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SUMMARY

I. Title

Studies on Epidemiology, Loss Analysis and Control Measures of
Viral Diseases of Chinese Cabbage in Alpine Area

II. Objectives and Signification of the Research

A. Objectives
- Identification of viruses from Chinese cabbage in alpine area
- Analysis of incidence, spread and factors of transmission
- LLoss analysis of Chinese cabbage by viral diseases
- Development of model for viral disease forecasting

Development of control methods aganist viral diseases in Chinese

cabbage

B. Significance of the Research
- Alpine area in Kangweondo has good climate conditions for the
cultivation of Chinese cabbage, one of the most popular vegetables in

Korea, during summer and the farmers in the area has high profits by
cultivating the vegetable.

- Plant diseases and pest insects cause serious problems in the
cultivation. Particularly, plant viruses , which can not be controlled
by chemicals, become one of the most troublesome diseases.

- OSystematic research and control plans against the Chinese
cabbage viruses are urgently needed for good harvest and better
profits,.

- The purpose of the research is for the development of the
control methods on the cabbage viral diseases. Thus, this research is

pointed on the survey and analysis of the occurance of the viruses and
Chinese cabbage loss in relation to the biotic and abiotic factors.

II1I, Content and Scope of the Research

A. Study on the occurance of the Chinese cabbage viruses in alpine
area



- Development of molecular biological techniques to identify

Chinese cabbage viruses.

- Search on the viral tansmission sources

- Study on the ecology of the viral vectors and on the viral
transmission

- Development of a simulation medel predicting the occurance of
the cabbage viral diseases.

B. Loss analysis of Chinese cabhbage by viral diseses
- Survey on the seasonal and regional occurance of the viral
diseases and the cabbage loss.

C. Development of control methods against the Chinese cabbage viral
disease

- Selection of viral resistant cultivars of Chinese cabbage
- Adaption of various cultural methods preventing viral infection
through vectors,

- Application of biological cotrol methods

IV. Results, Applications and Suggestions

A. Results

(1). Extraction, idetification and occurance of Chinese cabbage
viruses

- Symptoms of the virus infected Chinese cabbage: Symptoms by
viral infection are various depending on the growth stage of Chinese
cabbage. Vein-clearing and mosaic are the characteristics in the early
stage of growth of Chinese cabbage infected with the virus.
Mal formation, mosaic and yellowing are frequently showed in the middle
stage of the growth., Necrotic spots on the leaves are the main symptom
in the late growth stage of the plant.

- Extraction and identification of the viruses: Turnip mosaic
virus(TuMV) and cucumber mosaic virus(CMV) was identified from Chinese
cabbage by the analysis of results of host plant responses, and
serology and electron microscopy. Judging from the symptoms on the
virus infected Chinese cabbage, TuMV causes mosaic, malformation and
necrotic spots and CMV induces yellowing and mosaic. Sometimes, both
of TuMV and CMV are extracted from the same plant.

- Seasonal and regional occurance of the viral symptoms: The



occurance of the virus infection shows two peaks during late July and
early September. Mosaic symptom is prevalent in the semi-alpine area,
and malformation and dwarfing, in the alpine area. Necrotic spots are
frequently observed in both areas,

(2). Detection of TuMV by hybridization using in vitro transcribed
RNA probe

- cDNA is synthesized for the coat protein (CP) of TuMV genome
RNA. RNA probe conjugated with DIG is used for the detection of the
virus, The detection limit of the method is 5S5pg of TuMV and l4mg of
Chinese cabbage infected with the virus.

(3). Survey on the virus infected weeds around Chinese cabbage
plots

- TuMV is extracted and identified from Rorippa islandica and R.
atrovirens, CMV is detected from Meilandryum firmum, Thus, the above
mentioned weeds have a great potential to transmit the viruses to
Chinese cabbage through vectors, such as aphids.

(4). Seasonal occurance of the virus vectors

- The winged aphids are collected by two yellow traps(50x30x9 cm)
put in the Chinese cabbage plots. The most prevalent aphids are Aphis
gossipii and Myzus persicae. The immigration rate of the aphids show
peaks in late June to early July and mid to late August.

(5). Preliminary data for predicting the virus occurance

- A simulation model is developed by analysing the accumulated
data of 1992-1995 on the weather and climatic conditions and the
occurance of the viral diseases, Maximum infection of TuMV is matched
with the peak time of the immigration rate of aphids, Viral diseases
favor temperatures of higher than 15C and lower precipitation
conditions,

(6). Loss analysis of Chinese cabbage

- An average loss of the plant caused by the viral infection is
7.3% in 1995, About 70% loss is occured in a few plots. Calculations
by disease indices, the loss rate is 7% in average and maximum of
21. 4%,

(7). Control of the viral infection

- Selection of viral resistant cultivars: Six from 12 cultivars of
Chinese cabbage show relatively high resistance to TuMV.

- Cultural control: Viral infection is prevented about 8l1% by
cultivating Chinese cabbage in a net which is prohibited the access of
aphids to the plant.



- Biological control: The application of an aphid detergent on
Chinese cabbage shows no effect preventing viral infection,

B. Applications and Suggestions

(1). On results of the ecology of the Chinese cabbage viral disease

- TuMV following CMV is the most prevalent vi‘rus in Chinese
cabbage. This result provides precious information for the development
of the virus control methods.

- Weeds growing around and in Chinese cabbage plots, such as
Rorippa islandica, K atrovirens and Meilandryum firmum, are mostly
infected with TuMV or CMV. For the purpose of viral disease control,
the weeds should be removed.

- DIG hybridization method is proved to be very sensitive for the
detection of TuMV, For convinient and practical application of the
developed method, a commercial kit system is need to be developed.

(2). On data of loss analysis of Chinese cabbage

- Loss analysis of Chinese cabbage is based on the biotic and
abiotic factors regulating the viral disease infection and sprading.
By monitering the factors, the loss by the viral disease can be
minimized.

