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ABSTRACT

This studies were carried out to prevent the spread of this disease and to prepare
measures for stable production from 2019 to 2023. Chinese cabbage verticillium wilt
is a serious problem that inhibit cabbage production in highland areas such as
Taebaek, Jeongseon and Samcheok in Gangwon-do. As a result of investigating the
occurrence of radish wilt disease in 40 farms in 5 regions, including Gangneung, in
2019, the altitude was about 300m to 800m, and the sowing period was from late
May to around mid-August. The number of pesticidel treatments was 2 to 5 times in
semi-highlands and 5 to 9 times in highlands and the soil consisted of 34 fields with
sandy soil and 6 fields with clay soil. Due to the rise in temperature and precipitation
due to global climate warming, the incidence and occurrence of various diseases
continue to increase. It was judged that the area was likely to increase, and as a
result of a survey of the incidence rate and area of major diseases of cabbage in
highland areas from 2019 to 2022, the area of occurrence of root gall disease and
viral disease showed a significant decreasing trend, and soft rot disease was persistent
and affected a very large area. and the incidence and area of wilt disease continued
to increase. As there are currently no registered control pesticide for verticillium wilt,
it is necessary to select pesticide that inhibit the growth of pathogens in-flight and to
promote pesticide registration tests that are excellent for disease control in fields. As
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a result of the 2021 investigation of the culture characteristics of the verticillium wilt
pathogen, it was found that it was cultured slowly on PDA at 25°C for about 37 to
43 days. One of the characteristics of pathogens is that they form microsclerotia and
can exist in the soil for a long period of time, making them difficult to control. V.
dahliae was 3.4~5.6mm and V. longisporum was 7.2~8.9um, with differences in the
size of the spores and the shape of the microsclerotia. In order to produce Chinese
cabbage for the continuous and long-term, It is important to change the soil to
healthy soil, and it is also necessary to use antagonistic microorganisms and add them
as compost. This study aimed to establish a comprehensive management system for
Tomato Spotted Wilt Virus (TSWV) in greenhouse vegetable cultivation areas in
Gangwon State. TSWV is a virus known to affect plants in the Solanaceae family and
is transmitted by thrips. Investigations were conducted on the occurrence patterns of
TSWV and thrips, as well as the pesticide usage among farmers for controlling these
pests. The results revealed a high frequency of neurotoxic insecticides used for thrips
control, suggesting the potential acquisition of pesticide resistance in thrips. The virus
incidence varied depending on greenhouse entrance structure and internal
temperature, with higher rates observed in structures with easy thrips ingress and
elevated internal temperatures. Both the virus and thrips primarily inhabit weeds
surrounding cultivation areas, with preference observed for certain weed species such
as Stellaria media and Cardamine flexuosa. Stellaria media particularly showed virus
contamination, indicating a need for proactive pest control measures. Sterilizing work
equipment with 70% alcohol or 1% NaOC| was proven effective in reducing virus
transmission. While combining insecticides with the environmentally friendly material
tannic acid was found to be effective against thrips. The dominance of different
thrips species varied across locations, with Frankliniella occidentalis predominating in
Cheorwon, and other species dominant in Chuncheon and Hoengseong. Given the
significantly higher virus contamination rate associated with Frankliniella occidentalis,
particular attention is required for its control in Cheorwon. Drug resistance
experiments conducted using the leaf-dip method indicated the possibility of resistance
acquisition for four pesticide types, thus recommending the active promotion of
alternative pesticides excluding those showing resistance.
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He EfEHOf {X|Tt HiZ EFOIM YASZS, HZE, Hot S0 A= UCH O] H2 YO
35% Y YHES BT MAZES 7{9] 10% HAJSUICH Y 270 ¥ 7t&zt2|9
AHO| =AHO A -2tAioz EHEHCH HOo| 2IME0| et ZFEE A2 AlSD Yt AS0M Eof
A Lzttt 9 E712F fe| 229 VMR fEH0| 47|H ZFE 0| TatM AZoM E
O|Z= ZA0| 0] Hj2 HIZA|IS28 o2 E5IUCH Walftor S, 2020). 0] €S Ztzf, i
=, 2, EOE S 260F 0|42 AlSO|AM LEILI 22 20| S7tetn JUFUC S| 2|t
of 2T EfEH M| HiR Z{HHHAO| 10% O|AO|A Bo| Ydstn ULt Eo| SFE LA
7t gl EA7F o2 EY Bz, Oof7t 511 UCt BHEAIFHO| Z2|H Ado|L S7(|9f gt
ZO0| =% WoIHAM AIEA ECf HiRo| 42 ' Z7[ol= BOo| 545 g £0| 2}
oI0r &ar 4= QA ECH O] H2 A0 AHH S T, ARt 7R, =8t 5 Cfet &
20 B 2o\ CHHA HARAOR UM 23} BIBAISSYEOZ Verticllium dahlia
2 BIstY(s & 2007), 1997d0& EOLE, 7HA] HEEAISSYES QISR (Kim &
2000, 2001), 2001H0] Z3= CH&E A} ZHBHR|OM EBIEAISSEHE 222 2251
= 4¥

