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SUMMARY

1. Title

Development of Rapid Diagnosis and Automatic Control System for

Bacterial Canker of Kiwifruit
II. The goal and importance of the research

The outbreaks of bacterial canker are rapidly increasing in major
kiwifruit cultivation areas of Korea and some of the orchards have
already been closed due to the severe damage caused by the disease.
Therefore, it is becoming more and more important to establish a
proper management strategy by which bacterial canker of kiwifruit can
be effectively controlled.

The goal of this research is to develop a management system for
éontrolling bacterial canker of kiwifruit in order to form the basis

of stable production of the kiwifruit.
III. Research contents
The following studies were performed in this research to develop a

effective system for controlling bacterial canker of kiwifruit. A

rapid diagnosis system for the causal agent of bacterial canker,



Pseudomonas syringae pv. actinidiae, using a rapid microbial
identification system{(Biolog system) and RAPD and RFLP markers. The
occurrence of resistant strains of Pseudomonas syringae pv. actinidiae
against commonly wused antibiotics was investigated in major
cultivation areas of Korea and Japan. Finally, effective control
agents were screened and a chemical control system was proposed'which

included optimum spray schedule,

IV. Results and suggestions for the application of the results

QO Results

1.A user data base whicﬁ could be used for rapid identification of
Pseudomonas syringae pv. actinidiae by Biolog system was constructed
based on the abilities of Pseudomonas syringae pv, actinidiae strains
to utilize to 95 carbon sources.

2. A RAPD‘ marker specific to Pseudomonas syringae pv. actinidiae
strains was amplified by PCR wusing a random primer,
C24(5'-CTT-TGG-CAT-CGG-3’). The cloned product of the 668 bp RAPD
marker was developed as a specific probe for identification of the
causal agent of bacterial canker of kiwifruit,

3. The level of antibiotic resistance of the Pseudomonas syringae pv.
actinidiae isolates increased year after year in Korea, The level of
streptomycin resistance of the Korean isolates was similar to that of
the Japanese isolates., The Korean isolates were more resistant to

oxytetracycline, but less resistant to copper sulfate than the



Japanese isolates.

4. Kasugamycin, streptomycin, and streptomycin plus copper were
effective in controlling the causal agent of bacterial canker of
kiwifruit, These antibiotics could be wused for controlling the
disease,

5. Optimum spray schedule for streptomycin ‘ sulfate plus
oxytetracycline was 3 times at an interval of 15 days or 4 times at an

interval of 10 days.

O Suggestions for the application of the results
1. It is necessary to identify the causal agents at an early stage of
the onset of the disease to develop an effective control strategy. For
this purpose, it is suggested to use the rapid diagnosis system which
are based on the user data base for Biolog program and the RAPD and
RFLP markers developed in this research.
2. It is suggested to consider the occurrence of antibiotic resistant
strains of Pseudomonas syringae pv. actinidiae in developing chemical
control systems using antibiotics currently in use and in developing
new antibiotics to be used for the control of bacterial canker of
kiwifruit,
3. Kasugamycin, streptomycin, and streptomycin plus copper sulfate
are candidate agents for controlling bacterial canker of kiwifruit, It
is suggested to develop these agents as effective control
measurements,

4. It is suggested to establish proper spray schedules (spray time,



frequency, and interval) for each controlling agent based on the type

of antibiotic to be used,
5. The results obtained in this study could be used as an extension

service guideline for systematic control of bacterial canker of

kiwifruit,
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1980 dch 22 ¥ S vzl EF o2 Auixr] Az Hctal(I]4,
orthel, kiwifruit, Chinese gooseberry): tZ2}® oA A2iyo] uf
gt zjufl 2711 1984 183 hao] E}UW FHriel hulHZo] 19950
1,471 ha2 8u] o]4 F&3tA F7Istd BAILE 12,184 M/Tol oj231 Q)
th 2y F&E 4nle] Frbo whE gayg FFog dt 3,000 M/T B
=5 43t e dFPolct