(3). On the developed virus control methods

- Selection of the virus resistant cultivars can provide guide
lines for the selection of the genes resistant to the virus.

- Preventing the access of virus vectors by applying a net, the
infection rate of Chinese cabbage can be minimized.

- For better control of the viral diseases, development and

application of effective detergents against vectors is necessary,
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2] 3% sodium dodecyl sulfate(SDS)7} $-F-¥ 0.0IM QUAr+ZA(pH 7.2)&
Y3l niHRr ThE 8000rpmoll A 1023 WHEE[dt €2 HF39S ¥dL
2 St W CMVY] B A S Nicotiana glutinosag& FA|7|$+E o]&3}
o SDSE A| 2|8t TuMVEd 2] A3zt 2 WP R AAste oMve] &4
2 rkE9r}. HANZ-2 agar gel double diffusion®(Ouchterlony,
1962) 2.8 Z} ulol A2l ¥ A (Choi et al., 1978: Choi et al., 1990)z}
HtgAIZith ol A|&H agar gel 0.7-1.0% agarose, 0.0IM QI4+3 o}

(pH 7.0), 0.85% NaCl, 0.02% sodium azidel] XA O T A 23}grl.

A 3d g2 d a2

1. HfojEAMel Yy R
22 wiol A YAY wolP el HPL R A m
2 2A Aolg mach  F w3 AK2IE O Uol AT

(vein-clearing)@/4o] UER}7] A|ZSte] HAIZE EX}o]| A (mosaic)F42.
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Z gAste Zo] durdoldlct. ey AKF U0 ol2eAME @ el
BE wEHA AEEE 9 Q@ AEA UE dEel adE 7%
(malformation)& 4ol 7B % @ A FFFEE XUl HA 9
o 22 ZM o] I APHE(necrotic spot)g BAdshe FelE & Halr
(g 2-1).

olg}tZ A wiF vHlolHAP AL A} UAHSHA Uehite RS
ot gla, wie] xjujFof wie} ¢fzte] xlol§ RALw, HF3I| xjujr|7]
of Y1ZstA & Bach ey wiFe] B&A7] AANE TS UE}
G outol g A o] HAL foA EAY ALY dHLE FEY 4 gt
U olE WA WAE EXe wiF Auir|7E EX2 FUIAE =4
P F3}, edHol M 7HUTIA = EAlolA gt 4o 7|¥E Uthle ¥Rl
ol Hol A nloAFRPF Ezlo|T 33.3%, 7| 35.6%, FEH 11.1%,
71e} 17.8%2] EX& EHrh. U} 8d XojA 9¥€ FAlolodle ol
wj ol = Bxlola el 7|¥o] UeltA|RE, B Frlole 22 AP
BP0l VASIA F/ke F¥E RAch. & REAlo|A 156.1%, 71
21.1%, A PHE(718 o BExlo|a E¥H 3¢ XJ) 50.4%, Z[El(BH X

) 13.4%8] EX& YEPICHE 2-1).

¥ 2-1, w3 ujojajAue] WA Hxy

alolel & el A4

ZAFA] 7] RAES E— _

Mo Mal ™ NS Mo+NS Mal+NS Others

6 -7H X 605 295 26 8 - 1 - 13

- 20 -



7H-8¥ 2 489 12 26 10 28 2 3 7

galwl-9 X 664 35 49 18 85 7 25 13
¥ A = Mo:mosaic, Mal:malformation, YM:yellow mosaic, NS:necrotic
spot.

2. diojg{xe| FEe| §F

B w o] A= ulolg AL Fe| T2 AE UAAE BHE 7
ol =izt Eel& Azt dlojg A F2le A ERoAM AT
BAE ARZEFE dip methodo] &J3) vlo]gARIAE HxlHrn|FoE JH
star, ulolglArt HAH ARESE 7|FAE FFst YUehts ¥R
X278 AE& B3t A 3todct

BRE 730l et HAEH vlolglAs Exlo]la W 7|HY VXL

= 25 AAEOE 750 X 12nm3A7|8] potyvirus7} AESE|don, 33
W Exlo|A2HE = 27 30mnme] vloji qxprt Al FHolew, ol F
F72] dlolgiAUx7l H3E ZA$= Ud HoAuch H 22 Iapby e
BHLE FE= A EE AlRoJA potyvirus7t ZeE[Eth  old
potyvirus7} HAEE & AR o8 YA (inclusion body)= A ¥
4 ACHIH 2-2).

ol2tZto] HxlE | {HE wlo|2A YA} HUH w2l 4 %
B ARES ol€3ld, dYEHE vlolg &Y 7|FAEES o8 7IFH

g F93FoT ARG 2 A= E 2-20] AFegstdrt

ol AXEHRE EapolZ, 7Y W IrmtEe] ¥AS UEhd wisE
HFE= Tzt FelEe 2oz e don, olzyt A= AAlAn|H
A HPYLME(IR 2-3)& SME dx|stsrt. W FIpE=jo]I Y vl
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i

I¥ 2-1. 313A| wjpo] xpd UPE ujo|2 AP FHE w%.

a: mosaic®, b: yellowing®, c! marformation®, d: necrotic spot®
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F 2-2. v G YUY vlo|HAPYE AEE ol & V|FE

NFENE

BzpolZ 7|% BAHER[C|Z ZAREH

Chenopodium quinoa CS/M CS/M(-) NS/- CS/M(-)
C. amaranticolor NS/- NS/~ NS/ - NS/ -
Nicotiana glutinosa CS/S1 CS/S1 -/M CS/Sl1
N, clevelandii NS/M  NS/M ~/M NS/M
N, tabacum cv. Samsun -/~ ~/- -/M -/-
N, tabacum cv., Xanthi nc NS/ - NS/- -/M NS/-
Gomphrena globosa NS/- NS/ - -/M NS/ -
Brassica rapa -/M -/M -/ - -/M
B, campestris subsp, pekinensis -/M,NS -/M,NS -/M -/M, NS
KHaphanus sativus -/M ~-/M -/M -/M
Cucumis sativus -/~ ~/- -/- -/~
Vigna unguiculata -/- ~/- NS/ - -/~

