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SUMMARY

I. Title

In vivo screening service for resistant vegetable cultivar

IT. Objectives and Importance of the Research

In the process of developing new disease-resistant vegetable crops, it 1S
essential to screen plants based on resistance to their disease. The methods of the
screening have to be precise, simple, rapid, and economical.

The objects of this research, therefore, were to establish an efficient screening

system and to service screening for the development of disease-resistant cultivar.

IMl. Contents and Scope of the Research

1. The establishment of efficient in vivo assays for disease resistant plants

2. Screening service

IV. Results

1. The establishment of efficient /n wvo assays for disease resistant plants
We have established efficient screening systems for disease-resistant plants of

vegetable crops to six plant diseases.

Table 1. Development of efficient in wvo assays for resistant plants to six

diseases
Crop Plant disease Pathogenic fungi

Chili pepper Bacterial leaf spot Xanthomonas euvesicatoria

Chili pepper Bacterial wilt Ralstonia solanacearum

Chili pepper Root-knot nematode Meloidogyne incognita
Chinese cabbage Soft rot Pectobacterium carotovorum

Watermelon Fusarium wilt Fusarium oxysporum f. sp. niveum

Watermelon Gummy stem blight Didymella brioniae




2. Screening service

Table 2. Screening service for development of resistant plants to plant pathogen

Research period o ot No of sample
request Objective Tested
The first year 8 5,000 5,709
The second year 17 10,000 10,340
The third year 23 10,000 10,330
The fourth year 22 15,000 21,276
Total 70 40,000 47,655
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o AAAFela g&420 WA AMuAE 95t GSP AAaFTAAG ol Hofst= Al E O
Aoz 2014 1€¥€9 in vivo HE|AA AYUS R 3= HYgAA 7, HaHdA QA
7], 2l o S So 3 AEFALE AASEY T

o0 AMEFAAAE FAl= 70700 o] F 597 7F AEo] FHogom FHE B ol FHxte
AeolE dF AEZALE g o A A= $HoR HEZAE L g AE

o AwxAL A3} 597) Al T FF FA HA= 45700lal 7ler Aol ARt el o] A
¢ A= Aot WeElHAe] 2ad 497 T WeHA AE 2 Vles Bastal e
A= 20700] 2L, BAretar A 2 A= 2270 2gfar AR BFekal Sl AAE 7
N el ATt

o2& in vivo MEHAA AYS Q=2 &= U|HdgFE AF 3! «ﬂr 2 7k= 671, Wi 10

o HElAA Ads dew = HAed 7 R A e vded 2

Table 1. |71 A A Qo] L3 13 (Capsicum annuum)®] A=W 2 A 5

Al By Al B2H
== o = ol m W el &y A S
a4 Phytophthora blight - Phytophthora capsici 4
P Bacterial wilt d 114 Ralstonia solanacearum 3
Y75 Powdery mildew - Leveillula taurica 2
Hjo] 2| 2~ H Virus diseases - - 4
Colletotrichum spp.
ek v Anthracnose - (C. gloeosporioides, C. acutatum, 1
C. capsici)
Mt A5 . ) )
Bacterial spot - Xanthomonas vesicatoria 1
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Table 2. He] 1A A Qo] L3 vl (Brassica rapa subsp. pekinensis)® 21&H % 34 4=

BEa BEs

- °© o]l ™ W Q) i 8l 7} %
(32) (o)) I i o A
ey Clubroot FAul Plasmodiophora brassicae 8
) Hyaloperonospora brassicae
s Downy mildew - Yaop P ) 4
(syn. Peronospora brassicae)
Hlolgl ~®  Virus disease - Turnip mosaic virus 7
&Y Soft rot o H. v Pectobacterium carotovorum 1

Table 3. He] A A A Qo] L3 U Citrullus lanatus)® A=W 2 A 4=

A=

e B o 5} BN
(_(:54%) (0301) O] [¢} otﬁ 6‘1 [e] ‘ﬂ]—xﬂ T
) ) _ Fusarium oxysporum £ sp.
d=z21Y Fusarium wilt qkeky Xsp P 3
niveum
gz Gummy stem o} 59 Didymella bryoniae ’ 1
blight (syn. Mycosphaerella melonis)
ey Anthracnose - Colletotrichum orbiculare 1
371+ Powdery mildew - Podosphaera xanthii 1
Phytophthora ..
o - Ph hth 1
e crown and root rot yiophtiora capsict
Table 4. Bl AA A Qo] HQ3 Y (Raphanus sativus)®] 21 =9 2 A
A B2 Al B2
1T¥= 0 i =) -
g o]+ Wl sy A4 4
(3+32) CEl @ il -
= . . 3 Fusarium oxysporum f sp.
Al &4 Fusarium wilt SR e P 6
raphani
) Alternaria spp.
Alternaria spot, . . ..
A5 b Sk (A. brassicae, A. brassicicola, 2
Black spot . .
A. japonica)
wasy Clubroot AR Plasmodiophora brassicae 2
. Hyaloperonospora parasitica
w1 Downy mildew - yalop pora p i 2
(syn. Peronospora parasitica)
SRR i ]
Mt - Bacterial leaf At B Pseudomonas .syrmgae pv. 1
H spot maculicola
TE5H Soft rot A5 Pectobacterium carotovorum 1
dHlo] g A~ H Virus disease Turnip mosaic virus 1
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272hd = 3APA = A7 A =

(A&)

13 =
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nE
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<

(A&)
720
530

30

(A&)
750
430
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280
30
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Table 10. ¥l H A

22 = A= 47pA &=
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(A-E)

100

100

150

o
ojp
il

100

100

150

o
ny

o)
T

b=

20

100
- 18 -

Hlo] ] 213




HE8 R e ke ik pi
Sh 800 1300 1000 500
ZrE 1 0 1000 500 500
Mg AT H W 100 200 200 200
Ek 500 500 500 500
8 7} 300 300 300
Table 12. B4 o Fute] AEYW T/H 3 Al
NE 5 Apd = 22 3 = 43
(AE (AlE) (AE) (A'E)
9Ex1Y 25 25 25 25
ehA 1 10 10 10 10
=k 10 10 10 10
3 7}5 10 10 10 10
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%49
YA AA FH
7F AE

T (Citrullus lanatus)2- 15, &7]9F A gvgte] 39 A F stz T3 F
Faddolm AuiH AL °F 16,396 haolth. @AA A7FFH, &AW, =5, 9, 73
o] vk Hol delx] Jow, Fusarium oxysporum f. sp. niveumo| 23 WEZRZ
(Fusarium wilt)2 A MA Aoz Sk Aguxo] & FI & F= AZH 9 slr}olr}. o]
TS EFolA Mty Bz suzas dAdsta, 7157 SAekd x4 Polst
> AL el ] 23R et 2 HoA olF H FA st VTl AES TS o
o7t WdEzAwd #dd AEAY] 7|8 o= oA U fF3E 4o ZAWE |

e dA 7 Eep =0 (Agrios, 2005).

olgj gt Ut J=x2AWE WA fste] A4E dsta §4& sAY AEE diEs
o]-&gt Hi& Avj Fo AEA WAL EF TFA 55 ol&st= A Ao A&
Aot AAAR v rmFHo] Wol T AEFY £ FFO A= o] WS WhAls)
= BEAQ WOl ARE o} A A el AlEE L e FFo] fle AAolRE B A
oA WHAd FF e S8A4s ds Fofsta o

F. oxysporum f. sp. niveum(Fon)2 B3} 25 Ul 7|5 A& WA Abolo] wmE 7|5
ol ofvek(Lee, 1969), 4 #& Wh&o mE Holxo #£3tE HiEo] JATHCrall,
1963). 197241, ol& & ole A Cirulliz 49 # & (Sugar baby, Charleston gray, Calhoun gray)
of H YA x}o] JEI = Fong 33_:,“38}04 o] ~ O(Sugar baby, #a4d; 1 9, AgAd)
glo]~ 1(Calhoun gray, A4, 1 ¢, 44)=E skl 19734, o] ~etde A= o~

1o Aol A= #F& THst= @ 1&—7} ZdstYa ol dolx 282 EF3H tH(Cirulli,
1972; Netzer$} Dishon, 1973; Netzer, 1976). Martyn(1987)% 19813, w]=F ElA} Ao A = #| 3}
q o FFO AT AES S Tdste ol 27 EdEdes Ealskth 2ol
Zhou(2010)= @ o]~ 20 A Al S Hol: PI-296342-FR #+%S FUyrgls #olx 38 Hu
st o= 71E9 #Hol2Eu #4 At ‘ﬂﬂ%ﬂo 7FA= Aol tH(Table 1). o] &3k A
2% #Holxe] Ed¥ o a2 AR FAAde §AS et 284 A A
Arjo] Hgstch

webA 2 At BEAQ s dExdl AR A2 e &dety] A dA Al

=
off

¢

B3 Qe 19F Fu L 11F BB EF) AGY JEE Paa, o5 F U 3% o
2 232 Awstel /|3 N AR AV, BEY FE, AW L%, TAAG] GAtE A
5 O Wy A0 e S FEe gEady B4 2481 d
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Table 1. Disease reaction of watermelon genotypes used to differentiate races of Fusarium

oxysporum f. sp. niveum

Race”
Genotype
0 1 2 3
Sugar baby S S S S
Charleston gray R S S S
Calhoun gray R R S S
PI-296341-FR R R R S

*Assignments of disease reaction ratings are based on incidence of Fusarium wilt on the
differential genotypes, where R=resistant(<33% wilt) and S=susceptible(>33% wilt).

3

A gkt =k 2O A gExYW S HEle FutelA #e8d Fooxysporum
5o 3t m A n A E AL M E (Korean Agricultural Culture Collection, KACC)oll A HFx+o
F. oxysporum f. sp. niveum KACC40902 & &43s}l7] 9135} potato dextrose agar(PDA;
Becton, Dickinson and Co.) #ix|o HEg & 25To|A 747 wigste] AF&stAa, wgst
wAFA o] InstaGene matrix (Bio-Rad)E AF&3le] DNAE AAth. DNAS ITS(Internal

Transcribe Spaces)® ¥} TEF(translation elongation factor la)d 99 3% % A7|449 2

AE $] 3} o ITS e universal primer set ITS1/ITS4
(5'-TCCGTAGGTGAACCTGCGG-3, 5 -TCCTCCGCTTATTGATATGC-3)E& o]&3t% L,
TEF g EF1T/EF2T (5-ATGGGTAAGGAGGACAAGAC-3,

5-GGAAGTACCAGTGATCATGTT-3)E A}&3}o] Polymerase chain reaction(PCR)& <3}
sttt PCR wHg2 DNA lul, 10mM dNTP mix 1 ul, 10pmol primer set Z}Z} 1 ul,
10xBuffer 3 ul, 2.5 unit/ul EF-Tag DNA polymerase(Solgent) 02 ulE ¥ & HEd5=2 db
SN FIE ?J—;‘i 30 ul7b A Pk ITS 99 Fdx FFH2

denaturation W8 % denaturation annealing, extentione Z}7} 95C 45%, 55T 1%, 70C 1
F o7 353 WhE-d 5 final extension 70C 10+ %3391, TEF 49 A

95C 2+-%t initial denaturation ¥F-S- % denaturation, anneahng, extention= 95C 30%, 54
30%, 72T 1#2o 7 353 W3 & final extension 72C 10&7F <3ttt 12]a2 PCR Ak
2 Big Dye® terminator v3.1 cycle sequencing kits(Applied Biosystems)® H¥H3- & 7}7}o)
primer® DNA Engine Tetrad 2 peltier thermal cycler(Bio-Rad)< ©]-&3t] PCR W3S
331 ABI Prism 3730x] Analyzer 96 capillary type (Applied Biosystems)®Z 7] A1
ANE AArk a3 o] 47| EE BLAST searcholl 9]3] GenBankol| =% ITS 99 %
= TEF 499 @714 493% vusda, sAstA o= 759 GenBank®F-F &
48 CLUSTAL X(Thompson s, 1997)¢} PHYDIT program version 3.0(Chun, 1995)2 ©] &
ko] #4399t Neighbor-joining treet= PHYLIP 3.57c package(Felsenstein, 1985)2]

o
=
|

ll
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Kimura's 2-parameter distance model(Kimura, 1980)& ©]-&3}o] =43}t