Verticillium albo-atum=zZ 215 0(4 S 2003), 2016
Verticillium dahliaedl| 2|t ZtA} )
A AIS0 30%7t =20 t

Holl= 1x0| =gAH H5t BEZEAISSY0| E1(0liul &, 2024)= HE QUCH
H MAHCZ BEEAISZYEE2 3503 O|4Q AMF0 AS3YES ¥€27|1, V. dahliae, V.
albo-atrum, V. longisporum, V. nubilum, V. theobromae & V. tricorous & 6Z2| ¥
0| ola Ydst, dMHe2 Z2o T, EOLE, ZAb, A, 7t2|, 1z L HL4E A
Ss= Zotst Ot AlS0| O |of #|kstCt sHRICHWikipedia). V. longisporum& A%
EQOM WAL= 712 &6t HAFO0|, V. Jongisporumzt 1 7|30 gt ¢S SHZ

= =

= &
o mE & A, A HojEre 59| EYSZ V. Jongisporum F2 £ g
A

3R
0
2
™
on

, 2023), 2020

2=

Sofl AS0 2Yst, AF HAOM, 7|9t YT ofLjzt H2|oME AMAISHH, BHH
dahlies 2|2t SHE S710|2 2ASHAL, V. Jongisporum2 2 QIgt Al S40l=s
=8, At 2 g B 50| ZEH, EYOM M2 & Us 0[MT e (microsclerotia)2
FHE HeZ F2M0 53 22 GMet AS0= MET £ A0 BHHSHY|7t 0 ofH
1 3tCtJohnasson, 2006). §3|, HiZ BIEZEAISSEE ZT EfY, YM, ™ 5 DY
Aol HiR Mdito] HEFO0| Fl= MzZst 24 YaEA O] |yol &itg 2k, otY Aol A

= HOl HYE, dnd, FEO|Fel sVtEE S0 UR[B E7|
Z21H2| Q|5 Oj7HEl= EOIELFEQZHIO[2{A(TSWY, Tomato Spotted Wilt Virus)oll 2|t
oSzt 20| eh4stn QUCH 2021HREH stFALN0| HE QU S HO[HATE el
Hali7t o 204 O|l¢f22 RES| Ydsty A0, §5 E0LER}F OZ2|7iet &2 7hX|1t 2F
20M= M2t SZO0|Ho| oot msiECt Hio[2{Ao0 st Rl H|E0| w2 A2 eld
2 URAUCE SHA|CH O[2{8t HIO|2AHO| ZR LHS O, M2 = U= LYAHAAZ ¢ =
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H 1. 2 H2|WHE('19~20)

AHe|Hs =9 5| A4 2|
1 S22 0| HYSHA| 4,000HH 797tA 33| AFA 2
2 S20 A HALSHA 2,000t ”
3 OIFAIAEZYI OHARSHA| 2,000t ”
4 o222 AEZYl Y45 2,000 ”
5 SSAMI|SAIE HASSHA| 2,000t ”
6 B e o L e 2,0008} ”
7 S20tA| e HLSHA| 2,500t} ”
8 22| -

% IEE 159 S Hold HEH(107H/ml) ¥=

(AIE 5) iR AlS3Y 2AAH|HL A= (=Z])
2021~2023\0] Hj3 AISSY YA AAMLS 25101 ANSSAPS +HFAD, S
Z2|2M0| et 202130 EfEL QIAIOM SROSAY MMFSA S 4F2| LAHE e
SIRLI(E 2), 2022E0l= B2t EfEHOIM SRO0FAE LA & 432 LAHE 2ot 0{(H
3), 2023EH0I|= Bt EfEHOM SROMAY ALt & 538 LAHE H2|stATHE 4).
B 2. oA A2/ (2021, EfEE, QIA)
e % E Al B oF o Al &
T2 st 2F  s|MHHA _
ik Fof aEE el 2wy oizz
Borigay ouasd 20 (2000, A A BRaR (E000. 1000,
LtSRAERE Yy2sA 20 50%93@ ” (1%@%%—) (1%@%?5—)
= - 2,500 i 2,500 1,250
ST Adrei 50 (156ml/%) (150ml/Z) (150ml/3)
o232 RYILR YN 13 6kg/10a  HAl M EUS3L 6kg/10a  6kg/10a
2 X 2 - : - - -
B 3. oA H{2|U2(20224, T EfH)
ZNE FEAE oF 3 Al &
z2gy B3°%  EMHE -
== %) o AL MMl L WY IR u Y
SZ01R|E YA 0.7 30kg/10a dAl M EXS3} 30kg/10a 60kg/10a
D232t 272 A 1.3 6kg/10a ” 6kg/10a 12kg/10a
OEfetd HEZLE YAl 3(1.5+1.5) 4kg/10a ” 4kg/10a  8kg/10a
OtojEEE 24 0.5 20kg/10a ” 20kg/10a 40kg/10a
2 X 2 : - : - -
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H 4, A 2|2 (2023H, T2t EfH)