* HEH/44,

Sl:symptomless infection, (-): W&+ 24, - BHz219

M:mosaic, CS:chlorotic spot, NS:necrotic spot,

ol Fel¥t ulo|ie J|FHREZ R0] Rxjo|a Hlo]]A(cucumber
mosaic virus, CMV)E 3IIcIElIal 31 ol AR R HE dojR AHAx}EHo] 7 el

Biolu EPUPL o|F FWstel Frh.
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Oy 2-3. wfjeulol Aol EPNHE-
a: TuMVEE Ao ti3t ¥kg(a-c: o]F ¥Wi&FY, 4 AJAFY), b: oWy
Ao 3t ¥ (a-c: o|HZFN, d: ZAAFY).
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T wkEaAl WAl QAN uoldAs GRSA HelHA g 2
% Uehtid, ol ol& F uloldA & TuMVe} cwve) SEzedo] whE

Aze 24 syt

3. HF ujolajiagel B
al3 wlolgjAgel BEE wiie) iAW o] wat PARYE
2 zajstdnh, 2 A3 Awrdo g Aujalsle 2olels guEs} Wby
Rxjo|ze] Fato] Wol WAHUCH, AFIolE Yo WS Ress
233} BIEajo] 2 4o Ueltz, ASFrlol o1&, 718 © Hap

e BAo] F2 X5k dAAE RArh. Az FozE EayAQ s

o>

400-50002] x| Fol 4 Rxjo]Z FAtol, # 700-800me] LI oAE ¢
23} 7199 Wato] gol WA Hom, AL AalF Aol BAY
o] HEFEI ol ol RolMU YA BAEATL.  HiolPAWe WA
of e EXE ZARF Azbe wjF A wal wRe F8A17]7} ThE]
o o] APY LAEEE Holx& oy}, Yutyos wAlEs} &
Uehd Al7lE Aoz By 7903t 71@0] shists 9dZo] WEHLE
dae Hyrh

4, HfFo| mEB7|of WME dio[afAo dd 9 FX

EA| 715 deldte] x|uiit uljSeo QlojA] vloj{AMe] WPl E ¥
d ZABtETh & Y 800me] ciAF(FAI2E])o] EFE AX|sta =
3 SRE AAR i (FF LA E)E 9549 649 229(1x}), 7H 6YU(2
x1), 79 214 (3x})oll Ztz} 150034 BAlsle, zt uE7EE ujo] A
st niolg{2g e UL zAMStEet, o Az ¥ 2-3% 224, IFA|

717t &2 ol ulolgl A e WAkl Wolxlk A HAck

_ 96 -



X 2-3. wigg] ¥FTlo] wE ulolz Ay e] UFEEl

Hpolel2 g (AA4)
g7 BN Bude
(%) RjolZ 7% 1% BUEAjol2 A

95.6.1. 95.6.22. 2.1 16 12 4 0
95.6.16 95.7.6. 4,8 25 19 9 19
35.7.1. 95.7.21. 13.6 31 45 17 111

%2} IE7IEE 1,50054 ol4. HUAEE WIS Uehd FFe 44

HAEHE T

oA A Buly] olFol o] AP ojUEo) UTESE wWAko] Yol
datet Yxstel, ARYo L WGBS WA wIRe) FR2717 Y28
& Bl ol 2ge) WARAe] 3 Reishl AL RoE Uy

Ct.

A 43 Hag¥
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Al 3 # bisFdiolaiaHe| FHAREH
e

A1E A E

Uit o % AE ulolg A Ado= AHFAE Y, YL, A=}
ol FH 5o whgo] o|&F I qch. olF WHE uiJ] BYHew ¥
€53 glen}, Z} upolg|Ag] Kol FAE o &% YA Yol 7%
UAutFoln, IOFoAHE F3] FAAUYANY  (enzyme-linked
immunosorbent assay, ELISA)(Clark and Adams, 1977)& tigke] Alg§
&3h=dl 1z Heldo] B Ee de] #8852 qlvl. ey} ELISA
= o8 AlEA0 vlolg& It YAY FR2eT EXY FFdde
20| ojg1, "E& I ASAZFEE v|Sol3 S UEh7] dT
o] itle] 2 FHE M3l thAL x| 9l Smith et al., 1993).

T TR ETo] WAL vlol# A Ay 4ol Wol o FARZ
A, A& HlolgLo loME olF o & o FHY it ALY
Al xx]o] 2t (Baulcombe and Fernandez, 1988: Czosnek et al., 1988:
Garger et al., 1983; Querci et al., 1993). 2} Exla o] o] &EHE=
Yirte] Z-F2t probed] ¥EA|EHo] ule} vloj{ie AFo] F F¥UE nlA
3 gtk 53] A E ulojgAe tfiEE RAE AlslE 7iA|aL 7] uf
woll wAtalZE o]-&3t uiolgjAe] HFol= A RNAY] cDNAE probe®

AVE313 9li=t], DNA-RNAS] Ex}a% F-&o| ulolx GAAzICHY o] €L

- 929 _



o] Mtoelew xAHE 1 QIchVarveri et al., 1988).

22|52 £ RBxlo]3 ulolg|A(turnip mosaic virus, TuMV)e] 3° gt
F&oll o83k oF 2,000bpd] cDNAE A4St o]8 H7|MEE BRIy 8}
QITtHChoi et al, 1992), o] A¥HoA = o] cDNAE in vitroollA HA}A]F]
= WH O ¥ digoxigenin(DIG) FX] RNA probed 245t wjfollA TUMVE
HAadsh= FAARGH LR "HE/go] AexE HESI] #Hstq AAISA

tl.

A2E A= E Yy

1. SAlHIO[3{& S cDNA 2E2
Hio| 2] &= TuMV-cgs Al S-S FAISto] o] ulo|gie] Au|ehyFARH A}
(coat protein gene, CP RAANE XE|sH= FEE FAISIATHChoi et

al., 1993).