2 et At AuiAE W50l st AFEE WSt Hehds
3 Addxe Wi Adel F2 FEsta ltdl, W0 NAY &Ye=
AR 4 Yoz EFsta Fctels FAHAN 44U #at opel
F4NFA weEAR=YE At A7 el FA ZRFE wFA AdEsE 2
45 28 oz BHido] wel ¢gozx Azl AuiEAY Aujsrte Al
Anfolth(, 1995).
©aFe Atide ZAM4E Hayward FF3} FEFE Matua FF0
A9 A auiAlol N AulE gl Hrihe BIEl Y HolAM HME FA
Atet7] wi 2ol Uxt Po] WSt g RE F&IA HAH sHedo] we
b 3 Hcteles 2 velel BF 2714 ¥UAsE €estx] gL F
W 22 st AAS ] AujstEel HAeE £F3] 3 Hadch 2y
il FsPRPoldE elFol ¥ et F3, Y3 T AAHA AL
gt olyzl o3 7hx Pt ddstE Aoz BIAFHATHI F, 19%4a; B
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S, 1993). 53] AFxot Azds dF AuiAGolN dg3tI] Al zsio
2| 2ol FEsHA ¥ixa e HGE (WP, bacterial canker)Z ¥
S ddAZ g Hclel Afuiy s 2 APeUder oifFH
1=

ol Rt AYEAol Aol Aol HAYY 25& 10¢ BFF o] 12-1
8TCola %2 Zoj7l 2 coB3= Y uf 71 U4 E UEREE HE 24
A HE ASELL S48 - 59)o) ululdo] o] Yoz Hulglo] A
A, % £t 73S B3 dGeoz AYUY F o] AL dosed
o] B3It 710l 20T ol A FY A&V o|EEFTE AYEF
o U=st FAsHA H4sin 25T ojydd wie del WAl Yelhx] U=
th 4o AYEEL 3§ £ AES B 22 o5 W UsR

% AU Aol AYY 104 FF 7120 12-18T7 HE 104 UHEH
S AZY WEE A% FA%] ARUch 22 ASEE Agatolol A
A A 2= A F9UE Bt YUY HFS 24 ¥E HFFE 9 F¢
T AYAHA HBES Uehdr] AFSEA go AZFY WEI Aol =es}
3 7R E706] B AZREYS Roln 4Y 7% I EAE divle
stk 5¥o] At thr]e L=t Axl Felztel] wal FAko] AjetAn 64
steFFEl= Butol 23] WAPol AA Uy 1 TR Y] UEA HA
gt F2tol]l ol Holdle M2 YFIIIE ¥rh &7 ¥FL2 7R t}
Al de7te olEd RAZNE oS8 HAAAM AMuRse FHEH7A
AstAl 298 452 1-2dUo] difE asie, AsA ZdgE A5dS
H ol ol2A Hch(a, 1995 F& 5, 1993a: 1993b: 1993c: 1993d).

F2 uetollA FHriel HQ@Fol w5ty Ay AL 1980dc] Fte
TR dedl, 1987dF 0] AF=oA Hx2 AP 3 sYY A
Yol vetyr] Alztstgdch 19909 2R EE Ad 853, g, 1¥

=%

ok I
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2 SoIAE Mgl WS AL NFL WAL Uchol WA 2
el AulA Aol Mordel WS AthT ., 1994). Hal AR
2A227 AFA, A V(35 ha AR 3 112 ha ), TEL,
AEZ, HEE, 234 Soldt ALHAAY sige] QAP F4UFol
A4 27h92 gtk oldy Hthd AWPFS 1980dn W YEo gy
299 B8 5¢ ¥ A7E2 245 FAY ¥ A AR 2H
A% HIYE Sy EL UE 502 E 5o Adacte] o Az
93 IReEVE A4 BAPD Qk RoT 23etn gler} sge] WY
A gon, o usteld Achd AR AFE oby mlulg AMolt).