FHE Gk E A ok al Al &
==3 O - R
=5 %) o ateD  HM2ADI Y wE IRy u Y
_ g = 10QUZHA
Doagl=E OHAIAS =0o Se="
S2MZA|E HALSHA| 10 2,000 35 Hoixa) 2,000 1,000
D322t RAUTHZR 54| 50 2,000 ” 2,000 1,000
HEESRILE Qaeskl 10 2,000 ” 2,000 1,000
SE2YIFA0IE YA 0.5 4kg/10a HAH EX=5Ix{2| 4kg/10a 8kg/10a
BRORIR ML S0 |, Oér?n?/m HAM EQrEEHEl 200 100

(Al 6) HiF A2HSYE AASEA™R (A
7

of
20210] HiZ Z2438 A

2 ML 5t 2t MM LHSEAIFS #3l5t
Fa, SE2UL L5 & 52 SUARAZIMO| o2t YHzI0 7Y ZHHS=2 330 A
A0 x2|otACHE 5).
H 5. A H2|WE(20219)
zZME Gk EAE ok 3l Al &
==3 2 EMHlS A2lA|7 -
o () g aem oaw EE W
22214 257 b =o=78 b y
SE2IA 2SHA| 20 71,0008 1 2o 71,0008 50084
242|ARBF2|CHOLO|AIOO] 45t 20(15+5) 1,000 ” 71,0008  500tH
tAZ10101 4 I ARSHA| 10 71,0008 ” 71,0008 50084
S L& 2A-ZAIE| ERFALO|Z2ICHO| 510
H ” H H
CH0|E £5H 20(5+15) 2,0004} 2,0008 1,0008H
ZAEEtALO| SRS ZEHE
H ” H H
orp & ura|ciofolAlofo| sty 20(5+15) 2,008 2,0008 1,0008H
2212 - - - - -
AIE 7) B KAEMZ HA QA|E AI—(A])
2021H0f B MAEMZ 928 AA|MES 2510 EHEDt AZOM AA|E0 AFS 43ist

e AlBle
L, ZYOIE YA & 5ZS SUAEX|ZAMO| w2t ZA Mol EL=3 X2|5HRACHE 6).

o



H 6. A H2|LE(20219)

T8 %= AME of & Al
eee T oah M ew we
L2f0|E YA 5 4kg/10a dAH EL=3tx{2| 4kg/10a 8kg/10a
ZAE|OIAO|E A 5 6kg/10a ” 6kg/10a 12kg/10a
SSHIOo|E 24 0.3 20kg/10a ” 20kg/10a 40kg/10a
ZYO|E-EHEREA UA| 45(2+2.5) 6kg/10a ” 6kg/10a 12kg/10a
HIF2IE A 3 4kg/10a ” 4kg/10a  8kg/10a

2 A 2 : : : - :

(A1 8) HiZ WEAISSY YA VDTS Y U AR HYSY 24

20220] BiZ WEASSY BB (Verticilium dahliae)2] UEI|S e ABES S
AR A28 SOIZ0|ol] HA U AS B0 REY 5E S WS 2AUS YD D2t
ool A2 So|¥e AU

SIEASSY YUT HY SHS ZABP| 95101 ZABHRI(PDA) 2500IA 30~402 HE
BT, WHRO ZR0| T2t WARY RA, FHIJ|, Y, BATI| SO o[t YA
ZASIRIC

CHIZMS2HA| = AldAa EDPEEIRHQ|RBIO[2A(TSWV) SAAHA =

(A 1) TSWV 2l & =21 SA|-E 2AH2021~2023)

A Eafia SIM0M Ydsts TSWV Yl ZAE 2o 2021ESRE 20239712 24, &
, HY A0|M BRO|2A YWHAHS ZAISIRACH EOLEOM E4ste TSWV A=

2 G0 M ZASIRRD], AHE 2

TSWV ZAtz A9 miZe|7t 3578 AEsH &0t
AFSHRACHE 7). |URAE Sof T =

| L{ol A RT-PCR &S O|Eot0] Ho|HAS HESINUCE.
M A= ARE 1.5m FEO| 1enx1enI7|2 A2 S Opfst
free] Total RNA Extraction kit(iNtRON Biotechnology, Seongnam, Korea)E O|&3}0] Af
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82 w0l Tt 228 StA2n, Y ASHOM da Hits 22d = Hd 2ESS
Tl O|EStACt. 72 2O thy HiO[2{A0] 50| Zefo|es s238d mEsYstd