2. In vitro TAl HE{S| 24

L AR 2} ylo|g|Ae] CP cDNAZRY¥ in vitro A} RNA probeg ThHE7|
] SP6 W T7 X ZRE|(promoter)7} AUH AAPHE(transcption
vector) pSPTi8of MBI 2ysigrt. 7z ulolz|A2] CP cDNAE =St
e ES228E zXY EetAn|EE FAJ ThE, PstIe R ATS|o
Hlol 2] A2] CP cDNAE 3&3}gitt. o] cDNAX: T4 DNA ligase(5 U)& o]&
5t 16 TollA 33X F¢ HFAIZ ThE, cDNAS] Hvxhe] o]-&3t HAZ
A 2|t pSPTI8of AtdAlzZct  o]FA cDNAZ} 4] CP cDNA-pSPTI8L
Escherichia coli JM109& CaCl.& X 2|3le] A|Z}3t competent celloj

heat-shock™} Y] (Sambrook et al., 1989)0.2 FAAMHAA|Zcl FAHMHEHA



Al |4l (ampicillin, 50ug/ml)o] EHE Luria-Bertani(LB)uljx]of
A 16217 B¢ wjeksidct.  oUlN #4Y F2UEESYE alkaline
lysis®¥¥ (Birnboem and Doly, 1979)C. 8 &HelAn=g &3t CP cDNAY
Al R sl EF CP cDNAY 4llo] ¥QIE &EelAn| =& Xbal
2} Sacl& o|-§3te] MR F H7|gFdte] cDNAS HASIGC. EEJH

FelAn| =1} cDNAG] ¥l2 1% agarose gel- & ©|-&3}grt.

3. RNA Z2=9| X &}

In vitrooll A AA}A]F|= WY LE DIG EA| RNA probes A 2[317] #3t
of TuMV CP cDNAS] 4¢o] ¥IH EE& 174F A'Usl &elin=E e
¥t 3, CP cDNAY| Algiwidto] ule} Xbal T SaclF 1358 AHFPALE A
2|5l &elAu|=& linear formS 2 HEQ T} DIG HEX] RNA probe?] ¥}

< DIG-RNA labeling kit (Boehringer Mannheim)®} SP6 FEi= T7 RNA
polymerasegE AHE3lqict. & APRL T HTIRE dloj2{Ae] CP cDNAE X
35H= ZaglAnj== 3.5mM DIG-UTP, 10mM dNTP, SP6 X+ T7 RNA
polymerase(20 U) B! RNase inhibitor(20 U)&} E&sld 37 TollA 2x|¢
S WS AI TthE, 0.2M EDTAE A 2|3t g FA|A[FCE o] Rs&
S8t HAMH Z bloj@{Ae] DIG ¥Z| RNA probe= olels HA F 0.1%
dimethyldicarbonate® X |3t His=o &3|A|FA -20 Toll HH3tHA W
2 A] probe® AL} Tl

4. A2 A& blotting
£ ¥/d¥ RNA probe?] RIZHME-& A7l $3t, FAI¥ TuMV-cgs=
&Fo FUYHESIAH FAA17 F ulo|g|AY £33} AEZ ARSIt o
0.

H O AIBEZHE  diol3AE M sodium citrate buffer(pH 7.0)
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/chloroform(1:1:1)of|A]  mff] -->A<&5€4+e/(8,000 rpm, 102)
-->polyethylene glycol(4%, PEG 6000)A 2] -->x<&dAE2](8,000 rpm, 20
&) -->8Y Q¥4 E21(37,000 rpm, 90E - 8,000 rpm, 108)2] ABE& AA
F-E35tact. ¥-E<3E Z vlolgl AR HE] SDS/proteinase K/phenol
Bt (Favaloro et al., 1980)22 RNAE AR5, EIF4/20 X
SSC/formaldehyde(5:3:2) 8 & M713to] 65 TolAd 108 Aalsle A&
2 FAISIAT

Hlo]&{ A RNA X| &2 blotting2 10 X SSCE&oe g Ax[A|ZI UYdE g}
(nylon membrane, Hybond N', Amersham) dot-blot (96 wells, Bio-Rad)
¥ = slot-blot (48 wells, Hoefer Scientific)®x]o] ZLAAIZI F #HRH
Al &E& 20-50u1#] blottingdtol FAAIY rvhE, WHZ(302mm)e] 3EL =
&3] LA Hch

5. TALE HY

TuMV-RNA A|EE F2A7 Yyd&ut2 choi 5o #hH(1993)o] ule}
prehybridization 9 DIG-RNA probef} ®WF-2-A]l7]= hybridization Z}A S 68
TollA]  12-16A]7F ZoF AlAI3F FE M3 LE 3}31, chemiluminescent
detection kit(Boehringer Mannheim)& o©|&3}c] HX}aZEH RNAE ZA 33}

Tt

=
v
2
x
L
oN,
ne,
o
Ja
lo
it
i)
0%
i)
o

°
oy
£
il
IN
N,
3
ox
n=,
R)
AU
et
+
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LEHY AERNAS AL ol& cDNAE 4T thE FEYAIATE 9]
E2052 5y 2 ARY SeAn=g ol8€3q AlwY cNAE w23}
o in vitroA A} WE{Ql pSPT18¢] Pstl siteo] AIA1 ¥, o] WE 4l
= ZERE SP6o] 2|t DIGEZ| RNAZZHE A28t W& AHE3tHch
Z TuMVe] AisRNAo] cti¥l 3'wchRol 3|wsl cDNAS pSPT180] 4FJA|F)
3L E. coli JMI09o] EE2Y AT} ulo]2|Ae] cDNAZI HUUH E5& Ay
gtod (1 3-1) MY ZetAn =g Be|sl xbal & A elsle Selan=
& linear form® & YHE Th, SP6ZERE|F o]-83}] DIG-labeled RNAE