(2) LT dZF AAaA A

F. oxysporum f. sp. miveum(Fon) HA ¢ F. oxysporum f. sp. niveum(Fon)
KACC40902¢] =2 Aks g HA o wiAE dA¥str] 9189 Fon HA 59 Fon
KACC40902 5 PDA uiX|o] &7 & 25TColA 747 wgsto] A&t Czapek-Dox
broth(CDB; Becton, Dickinson and Co.), potato dextrose broth(PDB; Becton, Dickinson and
Co.), malt extract broth(MEB; Becton, Dickinson and Co.), V8 broth(V8 200 ml/l, CaCOs; 3.0
g/1), clarified V8 broth(V8 200 ml/l, CaCOs 3.0 g/I; 4,000 rpm, 15 min, ¥4+ 2]), Komada%}
Ezuka(1974)7F Akt A v A (KoHPO,, 0.1%; MgSO,-7H20, 0.05%; KCl, 0.05%; yeast
extract, 0.196, L-asparagine, 0.2%; glucose, 3%, Fe-EDTA, 0.001%; in 1,000 ml of tap
water), Freeman¥} Rodriguez(1993)7} A<t &4 vl %] (glucose, 20.0 g; yeast extract, 5.0 g;
bacto—peptone, 5.0 g/l A7 8 mme A 7S wojuo] 100 mlE 6708 o] Al&ta 25T
o ] 74, 150rpm .2 e w3ttt vietst Fon 7 w55 247 489 A=E2 Ay dA)
& AAst AAFE Q000 rpm, 10 min) F &FHE AAT F JAHdEN dadTE Do
Herels THlekla, FstEn g stol A hemocytometers o] &3he] x| FEE FA 6t

CRE AFe 3urR o g 23] AA s T).

FH

32 2L
0ot

d

(3) A& Ay

P gEzidy A dAHs 3
#F3Hy), A7102/(oFAlobER), A Ej A (o}A] o} 1) 9}
FREALZ (AFEL R E oh) S A g0 AH&-3l T} 8x16
E5E(REAhE Ya REd
ol 7-10¢ &<t Aujste] 19

=
=T dExgy A4 A

ot
1)
ol
2
N
o
ol
o

Al 4 AdE a 1989F, dE 11535 795t 49
of AR&skaiar, el vyt Zzol iy HAAdS A7) fa 2ol 2% F oAl

o (obAlobEE), “Mu] M Thry) 2 o (FHHE ), WE
F AL ER), F9] 2EF FACIA}ER), ‘ES

A (obAl o} R, ELILELR R (o} A o} E ) A3

Furel A% Awo] e PEayy 24 29 ASels 47 5 cm HehaY LEQ)
ml/pove] Vel $HE 558 Y1 A4S 194 sFste] LHNA 7, 10, 13, 169 F A}

g 5 Aol ARSIl

1

TH 521 ¥S doJ)= F ooxysporum f. sp. niveum(Fon) HA 5+ PDA uj X9
S 25TColA 7Lzt wjFste] AFEStAR T Fon HAZE vl wix|ol Al AL Z2ZH(B%8
mm)<S a2 Zelo] V8 broth 600 mloll 36704 o] A alar 25Tl 797k 150rpm e 2 %
gl ekslh wigE Fon HA 5+ 439 7A== AP #AE AlAsL f4&2(8,000
rpm, 10 min) § s H4S AAS H HdEd s do] AIAEHANE Fvskd L, 33}

#n] A alo] A hemocytometerE o] &3te] EA9 % E 3.0x10° conidia/ml= A4 %ct &

_22_



e

HI rlo
k1
o 2 w2

etk A 2k wE deEzidd 2y @@94 76‘%01]{— 7—.‘# 20, 25, 30TC¢] dew
chamberol Al 19 &<k F4 Al 43 =09 F2qFHE &7 124319 FF7]

2 3% E9b Aujetalct.
3 ]

RE AYe 109rEo 7 23] e, 243 A= SAS(SAS Institute, Inc., 1989,
Cary, NO)Z21#& o]&3e] ANOVA FAE 3o g HA HaE 9she]
o]
AA

Duncan's multiple range test(P = 0.05)E 2 A| s}

o 2% 2 1%
(1) 32279 ¥Hdv9 54

Futol A B3t gZFx2 0l 59 Fusarium oxysporum f. sp. niveum KACC40902=
PDA wixoll A wjeFgt A3} 5 3 B wjA] sidel] metdl MaE gAss 5SS vE T
T A} FHel A g 779 DNA-ITS 99 A7IAES Hlu #Ag A3
oxysporum(DQ459007)2F A= 100%E ‘/]rE}lH A a(Table 2), TEF 999 7%=
oxysporum(AF160312) 3 99.2%°] FAF=E YEo](Table 3), FEA &g dF7}

oxysporum?) A& A3} o] & I v:‘j/]x]o—;ﬂ(%“f} Shetat) o] WA S WAl HAR
t}. F. oxysporum f. sp. niveum KACC40902¢] rDNA-ITS < 7| <ES vlu 43
7} F. oxysporum(DQ459007) 7 FAME 100%E ‘/]rE}‘HMJ—(Table 4), TEF 9449 7%
F. oxyvsporum(AF160312)3 99.2%¢] fFAIE=E S tH(Table 5). 28 HA
rDNA-ITS 99 vlu #F52 Zhang 5(2013) -4 Eiae Faste] AEskela 7 |7
S AF83Fe9] phylogenetic treeE 1% S Rhizoctonia solani Rh1202302(JQ068148) =
outgroup2. 2 AEsATHFig. 1). #52 TEF 999 nla #5E52 Homa 5(2013)% Van

o
oE
_0|L
ﬁr\rmﬁ;&ﬁﬁvﬁm

_23_



Poucke %(2012)¢] +=%<& Fuddau AdI vl FFE dA7IALEES  ALEF
phylogenetic treeE 1% O™ F. sacchari NRRL13999(AF160278) % outgroupl- = A}-&3}
A tHFig. 2).

Table 2. Molecular identification of Fusarium oxysporum HA isolated from watermelon

using tDNA-ITS region sequencing

Type strain

Accession No.

Similarity (%)

nt difference

/compared
Fusarium oxysporum DQ459007 100 0/480
Fusarium oxysporum FJ233193 100 0/480
Fusarium oxysporum EU285554 99.8 1/480
Fusarium oxysporum GU109337 99.8 1/480
Fusarium oxysporum HQ248198 99.8 1/480
Fusarium equiseti JQ690085 96.0 19/477

Table 3. Molecular identification of Fusarium oxysporum HA isolated from watermelon

using translation elongation factor la genes sequencing

nt difference

Type strain Accession No. Similarity (%) /compared
Fusarium. oxysporum AF160312 99.2 5/637
Fusarium oxysporum AYDb27534 98.6 9/634
Fusarium denticulatum AF160269 95.5 28/625
Fusarium dlaminii AF160277 95.6 28/632
Fusarium concentricum AF160282 95.0 45/630
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Table 4. Molecular identification of Fusarium oxysporum f. sp. niveum KACC40902 using

rDNA-ITS region sequencing

nt difference

Type strain Accession No. Similarity (%6)

/compared
Fusarium oxysporum DQ459007 100 0/477
F. oxysporum FJ233193 100 0/477
F. oxysporum EU285554 99.8 /477
F. oxysporum GU109337 99.8 1/477
F. oxysporum HQ248198 99.8 1/477
F. equiseti JQ690085 96.0 19/474

Table 5. Molecular identification of Fusarium oxysporum f. sp. niveum KACC40902 using

translation elongation factor la genes sequencing

nt difference

Type strain Accession No. Similarity (%)

/compared
Fusarium. oxysporum AF160312 99.2 5/637
F. oxysporum AY527534 98.6 9/634
F. denticulatum AF160269 95.5 28/625
F. dlaminii AF160277 95.6 28/632
F. concentricum AF160282 95.0 45/630
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Rhizoctonia solani Rh1202302 (JQ068148)

Fusarium eguiseti KA (JQB30083)
—— F. nematophilum XSXX09 (JAGTE17I)

F. profiferatum MAB4 (JQBI3107)

100

F. acufatum CBS402.97 (AY213653)
F. tricinctum d9 (GQ922561)
F. latentium Uf94-2 (JQB93397)

F. dimerum CBS108944 (JQ434586)

F. solant UAS001 (FJ158119)

100
H F. ambrosiumt NRRL20438 (AF178337)

F. oxysporum F2 (HQ245198)

F. oxysporum GXF-6 (EU285554)

F. oxysporum G1 (GU109337)
84

F. oxysporum (FJ233193)

86| niveum HA

F. oxysporum (DQ453007)

F. pseudograminearum WZ-8A (JNBEZ235)
99

F. culmorum BK985T (AF434956)
01

Fig. 1. Phylogenetic tree based on sequences of rDNA-ITS regions of Fusarium
oxysporum 1isolates and related species. The wvalues above each branch indicate the
percentage levels of bootstrap support (> 50%) for the branch point based on 1000

resamplings. The bar represents 0.1 substitutions per nucleotide position. ( ) is GenBank
accession number.
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Fusarnum saccharr NRRL13993 (AF160278)

F. napiforme MRRL13604 (AF160266)

2 — F. pseudoanthophilum NRRL25206 (AF160264)
100

F. brevicatenulatum NRRL25446 (AF160263)

F. begoniae NRRL25300 (AF160293)

F. guttiforme NRRL22945 (AF160297)

100 F. subglutinans NRRL22016 (AF16028%)
58 F. bulbicala NRRL13618 (AF160294)
72 F. anthophilum NRRL13602 (AF160292)
66| F succisas NRRL13613 (AF160291)
54

F. bactrdicides NRRL20476 (AF160230)

F. concentricum NRRL25181 (AF160282)

55 F. diaminii NERL13164 (AF160277)
100 — F oxysporum NRRL25603 (AY527534)
LI 99 niveum HA

—— F oxysporum NRRL22902 (AF160312)

F. pseudocircinatum MRRL22946 (AF160271)

F. denticulatum NRRL25302 (AF160269)

F. phyliophilum NRRL13617 (AF160274)

F. udum NRRL22943 (AF160275)

Fig. 2. Phylogenetic tree based on sequences of translation elongation factor la genes of
Fusarium oxysporum isolates and related species. The values above each branch indicate
the percentage levels of bootstrap support (> 50%) for the branch point based on 1000
resamplings. The bar represents 0.01 substitutions per nucleotide position. ( ) is GenBank

accession number.

(2) HATY =X = BAEA

F. oxysporum f. sp. niveum(Fon) HAY 9 F. oxysporum f. sp. niveum(Fon)
KACC40902E 75< HAwfAo 2eujds 23, Fon HA w5+ V8 broth$} clarified V8
brothell A1 Ztzb 1.1x10°% 1.3x10" conidia/ml2 th& 5% wWixmth foA A Be %ol
X7 A EHE AL At (Table 6). Fon KACC40902 2] 7 f-ol&= Agel A&
7% A oA Fon HA w5 R} ¥z Aol A9la, V8 brotholl Al 1.3x10" conidia/mlZ
g2 w2 Bt 2 ikl 93t Fon HA®F Fon KACC40904 55 V8 brothel wj
Fotd Ao wFQorE e I FAV bedom XA Aite] #Egk V8 brothE
Fon HA9] & wix= Auste] Ao AL-8-3FS T,
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Table 6. Effect of different media on sporulation of Fusarium oxysporum f. sp. niveum

conidia/ml
Medium
HA KACC 40902

V8 broth 1.1x10" a’ 1.3x10" a
Clarified V8 broth 1.3x10" a 9.1x10° b
Czapek-Dox broth 3.7%10" b 1.1x10" ¢
Potato dextrose broth 1.0x10° b 1.0x10° ¢
Malt extract broth 1.8x10° b 1.1x10° ¢
Liquid mineral salts medium 1.7x10" b 3.1x10" ¢
Glucose yeast extract peptone broth 49x10" b 2.6x10" ¢

YEach Values in the labeled with the same letter are not significantly different in Duncan's

multiple range test at 7=0.05.