npeba, Achel Auilold Mol BEeHA BAHD Qb APPL A¥
dede HQAD BE Aok AuY A3 2 AP 2002 GTHD 9
of Athle Al HTie BT VARNZAE ojae #i7lol B35tz e
B2 ke Aule] 7hg 2 ARedes gEHD dE AUEE TiHe
2 $AY 4 e FUA PAANAL FYol AFT Aol

AH2d @+ %

zche) W9 H F(Pseudomonas syringae pv. actinidiae)& H|E3d}Y
Pseudomonas &0l 43l= A EWHY MY £ == WYY (pathovar)S o g
7hx gel - A3y Ho] whel FFstdi(Hildebrand F, 1988), ol g
AU M FFPLL 712 & B0 olyzl W A7t ko] L0
7] wiiol] wAo] RASA MEE FIH = AL Ayl susin A
t}.

3 o)A Biolog program(BiOLOG MicroLog™ 2, Biolog Inc., Hayward,
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CA, USA)E MF2 957 A o883 FHe 2o 23] 43}
o HZFS EFY 4+ & HY HF FFALHY spyrl. o] Biolog
programol= Pseudomonas <o &3l= 84719 F, type Et HUY
(pathovar)&2] 957] &tA{d o|&oj¥of #F data basest F=FFo] 2lo]
Pseudomonas 4ol &3l AEHY HFES AS3A 53 4+ AUk 29
U AEojx Takikawa 5(1989)oll 2l3] P. syringae FolA 7} HIQ
19899 A Lo' %A MHWIAW P syringae pv. actinidiae?] data base:
4850} glz| ¢lolA Biolog programg ©]&% P, syringae pv. actinidiae
530l E7hs3ltl .

o, AEEY AFY $48S 533 AT AL AF FHYYS
0o At ko] 20 wio I EAEEY ULE HUF
5ol 3Ql molecular markerd ©]&3to{ DNA +&A AgsiA AstAY
S3Y £ A 7l dol Y A3t BUNA o]Foix2 Ut 2 F
o] 4 Williams 5(1990)o] 7§48t wmolecular markerql random amplified
polymorphic DNA(RAPD): polymerase chain reaction(PCR)ollA g€
10-mer 35 9] oligodeoxynucleotide& arbitrary primer2 AE3l #HAF
o] genomic sample DNAS templates 3} ZZ ¥ DNA sequences?| % E
£ pattern® 22X A EHY AFY T3 U Ad dFol LLHI ot}
(Hartung 5, 1993: Leite 5, 1995: Manulis %, 1994). =3 DNA
restriction fragment length polymorphism(RFLP)& DNA probe2} #H3E AT
A 2|3 DNA A o] hybridization2} agarose gel Aol E¥¥ A AJ|o
7125 5 wmolecular markerZA{(Southern, 1975) RAPDS} #7] A EHY A
Z9 3 3 Ag Ao YL glrhlazo &, 1987: Leach &, 1990:
Pruvost 5, 1992).

AL Wi FAAY FLADSoAE WSt U2 Yo YR



oM 1980 FFE Uty Alaste & d|E F3 ArHSerizava F,
1989). Aol WP P2 2|22 19843 Shizuoka¥ (162 ha ju)HAY F 56
haol LAg)ellA dAdste] AR zA4do] U Ln, Yz Kanagawa,
Aichi, Tottori, Fukuoka, Tokushima, MiyazakiHo]AME ‘g3tz Q)
(Serizawa &, 1989). Frtiel HPFH 7ol i3] KanagawaB oA
%2l Ushiyama(1993)& opgctielield felste ez A3 AT,
Shizuoka ZHZ A B A2 Serizava T2 WwHANE=NAN BRES F3 =dH
Aoz A3 AUrl.