Ut dlojglLAF Aty 2B T | Z}3}gich

2. 488 A2 A&

Hiolgl£of ¥ wiFERE [AAFHHOZ violg|AF A&
$15t] ThEat 2 WHLE A9 A3Z W blottingE AAI3Ict  $
A AR A RS 242 ARZHE HlojAE £2YU AL FFoZ )
T2 v]A3(8mm diameter, l4mg)E TEO] 7joA ulolgjxe] RAE
FEh= WHE A =3ATL o] T|AAZHKE Hlo|gl& RNAE
phenol/chloroform2} RNA extraction buffer(Tris-HC1/LiCl1/EDTA/SDS)& o]
&3l 23, F2EEE EIF7] 9135l formaldehyde?] WAd 3}
e EYUAHCL

I AL Al EY blotting WY& (nylon membrane, Hybond N')&
AH&3lo slot-blot AA|&E o|&% blottinge AAISIHTE L Egte
blottingAlZl A|22] H&L A 2R DIG-RNAZZ B9l 2AZ L,
chemi luminescence detection kit& o]&3lo] ZA&sIP o, v

Hyperfilm-ECLS AH&3to] 5-3023 &A1 F F ST
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%) 3-1. In vitro AAME o] 419)E TuMV-CP genel] A 7|9 %,



B oA 2| TWMVE oA 42X F vlo]3&F FASIaL o]
A RNAE 83t FRFAINEE AAsiedc. 1 A3 in vitrodAl &
ZH = RNAY M FX Spg7tA| H&o| 7Heste] 7]&2]| ELISAZ ol 2%t
TuMve] Z& Ht} of 150818 91z8 & By 1y 3-2).

I XA AR vloj2 A 2] oMY C]AIRYFE RNAE +&
StaL LdE2tofl blottingAlY! g xS HAISIAS o, IxF0)F
2% potyvirus7} Z&EH ARt EF JGUEE UElHoEZA ufFg

TWMVE Aho] )¢ §-8sjris ol ZWE el

% 3-2. DIG-RNAZEZHE o] &3 TuMV-RNAS] HE3HA.
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N4z di ol AEe| MEA
A OS2 HE SN

A1d A=

wj o] UABEE ulolgAEe] AIUE ©HATII] HIt A|HAGL 1
2P 2 19950 v 2R FHe| Y2 RE uloj2AF 3L §
BBt o WABSH= ulo|g| A HAJAE RAPB: AL Y=
GRS A=)

HjolglAe] HAYLE 27 nff Fasiches AMS 2YMFE #
dHA gk 53] ZFEHA7 B ML Tuve} 42 F9E= ol #
dEo] A& vlolg &7t IARE A FEE AHE 4 ke A o
A B4 4 drh. AHAE Tuve} T2 B¢ XY FHo] UE Brassica
nigra, B. campestris, Eruca sativa, Sisymbrium irio 5¢] ZXoji £
B39 ¥}l o m(Arnold and Bald, 1960: Feldman and Gracia, 1972), CMV
o] Bt ol U2 JRE FE nlojgjLrt Eel¥ths o] BEaFEo] gl
CHChoi et al., 1990: Komuro, 1973).

o] Ao FA] wjY FHo| AL Qe IYREZHE ulo
AR E Uehl= A&EES 2SI Hlo|g&F w23lal o|& Hlo| g
27} v o] UABE| = dlolg A} T2 ZUA|8 F-F TSt ol
el AEHUE HY3IT

HE wjulolaiA Y Fo uiNEZ FFHIL e AYEY AHE
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ZA57] ¢1ste] Al wly 23 FHo| AGE trapd HASIAL A7
of 2L IARNEY Uzt vefA7] © uje] ulolajAy WA 4
BBA = o2 ZAISIHAC

A 2d ANE L W

1. H{FHlO|HAYe MHH B

g wfe 3} FH URXE YL nlold AP A& Uehd A
< APl olg HEEFEH Hlojgl&F £ T3 oluf uviolg
22 Fe] 3L AxPu| 3 B, T4 EY e A XAHHEE I
AAstded AR HE Al 23 ulojgj& £ FF &2 WHL
E AAstAT

2. OIS de U HMHYH

aj ol Bleldhs AREL] FFRAME #5tq w0l 50x35x10 cmé
FA g 27] dAjstadnt. A w271 64 XN E 8E T
7HA] w) 24 HLo R [AUFSE st 9% dFo] RAATHI =
B2 8 FLRAE shgcl

A34d Az H 2

1. iFufolalAge| Mole B

7}, Tuwve] &)

iy F¥el xFoA uoldauo] UEhd ANES AV ¥
AW A B 71202 AY U YUY AU sl upolHAE B
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glstact. 2 B Exlo]d EE mottled PR e &0 & (Rorippa
islandica)3} 7WZH\8ol(R. atrovirens)(1q 4-1)EXE¥ TuwVzi Fe|F 4
th.  olE 2&2°] FHRojA FEAT TuVe 7|ES] vl Fe| Ragh
TuMV-cqsAlS 2t L A2 UFEHeH, viay F89 nf¢ 317
EX3h= ol&E 294 F2E JYEY ujsle] 23] ujo] TWMVE AF AT
= 8% d¥o] & 2oz &3 Hdl

HE xlaAA EFiutHo] Ml HR|AL e #1534 7|¥E UER
"8 o} (Chenopodium album)o M X potyvirusz}7} AxlRn|F s #3 ¥
gleLt, 71FNREe A Tuvele ofE F4E B 35 thi] AESS
BHY vlojg|Le] FHE AAY dBFLE Q.

L} CMVe] &

A7 MVe] HEo] Hrhe AMS ARy F d¥A Ut &
5] CMV= AldAdA ZIFHH 7 vl Wi AYE w77t & S vl g
2= 574 w2l ol WIHEE Fo¥ d¥S ¥ AL #¥FHA
th. W] vy FHY EoA AR FHRzA|T FHE UEd
-2l (Meilandryum firmum)(1% 4-1)25¥ MVZT £e2l=glcl. o] WS
uj oA Fel}t eMvel EFNEES A A B2 EHEFLE U] ug
o] FEHLE2MY TS Uehdclh. 53] FFAERE L] MVES]
= AF7tA| ¢8iz vl gl7] dgol o] dolA el AEEZ 7|F W A
ol FAE= Adojrt.