(3) Bz HddY 7|5 ¥4

Fusarium oxysporum f. sp. niveum HA®] 23} & 45 oist HAdS HAs Ay
of, Mz o= WaEadygo] WHEA ko Fuk FFAATE o] BAste] 7]

o
Sol4ql 545 YEl= AS Fdedthi(Table 7).

5 £¥3Y d=249 A4

wsl= 1959 9 559 5 1159 F oxysporum f. sp. niveum(Fon) HA
= AT ZECA FHE FHE HolA E71E
#zd F AddTh

2
AL BT whHo

a=T o
4z
=2
>,
-z
AU
N
N
N
g
it}
td
oy -

o
>
ofo

ol
&

T
il

ofN

[
il
Hi

rlo
ok

e o

[e)
Gezdy A 714 4HS g3y 9ste] Fon HAO A Ql 48F 3%F ‘A
2P, A EE L A102°9 A s 2FF BRI AFREAIZR'S AMwsie] w2
Ae A5
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Table 7. Pathogenicity of Fusarium oxysporum f. sp. niveum to the seedlings of differential

hosts”

Crop Cultivar Disease index Response
Watermelon Seotaja 4.0+0.0" s¢
Kokoma 4.0+0.0 S
Cucumber Asiacheongjang 0.0+£0.0 R
Baekmibaekdadagi 0.0+£0.0 R
Melon Betarich 0.0+0.0 R
Asiahwanggeum 0.0+£0.0 R
Oriental melon Geumje 0.0+£0.0 R
Joeundae 0.0+£0.0 R

*7-day-old seedlings of each cultivar were inoculated with F. oxysporum f. sp. niveurm HA
by dipping the roots of seedlings in spore suspension of 1.0x10" conidia/ml. The inoculated
plants were incubated in a dew chamber at 25C for 1 day and transferred to 25C room.
After 3 weeks, disease severity of the seedlings was investigated.

PEach value represents the mean(+standard deviation) of two runs with five replicates each.
‘Resistance response, R=resistant(disease index<1.0); MR=moderately resistant(1.0<disease
index<2.0); S=susceptible(disease index >2.0).
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caused by Fusarium oxysporum f. sp. niveumi

Table 8. Resistance degree of the 19 commercial watermelon cultivars to Fusarium wilt

Cultivar Scientific name Disease index Response
Seotaja Citrullus lanatus 3.7+0.7 s*
Seolgang102 Citrullus lanatus 4.0+0.0 S
Supergold Citrullus lanatus 3705 S
Kokoma Citrullus lanatus 3.8+0.6 S
Nakdonggul Citrullus lanatus 3.9+0.3 S
Wellbing Citrullus lanatus 3.8+x0.4 S
Jijonggul(KP2) Citrullus lanatus 3.510.8 S
Jangchunggul Citrullus lanatus 3.4+1.0 S
Kamchunggul Citrullus lanatus 4.0+£0.0 S
Nunettineggul Citrullus lanatus 4.0+0.0 S
Heukho Citrullus lanatus 4.0£0.0 S
Chilbokggul Citrullus lanatus 3.6x0.7 S
Super grand prix Citrullus lanatus 34+1.1 S
Hwanggeumggul Citrullus lanatus 2.3x1.2 S
Soknoranggul Citrullus lanatus 1.4+0.7 MR
Noranbok Citrullus lanatus 3.7+0.9 S
Noranbusibok Citrullus lanatus 3.3+1.1 S
Busibok Citrullus lanatus 3.7£0.7 S
Bestggul Citrullus lanatus 3.1+1.1 S

“7-day-old seedlings of each cultivar were inoculated with F. oxysporum f. sp. niveum HA
by dipping the roots of seedlings in spore suspension of 1.0x10° conidia/ml for 30 min. The
inoculated plants were incubated in a dew chamber at 25C for 1 day and then transferred
to 20 C room. After 3 weeks, disease severity of the seedlings was investigated.

PEach value represents the mean(#standard deviation) of two runs with ten replicates each.
‘Resistance response, R=resistant(disease index<1.0); MR=moderately resistant(1.0<disease
index<2.0); S=susceptible(disease index>2.0).

Not tested.
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Table 9. Resistance degree of the 11 commercial watermelon-rootstock cultivars to

Fusarium wilt caused by Fusarium oxyvsporum f. sp. niveum’

Cultivar Scientific name Disease index Response
FR-hongsam Lagenaria leucantha 0.0+0.0 R*
FR-bodyguard Lagenaria siceraria 0.1+£0.3 R
FR-seotaja Lagenaria siceraria 0.2+£0.6 R
Naebyeongtoza - 0.7£0.7 R
Daeryeok 3 ho Lagenaria siceraria 0.2£0.6 R
ShinFR-bulsajo - 0.0+0.0 R
Bulrojangsaeng Lagenaria siceraria 0.0+£0.0 R
FR-hero Lagenaria siceraria 0.1+£0.3 R
Bulpaetoza Lagenaria siceraria 0.3£0.5 R
FR-root power Lagenaria siceraria 0.0£0.0 R
Shintoza Cucurbita mixta 0.1£0.3 R

7-day-old seedlings of each cultivar were inoculated with F. oxysporum f. sp. niveum HA
by dipping the roots of seedlings in spore suspension of 1.0x10" conidia/ml for 30 min.
The inoculated plants were incubated in a dew chamber at 25°C for 1 day and then
transferred to 25T

investigated.

room. After 3 weeks, disease severity of the seedlings was
PEach value represents the mean(+standard deviation) of two runs with ten replicates each.
‘Resistance response, R=resistant(disease index<1.0); MR=moderately resistant(1.0<disease

index<2.0); S=susceptible(disease index >2.0).

(5) &Y X7 wWE gzxrAy LA
HEY F=o wE gZxAy A4S Ayed, f89 S F ooxysporum f. sp.
niveun(FON) HA®] tAl 5%

(1.0x10%, 3.0x10", 1.0x10°, 3.0x10°, 1.0x10° conidia/ml) ¥ =x}& €
1=}

do AT AEAe) wEol BAC] RE Fu FFL BFAL L B FEE ®
T A4S Gt Table 10). 2 55 8 5o FE3 o1 FF gole fol4 gl 2

g Bioy, Fu FF ol 94 Aol glo] frAbgh whgS yER Sl

A Lro wE Fuk FFEC dExridy ¥y JRE A flske] 20, 25 2 3
0C Aol Me ¥ S Ads Az %o FAglel 51 35T 454, S 2552
A& L}E}LH?M e ¥ ol X3 & EFF ol fo4 de 23S B, 2
0CoNME s FF FHoll= 7oA A= Zols BHAoy I 9 =M= ¢ &5 o
= 94 z} 1 glo] fAkgh A¥3E dehdidoh HE 5 AW 71F 5 30TeAA = e
g 2to] A2 o] FoJA A & AQIA 20-25Tel] Hld] FEIF & 2AE=E BH5S BT
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WA A2 A A A 2= 25C7F 43 Aoz AZLE I tH(Table 11).

A Az wE W oaAy A9E A EE FEe] BElE Fon HA XA E Ao 0]
Al 5AIZE FoF AAStY] daExdy B AEE ZAE A, JAA s Azl #AIgle]
3FTL =2 8 S How tE 2FF2 Wol HASHA] eokar, HA AlZke] thdk S=ub
FFT0 UE FF Tolle F9A AdE A3E BIoy, Fut FF e 93 Aol glo
FrAFEE W85 YEFU I TH( Table 12).

Fube] A& Al7]e] e W DS 2AFskr] 918 #E F 7, 10, 13, 16Y F<F A Hist
o At A7 A AEo] BAgle]l 7 3% =2 W TS eI L, tiE 2% FS
ol WAEEA] Ekth(Table 13). A5 Al7] E 8 #5394 dE FF e o4 A+ 2
HE B Fu FF o= oA Aol glo] fAREE BEES WERI oY 29711 169 A}
FTEHE AFEE A9 JAA JAE Al F717F A5 HE Fole & #8 59 o8 Hol &
obd diwF HAAGE 4 RS AoZ FaHdh wEbA 190 AF U 109 FEE
A Ao A&3te Aol £5 oz AZHA.

Table 10. Fusarium wilt occurrence of three watermelon and two watermelon-rootstock

cultivars according to inoculum concentration”

Inoculum concentration(conidia/ml)

Cultivar

1.0x10" 3.0x10" 1.0x10° 3.0x10° 1.0x10°
Seotaja 3.3+0.9a” 4.0£0.0a 4.0+0.0a 4.0£0.0a 3.8+0.6a
Seolgang102 3.5+0.7a 3.7+0.7a 3.8+0.6a 3.7£0.7a 4.0+0.0a
Jijonggul(KP2) 3.9+0.3a 3.9£0.3a 3.9+0.3a 3.7+0.7a 4.0+0.0a
Bulrojangsaeng 0.0+£0.0b 0.0+0.0b 0.0+0.0b 0.0£0.0b 0.0+0.0b
ShinFR-bulsajo 0.0+£0.0b 0.1+0.3b 0.0£0.0b 0.0£0.0b 0.0+0.0b

Y10-day-old seedlings of each cultivar were inoculated with F. oxysporum f. sp. niveum
HA by dipping the roots of seedlings in spore suspension for 30 min. The inoculated
plants were incubated in a dew chamber at 25C for 1 day and transferred to 25C room.
After 3 weeks, disease severity of the seedlings was investigated.

“Each value represents the mean(tstandard deviation) 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 /~=0.05.
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Table 11. Fusarium wilt occurrence of three watermelon and two watermelon-rootstock

cultivars according to growth temperature”

Growth temperature(C)

Cultivar

20 25 30
Seotaja 3.8%0.4ab” 4.0+0.0a 3.8+0.6a
Seolgang102 3.5£0.5b 4.0£0.0a 4.0£0.0a
Jijonggul(KP2) 4.0+0.0a 4.0£0.0a 4.0£0.0a
Bulrojangsaeng 0.0+0.0c 0.0+0.0b 0.1+0.3b
ShinFR-bulsajo 0.0+0.0c 0.0+0.0b 0.1+0.3b

Y7-day-old seedlings of each cultivar were inoculated with F. oxysporum f. sp. niveurn HA
by dipping the roots of seedlings in spore suspension of 3.0x10° conidia/ml for 30 min.
The inoculated plants were cultivated at 20C, 25C and 30T, respectively. After 3 weeks,
disease severity of the seedlings was investigated.

“Each value represents the mean(tstandard deviation) 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 /~=0.05.

Table 12. Fusarium wilt occurrence of three watermelon and two watermelon-rootstock

cultivars according to root dipping period”

Incubation period(hr)

Cultivar

0 0.5 1 3 5
Seotaja 3.7+0.7a" 3.7£0.7a 4.0+0.0a 4.0£0.0a 4.0+0.0a
Seolgang102 3.5+0.7a 4.0£0.0a 4.0+0.0a 3.9+0.3a 4.0+0.0a
Jijonggul(KP2) 3.8+0.4a 4.0+0.0a 4.0+0.0a 3.9%0.3a 4.0+0.0a
Bulrojangsaeng 0.0+0.0b 0.0+0.0b 0.1+0.3b 0.0+0.0b 0.1+0.3b
ShinFR-bulsajo 0.0+0.0b 0.1+0.1b 0.0+0.0b 0.0+0.0b 0.0+0.0b

Y7-day-old seedlings of each cultivar were inoculated with 7. oxysporum f. sp. niveum HA
by dipping the roots of seedlings in spore suspension of 3.0x10° conidia/ml. The inoculated
plants were incubated in a dew chamber at 25C for 1 day and transferred to 25C room.
After 3 weeks, disease severity of the seedlings was investigated.

