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Clubroot and Fusarium wilt of cole crops (Brassica oleracea L.) are destructive diseases which for many years
has brought a decline in quality and large losses in yields all over the world. The breeding of resistant cultivars
is an effective approach to reduce the use of chemical fungicides and minimize crop losses. This study was
conducted to evaluate the resistance of 60 cabbage (B. oleracea var. capitata) and 6 broccoli (B. oleracea var.
italica) lines provided by The RDA-Genebank Information Center to clubroot and Fusarium wilt. To investigate
resistance to clubroot, seedlings of the genetic resources were inoculated with Plasmodiophora brassicae by
drenching the roots with a mixed spore suspension (1 : 1) of two isolates. Of the tested genetic resources, four
cabbage lines were moderately resistant and ‘K166220’ represented the highest resistance to P. brassicae. The
others were susceptible to clubroot. On the other hand, to select resistant plants to Fusarium wilt, the genetic
resources were inoculated with Fusarium oxysporum f. sp. conglutinans by dipping the roots in spore sus-
pension of the fungus. Among them, 17 cabbage and 5 broccoli lines were resistant, 16 cabbage lines were
moderately resistant, and the others were susceptible to Fusarium wilt. Especially, three cabbage (17227115,
‘K161791’, 'K173350") and two broccoli (1T227100', ‘IT227099’) lines were highly resistant to the fungus. We
suggest that the resistant genetic resources can be used as a basic material for resistant B. oleracea breeding
system against clubroot and Fusarium wilt.
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Table 1. Resistance degree of six broccoli (Brassica oleracea var. italica) and eight cabbage (B. oleracea var. capitata) lines to Plasmodiophora

brassicaein 2012°

Accession ID° Scientific name Disease index" Responsed
IT 238544 B.oleracea var. italica 40+0.0 S
IT 238543 B.oleracea var. italica 38+04 S
IT 238542 B. oleracea var. italica 40+0.0 S
IT 227101 B. oleracea var. italica 37105 S
IT 227100 B. oleracea var. italica 40+0.0 S
IT 227099 B. oleracea var. italica 40+0.0 S
IT227118 B.oleracea var. capitata 1.7+£0.7 MR
IT227117 B. oleracea var. capitata 40+0.0 S
IT227116 B. oleracea var. capitata 3705 S
IT227115 B. oleracea var. capitata 36+0.5 S
IT227114 B. oleracea var. capitata 3.1+0.7 S
IT227113 B. oleracea var. capitata 1.7+£08 MR
IT227112 B. oleracea var. capitata 34+038 S
IT227111 B. oleracea var. capitata 3.7+0.5 S
Verydom B.oleracea var. italica 40+0.0 S
Ohjora B. oleracea var. capitata 39+03 S
Jersey Queen B.oleracea var. capitata 08+0.8 R
Badger Shipper B. oleracea var. capitata 02+04 R

°Fourteen-day-old seedlings were inoculated with P. brassicae by drenching the roots with a mixed spore suspension (1 : 1) of two isolates (race 9)
to give inoculum density of 8.5 x 10° spores/pot. The plants were incubated in a growth chamber at 20°C for 7 days with 14 h light a day and then
transferred to a greenhouse (20 + 5°C). Six weeks after inoculation, disease severity of the plants was investigated on a scale of 0—4.

®The broccoli and cabbage seeds were obtained from RDA-Genebank Information Center.

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

9R, resistant, disease index (DI) < 1.0; MR, moderately resistant, 1.0 < DI < 2.0; S, susceptible, DI > 2.0.

O] ol Tt A7F M= AL Lot A FEo] AltE
L QIR

2 Aol A E HejE ol tiste] ko] AFHS Kol

£ S BE g FAAYS gl AT S = AT

J S AA(1T227118’, IT227113’, “IT223342,

K1662207)& A 4= 1%l o, 53] 'K1662202- 3F5-of &F

e el B ARk S5l 4 o] 8 4 9l Ao A

FAFAALG BA

E%Elﬁ} hﬂH%‘— TR A ES
gk AgAdS HAgs Aat, 2012 of] BoF
& i*ﬂ FAAY ol A= 170E AlQlet 578 a4
(‘IT238544’, ‘IT238543’, ‘IT2271071’, IT227100’, IT227099’)0| *]
AL Bt} 1831 o] S 3 T227100°9} 1T227099' %= BHy
= 0.19] o} 2 A PdS YERHTHTable 3).

2012 of] o vk oFufjS=0] 7, §-3A-d 87 Foll A A
P ALY VN, FEAPAL e, olF T 74
A 1T227115°-2 0.29] W =5 Hof Al tigh i1k

O] A A= & o= ISItH(Table 3). 712151 2013

of B 2 il R 52709 A HA 2 A
2 FFAARE 1370, SEA G2 1370 L2 aL v A] 267)

(e}
FAALE g0 sielElglm, o5 & 54 Ko79r's)

S Uehyo] A
191% oF % S1SiTHTable 4,
Fig. 2).