2ASESN0|M  CAfRlst Z2i0|HE  ARESIUCHE 8). PCR 2EY ZAWH2 20u=
5xAccuPower® PCR Master Mix(Bioneer, Daejeon, Korea) 440, Forward primer(10
pmol) 142, Reverse primer(10 pmol) 1z, RNA 140, SYBR 14, D.W 1242 Y-S A|ZCH
RT-PCR 242 55°COIIM 30&, 95°COlIM 102 @A BRS F 95°COIM 10=2t
denaturation ¥, 95°COAM 30%, 57°COIAM 40%, 72°CO|M 4522 3532 st
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TbLCV(Tobacco leaf curl virus) 2F TYLCVE= enaturation &, 94°Co| M

202, 55°COJAl 302, 72°CO|M 1822 353 ZHo=Z ZISH5tGCt PCRO| AZE|H 2t ALZ
2 1.5% agarose geldAd H7|FSS Soff ZEOEE SQISHYCE L5 ZAF CiA s7H9| oF
A Aot 2R EOE AuisItE ez MEXAE HAlete, s¥S0| 7t 24
Al 3t HIO[{ATE 2AURIR| &ML
H 7. TSWV 24 O STt RARAHE
Z{AlO] IT2H
= 2| o _%AZZ* -O—|E_ . ==X .
AMES dH2 1135 2.17. 7.15. 2| = 8505
= A 8832 92-2 2.20. 7.10. NE TYEIO|E
E0IE At=S 695 2.18  6.20. FLZ Ch7(2]
e Ors™ Z2|72| 913-5 6.5. TYZ2|H[o|
=< FLH M22| 521-1 537, TYZ2|H|0
2™ 0t3lg] 1426-16 42, L7t
otme| 7t el Z2E® 0Ksi2] 1434-1 4.5, Li7te
215812 stAl2| 629-7 410. Li7te
H 8. HiO|2{A oJAF ZICHo| AFESH Z2lo|H 2
HiO 2 A ool ol& FIIME(5- 3) PCR At237|
CMV DP ul CGTCGTGGTTCCCGCTCCG
CMV 690bp
CMV DP d2 AGCGCGCATCGCCGAAAGAT
TSWV 6F GAGATTCTCAGAATTCCCAGT
TSWV 459bp
TSWV 6R AGAGCAATCGTGTCAATTTTATTC
ToCV-M-4F AGAAGATCCGCGCTAATGCTAA
ToCV 479bp
ToCV-M-4R GGTCATCTTCCCAAACACGA
tylcv 1€ GTCAACCAATCAAATTGCATCCTC AA
TYLCV 712bp
tylcv 1-2r GTCCAAAATCCATTGGGC
hyw 1f GTCAGCCCTAATTTGAACGG
TbLCV 779bp
hyw 1r AGCTTGTTCCTTAGACG
TBSV 2-F AGGTATGTTGACAGGGATGTC
TBSV 898bp
TBSV 2-R TTGCCAGGGTACATGGCCCTG
(Al 2) AlE2HA TSWV CHA 24 11E(2021)
EDLEQ} MI2|7tE ZUBiStE s7H0|A EHAlSHe TSWVO| WAiQRAS E0IsH & =710 of
™ XZASO0| 024§t TSWVE CHEMAIZ| =2 2US FHHEJUCH s7H0IM AtESHE EOLES}
mome|7te] E82 RAISH & o FZ0M ZedE 1AL YR Loz Eols EQyfn
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TSWVeF &2 °
sfoj2j2 gl Hiol2{AE O}
5122 Ul

(Al 3) 2R FHE= Hio|HA Z4YH ZAH2021~2022)
S

TSWVE AlM3f4 #OI0ILI2E 92 7IZHIS T13 HIOlAZ AR 80| MAlSHs ¥
28 Z7VI1Z2 M1 ANES SYS D UCH TN RAL 2Ol LA Y2 E2
S ADIE2 ZASID BlOIRIAQ] ZY OIS HOIH WOICH KOt TAIS S5 LA Y=2E
WSt F BlO|2{20| ZAE/0] USR] RT-PCRS 3 QIS 220, RT-PCRY AFRE I
2f0[0) MY AIF 1014 ALSEH T2f0|0IS ALSSHRICH

(A8 4) 2 Hlol2{A SAIZIEt Tajo|nf Jgk U &I 2Z(2021~2022)

A0 SASHe BlojajAL TSWVE EEHt0] ChSH 2402 iy QICt 0J2{3t bio|
2IAS HYE| YISME 2 RT-PCRS 01301 B0l BXE A2 Sl ojuf ATkt
AZHS SHE37| I3 Of2f BRO[AAS SAlo| EHE 4 Ut Z20[0S AL

A

[l
==

HiO|2{AE 71|17} HRO|AO| RE EMMSEIN IsHE R= TSWV, CMV, TYLCV,
PepMoV, PMMoV & 5&= Mo, CHAHI0[2AE SAI0f RItHe &~ Q= Z2t0|HE
AHZSHAUCH HIO|2AE &% A|HZAE2L EOIEZ MASIF oD, EOLEO| 5Z09| HIO|ZAE