“Each value represents the mean(tstandard deviation) 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 £~=0.05.
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Table 13. Fusarium wilt occurrence of three watermelon and two watermelon-rootstock

cultivars according to growth stage”

Plant growth stage

Cultivar

7 days 10 days 13 days 16 days
Seotaja 3.810.4a" 3.3£0.8a 3.6£0.7a 3.3£0.9a
Seolgang102 3.9+0.3a 3.6£0.7a 3.4+1.0a 3.8+0.6a
Jijonggul(KP2) 4.0+0.0a 4.0+0.0a 3.4+0.8a 4.0+0.0a
Bulrojangsaeng 0.0+0.0b 0.0+£0.0b 0.1+0.3b 0.0+0.0b
ShinFR-bulsajo 0.0£0.0b 0.0+£0.0b 0.0£0.0b 0.0+0.0b

YEach seedlings of five cultivar were inoculated with 7. oxysporum f. sp. niveum HA by
dipping the roots of seedlings in spore suspension of 3.0x10° conidia/ml for 30 min. The
inoculated plants were incubated in a dew chamber at 25°C for 1 day and transferred to 2
5T room. After 3 weeks, disease severity of the seedlings was investigated.

“Each value represents the mean(tstandard deviation) 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 ~=0.05.
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Didymella bryoniae®l ¢33 @=vtEH - Fuhs E3g ofg] wta 2o 2 3 2|
o7l= WoR IHFotal msg 7% 2xolA @ol I AstH, Auj AT ofy el £5 Fof =
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Amand, 1993).

_34_



FdaErts AFgY ST &2A dZe #3 AdFe AFHOE o]FolA gt USDA
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o} PI 2717785 o]&3}e] A&A #3F 'AU-Producer’, 'AU-Golden Producer’, 'AU-Jubilant’,
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GS3BT & Ab&eto] wief 3ol wE xap AibEs FAE EA9] Futel gk Wy A
ol F ZAeTh el Ald Tl g 22%F 0 WEntEE e e AR AxE st
of AP A=7F & 79 ) FE5S Adsta, FAAY AL HE R, A F AW =
T 5 ¥ kA #Hy 2o mE olE FF9 dEvtEY HAS AT
Y. A 2 Wy
(1) 3497 #8 € &4
Fetx oA AP AR JEvtEy B¥AS Kol FrtozKFE 223 GSB3TTE @F vt
O] QR HE] Yol Aol A& AT. W 7] 4SS ZE 1% sodium hypochoriteZ 30
Z Fot EWHAT Fo Wiy E A WS UesF $dstreptomycin sulfate(Sigma) 200

ug/mle] ¥ potato dextrose agar(PDA, Becton, Dickinson and Co.)el &8 E1 25T
Al wjgFste] wFE EEetdnh olE F XA P40l M F2 FF(GSB3)Y EAE W]
2 T 1.5% water agar(Junsei Chemical Co.) BjA]ol] X dslk Sof 33t n 7 3}o
A HiAl flol = 9l IAE wojuje] PDA iAo &2 FaL 25CelA wjdetat

A7 GEXS E3) HAT S 3522 GSB3TFE potato dextrose agar(PDA;
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S5E7F FAREHE Fol A5 1 plE PCRAl ARSI @7IME 2S935
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ITS1(5'-TCCGTAGGTGAACCTGCGG-3")<} ITS4(5'-TCCTCCGCTTATTGATATGC-3")
axZgtol | (White 5, 1990)5 AF-&3ted PCRE 33ttt InstaGene Matrix AHE 1 ul, 10
mM dNTP 1 pl, 10 x PCR buffer 3 ul, 10 pmol®] =Z&olv z+z} 1 ul, 2.5 unit/ule] EF-Taq
DNA polymerase(Solgent, Korea) 0.2 pl& 23 Hi5E H7bste] HE 30 ple] ¥ H& =
S ITS 99 F31Ax 2 95TolA 287F initial denaturations AA|gF 39
denaturation 95C/30%, annealing 54C/30%, extension 72C/1%#2 % 35 cycles 33}
final extension 72TColA 1023+ AAIetdvh. Z12far PCR 4H& 2 Big Dye® terminator v3.1
cycle sequencing kits(Applied Biosystems, USA)Z wWhg § Z}z}9] sxglolm & DNA Engine
Tetrad 2 peltier thermal cycler(Bio-Rad, USA)& ©]-&3lo] PCRYF3-S 4333 ABI Prism
3730x] Analyzer 96 capillary type(Applied Biosystems, USA)® 47|44 FAZ23E At
A5 A7 <E2 BLAST searchell 93 GenBank(www.nchi.nlm.nih.gov)ell &% 1TSS Y
o] A7IME} Hlwstdtt. GSB3 wF9 GenBankZH-E AL A7|AES> CLUSTAL
X(Thompson %5, 1994)¢} PHYDIT program(Chun, 1995)& ©o]&3s}lo] #A1s¢]c}.
Neighbor—-joining treei= PHYLIP 3.57c package(Felsenstein, 1985)¢] Kimura's 2-parameter
distance model(Kimura, 1980)< ©]-&3}o] 2+ 313t}
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MLHEE, AEBKP), F5%, w913 Te], wdRAE, A82 99, 224102, P,
SEE % f9IE, 535
e RE, MEj ke, A E) S ATl
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MEAF (oFAotT ) S Al A oF TA Ao dEs

’

(4) FEHL &4
A4 94 PRl B2 D, bryonize EA] WA o] AFE PDA wlAo] GSB3 #He|
27 & HFstar 25°C Sdelol A 7
FIFFAR o]Fate] shFe 124124 293 FA g
% A 29 EF wF(FsA ) WA FAdE
1 FHFE A FEE 50 x 10° spores/mlZ ZH 3T}
&4 %Eoﬂ e geEusd 2 A3S A umx BE APS SdAE D
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o
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)
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Ao ALg-sFS T

(5) 3% 2 W=A
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HESL 25°C #AFA 29 Fo wFSAT FAAAH F

= 80902 ol Balel Aol 124104 B A An AN
A4 AU WE S gEviEy 4 d9e gelAs) g
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e 4T 5 A %EOH e
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o 23 " 3%
(1) #F 4 2 A 21 A4 =4
GaEnlEyo] RS o2 RE ey GSB3wTE FA A rDNA-ITS 999 ITS1/4
971 ES GenBankd F+ wFE v A3 A¥ D. bryoniae 53 99.75-100%
U AVIAEE e st aws Pt Th(Fig. 3). wEkA d AAIA o w
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B1

100

28

64

10

57

Didymella maydis strain MA 0027 (FJ427087)
Didymella exigua (EF192139)
Didymella applanata strain 102634 (AJ428534)
og \Tmeﬁfa fentis strain AL1 (DQ383953)
Didymella fabae strain AF1 (DQ383952)
99| Didymella rabiei isolate D/144 (EU595358)
| Ascochyta rabiei strain Bakoa (DQ822480)

Didymeilla vitalbina strain PD 08.04417700.3 (FJ515604)

- Didymelia bryoniae isolate TMK-4 (EF160078)
GSB3
Didymeila bryoniae isolate Di-3 (425) (EF107641)
Didymella bryoniae isolate TMK-2 (EF160074)
Didymella bryoniae (AF297228)

Didymella bryoniae isolate Di-4 (426) (EF107642)

Peyronellaea pinodes strain CBS235.55 (AY152551)

4{ Ascochyta pinodes isolate AS 24 (FJ194524)

g Mycosphaerella pinodesisolate 148/95 (EU338435)

0.01

Fig. 3. Neighbor—joining tree based on ITS sequences showing relationships among

Didymella bryoniae GSB3 and closely related species. The values above each branch

indicate the percentage levels of

based on 1000 resamplings. The bar represents 0.01 substitutions per nucleotide

bootstrap support (> 50%) for the branch point

position. GenBank accession number are parentheses
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Table 14. Spore production of Didymella bryoniae in three media under some irradiation

conditions

Total No. of spores (x 107 spores/plate)
Irradiation condition® incubation

period PDA" V8A OMA
A: One-day (12-hr light/day) 8 48 b7° 8 ay 36 bzy
A and then two-day darkness 10 182 az 6 ay 88 abzy
B: Two-day (12-hr light/day) 9 152 az 5 ay 104 abz
B and then two-day darkness 11 153 az 27 ay 185 az

“D. bryoniae inoculated on three media was incubated at 25C in darkness for 7 days and

then further incubated under several irradiation conditions. Experiment was carried out two

runs with three replicates each.

PPDA: Potato dextrose agar, VBA: V-8 juice agar, OMA: Oatmeal agar .

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2P = 0.05.

Values in the labeled with the same letter in each line are not significantly different in

Duncan’s multiple range test at 2P = 0.05.

(2) A ‘%‘ o W& 2219 HAY zto
A e 2 gaEulEat E ko] Sute] st ¥ ¢ ¥ (virulence) X} 15 ZAbsta
AL TAZE QP EIOl A ke A 243 FA st AW x2S FAHE Fo| FrE
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fes & T ATHTable 15).

Kwon 5(1997)& Y=vtE8 e 22 = A4 o s |x #Hxpz

A e =
o] F-oll 4-5UZT W StellM EAE AR Fol EAE APl AEss WHE Ak
Atk ARk B Aol = PDA iAol WaEviEES HEskal HAvo] FiEd] Ad F
of ol& aF 12434 2 &t FA st Avter 5 HE F5AY glol: A3 M
HE Yede b A5 42 F AAW(Table 15). webA o] WS AbEed 7]E9
GertEer 24 94 WRlel wiste] sk tErel 2AE de ¢ e AeE A7y

& Wl Bel1d, 29, 3%, 4340l W)
oA ZFZE 100, 99, 100, 98, 97%°] W HMWrHAS S HQoH, dAYE F =
2L 75l = Z+7F 100, 100, 94, 96, 83%<] @t WRFAZA &S HeE Atk (Table 15). &3}
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Table 15. Disease development of watermelon plants inoculated with spores of Didymella

bryoniae produced under two irradiation conditions®

Plant growth stage

Irradiation . (No. of fully expanded leaves)
condition Cultivar
0 1 2 3 4
Kokoma 100> + 0.0 a2% 100 + 0.0 az 100 + 0.0 az 100 * 0.0 az 93 + 58 bz
A: Two-day Seotaja 100 + 0.0 az 97 + 13 abz 100 + 0.0 az 97 58 az 100 * 0.0 az

(12-hr light/day)

Mean 100 99 100 98 97

Kokoma 100 = 0.0 az 100 £ 0.0 az 100 =+ 0.0 az 98 = 35 az 85 * 18 bez

twoffdggddggess Seotaja 100 + 00 az 100 £ 00 az 87 + 15bz 95 + 50 az 82 + 24 bz

Mean 100 100 94 96 83

“Seeds of watermelon cultivar were sown and grown in a greenhouse at 25 £ 5°C to be
growth stage of cotyledone and 1-, 2-, 3- and 4-fully expanded leaves. Seedlings were
inoculated with D. bryoniae by spraying spore suspension of the fungus at a
concentration of 5.0 x 10° spores/ml. The infected plants were incubated in humidity
chamber at 25C for 48 hours and then transferred to a growth chamber at 25C and 80%
RH with 12-hour light a day. Four days after inoculation, disease severity of the plant
was measured using percentage of infected leaf area.

PEach value represents the mean disease severity * standard deviation of two runs with
five replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2P = 0.05.