F. oxysporum-2 3 Y 3k= 7|Fof whet 231 (f. sp) 2=
AL 7)1 0] FFol it WY o= raceE HE =T, F
oxysporum f. sp. conglutinans= %Fij 55 3 &St w3 2;
B AlESHS 4o HYF L EA race 1-57}F LA ch
(Armstrong™} Armstrong, 1952; 1966; 1981; Ramirez-Villupadua
%5, 1985). o] &5 Al race Zof| 4] Al race = F. oxysporum2] T2
f. sp., =, race 2= f. sp. raphani, race 32 f. sp. matthioli race 1,
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Table 2. Resistance degree of 52 cabbage (Brassica oleracea var. capitata) lines to Plasmodiophora brassicae in 2013°

. b
Accession ID

Scientific name

Disease index"

d
Response

IT100499
IT136508
IT136510
IT180722
IT188172
IT188173
IT188175
IT203326
IT203328
IT203329
IT211568
IT223333
IT223334
IT223335
IT223336
[T223337
IT223338
IT223339
IT223340
[T223341
IT223342
[T223343
IT223344
IT223345
IT234356
IT267602
IT906781
K004537
K004549
K138775
K138934
K139017
K161791

K166207
K166208
K166210
K166211

K166212
K166213
K166214
K166215
K166217
K166218
K166219
K166220
K167872
K167874
K167875
K173350
K173351

K204445
K204446
Ohjora

Jersey Queen
Badger Shipper

B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B.oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata
B. oleracea var. capitata

28+13
23x1.1
28+09
40+00
40+0.0
40+0.0
3.8+04
40+00
40+0.0
3.8+0.6
40+0.0
40+0.0
40+0.0
36%+10
3.7x07
40+0.0
40+0.0
2711
40+0.0
40+0.0
20+08
40+0.0
39+03
40+0.0
40+00
3.8+04
35+0.7
28+14
3.8+0.6
40+0.0
40+0.0
40+0.0
40+0.0
3.7+05
3.6+07
3.6+0.7
40+0.0
28+15
3.8+06
39+03
29+10
40+00
40+0.0
40+0.0
12+1.0
40+0.0
34+08
40+0.0
40+00
34+07
40+0.0
40+0.0
40+0.0
1.2+04
08+14

]

3

Fourteen-day-old seedlings were inoculated with P. brassicae by drenching the roots with a mixed spore suspension (1 : 1) of two isolates (race 9)
to give inoculum density of 1.6 x 10° spores/pot. The plants were incubated in a growth chamber at 20°C for 7 days with 14 h light a day and then
transferred to a greenhouse (20 + 5°C). Six weeks after inoculation, disease severity of the plants was investigated on a scale of 0—4.

®The cabbage seeds were obtained from RDA-Genebank Information Center.
“Each value represents the mean disease severity + standard deviation of two runs with ten replicates each.
9R, resistant, disease index (DI) < 1.0; MR, moderately resistant, 1.0 < DI < 2.0; S, susceptible, DI > 2.0.
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Fig. 1. Resistance of two cabbage lines to clubroot. A: 'K166220" (moderately resistant), B: IT223341’ (susceptible).

Table 3. Resistance degree of six broccoli (Brassica oleracea var. italica) and eight cabbage (B. oleracea var. capitata) lines to Fusarium oxysporum f.

sp. conglutinans in 2012°

Accession ID” Scientific name Disease index” Responseu|
IT238544 B. oleracea var. italica 1.0+1.9 R
IT238543 B. oleracea var. italica 08%1.6 R
IT238542 B. oleracea var. italica 27+25 S
IT227101 B. oleracea var. italica 03+0.7 R
IT227100 B. oleracea var. italica 0.1+0.3 R
IT227099 B. oleracea var. italica 0.1+0.3 R
IT227118 B. oleracea var. capitata 28+09 S
11227117 B. oleracea var. capitata 1.7+16 MR
IT227116 B. oleracea var. capitata 24+1.6 MR
IT227115 B. oleracea var. capitata 0.2+0.6 R
IT227114 B. oleracea var. capitata 0.6 +0.8
IT227113 B. oleracea var. capitata 0.8+1.8 R
IT227112 B. oleracea var. capitata 21+1.0 MR
IT227111 B. oleracea var. capitata 05+1.3
YR-Honam B. oleracea var. capitata 0.0+0.0
Redmart B. oleracea var. capitata 3.7+£1.7

*Fourteen-day-old seedlings were inoculated with F. oxysporum f. sp. conglutinans by dipping the roots in spore suspension of 1.0 x 10’ conidia/
ml for 30 min. 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 3 weeks, disease severity of the plants was investigated on a scale of 0-5.

®The broccoli and cabbage seeds were obtained from RDA-Genebank Information Center.

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

9R, resistant, disease index (DI) < 1.0; MR, moderately resistant, 1.0 < DI < 2.5; S, susceptible, DI > 2.5.

