main
leaves, 7 ; Severe stunting of main leaves and severe chlorosis,

9 ; Wilt or dead, respectively.
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Fig. 4.

i i by
L™ T . H " a i L
Tranverse hand-sections of healthy and F. oxysporum-infected

cabbage stem at 15 days after inoculation.
Above : Pith, vascular bundle and cortex of healthy tissue

Bellow : Infected vascular bundle of cabbage stem. The xylem
vassels stained black.

C : Cortex, E : Epidermis, P : Phloem, PI : Pith, X : xylem (x400).
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Table 5. Chlorophyll content of cabbage cultivars measured at 4 days
of intervals after inoculation with conidial suspensior1(2X106
conidia/ml) of F. oxysporum f. sp. conglutinans

Days after inoculation

Cultivar 11 13 17 20 24
e L 24.1" 20.4 15.4 12.6 9.9
Shikidori NI 288 293 325 337 38.4
I 322 319 36 395 418
YR-Kogetsu 23 314 332 404 462
Banchy Risg | 272 255 221 194 12.9
NI 291 297 311 353 359

Akimaki L 240 219 229 224 18.2
Akiv I 393 418 440 441 494
NI 395 384 436 417 433

Aeasio I 345 359 3383 394 431
NI 354 359 391 404 42.8

Avahitari b 295 316 38 371 410
NI 320 321 369 362 36.7

Avalkase I FA SWCATBIL 376 415
NI 326 321370 374 385

Casiope I 316 333 378 396 373
NI 347 346 379 412 36.3

Canryong L 290 307 319 338 5.3
NI 341 330 385 377 384

Chuwang I 296 256 249 215 19.1
NI 341 366 363 369 346

Dactong I 308 277 264 225 15.3
NI 306 297 373 380 413

Dacwall I 330 320 354 373 385
NI 301 285 374 373 40.9

Dongbok I 301 328 32 278 26.3
NI 334 316 342 370 343

Dongpung - 300 304 288 232 20.2
NI 307 314 27 354 349

Dongwang - 313 323 331 256 %6.1
NI 300 286 359 380 388

Dongwhan - 241 200 169 174 155
NI 3.1 328 352 348 372

to be continued
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Table 5. Being continued

Days after inoculation

Cultivar 11 13 17 20 24
Fmidori T 296 305 291 261 271
URamdort 34.1 349 405 422 41.2
I. 351 368 353 406 413

HN97=350  p 340 344 380 371 396
I. 314 321 372 378 387

HN97-388 - p 342 333 3092 404 407
I. 307 319 378 333 326

HN97=39%6  p 301 311 365 367 371
I. 321 345 385 427 196

HN97=397 1. 319 331 370 402 382
Haruhikari L %8 264 201 169 136
7-Go NI 299 300 341 313 371
Todort L 286 208 346 358 36.0
odo NI 29.9 31.0 337 388 41.8
S L 304 304 352 367 36.4
anme NL 31.9 308 386 381 39.8
Kosui P ol = AjB8h7 356 353
os NL 313 323 377 384 39.4
Nihar L 26 214 177 161 143
ard NI 27.0 276 317 343 315
Nuloar L 343 349 348 402 384
vipuren NI 32.7 343 356 364 38.0
S L 279 293 330 248 282
agunga NI 31.4 31.7 357 373 37.7
S A L 322 333 349 356 34.0
avoy Ace N 29.3 333 349 356 34.0
. L 288 281 304 260 235
White Hunter 28 331 380 365 388
Wootn 1ho L 282 278 302 263 188
R 305 306 356 377 36.3

L 324 333 392 404 407

YR-Nodoka ¢ 321 327 386 394 426
. L 367 354 412 417 463
Yorel 41-Go oy 324 348 433 420 478

“1.; inoculated, NL ; non-inoculated.

¥ Chlophyll content : mg/100cit
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Inoculated

15days after inoculated

Fig. 5. Varietal response of cabbage to F. oxysporum f. sp.
conglutinans at the seedling stage.