YValues in the labeled with the same letter in each line are not significantly different in

Duncan’s multiple range test at 2 = 0.05.
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Table 16. Resistance degree of 22 commercial watermelon cultivars to Didymella bryoniac®

Cultivar Infected leaf area (%)  Cultivar Infected leaf area (%)
Wonderfulggul 39 + 25 d° Supergold 93 £ 9.7 abc
Jijonggul 70 £ 34 cd Heukho 94 + 4.2 abc
Jangchunggul 72 £ 5.7 bc Kokoma 95 + 6.1 abc
Supergrandprix 80 £ 16 abc Bestggul 95 + 8.7 abc
Noranbusibok 82 £ 16 abc Nunettineggul 96 £ 4.2 abc
Chilbokggul 83 + 15 abc SinSeolgang102 96 + 4.2 abc
Wellbing 84 + 19 abc Soknoranggul 97 £ 2.7 abc
Seolgang102 84 £ 25 abc Noranbok 98 + 2.7 ab
Bravoggul 88 + 27 abc Seotaja 98 £ 45 ab
Nakdonggul 89 + 6.5 abc Seotajaggul 98 + 45 ab
Hwanggeumggul 91 + 11 abc Kamchunggul 9 + 2.2 a

“Seedlings with 2-fully expanded leaves were inoculated with D. bryoniae by spraying
spore suspension of the fungus at a concentration of 5.0 x 10° spores/ml. The infected
plants were incubated in humidity chamber at 25C for 48 hours and then transferred to a
growth chamber at 25C and 80% RH with 12-hour light a day. Three days after
inoculation, disease severity of the plant was measured using percentage of infected leaf
area. Experiment was carried out two runs with five replicates each.

"Values in the labeled with the same letter are not significantly different in Duncan’s

multiple range test at 2 = 0.05.

(4) 4A8 7kl wre YIoEY 24
BF T a4 00l mE AU S o) FHO) JIEwe] B4 4P A, 48
AR B FAAN R AT FEAGY FFN ANERI AZHAA 22H9%5 8%e]

: = FEAYY ¥
&8 el ey EEel ks e A Ao 7% 8409 Juges
5ol wE FF

r[o |
—_
—_
X
)

ako] e %‘E’}Ud@.%% B (Table 17)

FaErtER ] Al s wlg 8% QAEA B[7E & Fo ofzle] o]&o] 71 7|3t
o] Ex} gte] "ol Slol HA 1A A (free moisture)o] Slojof zhelo] Lot
m A& oz Qo] ojglojol Wuko] AL 3} tH(Sitterly and Keinath, 1996). & <
TFolME HE F 24T st FAAE oz o] R3] AHdE & gl 487 §
oF HFAAY st FTHFA(25°C, AUFE 80%)= olFdte] st 1247H4 23S s}
1 JaEntEd 2SS fFEse Ao #u gaEntER S anHoln FF ke A

% |
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Table 4. Development of gummy stem blight on four watermelon cultivars according to

incubation period in dew chamber after inoculation®

Incubation period in dew chamber

Cultivar Trait
24 hr 48 hr
Wonderfulggul MR 8 + 27 a% 19 + 11 ¢z
Jijonggul MR 622 az 8 £ 27 cz
Kokoma S 5+ 00 ay T7( £ 34 abz
Seotaja S 11 £ 65 ay 84 + 26 az

“Seedlings with 2-fully expanded leaves were inoculated with D. bryoniae by spraying
spore suspension of the fungus at a concentration of 5.0 x 10° spores/ml. The inoculated
plants were incubated in humidity chamber at 25C for 24 or 48 hours and then
transferred to a growth chamber at 25C and 80% RH with 12-hour light a day. Three
days after inoculation, disease severity of the plant was measured using percentage of
infected leaf area.

PEach value represents the mean disease severity * standard deviation of two runs with
five replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2 = 0.05.

Values in the labeled with the same letter in each line are not significantly different in

Duncan’s multiple range test at 2P = 0.05.

5) F sEd UE JIFvtEH 24
AR ARS A AA t <} Fr
EFH(2.0 x 10* , 1.0 x 10° 5.0 x 10°% 25 x 10° spores/ml)<S &% HZFsla @dFvtEy 24
S ZTAMEE A¥, A BRE FEdA A wR7F F7FEel uhel ®Rkbd A
(Table 18). 5.0 x 10° spores/ml & =2 ¥ AHAE NS HFeAS W= YU EE, AEE
‘mmap A EIRE EFFol Al ZhzZE 26, 28, 58, 59%2] WREA A &S R
Z el tH(Table 18). dtA9F 714 =& 25 x 10° spores/mls =2 ¥R} ey
RS W= YHE 3 AEUAAME 717 68, 48%2] w2 HNtAA &S HoH, 1.0
spores/ml ©]3te] FERE HIFFAS Wle HFAE FTAAE 43%0]ete] wHe HRHEA &S
B

Wik AEe] davtEd ARAdS Hrtstyl 9siA #e AFRES 10°94 107
spores/ml H{ e ¥A} FEE ARt AR tHBoyhan &, 1994; St. Amand®} Wehner,
1995a; 1995b; van Deer Meer &, 1978; van Steekelenburg, 1981; Wehner®} St. Amand,
1993; Zhang 5, 1995 1997). stA|5k Frute] ZHg-o&= 2 Ao Ao wmk 50 x 10°
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Table 18. Development of gummy stem blight on four watermelon cultivars according to

inoculum concentration®

Inoculum concentration (spores/ml)

Cultivar Trait
2.0 x 104 1.0 x 10° 5.0 x 10° 25 x 10°

Wonderfulggul MR P+ 42 ay?! 24+ 15azy 26+ 12 bzy 68 + 24 abz

Jijonggul MR 16 £ 16 az 38 + 32 az 28 £ 11 bz 48 + 19 bz
Kokoma S 11 £ 6.3 ay 43 £ 35 azy 58 + 30 az 81l + 18 az
Seotaja S 17 £ 10 ay 21 + 11 ay 59 + 20 az 86 + 16 az

“Seedlings with 2-fully expanded leaves were inoculated with D. bryoniae by spraying
spore suspension of the fungus at a concentration of 2.0 x 10%, 1.0 x 10%, 5.0 x 10°, and
25 x 10° spores/ml. The inoculated plants were incubated in humidity chamber at 25T
for 48 hours and then transferred to a growth chamber at 25C and 80% RH with
12-hour light a day. Three 3 days after inoculation, disease severity of the plant was
measured using percentage of infected leaf area.

PEach value represents the mean disease severity * standard deviation of two runs with
five replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2P = 0.05.

YValues in the labeled with the same letter in each line are not significantly different in

Duncan’s multiple range test at 2 = 0.05.

o =
o 7b7} 20, 25, 30T FA el 2d

U fEel TAAYGS BT HE Et A ho]
U EEE QEniEy w4 ARE 2AF 4%, 499 BE FEAA 9% ¥ A 27

| S7}st A tH(Table 19). 25TColA F4 HEstd s wel ‘du=

I A EEE ZF7E 25% 9k 24%°] WHtAA &S Helow ‘mmmpel ‘MEjR} = ZH7E 60% <k

% J A4S F Yt skAIRE 20T+ 7

T FE(mnvl, ARl A xE 15%0]ste] v WHA & Ko WantEy w2 st

A gskorm, 0TAANE TEATY dE2EFs A EFE'I AE=E T 34%9F 59%9] =2
Gt TS ey E=E FF53F A& Zpol7F & YEbA] eFgkth(Table 6).

Sitterly®} Keinath(1996)¢] W=vrlEH 7addd W22 20C, 283 8ty 2ol 24-2

5C7F HA xeta Hastdh 2 A o= HFsta 25TolA 29 &k 24 & &



of 25T, ZiFE 80% $H74 stollA sfFoll 124134 3 XA ol A FFA4 ©
=2t YA R =% FF 9 AP Aol Ao E YAt

ool AWMZKEE D. bryoniacel o Qv dist Fut FFE ATYS AA
ab7] Sk o s st FAE IFstal 2AoA EH2ge] T8 EAE wrbA Aeg
th 2o Aujsk ek f-8o 50 x 10° spores/ml 559 D. bryoniaeEAHAEAS el
27l A7 S8 w5t JAFstaL, 25T SFHE 48417 Sk FAAEES fFRE g
FHA(BT, AHFE 80%) 2 olEdte] aF 124174 3-8 xALstHA Aujsta, HF 3-4Y
S A dzFed gEvtEEe] SEehA B E S W FEe U HiHAE(%)E =
AbstE A& AQbstaLal gk

Table 19. Development of gummy stem blight on four watermelon cultivars according to

incubation temperature in dew chamber inoculation®

Incubation temperature in dew chamber

Cultivar Trait
20T 25T 30T
Wonderfulggul MR 3" + 29 a%" 25 + 16 bz 34 + 32 bz
Jijonggul MR 11 £ 10 ay 24 + 18 by 59 = 12 abz
Kokoma S 9 £ 65 ax 60 + 13 ay 89 + 15 az
Seotaja S 15 £ 20 ay 58 + 14 az 59 + 8.2 abz

’Seedlings with 2-fully expanded leaves were inoculated with D. bryoniae by spraying
spore suspension of the fungus at a concentration of 5.0 x 10° spores/ml. The inoculated
plants were incubated in humidity chamber at 20, 25, and 30C for 48 hours and then
transferred to a growth chamber at 25C and 80% RH with 12-hour light a day. Three
days after inoculation, disease severity of the plant was measured using percentage of
infected leaf area.

PEach value represents the mean disease severity * standard deviation of two runs with
five replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at P = 0.05.

YValues in the labeled with the same letter in each line are not significantly different in

Duncan’s multiple range test at 2P = 0.05.
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3. 1F ®PZHFW WAAR AA &
7F M E

L (Capsicum spp.)= 7HA H(Solanaceae)ol st A== Hr7E AAA=Z -2t
of EQE ¥ A Sl A Aol of 308 Eol o=t & Ak FlA® b wol

AEfE = PEAC 145 AEo]tH(Kim et al, 2008; Pae et al., 2005 Yoon et al., 2004). Al
Aoz auFE 32F° 4EA deH, 1 F AMFToE 5&(C annuum, C. chinense, C.
frutescens, C. baccatum, and C. pubescens)©] AwlElx Qi 280z 71 Az Aujsta

Qe AFE C annuum®) AW AH(Yoon et al, 2004). 1] HAZA 159 o= A

& Frkskar low A A4 ook T YREAMRE I F87F 89 Aa v
(Bosland, 1996). 1A% &8 <A H= 139 AZAQuel AQujAdo] Ax FiEa g=
FAE ol wWE EY W WAt Wrrt Frhste]l 13 AurIzE Foke] th 1 9] 7 o

fo o

¥
wFo] Hol B = du e AAo|tH(Hwang, 2002). 3o LA E Fo HEAEE
A (Phytophthora capsici), FvVeW (Ralstonia solanacearum)s® AlvH 6%, 37FEH
(Laveillula taurica), AW (Colletotrichum spp.) 59 ¥F% 28%, Cucumber mosaic
virus(CMYV), Pepper mild virus(PepMoV) 2] vlolH =" 11&, Y2l SXF " (Meloidogyne
sp)E e AEHW 3Fo] Hal ¥ ATHKSPP, 2009).

Meloidogyne incognita®l ©& WA= 13 RS AT EGHH stz Asd
A HA Y] AxA R AZAME = Al A A T 7F 2] EHA o ® @ AlskaL gl
S s a7 A A dHezs &3 AR HYEE A% 3 E

=, AAFA A, AFAEAEFTY Al 5o WHol &elA Ak (Chen et al, 1996; Han
and Kim, 1997; Heald and Robinson, 1987; Kim and Han, 1998; Park et al., 1995). A% <] #
AAZ ZH7F 58 AASAG7IE5H7E wol /e o] ALgHol gk=d, H<2 ol
shsbd BMAAEY & S4% 10 AR VIR A 2 (A A mA= o gFgoE
WA EA7E A &Aool gHA o kA WG A Sl AFHAR o] 8% Q)
t A FFolu AR tE = BHUF vl o, HlEo] HAE,
F714e AR EA Aoz <14 ¥ 9tHKinloch and Hinson, 1972; Rhoades,
1976).