9] 50| Atype A& FHEL = ME2E o571 EAY
o] o] & F. oxysporum f. sp. conglutinans race 5= 435} th
7} 20| race 22 ¥ 7 3 cHBosland2} Williams, 1984; Brayford,
1992; Ramirez-Villupadua %5, 1985). u}2}A] &R oFufjS=of A
E2HS 42 7|= F oxysporum f. sp. conglutinans+= A type
o= 5ol vl LS ek = race 12 W 94d& UEHY
= race 27} Q)tHBosland £} Williams, 1984). -2 Uz}o| A=

o} race 27} 331E| %] SFSkAIR, ol ol et A= A &
AR ghale W a s Aol

H Ao A F. oxysporum f. sp. conglutinans KR3(race 1)o]
Ot AlEoll a0 A Bl gl A 3%
(‘IT227115’, ‘K1617971’, ‘K173350") 3} B 2-=2] 23('IT227100’,
1T227099)2 SF O = race 2| &= A4S UEfH= A& &2l
o dartlon, race 20| A4S UEPAEE A5
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Table 4. Resistance degree of 52 cabbage (Brassica oleracea var. capitata) lines to Fusarium oxysporum f. sp. conglutinans in 2013°

Accession ID” Scientific name Disease index’ Responsed
IT100499 B. oleracea var. capitata 0.7+0.9 R
IT136508 B. oleracea var. capitata 32+19 S
IT136510 B. oleracea var. capitata 42+13 S
IT180722 B. oleracea var. capitata 36+1.6 S
IT188172 B. oleracea var. capitata 08+1.5 R
IT188173 B. oleracea var. capitata 33+26 S
IT188175 B. oleracea var. capitata 0.7+1.1 R
IT203326 B. oleracea var. capitata 1.4+£0.8 MR
IT203328 B. oleracea var. capitata 29+14 S
IT203329 B. oleracea var. capitata 1.1+£1.6 MR
IT211568 B. oleracea var. capitata 1.5+23 MR
IT223333 B. oleracea var. capitata 2316 MR
IT223334 B. oleracea var. capitata 1.6+1.1 MR
IT223335 B. oleracea var. capitata 08%1.0 R
IT223336 B. oleracea var. capitata 09%1.0 R
IT223337 B. oleracea var. capitata 14+0.7 MR
IT223338 B. oleracea var. capitata 0605 R
IT223339 B. oleracea var. capitata 1.6+1.3 MR
IT223340 B. oleracea var. capitata 32+1.7 S
1T223341 B. oleracea var. capitata 49+03 S
1T223342 B. oleracea var. capitata 42 +1.1 S
1T223343 B. oleracea var. capitata 1.0+£1.2 R
IT223344 B. oleracea var. capitata 1.8+1.1 MR
IT223345 B. oleracea var. capitata 1.0+£0.7 R
IT234356 B. oleracea var. capitata 26+ 1.6 S
IT267602 B. oleracea var. capitata 29+19 S
IT906781 B. oleracea var. capitata 08+1.8 R
K004537 B. oleracea var. capitata 38%+19 S
K004549 B. oleracea var. capitata 48+0.5 S
K138775 B. oleracea var. capitata 33+2.1 S
K138934 B. oleracea var. capitata 14+14 MR
K139017 B. oleracea var. capitata 42+15 S
K161791 B. oleracea var. capitata 02+04 R
K166207 B. oleracea var. capitata 29+1.2 S
K166208 B. oleracea var. capitata 1.3+1.2 MR
K166210 B. oleracea var. capitata 32+1.0 S
K166211 B. oleracea var. capitata 5.0+0.0 S
K166212 B. oleracea var. capitata 26+19 S
K166213 B. oleracea var. capitata 1.0£1.6 R
K166214 B. oleracea var. capitata 1.1+£0.7 MR
K166215 B. oleracea var. capitata 1.1+£0.9 MR
K166217 B. oleracea var. capitata 47 £0.7 S
K166218 B. oleracea var. capitata 3414 S
K166219 B. oleracea var. capitata 45+0.5 S
K166220 B. oleracea var. capitata 06+0.8 R
K167872 B. oleracea var. capitata 26+1.8 S
K167874 B. oleracea var. capitata 45+0.8 S
K167875 B. oleracea var. capitata 4.7+0.7 S
K173350 B. oleracea var. capitata 04+1.1 R
K173351 B. oleracea var. capitata 23+22 MR
K204445 B. oleracea var. capitata 43+1.6 S
K204446 B. oleracea var. capitata 40+1.6 S
YR-honam B. oleracea var. capitata 02+04 R
Redmat B. oleracea var. capitata 37+£1.8 S

*Fourteen-day-old seedlings were inoculated with F. oxysporum . sp. conglutinans by dipping the roots in spore suspension of 1.0 x 10’ conidia/
ml for 30 min. 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 3 weeks, disease severity of the plants was investigated on a scale of 0—4.

®The cabbage seeds were obtained from RDA-Genebank Information Center.
“Each value represents the mean disease severity + standard deviation of two runs with ten replicates each.
“R, resistant, disease index (D) < 1.0; MR, moderately resistant, 1.0 < DI < 2.5; S, susceptible, DI > 2.5.
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Fig. 2. Resistance of two cabbage lines to Fusarium wilt. A:'K161791’ (resistant),
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