2. Hio|3£ Of7REe] dH W MEYY

vl "io|2lA e 1Y S8 e UG EE A wjFoA Y
defol AP GG 73] fste] cluF L] wiFAlY X4l yellow trap
271 AAIBlaL o] gL E vl IREY FHot vlEAlZIE HA S
itk 3 H3} 6¥ wUolA 7Hx W 8H oA 8 F Alolo 7R
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O3 4-1. 23A] i F B FHo|M YT vlo|AFH Y =

a: 70ZhBo)(R. atrovirens), b: Wo}5(Chenopodium album), c: Z-2|

(Mei landryum firmum)
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U2 AGEe] vidsEEe 4L R4l IGEY FRE £ 3¢ &
= EHFYE(Aphis gossypii)o]l 718 Wi, THELE RaoRIIGlE
(Myzus persicae)?] HlEi7} WS ZALo® XAESCHE 4-1). 4¥}(1989)9]
ciadg Aol vk IARNELY HAME $HFo] HHIYEHR
5o AR EYU 2R Yeptal glof, & XAte] Fajel dx|star qlrl.
ol A= wiso] WAz TuWL CMve) wiZj7 25 AR E] &3
A o] Foich= A F3I] $HFTYU FAGUE ool FHIAWE] ol&
Hpol2l&E A miZiivhe AR adA] wlSeof WA= wlo] @A) v
A2 A e HHo] - & ZALE FHHALL. AAZ Fdxo] RARE 1
P2 2| v uiolF AN WEPido] 7HU 9o Wol WAHIUT
t AL ol v|IIYE A nisfE uloj2E ABURAI LA
o 3tk ¥rl,

¥ 4-1. cAPJR[FolA A7EE 2[R AW ES FF A

palenli, _ Sl ey s

64 74 8d
A= F¥F S —

2 F 2 F U = F

Myzus persicae 3 1 7 22 12 11 2 3

Aphis gossypii 8 4 22 35 9 19 69 67
Lipaphis erysimi 3 1
Unknown 2 3 8 7

Al 13 8 40 625 21 30 71 70

A A e e e S —

&0l FE2 G E(M persicae), HERIG E(A, gossypii), FEITFeIARE

(L. erysimi).
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Al 5 & HfFHio|age Yoy 22

:TRET

A1dE A

AE8Y WS vE sk 22 5 WAl uif Fa% Qu|&
Zheth WEiN MAZLeE 3 vzl F2 Bl tidiMes U AlY
& S7HLE AASla glen, FeuUsidME EE¥E VXXt TR ¥
o thdfr= TEATHE THLE id A AL E HAISIAL gl g
Lt u ol 2 Ago] iRt o2 ofX7ix] HAI” 7} 9o ol Hlo
¥ oMol girke Aol F82 ele] HA Al

A1
>
ok,
filo
ok
X
¥
>
X<
rlr
A

o] ¥ AR ufFof UPEE Hio|LE S FHS| HAYSIA ol
DA S st e HF SXE sl drh.  wetA wjdulolg A
2] WAt E& M7 A= olF uvlola|A WS EYIRIA uf
d FYRY BES 70 AFst= Ao] uff F2% dolHr}

TH ufSo] WAEE dlo|g Lo 23AM of7|E = ulFe] IBE B
U M= 42 vlolgA e AT ESE ZF3ed FaY 9¥E
(Harrington et al., 1989; McLean et al., 1986). 3| X|Z27}x] v}l
Hloj2| A S L I3 e AR o7 Q7] wigol 293=] w5}
ol Lof glojAe] olET T4 A= FF UIE A=Y HiolE S A
ket 523 X527t € & & AR A4t
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Al 2d e U WY

1. dyoldtE /8 2oy

Hjolg| A o] o BEHES MYty #ldiME i 9y 738 B (S
3] 2= W Zed), AGEY HHYY W wisulolg A Y WAL SE
Axpdg Ag zxy "ol Qrh(Hull, 1965: Hull and Heathcote,
1967). welA o] AF8 3y 7|7kel 1995-19978] RAIxIE7F R 57 of
Zol uigutolg Ay e U B s HFHIMAM HAE ¢
€ 7 A& AeE kTt o] A3y 1dxiql 19959 & odu|[dEH L
E AR MY 7Hsd S HES: 7|RRAHE AAIBIGCL & A
I AR+ o} 19929 =45E 19959 71x] Zieiel wissulolg Aol
B, ABFA LA H YA Z2 7o ZARE v o] vlgsh= Y
=2 WY W 7 0xIRE FUSIH RF7IR] 83 ulolg|Lp e J¥F
543 olg 2<U(factor)d] HFAAA7 dBgdo] Adexg AXE 33}
gt

2. HfO|A0| O[Hol WHE m|sEA

alolg Al ol WE wje mal: x27x] FAFeE EME
dol glrh whebd uid wAsHe 2Wx wjulolaawe] W& FEi}
ol BEQIAE As LA ggtom, olzy A7 Uyl W] ulo)
Hage) WA M Be A 2Astn Utk o] AFAAE
32 wjRe] wolgAne] ojwe] wE Wajst AAMCE oFA yehd
=7H8 AW B3] st dado AXY dFog Ytk

A7 1XAEY ol ujFe upolaadel] ojF WL T

A wfFe] FARR|Q} FHE, THE W FEEE UYLE 6H FoFH
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0d she7kAl €71ME WEES AR Hg AA I TR %
wol WAE TR ulasidch. EY AR Z A AN BF WEE
g ZABlo] o|F ERE 1ELE WHA4E Avsigct