A FFY H4S AT 15 FAAEY FYSAFd dEd AYY A TEE,
Meloidogyne arenaria®t M. incognita®l A4 WHgS YENNE Red Chile, Santanka,
Nemaheart 59 ¥ ZFo°] H % o™ (Hare, 1956; Hare, 1957; Langford et al., 1968; Di Vito
and Saccardo, 1979), W& 3 (Capsicum annuum, C. baccatum, C. chinense, C. chacoense,
C. frutescens)®l Meloidogyne javanica®t M. incognita®l Wst A3d HAANA 242t FFsk A
G FEAS ®Bda, 2 Fdd C annuum AR-960233 C. futescens accessions= M.
incognita®) &l FEAFAHAS JeEFAtHOKa et al, 2004). 22]aL M. incognita®] th3+ th
5 13 (C. annuum, C. chinense, C. frutescens, C. pubescens)®l A4 HAAS E3 C
frutescens 33 C. annuum 7E&°] AFAH FFo =2 HAHAHGisbert et al., 2013).

el A e e Fel g A HA AR, Meloidogyne hapla®l W&l < 3FA 3
Aoz Ady ‘Qal’ ‘UL A’ F Riogrande ¥ Fo] H 1151 32(Cho and Han, 1986), =4
A 16%E, =8 =9F 2%/ AHE FALF 5 455 M haplacl] gt Aad A

AolA 747t AR FEATHL JEAT(Han and Kim, 1997). 181 %] A%
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3}+= sodium hypochlorite

71 ¢1al 7l =% sodium hypochlorite %5 (Barker
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AAE AFEE9 tH(Djian-Caporalino et al., 2001, 2007). % 2A#H vtd 34 (Amplified
Fragment Length. Polymorphism: AFLP) 7| < FalA 6712 A FAAES 13 Aw
A=A P9el 28cM 7F W FHEE Aoz HE A tH(lefebvre et al, 2002
Djian—Caporalino et al, 2007) T3 Hare (1957)°] 98] Me A3A FAA = b A 3HA
N 3247 B Hola, dddd dPdS S N 3 Me? A= A2 #3288 + U=
5 ds AAE FAAdE ¢ A AtH Thies and Ariss, 2009). 3-#, 113 A W<
YZdF A FAA el of ] A7t o] FoA L YA|RE, o} A &gk A g

Axpe] wAs} el delt wnsel 9 %
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Table 21. Root-rot nematode severity of one-hundred two commercial pepper cultivars to

Meloidogyne incognitd .

No. of egg

Pepper cultivar Resistance reaction®

mass
Anjeonbelteu 0 R
Bakjangdaeso 0 R
Berodda 0 R
Buchon 30.8 £ 12.8 M
Bugang 298 £ 104 M
Bulmat 65.8 £ 29.7 S
Bulsechul 244 + 19.1 M
Chamjoeun 0 R
Chammani 0 R
Cheonnyeonmannyeon 0 R
Chukje 0 R
Dabotap 0 R
Daechon 548 + 174 S
Daejangbu 0 R
Dangchan 0 R
Dokbulwang 1178 + 31.1 S
Dokyachungchung 646 £ 155 S
Euddeum 416 + 74 S
Ganggeon 526 + 137 S
Gangryeokjosenggeon 0 R
Gangryeoktaeyang 0 R
Geumbit 0 R
Geumhyang 0 R
Geummedal 55.2 £ 294 S
Giribbaksu 416 = 178 S
Gukbo 0 R
Gungyeilhak 534 + 98 S
Haengun 0 R
Hanbando 0 R
Hangaram 51.0 + 87 S
Hanpanseung 0 R
Hanson 0 R
Hat 25.0 £ 5.3 M
Heemangbong 654 £ 59 S
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Hongboseok
Hongiljeom
Hongjanggunbigarim
Hongjinju
Hongmiin
Hongsimi
Ildeunggongsin
Ilinja
Ilsongjung
Imgeumnim
Jinmi

Jiang

Johyang
Josaengsintap
Katagurumai
Maekomdalkom
Manidda
Mansahyeongtong
Manseokgun
Matggalchan
Miting
Morningput
Muhanjilju

New wave grren pepper

Obok

Onggolchan
Papired grren pepper
Papiyellow

PR Bulmyul

PR Bulrocho

PR Bultina

PR Daechon

PR Daedeulbo

PR Eokmangum
PR Eoulim

PR Galmuri

PR Geosang

PR Geummaek

PR Gukgadaepyo
PR Hongduke

PR Huimangchan
PR Hwanhoseong
PR Jangwongeubje
PR Jijon

PR Maekom

PR Manitta

PR Manjangilchi
PR Manse

PR Power

PR Sadaechunwang

744 + 209
84 + 44
0

0

378 + 13.2
578 + 54
0

0

0

14.8 + 84
0

117.8 + 16.1
16.0 + 4.2
134.8 £ 129
0

0

29.2 + 6.0
0

0

0

380 + 72
0

456 + 186
116.8 £ 10.2
170 £+ 4.1
50.0 + 27.8
684 + 14.0
314 + 23.0
206 = 7.7
406 + 14.3
80.0 + 28.3
726 + 254
0

710 £ 28
0

556 + 134
36.2 + 99
116.8 + 33.1
1204 + 149
1025 + 20.2
1380 £ 89
69.0 + 16.3
456 + 447
1194 + 196
285 + 14.0
0

1234 £ 229
21.2 + 6.0
0

340 + 64
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PR Sanghanga 515 = 234 S
PR Sangseang 35.8 £ 18.7 S
PR Shinnara 0 R
PM Singang 0 R
PR Ssun 0 R
PR Yeojeong 0 R
PR Yeokbalsan 118.0 + 16.1 S
Shinjogwang 252 £ 105 M
Shinsegae 0 R
Shintolil 0 R
Subiyeok 318 £ 84 M
Sunguja 164 £ 75 M
Supermanidda 0 R
Taesan 106.0 £ 25.6 S
Tantandaemok 382 = 27.1 S
Wanggeon 0 R
Yeokganghongjanggun 39.0 £ 105 S
Yeongyangmat 0 R

“One week after transplanting, the potted 28-day-old seedlings were inoculated with M.
incognita. The inoculated plants were incubated in a greenhouse (25 + 5°C). Forty five
days after inoculation, disease severity of the seedlings was rated on the number of egg
masses.

“The number of egg masses/plant. Each value represents the mean *+ standard deviation of
two runs with three replicates each.

*Resistance reaction of cucumber cultivar was determined by the number of egg masses

per plant. R, resistant, 0-14, MR, moderately resistant, 15-35; S, susceptible, more than 36.
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Table 22. Root-knot nematode severity of six pepper cultivars according to inoculum

concentration of Meloidogyne incognitd .

Inoculum concentration (the number of eggs)

Pepper cultivar

500 1,000 5,000 10,000 30,000
Gangryeokjosaenggeon 0.7 = 1.27 1.5 £ 1.7 8.7 £ 9.9 10.8 = 15.3 152 £ 17.5
Shinsegae 33 +£39 1.3 £ 1.6 73 £ 9.1 12.8 £ 14.2 12.3 £ 139
PR Huimangchan 23.0 £53 43.0 £ 24.1 187 + 44.0 171.7 £ 33.5 2043 £ 543
Jjang 473 £ 4.5 64.7 £ 49 173.7 £ 25.8 1953 £ 257 2950 + 6.3
Muhanjilju 0 167 +57 350+ 70 403 =15  43.0 + 63
PR-bulrocho 0 15.7 £ 5.7 36.3 £ 13.3 43.0 £ 7.5 403 + 12.6

“One week after transplanting, the potted 28-day-old seedlings were inoculated with AZ.
Incognita. The inoculated plants were incubated in a greenhouse (25 = 5°C). Forty five
days after inoculation, disease severity of the seedlings was rated on the number of egg
masses.

YThe number of egg masses/plant. Each value represents the mean * standard deviation of

two runs with three replicates each.

A

(3) %9 A% A7) L o4 Avle] BE ReFZAFY B4

a3 67 FFE IF5S & 2HAA 25, 37, 47 L 557 E<F A6t HE 17 A
ol aeta vt & M. incognita &S F & 500070 HEeke] mFo] ASA7|A wpE g
AT HAS ZAEAL 67 9 9F F 25, 37, 47 2 57 159 e 34
H odd = 47 69N ERA O AAA), 23-32(FEF 2 PR B2x) 4
119-1307H(‘PR 3] %z B A= 139 ASA 7] F7Feh Aagle] Hl=3k ey A
= HtH(Table 23). WA 59 A Al7|od W& M. incognita® FeSA5H DA

Age A A7) oA AA G wA] Feha e A
A, 115 FHO o)A H HF A7MA At AlRtel] wE a1 He]e] Wt gl
o] T N Yo r WALE W FAo| ojul g A Al
ol M. incognita &S FF3H7] 0¢, 3¢ % 99 Ao 15 FHE olAeu. 1 A}
FE9 AE37] 0¢, 3d 2 99 A o]AeA FAdHE ]
MA), 115-13970 (‘PR gz, ‘&) 9 27-337(‘F3+2d 5", PR BE= %’
717bel] wE Y sd el aAy =5
FEoA= 39 A oA A7) 9l
[e3]

¢}
AMez o4 A= Aol= gl
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Table 23. Root-knot nematode severity of four pepper cultivars according to growth stage

of plant”.

Growth stage of plants (days after sowing)

Pepper cultivar

14 21 28 35
Gangryeokjosaenggeon 8.8 + 104" 25 + 56 27 =70 26 £ 115
Shinsegae 55 *+ 6.6 9.8 + 12.0 85 + 10.1 6.7 £ 79
PR Huimangchan 1277 8.3 130.3 + 4.2 12277 + 12.1 1270 + 98
Jiang 129.3 £ 9.9 1193 £ 59 130.7 + 8.1 124.3 + 8.6
Muhanjilju 253 + 4.5 250 + 5.6 2710 £ 70 26.3 £ 11.5
PR-bulrocho 217 + 49 23.0 £ 36 32.3 + 87 26.3 + 6.7

“One week after transplanting, the potted seedlings were inoculated with Meloidogyne
incognita. The inoculated plants were incubated in a greenhouse (25 + 5°C). Forty five
days after inoculation, disease severity of the seedlings was rated on the number of egg
masses.

*14 days (the number of leaves/plant, two), 21 days (the number of leaves/plant, four), 28
days (the number of leaves/plant, six), 35 days (the number of leaves/plant, eight)

*The number of egg masses/plant. Each value represents the mean * standard deviation of

two runs with three replicates each.

Table 24. Root-knot nematode severity of six pepper cultivars according to days after

transplant of seedlings to inoculation of Meloidogyne incognitd .

Inoculation days after transplanting

Pepper cultivar

0 3 9
Gangryeokjosaenggeon 8.3+ 9.27 16.3 + 18.3 92 + 10.8
Shinsegae 9.0 + 114 148 + 17.2 128 + 15.0
PR Huimangchan 115.3 £ 6.8 137.3 £ 3.21 116.7 £ 32.0
Jiang 1237 £ 55 136.7 £ 9.6 139.3 + 15.0
Muhanjilju 31.0 £ 9.8 293 + 9.1 2713 £ 35
PR-bulrocho 32.0 £ 8.7 333 £ 7.1 280 + 12.1

“One, three, and nine days after transplanting, the potted 28-day-old seedlings were
inoculated with M. incognita, respectively. The inoculated plants were incubated in a
greenhouse (25 = 5°C). Forty five days after inoculation, disease severity of the seedlings
was rated on the number of egg masses.