Above : suceptible, Bellow : resistant cultivar, respectively.
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Table 6. Disease and growth of cabbage cultivars in the experimental

field
Cabbage
. yellows 9 .
Cultivar ) Leaf length’ Leaf width No. of leaves
infecte
rate ?
% cm cm ea

Shikidori 98 - - -
YR-Kogetsu 0 32.5 32.1 16.0
Banch Riso 99 - - -
Akiyu 0 33.9 33.9 14.4
Asasio 0 33.8 34.2 17.0
Ayahikari 0 33.0 32.9 20.0
Ayakaze 0 31.4 33.0 189
Daewall 0 32.4 32.4 16.9
Daetong 66 - - -
Enchorong 0 25.3 28.5 176
Fukamidori 96 = = -
HN97-350 0 35.0 335 17.3
HN97-397 0 27.9 26.2 20.0
Kanmei 0 33.0 33.7 14.0
Kosui 0 36.7 36.2 18.0
Sagunga 87 - - -
Savoy Ace 0 379 35.1 14.0
White Hunter 97 - - -
Woojin 1ho 81 - - -
Yorei 40-Go 0 29.2 31.0 109
CV(%) 7.8 7.7 3.3
LSD(5%) 3.93 4.06 1.07

“ investigated at Oct. 6. 1997
Y investigated at Nov. 6. 1997.
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Table 7. Yield of cabbage cultivars on January 12. 1998

Market-
Plant Head Head Head Head Head b1
Cultivar shape a ©
. . . . . 2 . head
weight weight height diameter index™ cracking .
rate

g g cm cm % %

YR-Kogetsu 2,843 1,805 134 17.3 1.29 1 95
Akiyu 3,223 1,790 119 19.1 1.61 39 61
Asasio 3,325 1,895 13.0 177 1.36 3 95
Avyahikari 3,147 1,998 11.7 18.8 1.61 9 36
Ayakaze 2,997 1,932 11.7 205 1.76 17 81
Daewall 3,177 2,082 139 18.1 1.30 2 94
Enchorong 2,337 1,407 13.0 154 1.19 0 38
HN97-350 3,333 2,163 12.3 199 1.62 6 90
HN97-397 2,040 1,882 119 15.8 1.33 30 51
Kanmei 3,107 2,057 14.1 179 1.27 4 94
Kosui 3,553 2,190 14.0 21.0 1.50 8 38
Savoy Ace 2,903 1,799 14.9 17.1 1.15 1 91
Yoreidl -Go 2,597 2,022 125 19.6 1.59 31 66
CV (%) 11.1 19.0 59 51 92 18
LSD(5%) 556.8 615.3 1.29 1.57 19.3 24.8

“ Head shape index = head width/head height.
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Table 8. Yield of cabbage cultivars on Feburary 12. 1998

Plant Head Head Head Head Head N;ar]};ei .
Cultivar shape

weight weight height diameter index” cracking ?j;d

g g cm cm % %
YR-Kogetsu 2927 2223 138 18.6 1.35 2 91
Akiyu - - - - - 85 -
Asasio 3,200 2,048 134 184 1.37 11 87
Ayahikari 3213 2044 115 19.0 1.65 44 50
Ayakaze - - - - - 80 -
Daewall 3,077 2,261 14.5 185 1.28 6 90
Enchorong 2,373 1434 132 14.6 1.11 11 30
HN97-350 32008 BPAQ [Hd2 1 19.7 1.62 42 54
HN97-397 = - - - - 63 -
Kanmei 3,050 2,011 142 178 1.25 14 34
Kosui 3813 2997 149 211 1.42 59 38
Savoy Ace 2490 1975 149 16.1 1.08 51 44
Yoreidl-Go - - - - - 82 -
CV(%) 10.7 13.0 6.1 5.3 26 14

LSDoos 5686 4735 1.43 1.75 19.2 15.2

“ Head shape index = head width/head height.
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Table 9. Yield of cabbage cultivars on March 12. 1993

Plant Head Head Head Head Head l\/iarlgetl .
Cultivar shape
weight weight height diameter index”  cracking ?:;d

g g cm cm % %
YR-Kogetsu 3,370 2,093 154 178 1.16 24 63
Akiyu - - - - 98 -
Asasio 3,875 2,267  14.7 19.1 1.30 11 87
Ayahikari - - - - 55 -
Ayakaze - - - - 91 -
Daewall 3,398 2,378 153 19.1 1.25 31 64
Enchorong 2,960 1,596 14.2 165 1.16 11 78
HN97-350 e = T = 33 -
HN97-397 - - - - 69 -
Kanmei 3,303 2,670  16.1 19.9 1.24 44 49
Kosui - - - - 93 -
Savoy Ace - - - - 80 -
Yoreidl-Go - - - - 97 -
CV(%) 8.9 11.0 42 2.9 22 10
LSDoos 582.2 4559  1.26 0.99 24.6 135

“ Head shape index = head width/head height.
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