A 3d 23 H 2H

1. gjojgjay ddod =

uj = vlo| YA S UM AS ¥ B U ulo| Ao WA
7], W%, JGEL] vl vlHRE AL, YRR FY 7
] ARE St B3R ¢god oHrt. umlebA A¥H 19dAR]
19952 =lERtOo 2= HABJAE AT ¢V dFo A AR
1992-1995\d 8] TuMVddZzt JGEY wll® 9@ 71438 ARE 0|83}
A E & MAETt. & 199293} 199402 32| wfeollA TuMve]
Aol uf¢ Astgon, 199393} 1995 Aol FHo| YFofAut FX|F
o% IIHE U2 AT XA} ok, Ty Soljt AL Aol FHS
sjd|ele FHFH o2 It FASIAY] wiel ol Azl th3lA
= FF A3 B9 g oy 2Ao= ALY ez ML
A 44 TV 2 thazt 22 §4& Holx girt. & uid TuMve)
Qo] EHAOFE AREE A7l I 3y JUGE Ul HAEIE ol F
= Al719f At Qlch.  ER olERt A|7]Y I HBAE ARE F3]
w3 B HA 2E7F 1S5 & Wil glem, Aol oidol vls) 32
A1 Z17F TuMve] Zdzt oX|35l gl Hojth  uwielAd ole3t JAA/AE
E¥E 08 EY Tuve] U3E & 4 s $F2 287 StH(2Y
5-1).

ole¥t AJEZRE x| wj ulo|Y AW AWHA WA 3 of
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Aol Bmelo] AUH 4 A& ALE oiEo], o] AEY 2-3dx} AHA
ZAPNe 222 SRS ZIE 7RI U BEE MUY A¥o

cl.

2. I3 stol3Awel 2ol oHE T

a32] ulold Aol Sy WEMLS A wiRe FiAld B
2, $AZ U YYTE UNOE 69 FE¥E 9Y SkeviNl &dE o
& AR MR A PIY £33 AR gel WY TR w3
gtk Ey 2AR 2 AdY WA BF PPEE 2ABH olE EXE
gL 2t WA+ Adsigct. 1 Azt ulola Ay wAe] B
A e TAol UEvh shH, Vo] I T0xe] WIS Ushd E=
Asio] wlulolg e o] Y EE AVHOE WEH Y
BE D QITHe Aol HASSTL  olE AN uloldEY F
AL 7.3%& UEhATL TR WSS AN ulol 2ol A )
20 BF A4EE %, HD 2462 A B AuIA7Igo] whet 2 ol
& UehATHE 5-1).

E 51 29A w3 AR wloldad 4 % B4g

AP EE 6 7 8 94

(%) M L E M L E M L E M L
2] A 0o 0 0 0 0 0 0 0 0 0 L5

3] 1.5 4.0 24.0 9.0 4.5 14.5 19.0 45.0 70.0 32.511.5
- 0.5 20 3.6 1.8 1.5 4.5 5219.9 257 9.4 6.5

& 1.3 2.3 9.9 13.9

*E:E%!M:%_r

e L L

b
-
Ol
2
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300

* TuMV

200

100

% 5-1. A wfSroll A TuMve] U3 ZNEe vz © 71238 A&
B
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AN 6 & Hi{Fdio|z{aHe| YAV |[= i

A1d A

Hio| g A o] HAl= ThE A& gl |l ulolgie 2y A3y
e A7 gl BAelrl wEd FEAYAYel Fiel Ha glrt
(Harris and Maramorosch, 1982). Z&3 WAMHLEE A¥UE 559
o]-&(Russell, 1960), XX, &3, 3, F3r|7]Y 23, EQNT
T o] ot FA TR FEFE &I B FYHME
3l e8] FF T5EE S4¢3he & ulojga e WA o] Ha
Tt ¥HE A "a3g €7 Azt niviFe FAE vlo| LAY
FAE A= 83514 H-E&FHI  9lri(Heathcote, 1978: Russell,
1966).

o] @7+ WA] wjFulolg A T YAV e AUsHT] # 3}
of XA AHEAYE AT 1EESQ] 19959 =0l 7|23 ARE
A7 AT AEE AABet. 4 2o @zl el o= wFY
F% olglo ulolajae AL E AL EFFE AU ¥ BFF
WA sxtes HEH g U R AlEe 23E FAA UL

A 23 AR ¢ iy

1. Holaja XEY EZo MY
Al ol AuEL Qe wiRe) 5L wlS Tested TR
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8'0] 90x ol AMFL A AHolth I} o] FFL ulolHAao
o4 EZEol7] wiRol ulolgiado] TASE ol wl¢ 2 Tl o
T gtk mebd B2 thasiet AR B AU st Ansa
A WiF EF N0F L At FURolE sFulolPAE FY Wol £
e Tuve] FEUUH olol W Z F3 Bgg APl ol
Haol AFWHES 240 7 B39 WS HBHLEST 3074, 3
%), 5-637101 TuVE FAYEY ¥ UPHE A S BUSl) APy 3
=& TAY the, FAY ddel HA Ut F2 UL ANstel A
a3 oE St ulo|gLY EAE ZA}L ulol e ZHoi¥E T

33Tt

2. 33H YHAAIE

SLBR] wjS zjufRjolA AAIRE HALA4d(net-house)o| HlojB| LML W
Ao njxE= GBS RAPBIACHIE 6-1). & ZU= FHT FHHY 5
7TRRE UUisty WARREAS HARE AT YA R ¥ 7IHEE QAL
g AAT AT @ FAeLE ELoE HASta dlolgAge 2@ H
BE&E 28T WALA 2|7} ulol Aol WAo] ol FE ARHUTNE
ARl olul 2zt Ae]te] WAL 50FY T FHESte] AAstALen,
Atd WEE = vlol A AY ANE A/PEHE KAB/HSIIL o|FEE A

&3P 2 6-2).