YThe number of egg masses/plant. Each value represents the mean * standard deviation of

two runs with three replicates each.
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ool AREERYH HITUA BEIF AT &9 Fxe 15 AF A7l B oA A7)
e aF BESAFE T doA Z AolE gl F g glloy, E&FQ a5 By
TAEH AT AAS Yl e 2425 £ 50 deag FEo dF F of 21d Fob
Aufstal Bl doll§ HEVF FEFOE Ao Q= SFEG oA thE 7dF AH %
T 2 5000708l M. incognita = FFste] 45U Fo nF Hlo] FAHH dde] 5 A
sk o] a9Ad Aow AZEd
4. 153 EntEW HYA[R AA FH
7 A

Ralsotonia solanacearum> At, o}, &0 7] A Gl Fx35ta A= EFHAIAAG Al
O 7HA R} AE(LF, EvtE 5)5 H &3 oy ZE9 A& Ereds 4o+ H§He
717 H1YE AR e Hddolti(Hayward, 1991). 2&=9 7|5 W wa R
solanacearum= A 571 race® WirolA il ol F AAAoE & FHE TAAT=

[11

race® A, EntE, 15 T i 7HA I AEolA WME dO7|= race 139 HAE FE
st EvlEe o3 HWAAHS UEWE race 30 LA dtH(Huang et al, 2009;
Schonfeld et al, 2003). 3t FF AU #a 2o wet vt biovar2 EFETH
(Buddenhagen et al., 1962; Hayward, 1991).

WA R. solanacearums EFAA 71 AE 717+S 7FA M (Hayward, 1991; Ito et al.,
1998), Al=9] ¥y =7 AN FAHE st AEA WFE HYstai(Vasse et al, 1995;
Wallis et al, 1978) E#0 2 o]F3slo] AE Z#E A AE5ES TAIAA HES 1
AN71E Aoer  d¥AH  YdtDenny and Hayward, 2001). =vtE&We WA =9
chloropicrine, methyl bromide %=+ dazomet &2 T7] GOl 93 EY A=y v|7|5F 2E3
atste A4 WlHelu A FFH dE AME T3 A To] AHEH L vk (Balatero
et al.,, 2005).

7FA 3 ZFEQl 313 (Capsicum spp.)= =W ZF1] A

==

ToAME 7 wol AuiE =

= b
ok

al
A5 ZrEolH, Aol Aujx o] Shm ¢l EF Aol W7t F7hste] st
BTl =&5o B2 s d vk aFe] e F8 WIEe AT, vloly
W, g4 59 #Rd, 99 92 XuEW S AdH Fo] UTHKSPP, 2009). R.
solanacearum Y tol| o WA= 153 FutEHE 27| Aol 13 A FAFS
W oo EupEdel i) Sl WAl WrHo] glo] ¥s) wWAo] AL Fojual Sl FA

At

TuUlo] theFst ZHEo| A |3t 4787 R. solanacearum 55 ZF-E ©r9e R3] 5
Hol|l wet biovar 1, 2, 3, 42 #FstaL, 1 ol 13 ErE8 I d¥E= 552 biovar
33 4% race 19 €3 thar B % AH(Jeong et al., 2007). R. solanacearume®| W 3dF i3 Eu}
9 A EFFOSE Matos et al(1990)o] ols] H¥d MC49F MC5 %33 Malaysian
accession 1LS2341 #F(Mimura et al., 2000)°] &=14 Attt MC4 #FE2 biovar 1, 3 4=
7FA = vFoF3t R, solanacearum Lol Ws] FEulEH A AAS A, A E o] Mie-Midori

[e]
A&dA FF(Matsunaga and Monma, 1999)3 34 EF S3F AAZ Zo] o]&x Aot

O

N
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(Lopes et al., 2005, Quezado—-Soares and Lopes, 1995).
FWAM Y 3F FvhEY AP B ATE REE APom Frhg
SAS Y3 g&A4¢ dE AR WS sSYstux aFERY 293 R solanacearum

SL1931 HYTS o] &3l At

. Ag 2 By
(1) AEd €9 2 BT HF

R. solanacearum SL1931(race 1, biovar 3) ir+% CPG broth(casamino acids 1 g,
peptone 10 g, glucose 5 g/ DW 1 Dol F&3Fe] 30°ColA 160 rpm o= 2441 7F Awjek kA
o dufetE WhdS 500 mle] CPG brothell 1%(v/v) A &3k SOOCOHH 160 pmo 2 244

R sk ' wdFR Al v gl Aol 8000 rpm, 10#7F Al d
FENE AAGL FHE A pellet> " FR 5| ete] dAEsIAT At Zﬁ H2 HEH
o] T A AFES AL e AddA F33%=(0D, optical density)@t ODgo=0.32] &%
s ol&ste] A8 stdlon, HFEH o wE 15 FTEY ErEH 4 A3 S
A 459 TEE ODeo=0.3, 0.6, 0.9, 1.27} =5 At dEAS F=H|5

AE I, B AAHES A9t BE AgoA] HiH scalpels AFgE3slo] 2] E
Aol viFo2REH 2-3 cm Eolxl Edl® 33] Addste] A=A Hol HAE vHe Tl
At Aee] 20 mlE #FskAth JE e wE AJeA JAAHL FAT 1F FH
s A dEHel 307F HAske] o] A8k, #HFHolA = Al 5 A&

L FuEE ALY A MCAeE FAF SAIA AlkEdd A wE TR
AAEZER), wE (A7 e oh), il A AlsoR g 15 a5 FEREEe] HE
Aol TAEHA G2 ARt FF WAA TR oh g ‘B (ARSI 5 6% F
< Akt

747y o TAE 58 FHE AAXE(HsAD AdEYE S5 (FEAHE ¥ 3F
stk As A7l mE =1 Ad el = ‘(25 + 5°0)A 3FAMUR7D) EF Az F
He g FEZF FH Zek2E XE (U7 9 em, EY 400 mDE 11F FHE oSt 1 FY
2d At feed25 + 5OCIA AA7] 2 ohe A8E 95 13 o4 o
HEA7IE ELe k3% olF 14927, 219 @RA7D), 28U (67)), 359BA7) Et
At 1 FA1 o A A2AS A AT
(3) ¥ E® ZA}

HxAE oW & wel Y ALEE 0=%v5% T4 S, 1=4A4 A9 1-25% Al
° A 3=4dA] 9o 51-75% AlES S, 4=AA A9
3} 21t} (Roberts et al., 1988).

AF
O,

J HHEEs) 10 olakel A% AR, 10208 FE A, 20 o] BEAoR W
datdan, BE A9 £F 9 ooz AAs gt
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o 2% %2 13
(1) AFFEA e 13 X5 oA

13 670 FES OD # 03 759 HEY Te& 37k yer HJFse] 16d § £
e LS AR A Aldt deddel AEA s FAste WHdAE 159 Het o
HER SEATEES vdedis MCL 2 1R F33 32 o] dHEE Wole ywA #
TES F2l akdth(Table 25).

s ddsta 1 “ﬂ ool JEAS BFatel gEae e dsiA AR F
T MCA= Hv HE 1.0 B, UHA FFEcdMe Hd TR 32 o) 2%
Erlgw IHEES YE E} W A Fol HEFAE BFshE W A AHT F A
Arel FutgH WAL 6FFTAAE BF T 5 A wEA AEd FE5 W w9l F
wakal ‘MC4 FF 79 X%Go“é Tz AolE 22 & g e 2EAH EvEw AR
HAE A= e 2 F geye] b maHole A4 Hut

Table 25. Development of bacterial wilt of six pepper cultivars according to inoculation

method®.

Inoculation method

ielzizrr Dipping Drenching Drggﬂirrlldgin\gith

5" 10 15 5 10 15 5 10 15
Muhanjilju 2.2° 3.0 3.2 0 0.5 1 1.3 2.8 4.0
Meeting 0.8 1.0 1.5 0 0 0 0.5 2.2 3.2
Bugang 2.7 35 3.7 0 0 0 1.8 35 4.0
Sinsegae 2.3 3.2 3.5 0 0 0 3.0 4.0 4.0
MC4 0 1.3 1.5 0 0 0.7 0 0.3 1.0
Subicho 3.0 3.2 3.5 0 0.5 0.7 1.7 4.0 4.0

“One week after transplanting, the potted plants were inoculated with £. solanacearum
(ODgp=0.3, inoculum volume: 20 ml/pot) by using method of dipping, drenching and
drenching with wounding. The inoculated plants were incubated in a growth chamber (30°
C). Five, ten and fifteen days after inoculation, disease index of the plants was rated

"Days after inoculation

‘Disease index was investigated from 5 to 15 days after inoculation using the following
scale: O=no symptom, 1=1-25% leaves wilted, 2=26-50%6 leaves wilted, 3=51-75% leaves
wilted, 4=76-100% leaves wilted
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(2) ¢ EnEY Yo R. solanacearum SL1931 AE Y Fx9o 493

R. solanacearum SL1931¢] 3 7}A] 5 %X(0Dgpo=0.3, 0.6, 0.9, 1.2)¢] Ald dEHS o] &
sto] 113 6FF(FEAT, W A, AAAL, ‘MC4, ‘HlE)el B A F g 9
o HEwgor AFe A3, OD # 069 HETY w59 HE F 1594 ¥ IHE ZAb
A AR FE(MCL)= HH = 05008t AdAds Below #Ad FF(FHE), Adde
2 IANE FEFOFSAF L M), AlE FSCRA, AAANES 3.7 ol HHER I
4= HEH T (Table 26).

g 9o HEY wE HET F 1594 W THE ZAPA = MC4AVE Hi EHE
1.2-22% ®Y3, YA FFENA = 33-4.09 Hi dYEE Vel 15 59 EvkE
W AEAE AeE FARskET o] ‘MCAY AdAE w55 ALdsta E&4¢0 ¥ 2 A3 s
A3l ODso %t 0.39] == HEste zlo] axpAoler A7t ok

Table 26. Development of bacterial wilt of six pepper cultivars according to inoculum

concentration of Ralsotonia solanacearunt'.

Inoculum concentration (ODg)”

p
PPE 0.3 0.6 0.9 12
cultivar

5° 10 15 5 10 15 5 10 15 5 10 15
Muhanjilju 07 20 33 17 33 40 1.7 40 40 22 32 33

Meeting 17 38 40 08 32 38 08 32 33 25 28 35
Bugang 22 38 40 33 40 40 33 38 40 25 33 38
Sinsegae 15 37 38 32 38 40 25 37 38 33 40 40
MC4 0 05 1.0 0 02 05 0 1.7 22 0 08 1.2
Subicho 22 40 40 25 37 37 20 37 40 27 37 37

One week after transplanting, the potted plants were inoculated with £. solanacearum
(inoculum volume: 20 ml/pot) by inoculation method of drenching with wounding. The
inoculated plants were incubated in a growth chamber (30°C). Five, ten and fifteen days
after inoculation, disease index of the plants was rated.

"Tnoculum concentration (OD, optical density).

‘Days after inoculation.

YDisease index was investigated from 5 to 15 days after inoculation using the following
scale: 0=no symptom, 1=1-25% leaves wilted, 2=26-50% leaves wilted, 3=51-75% leaves

wilted, 4=76-10096 leaves wilted. Each value represents the mean with six replicated each.
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Table 27. Development of bacterial wilt of six pepper cultivars according to growth stage

of plant®.
Growth stage of plants (days after sowing)
Pepper 5
) 21 28 35 42
cultivar

5° 10 15 5) 10 15 5) 10 15 5 10 15
Muhanjilju 08" 27 30 22 32 35 38 40 40 28 40 40

Meeting 23 30 40 17 32 33 27 37 40 30 40 40
Bugang 28 35 40 28 38 40 33 37 40 37 40 37
Sinsegae 27 38 40 22 38 40 40 40 40 30 35 40
MC4 0 03 038 0 03 10 05 18 27 07 28 35
Subicho 12 27 35 22 40 40 20 38 40 35 35 38

‘One week after transplanting, the potted plants were inoculated with £. solanacearum
(ODg0p=0.3, inoculum volume: 20 ml/pot) by inoculation method of drenching with
wounding. The inoculated plants were incubated in a growth chamber (30°C). Five, ten
and fifteen days after inoculation, disease index of the plants was rated.