F

2N o FOl Liette |%.: 1010 AR WHS 08310 RNAS 2E3ICH 2&3
sfolziA RNAOI LIEHES S0|Hel MY 245 & 52| sloj2Avt ZHdsl| o 222
oIgs1o] BafoIoIE AL

(A1 5) 7|7 ASE TSWV OIWED 2E(2022)

A0 Sasts BolRAL ARl 3 MMl 22 o¥Rol @o| AMF %
Hels eI Y| TR0 ozl ECts YEA WHOR 2QI|RE ASHE 0| iR
Zosith Tet £ A7S Sdf 23 S3Y 717 AT MUAIES LWSACH Al
2L 70% YIS 1% HOIYLMLIES WHE vlolAc| g Al22 HHIIRIR et
N 7 5l 3 ABAMR 122 AR ASHUCH 0 ASE HYIHY

tloll Biol2{A SHE 23
A A

c
2 ArB3to) A

Aldols 2FAMEZ EOE 20771 AFBEL, 3EEc2 HYsS UWSIAL:. L=E
2 ot FES 2 = FAe|F Ui YAHIIE &S0l A=A THE TSWV

=2
220 Bio[2{A7F YT FHE SAH AL GUIUE0 Ao oY sts A0
o

g =8
o HAHYY2= LHH ATt LT BIO[2AS DiiSts OIZHES A2 YAStE A0 &
25ttt Tetd 2 AI"oME TSWvel Tjaigdds et dA2(EYS 2EtRAC A=
= ED}EE MYsto] HeS SR, Bi0[2A HHS AHA7|= FAet 4ZAE
242t HEL=2 2ot 22|Het IFFAAML HEAHE EEoI0] 22 28 AHel#E 25t
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=38 ZISHYCt PCR 2 ZoH2 20 w2 SxAccuPower® PCR Master Mix(Bioneer,
Daejeon, Korea) 4 8, Forward primer(10 pmol) 1 8, Reverse primer(10 pmol) 1 x4,
DNA 1 u, SYBR 1 u, DW 12 w2 BrEA|ZCt PCR Z7AS 95°COHIM 10&7¢
denaturation &, 95°COlA 10%, 60°COlA 10Z, 72°COlA 2022 3532 ZIEH5tRICH PCR
O] =& Zt A= 1.5% agarose gelOl|Ad 2*7|%'%§ Soff S22 S &USIAUCE
Z 42 ot7|¢s DIRECT DNA BUFFERZ #£3% DNAEZ O|&5t0 HO|g{A EEEX ¢
N SMSHACE Hio[2A 7:‘1'% 5t7| fIgt Z2to|He H 20| H0lE TSWV Z2i0|HE ALE
StPS0, PCR ZAE 9 IH 1027t denaturation &, 95°COIA 10Z, 60°COIAM 10%,
72°COIM 2022 3 5_<P_|§ iS5 CH PCRO| Z2&|H OFRIJIZZ 1.5% agarose gelof|A A
|%:'%§ Sofl HHo|2{A9 EE@':'E TSI

A9 J2|a AZ[EE2 Adaa WolM fYste g
AN EE%S A2 M SI10| HAHAZ|E AU = U= HE

-

U oy
mjo
o ofn
oX
_o‘ﬂ
[
on
>
2
o
°©
o

(A1 4) 238alR AABA 2 (2022~2023)

2022H2E 20236712 B0 HBE UM F UNMTHS S I} USA &
QUBIACE A SIOIN F2 MBS A 4B AHEOR ABI|HER HYF A S
22 UBO| AIBHACHE 9)

STlM SIS T U BB YN 2 T ARUOIN ACHYS i UES ST
7 MBS AWHAD, MFLHS YYNYS 0BAHATL. EOIE US Ao FHEEES 54
S oolofl 3022 YD SAS T B 42S 1001214 WIBIAYD, M2 F 3%, 7
U OB AE4E ZABIUCL BE NS 3§=OR LUSYCD, B MY ASEH 0t
S 20| 507t LigkE mjel S ASSIRCH
H 9 OI:7\-||7\-|0FA'| Alo-lOI:Z—”

g2z z=2y B E- N 1= [E T [

(%)

A ALHEZ Y4Le 5 MAXHA

B OIiYEIAZOI0|E A 215 MEAAHA

C Z2ayum= R 5 SEHHH  5ely

D O|0|CI2Z2IO2|E 454 10 M Z A A5l A|

E ClEE2t Qlarsg2 50 M A XA

FoEResdcpolgRe Buguy 205 HAHA

222N YNLey 10 SEAHY ey

H  Z2AEDolE 23 o MEAmMapy AESA

| B2aHumz ojoszoole 83 542,15 st
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@ zZnz oz
CHHIEIA 2| YA SAEHE YH7IS HL