3. ds YAAY
A3 EF2 HBo|L BEAWA uhHE 71 o|At3 el wloj3 AN e
Aol & 4= gl 53| 23X v AL ojn|r|E ZFX|2 Q7]

wieoll BESFWAHE WL vff F2¥ u|& Zx gt
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dAFog upojg e WA= AEFEE Aldshes WY vlolgla
o] ZEE dyshs Wiel AE8EE 4 e 7Heidol 7 =l ol
S THAA 1xpEEe BEHYA A2 vIiFed IAGES 7|3 & ulo]
gl&e] ZAFHAE FAlol olEg & ZoE £ vl FEF(HES:
Garlic barrier, GB)¢] H}E ZHAstHct. & GBL] 50, 100, 150uf ¥
YL o]-83std [FH7|2 vljFol 15¢ THLR 33 FGA2RT F v|g=H=
A9 E2] + 9 vlo]g&FF e §8&E T2 vjasidc,

A3 d A % 2

1. NgdE3< dg

Hlo] gl A of o3t PP FFE AUt 1EA] zfujo]] AU AL
ZYR|H A Hio] 2| A
e AHHEU FF5Y ZRARE BES7] Hsted, @A IfolA =Y
1Ea e 5% Y SFATES FAIstH wigolx 23 uio|g{iof
it AP A EE AAstdeh. Alab AJFdEq] 19950l = AulF 1255
TS FAIst, TuMV-cosAlFS] HFoll iyt 2 55 és &
Bttt olnfl iR FF o2 VA PR|A 71 it o g zulE
i o AR F F5FE& AREstoTh 3 A3 Tuwvey] FFo wkE 8%
s wWEER] e FFo] 2F, €2 BEXlo]A(nild mosaic) WIS XK
AN FFol 4, BAjola W T3] HAHLE E-E& Lepd Zof 3, A
=212 2153 4o ¥ Btshs AR Bxjola FAte] £3F0] 3FFL

2 FeHodrhay 63). W URE FAYG LEAAE FoE AW

a o

BajolZ utg-S malrh ey AEo| o] & Tuwel chslA A aHolut

FAEL AM3tog stFH EFEo] i3] fnjjof AHIUR FFES ol



7] Wi, o]&& ol &% x| v nvlojF A AFY FITHFEE AT

FAxP oz Bl AriHt

2. ZEEHYA AlE

SIWR] a3 afufx]ollA] AlA]&F “lAbA] A (net-house)o] Hlo]@ A 2] ub
Aol njxl= & ZABIALE & WA S AR AR A YA A
F 7IEE PAE AHAY AEF 9 FAFE MIRLE HFS|aL vlo]
BlAg 8 2 UYRAESS ZASl WALA 2|7} vlol glAE 8] WA|o] o] &
E IRHJAVLE HAASICE 3 A3} YA 7(Te] ZojA S Hio]
el 2] WA o] Yol = FHE Ko YAtA 2| &’ s vlo| AR
AR AFEAUCHE 6-1).

3. d=F4YA AY

2] wpolglAM e YA E7Fsdtel.  uwield ABAEFFY ¥
ol FEFYA WHL 7R ol}FHA ulo|g g e WAtjAo] H
oith.  F3| 1WA v FBY onAE 7R3 U] diFo] BEAY
AYe g of¢- F2% gu|E 2z gl

TAHH R nlojg|AB e HAls AEBEE At WY diolg&
o] B oddhs whyol ALEY £ & JHeAde] MR &l ol
< A 12 =] AEFUA A vfFed 2GS 7[3] 8} vio)
el&e] AFHAE Al o8 A& AL XM g FES(HED:
Garlic barrier, GB)2] Z A& ARGt = GBY 50, 100, 150u) A
N o] &3ld F-H718 Sl 15d THH S 33] ZHGA g F vl =
AGEL] 4 4 dlo]g A2 FVES FAe|+¢ v|adtdct. 2 23
50uf F Aol Az oM IGESL uErt 7 AL FUE RIS
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% 6-1. ujSulo] Ay e WAHAHE #3 net-houser]Ad.
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% 6-2. vjsuiol g ] WHARE AT X



3

% 6-3. TuMvel| chyt w52 FFE A8 AHZE 2
AB8BE ¢ golAFE R, MR, M, MS, SE Y FFE
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E 6-1. P Aulo] mhE w3 vl Age) BAu)

Hiol 2 AW W& 2] g 2tz 7}
LA o 1] AP,
1 29kE 3ukE (DMRT) (%)
30 o 44.8 43.8 31.3 40.0 a 14.2
50 27.8 20.0 23.7 23.8 b 49.0
70 12.8 9.4 4.4 8.9 b 81.0
T4 g 50.0 43.8 45.9 46.6 a -
C.V.(%) - - - - = = = = - = - - - - - - 10. 63

2, uloja A8 Ae) 2VENE Nelo] Aol§ Nolx] ot 6BY Ez}
7h WiRol A UeitA] QSITH E 6-2).

¥ 6-2. vhs 2% IQE 7|7 @ ulolgiAay &8 FH 23

Aehd 24 34 EY ANES ulojgady &8 34

(1% BH)
508] 3] A 100 3.5 8
1008 & A 100 4.8 11
1508) 3 100 4.3 9
A g 100 5.0 12



HE us npo|H AL EYAAYY Thede A WAHiNE 2
T A& HIos uwiRau] X EFAE €I Ad WEHE
Hiol2] A2 Ael& ZAPSIATE I A3} wieE eS| WY WESO
L, R o)A 2T BEFoM L] YE & VAR SHIHA il L
o] WY EoIA AQulRt F-¢ BF ulolgAe] yhgo] 2lo|E LE}
U] Fo 24 v vlojgAe EYAE 7Hsd gl ZALoE s
S CTH X 6-3).

¥ 6-3. FE HEY FFol 4 uls vlo] A UBE

BEL] A 15 F A 30 ¥
Al E 9.1 20.9
Huls x) o] Kok 2.2 21.7
Ad s £k 8.2 24.5
Algt2 AlE 6.0 30.0

¥ SHA] FEIFH EZ oMY AE
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