"1 days (fully expended two-leaf stage), 28 days (fully expended four-leaf stage), 35 days
(fully expended six—leaf stage), 42 days (fully expended eight-leaf stage).

‘Days after inoculation.

YDisease index was investigated from 5 to 15 days after inoculation using the following
scale: O=no symptom, 1=1-25% leaves wilted, 2=26-5096 leaves wilted, 3=51-75% leaves
wilted, 4=76-10096 leaves wilted. Each value represents the mean of average with six

replicated each.
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5. 15 AlTASFHY HedA AA &4
7F. A&

Ul 23 A= AA AT AEA F oF 17%E AL Jow, LA o=
W g RA I 7HA = vl ol et FEd] Fkekar e FAlolth ey
S A= wd A7 S RSk oy vHA] WElEe R s v i
ako] Aol AWstA frk HA aF AuA Y] IA EAVE HA SRR, AR
gt HZole AT 2dstE Qlal 7ol AFsta 7-88 JF S92 Qg v g

SHEUAM 5 AldFEE e Bl Frkskal vk

nF ARATLRE 9, AT, E2,900 5 A8A 4 PN BYFAT F2 Qo
WA, ol A7 Hwe Zslde Fuae e ARHE dehle w9 e
We gysha, Aol 4 e FAdeR tehdeh el Adsw el A4 s w
g5l A AA Fehsm, 209 e s Gk mebd wF 5ol why

- T
A okA WAl EdE wA ol AAA WEW ARAA ZUL unste] AFY FE
o Aste] We WASE Aol g E&Aoletn AT ol=A AR FE Ade] &
THI Qe ARAW Awe AR F 2A4F LEeY] PANE 584 AP AA

W o] W= A] o 9 3o
A B A= a5 M HFHHS oFY|dtE Xanthomonas eauvesicatoria®| T gk

=
44 FES ML) S8 BeA nF AFATIEY JeAAUEe FYstant o9

- A% 30974 A 5x8 el TEA AAERE 2ECEEAHE Ve WY, 4BEY
T, AAGE FES 4 4 294 HEF F hedsoA A,

3} 5, QAT welskw 24 oA Austi = P 1719 HEAT

- ¢F 30l AHEo] EHol 497HA kA AUl a3 FEHE AP ARESHAT

- HaT £

- X. eauvesicatoria 97 T5 KACCS SHUSW A ZXd WA AZHY Lol 3o
AREE T BgEEe i F= Table 2839 2t} EFuke u | streaking 3}
197 30CoAl ) Jol 36A1ZF 30Tl A wiFatAtt W
o] wj%kE wjAol
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Table 28. A& A3

Isolate Race Characteristics Source
KACC11153 1 none unknown
KACCI11154 3 none unknown
KACC11157 unknown Pathogenic to pepper unknown

Pathogenic to
KACC11158 unknown pepper/Bacteriocin Capsicum annuum
indicator strain
KACCI11160 unknown WNP1 unknown
KACC11163 unknown Cu unknown
KACC11164 3 none unknown
KACCI11165 1 none unknown
XCV1523 unknown unknown unknown
- H1ETY 2 HEFY

HF &% 250ppme] HEE =33k 54 1F T8 179 1 mlo] EJCE ‘?] <k SlHol %v‘:}
3l MuadEdo] 28 F JEF Lz olxE HFoATh

- 30C dew chamberell 48A1%F 442 § 25 (25TC, RH 80%)= o] &3ste] shFol 12
A Fe Agsta AWBrsle] HE BEsta FE 69 FREH HRAE AAS
2 A

- HF 6Y, 74, 8Y F 24 195 H 4A947HA] BWrH A & (%) AR WA sk A
(Area under the disease progress curve; AUDPC)E 3} th

S AE 3Y F AL FE 496l 8w 3FF BT AL A% & gdAw gF 49
FRE ool R0 Ao el FHAY

- HE 7Y FREE Yol AR 9rUA 2ol gyt ANS I & dom, o
ool WAL JEA ek

- Aol ARES WY 5 KACCI11573 KACCI11160 w5+ ¥ TAAEE #Fs A7 A

Bol AL 3EE BF oA Wol WAFA st

- KACCI111549} KACC111643t2 Aol Al&3 3%F
Qo] Aol Felshl melFAHFig. 4)

SwEd mF A $4m M APEe FPas 99 Agel A8y wR=
KACC11154, KACCI11164E 7d&starzt skt
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200
M Bugang B Yeokganghongjangun B Chonnyeonyaksok

160 -

120 -

AUDPC

. AEA 2

- A% 30974 Aol 58 T LEo AdEAE 25(HEANE B H N, 4ER
RS FES 24 7 28 3EE 5 hewso A Avetdl

S wEad 672 A% F, ARAIL wolahd &4 AelA Auen ¥E 170 A2A

- °F 30 o] ABHE EHol 497HA A AN 1F FHE AP AREsEATh
HEL £H

- NA#JA] 9| streakingdle] 197F 30ColA HAuj¥st X, eauvesicatoria ‘KACC11164 <}
KACCI1154'E A = NAujA| el 36412 30Cell A u st Hdgro] njeke wjxjol] 2
TS YL spreader® WA FolFo] W dgds HEAH

- Hgge] des HAd d9HS 0Deo= 02(1x10° CFU/m) & 24 ¥ Tween 202
F5 % 250ppmo] HE=E 7bste] Egshel F oAt

[€)
- HeT HF R HE F 29

- A% §} 1% FEE 30C dew chamberol]l A 484] 1F

2 olEd § shFol 1248 B EASL, AWeetel WY wy

@ Ay 2@ uz
- KACC11164, KACC11154 ¥ 5 EF &L 20C[RHH0%) ZoA Ao AL H7},
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Mol wAyEtA] ekokom e 30T (RH54%) Z1el A& 33
]_

¥
2x oot APy FF SHL 4

22 (RH80%) ol A+ KACCI11164,
A% Afol7h FekA vheh
Kol

AL, 1 ol R 5F

Table 29. =W o wpg 13 AFHdFHY LA

' Day after inoculation (DAI)
Isolate Incubation Cultivar AUDPC
temperature 6 7 8
Bugang 0.0 0.0 0.0 0.0
All 20C Yeokganghongjangun 0.0 0.0 0.0 0.0
Chonnyeonyaksok 0.0 0.0 0.0 0.0
Bugang 25.0 45.0 45.0 80.0
All 25C Yeokganghongjangun 425 42.5 425 85.0
Chonnyeonyaksok 5.0 5.0 5.0 10.0
KACCI1164 Bugang 300 325 400 675
All 30C Yeokganghongjangun 25.0 30.0 375 61.3
Chonnyeonyaksok 20.0 30.0 375 58.8
Bugang 52.5 65.0 875 135.0
DEW 30T, .
. Yeokganghongjangun 30.0 30.0 35.0 62.5
All 25C
Chonnyeonyaksok 0.0 0.0 25 1.3
Bugang 0.0 0.0 0.0 0.0
All 20C Yeokganghongjangun 0.0 0.0 0.0 0.0
Chonnyeonyaksok 0.0 0.0 0.0 0.0
Bugang 25.0 275 325 56.3
All 25T Yeokganghongjangun 225 25.0 325 525
Chonnyeonyaksok 10.0 10.0 125 21.3
KACC1114
Bugang 275 35.0 50.0 73.8
All 30T Yeokganghongjangun 15.0 35.0 45.0 65.0
Chonnyeonyaksok 10.0 15.0 30.0 35.0
. Bugang 475 50.0 75.0 111.3
DEW 30T, .
All 25 Yeokganghongjangun 375 375 40.0 76.3
Chonnyeonyaksok 25 2.5 5.0 6.3
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‘KACC11154'E A= NA#jA o] 36A1%F 30Tl Al nj el Hdqto] ke njx]o] =H
5 Y9I spreaderZ WUT S Fo]Fo] YT dgAS WHEATL

- W] @ee Wi AgS ODew= 02(1x10° CFU/mMDE =4 F 1/108 345}
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o] é%‘ﬂ@?‘}i‘ﬂr.

#F 4= 9 4= 5 Pa

- ”‘jzﬂ 1 +9 1 mlo] ¥=5& ¢
8} AT

- HE3 153 FETE 30T dew chamberd Al 484
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ol 7y 7+ FElatd o, ‘KACCI1154 #FH Tt ‘KACCII164 #F5 HS

A= EF53F 2ol 7F ¥ W EsHA yEltH(Table 30, Fig. 6).
- wElA 1FE AT EREYE JEETE 1x10° CFU/mIZ F23l= o] Exd Aga A

at7] ol

Table 30. 7} &%=

=]
=

1

H 2] A 224

LSS MY piY

W

Ieolate Con. Cultivar Days after inoculation (DAI) AUDPC
(CFU/ml) 6 7 8
Bugang 50.0 57.5 90.0 1275
1x10° Yeokganghongjangun 20.0 25.0 55.0 62.5
Chonnyeonyaksok 5.0 5.0 75 11.3
Bugang 20.0 30.0 62.5 71.3
1x10° Yeokganghongjangun 125 20.0 50.0 51.3
KACCI1164 Chonnyeonyaksok 5.0 75 15.0 175
Bugang 10.0 25.0 20.0 40.0
1x10° Yeokganghongjangun 75 175 20.0 31.3
Chonnyeonyaksok 5.0 10.0 125 18.8
Bugang 0.0 175 125 23.8
1x10° Yeokganghongjangun 0.0 5.0 10.0 10.0
Chonnyeonyaksok 0.0 0.0 75 3.8
Isolate Con. Cultivar Days after inoculation (DAI) AUDPC
(CFU/ml) 6 7
Bugang 22.5 40.0 65.0 83.8
1x10° Yeokganghongjangun 15.0 20.0 55.0 55.0
Chonnyeonyaksok 10.0 125 75 21.3
Bugang 125 22.5 575 575
1x10° Yeokganghongjangun 75 175 50.0 46.3
Chonnyeonyaksok 2.5 15.0 40.0 36.3
KACC111%4
Bugang 0.0 15.0 20.0 25.0
1x10°  Yeokganghongjangun 0.0 125 15.0 20.0
Chonnyeonyaksok 0.0 2.5 75 6.3
Bugang 2.5 5.0 10.0 11.3
1x10°>  Yeokganghongjangun 0.0 25 75 6.3
Chonnyeonyaksok 0.0 0.0 5.0 25
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7h b e sl

- e 49717 4R AR AEA 3 A AEH 3FF 719wy Aud
shelalAl Lhebstal webd 497] ARAE Agshs Ao Erhn AzHt
Table 31. 7 w= Wdvtol] e Wy E g WP H1au4
Lolate Cultivar SL,;ZZfe Day; after 1noc7ulat10n (D8AI) AUDPC
3 35.0 475 675 98.8
Bugang 4 55.0 65.0 875 136.3
5 375 40.0 45.0 81.3
3 375 50.0 65.0 101.3
KACC11164 Yeokganghongjangun 4 30.0 30.0 375 63.8
5 25.0 271.5 30.0 55.0
3 12.5 12.5 375 375
Chonnyeonyaksok 4 0.0 0.0 5.0 2.5
5 0.0 0.0 2.5 1.3
3 32.5 35.0 67.5 85.0
Bugang 4 475 50.0 75.0 111.3
5 30.0 37.5 375 71.3
3 2715 30.0 55.0 71.3
KACC11154 Yeokganghongjangun 4 275 375 375 70.0
5 25.0 30.0 2715 56.3
3 30.0 35.0 45.0 72.5
Chonnyeonyaksok 4 2.5 2.5 5.0 6.3
5 0.0 0.0 2.5 1.3
1o — uo =
120 120
o 100 S 100
5 80 80
2

3
3

20

u rexTeey
q

w
n
w

4 5

Leaf stages Leaf stages

Fig. 7. <& 8¢ ¥ #Ad=34W2(AUDPC) A; KACC11164, B; KACC11154
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121.3
123.8
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