(B 1) PAISSY wase) 24

o
45 S 529 4070 =7t ZEE O

ez B AS8Y YUMEE AR 2, Bis
300m~800mYP =01, AHIFZ22E S, A%, dY § 6835, USAJ|= 5¥¢ ste~8¥
Z&Z0IQUL. HisMEl= 3770 ZZ0| AF6IYL, 37) ZH0| EoACt AdAH2| Sprs &
NHR|It 2~55|, 1HR|T7t 5~03|¥ o, EM2 AIAEXO0| 3471 3, HAUEQULO| 67 EZO|
ACH 2 AISSY LHFE2 0~15.7%2M FHZH0| B 21%=2 7t =¢eH, E42
0] ZAME[Z] ARUACHE 10, O ).
H 10. 2 ANSSY 2dde) zArzZm
ZAL £ o= s Hia okAIA 2 N ZEFE
o =S 24 BIA (5 = 0
A (m) AlZ] 4= SI5(E]) (%)
SAl= i o= i ¥=(37) i AH2(34),  0-157
soma 300800 6BZ 526814 Lapy 2963 T ©0.7)
A2(7) 650-800 R, S 612623 YS(7)  69(73)  AR(D) (OO'%
- ORCHE &2(8) AR(8) 0-2.7
Z‘I _ T -II'S, _ o _ '
&H(10) 700-750 g 720727 ooy 6766 mmo) (g3
ok
gK(3)  420-450 %ﬁé’;ﬂ 814  ¥s(3) 2 =) 0
YRS U2(9) AF(9) 0-15.7
24 A - , - - ’
gu(10) 520780 o 526710 Gapqy  ST7EA 30y 040)
M(10) 300430 BE W 72181  s(0) 3540 A0

2020'H0] ZE, B, FHofM B ol YHUENE ZAteh 2, BiO|2AE 14.7~253%,
FEYS 15.0~55.7%2 =1, F2HSYS 9.0~30.0%, =adE2 5.7~21.7%, A=8%
2 20.0~70.0% LEFTE2 M =2 ZAEIJUCHE 11).



3249/4)
0~15.0(2.8)
0~15.0(5.0)

LETE(%)
121(8/4) 221(8/18)

0~25.3(0.9)
0~48.7(9.8)
0(
7

I

0~14.7(0.7)
0~55.7(7.2)

)

0~20.0(0.9)

—

3

— O

0~30.0
0~5.7(

0~70.0(6.8)

0~25.1(0.7)

1 A|0f| A

(@)
[

20214 9F M&o| TS,
1.7%, HAE 0.5%

8.5%%CHHE 12).
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10.3%,

B3

I HE Al=0
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36.5%=2 0f

N HAR(Verticillium dahliae) 22

)

<K

t

1.7~21.0(10.3)

=
15.0~30.0(21.7)
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0~16.0(6.4)
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2019~2023'" 6E~8% AtO| EfHHR|HO| FHV|22 0.65C 455t d+HE 3339 mm &
Jtote FME B, A20gt 742 2|79 V[E2Het2 Qlst
H

T o= =
AEHoZ & L2 S/t 7ts90] 22 A= TUHEUCHE 14).

T S T S S T Y S S

2023 188 157 204 223 224 241 234 224 220

g 2022 151 177 234 241 217 216 246 225 182
712 2021 187 180 17.0 203 229 232 229 189 195
() 2020 211 204 203 191 178 197 222 249 227
2019 179 171 186 189 204 251 248 228 20.1

2023 57 265 2228 647 1776 249 2000 174 1395

194 1491 83 773 71.0 939 832 931
) 2021 16.0 214 507 1366 9.3 1.1 733 777 173.0
2020 6.0 117 678 133 1106 2054 281 181.8 37.1
2019 719 234 373 359 1372 420 909 956 11.0

o
N
o
N
N
O .
~

H 15, 2019~2022'd 1AH2| Hi= F2 Goff 2YEs L LYTHA

T & 2019 2020 2021 2022
4| AHHHTHZ (ha) 4,195 4,331 3,938 4,013
HRHE, 2HiHA % ha % ha % ha % ha
relEy 1.1 46.1 1.1 476 0.4 15.7 0.3 13.5
Ho[2{AY 0.8 335 13 56.3 2.1 82.7 1.3 54.0
£ 45 188.8 49 2122 33 1299 39 157.5
ANESHY 1.5 62.9 3.1 1343 138 70.9 40 1620
el s S 0.0 0.0 0.0 0.0 13 51.2 0.2 9.0
A 79 3313 104 4504 89 3504 97 396




201940 2 AlE2H

Of Bt HA2D, Of 2| dE2 20|17} GUUCHE 16).

H 16.

Cation

P,Os
mag/kg

Av.
Mg Na
420.3

cmol(+)/kg

Ca

EC SOM

dS/m

pH
1:5

g/kg
15.4

0.6 1.1 0.1

0.6

54
3.4

0.4
0.5

716.0

0.1

0.8

22.1

F. oxysporum)
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a4z
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2019
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+++
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SHA|, |2t
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2EAZYINZ 2304 YHI} 526%2 Y
Cigayd o4s
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<
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= LHZE(%) BhA| 7
A= =53 FEEEETTEEEE N (0/11)f
S220|3 HA §+x1| 28.6 429 28.6 333 63.2
O2t22AERE] AL 28.6 85.7 429 52.4 421
SSALFAE WohA| 57.1 57.1 429 52.4 421
2019 D222 R2UTILR SoHA| 28.6 57.1 429 429 52.6
S20tA|E £5HA| 100 71.4 71.4 81.0 10.5
TISIO|EFAL0|E 434 71.4 85.7 71.4 76.2 15.8

Fe| 100 85.7 85.7 90.5 -

S220|3 HALSHA| 0 0 0 0 100
S20SAY HASSHA| 0 0 0 0 100
OIZA|AEZHI HALTLA 9.1 9.1 18.2 12.1 77.8

2020 oeE22AEZY! ‘&Mﬁiml 0 0 0 0 100
SEEAIZAIE HASSHA| 18.2 27.3 18.2 21.2 61.1
HEEEERDDMZ ’*eml 9.1 27.3 18.2 18.2 66.6

S 20| HABHA| 0 0 0 0 100

FAe| 81.8 36.4 45.5 54.5 -

2021L=|01| EHtIH ARGl oY |

o ZAUAZ, AS3E0l 48~54% YAIIE E0l=

|
Z20RlY AYABIHISL BROISAY AYASA S oA 252 MUt osizAb Zu,
E202aY UNAsAeL BRORY UYLSAE HiZo| 27| BRRY U DA oS

oo LAH7H%) Ok5fjEhAl

=° EfE o1 ks &= (0-5)
SFOHsaE Hy2etA 48.3 - 24.1 1
o222 AE2Y AoroA| 37.4 - 18.7 0
S20IR| A 54.2 - 27.1 3
D2ERRYIHL 2 LA 7.0 - 3.5 0
2 2 2 - - - -




ofn|2EE Z2A19 E

=

El
oies
>

717t 60. 4%

%# D, 2R0k2|Y AN Y T%Z2 LIEtHD, obsliLAiy
& RAMEL, AdeiRAL Zab, O|EHSAEHEILSYH Me|T L8 HAoM 27| YR S
A2 B0, ER0RR|Y dardiae 2 F L, O AAle st S0l ¢
ACHE 20). BHEAISSYEL W A2 O3 52 &t
B 20, AdAHAIE Zat
A 7H % e
e =5% R ééé) EE #2109
SF0RR|E A 42.8 345 42 .80 0
L2222 YIHH 2 A 48.6 40.5 48.60 0
2022 HEetd HEILS LA 37.9 44.5 37.90 1
Oto| 4 E 24| 58.1 62.7 58.10 0
SZYLZA0|E Ha5HA| 38.6 29.4 38.60 0
D232 RYTILR 25HA| 455 471 45.50 0
2023 OHIERZERILUE Y43 295 41.2 29.50 0
E2N|ZIA0E LA 27.3 35.3 27.30 0
SFORR| ' Aet3tA| 54.5 52.9 54.50 1

(AIE 6) HiF A2HSY AASEA™ (A

g2Aage 0N EAH7F Ee Fatiln ¥ak S7tskd Ao
0| &2 Zo=2 WAL, 2021H0 Bl HA2USY oAl

A & 5&S AMelst 21, M AFEZM ISETL a0
Ztorold Y4astAl 70.8%, SEL-ZAE| 2|
YAHILE &HQlSte 3ZS WS, A=A 2}, &Lt
SYO| UCHE 21)

630 |\ 2023EE A|EATHTN

S IS

BHZOIAME CHerAYE

A SEAYEE fI5t
= ICIOFO|L10H0] ~3tA| 73.3%,
Ec2tALO|ZSEICtO[t0[=2{0[E 43k 70.8% 2]
5Z2| ofA|ol|lA ofsf

AN

ts
5}

TtA

o2
s



zoo 2 =2 (%) 20|zt A7t

|eke et et m 7 (DMRT) (%)

SE2L 251 280 260 260 26.7 B 66.6

S4& 22| Ctoto| A0 St 140 280 220 213 C 73.3

ZEAZ10RO| Al A4St 30,0 12,0 280 233 C 70.8

SE2IAZAIE|EAO| 22
CHOIS10|S[0IE 251 300 12.0 280 233 C 70.8
ZAHEZIO|E2IAEYZERHE LR

852(CHOpO|loijO] 231 240 280 300 273 B 65.8

Fxg| 86.0 780 660 76.7 A -

S i SAPH%) of3ff ity

=7o AtHYE Efj Abz 3 H&(0-5)
Z20|E YA 2943 31.1 - 15.5 0
ZAE|OHA|OIE A 420.2 31.1 - 15.5 0
SEHO0I0|E 24 228.2 432 27.2 352 0
ZO|E-HEZA A 258.4 27.5 16.8 221 0
HiFatte A 278.4 45.8 - 22.9 0
2 2 440.9 - - - -

(A 8) HiZ HIBAISSY WA ATl Y U YR b
2022410 B HIEAISSE BUR FTT|S LS SIF0I PRE SAUSY SIAUUSY, FsY
iR, THAUsASTACL HY, BRI lo] ¢



B 23 AMS8Y% gD 8 =55

it H| 10 Rinake! H| 10
Verticillium sp. AUAF Verticillium chlamydosporium — KACC 40859
Verticitlium dahliae KACC 47731 Verticillium sp. KACC 42493
Verticitlium dahliae KACC 46940 Fusarium oxysporum KACC 47615
Verticillium dahliae ~ KACC 45724 Verticillium dahliae IHEAsHAAL
Verticillium dahliae KACC 42220 Verticillium longisporum =2l =05t

HiZOIAM 22/8t HARS RYA 2ME Verticillium sp.2 EQIE|UCEH $3E YD &

, 22|laFe= Verticillium sp.2F 98%, 2=9| Verticillium dahliae}
CHE 24, O 7).

rir 4N

B 24 ASLEEM 21t

] TS H 2
Verticillium sp. =2 B
Verticillium dahliae KACC 46940 Vd
Verticillium dahliae KACC 42220 VI
Verticillium chlamydosporium KACC 40859 Vc
Verticillium sp. KACC 42493 Vsp
Fusarium oxysporum KACC 47615 FO

Bl

cC o
BEZAIES

o

H HelAd Verticllium dahliae LAMP PCR primer ZH&S Q|51 Verticillium

632 |\ 20234E A[EHTLETIA



& O Z2 Verticllium dahliaeg 78 + U= S0 FHAZ Histone gene st

nzto|f EEMY 4FE HZSAUCHE 25). LAMP PCR primer £014 HY¥E sl V.
dahliae CTHASZ F3/B3 Z2l0|H 4Z9| PCR productE &QIst A1}, oA PCR product(SF
200bp) S30| QI T2l0|H set 2~4F 1zt MY (OE 8) Z2to|H 474 setof CHst
target §¥AF PCR 2Z &8 Y| B, Verticillium dahliae 2% 280| 712 =2 Z2(0|0
4% setS ZZE MYSIUCE. B4 gDNAE 10°~10°copy/ul, EHATFOM ZET gDNAE
10°~10° copy/ul 72| #&0| 7+s3tACHIAY 9).

H 25 $EAMY 4Z Z2j0|0] Mz

-+ 2 Sequences
F3 GCAAGCTCCCCTTCCAGC
1 B3 ACAGGTTGGTGTCCTCAAAC
se
FIP TGGCAATCTCACGGACCTGCAAA GTCACACCCCGACACTGA
BIP TTCAAGTCCGATCTCCGCTTCC AGGGAGACGAGGTAAGACTC
F3 GGCCGACATGCTAATCAACA
. B3 GTCCTTGGACTGGATGGTG
se
FIP GGCGGACGACTGGAAGCGGA TTGCAGGTCCGTGAGATTGC
BIP TCTTCAGGAGTCCGTCGAGTCT ACACGCTTGGCGTGGAT
F3 CGCAAGCTCCCCTTCCA
‘3 B3 GCGCACAGGTTGGTGT
se
FIP GGCAATCTCACGGACCTGCAAA CGCCTGGTGAGTCACACC
BIP TTCAAGTCCGATCTCCGCTTCC CAGGGAGACGAGGTAAGACT
F3 TTCCAGCGCCTGGTGA
4 B3 ACAGGTTGGTGTCCTCAAAC
se
FIP TGGGCAATCTCACGGACCTGC ACTGAAATGTCTTGGCCGAC
BIP TTCAAGTCCGATCTCCGCTTCC AGGGAGACGAGGTAAGACTC

Primer set 1 Primer set 2 Primer set 3 Primer set 4
13 8. LAMP PCR Z2to|H A2 & E0|4 &HE



e Sample Ct
= o 10~7 336
_ 106 EE
= 10°5 1244
= 10 4 1545
— 7 103 Zres
= i 10~2 20083
s ST - e gONA (T2 E) 11.56
e e o™ e NTC MAA

S =

| 20=|ACHZ. Kabir S 2004). BHEAISSEe EATe ZAA7|s GAAe ZFO Tt
CH2dl V. dahliae 3.4~5.6m, V. longisporum 7.2~8.9m=2 EAS| A7|2} D|M|eH| 2Qf
of o7t ARDA™ 11), 22lE V. dahliae Kleb2| HENEH E£42 Hawksworthet
Talboys(1970)7t &&%F 1t Kishi S0[(1988) Y& BIZOAM 2|5t0] 215t V. dahliaet
B SHRAC

V. dahliae V. longisporum
% 11, HeYF oM s 2 &z}
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