dEofx Hrixl HPW AF= 19893 Shizuoka thEe] Takikawa 5
(1989)0] oJ3) Xriel HPHFO| Pseudomonas syringae pv. actinidiae.
SAEAM A ZE T} Serizawa $(1993a: 1993b: 1993c: 1993d)-2 2cle)
HABE @B E iyt g%y dFE WUstA eysz deoq,
Ushiyama(1993): Zthel HYd A2} monoclonal antibodyd o] €3t A
B B0l BY AF 5& £Hysidct

A, 2 delde Hcte A8 A2 2EQEto| ARG - &4
HEet#o]|E3l f2A(ol22)nlo]al) 1/} Ayt SFHol glon), U
MEe A2EREnto]dRaty - A Eetyol ZR +3A|, 7taad A, 7ta
¥ A, 8 FHA, &8 - AH £3}A, TH +3_A Fo| Hrid
APy GA 2 AgE 2 gt 19939 Ushiyama(1993)of &3 streptomycin
A 3}3 32} kasugamycin A /g o] ZHEFUA YW, oxytetracycline A 3/3
2 A&5A] gttt copper A ¥4 FL Shizuoka th3}2] Goto 5(1994)0]
o3l 19949 AL HAFdOn copper AY/JE-S streptomycin A 73
Aol hAddS Bastgct

2] 2o Tokyot§3}e] Nakajima 5(1995)& P. syringae pv. actinidiae®]

streptomycin®} copper A %A HFHx FRo) AF Ex{AY 43 F £
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83sld, P. syringae pv. actinidiae®] streptomycin?} copper A &4 €A
A}= 80 kb F7]2] pPaCulz}l 280 kb 7]} pPaCu2 plasmido] =% ubs
Witk Ao ot otAlA Y dFe] WP P syringae pv. syringaed}
Erwinia amylovora FolMX X 31X gQlcHLoper %, 1991: Spotts 5,
1995; Sundin 5, 1993).

2l udzlold= et o](1992)71 Hchel APHYFEE P syringae pv.
morsprunorun® ® A& £ FFsl EIastdon, 1 5(1994a)S $a
Lietoll A Hriel AEe U o ¥t F2E FAslo] HPEFo] Y&
ERE AFEE AXN H¢ Aoz Histn ot FFsigc. 2@
3 5(1994b)2 HERAME §3to Az Hrlal AAujEy L EAYL
ZAstgdon, Hctdl ALSFY U 54 4 $£AF2Yol BA Q12 E $
sto] Hrie AYBe Ng2AE RISl F, 1996).

A3d d7MLe 57

2 gl ot APES 270l ALY 4 A AT A2HS
Zidsta, cohel HSE obAlol oIt AYEFY UMl E mietstn, A
thel HSFoll chyt ety YA AAE IPLEA W0 AAslANE &
7t 45 25U Hride] dFHA Ak 24Y 4 A& AUy A
ol tidt S Fel AAS Hsts Aol & AU FFor).

O APYE 27130 Aa" sy
O ALY oAl A¥dad YAl sej——AYE FHA FelAA ¥y
O AYE ety BANA ¥y ——
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OFttl AYE A
A AA 2%

“EQgA Aol ST ALE VAZ
3 3%
- Aory SokAlol iyt 23 7

IANd =
(1997)

Oxcidl AYE =71 A

< Aj2a8] Ay

- H & HF RFLP 48 probe?] A=
- HoFE o+ - RFLP marker?] At

OXrial HBE dAATY
8 W8 del =4}

-APEE 27 4 2 NG P
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7t APBLS #AF 2700 BAE A A4S BF A-LdS LA BF
XA yHE AR AP I o] YA sAUUAE EF32
29 ¥ 2-345¢e HEINE AA ol Urth: 44 " #E 2
7] &< Aol E7Hssln, AE 7)o HUrid 2FH o2 RE PIdAZES
et S=ctE Feley 2= MY FHPole 3-671¥c] £8HoE
A AR INE A HERZ A g APEEE FHs ALY U
S AYH + s =71 A" &9 Jde] Fasich

U Ecohel A HA A2 2 Yl ofaente]dl £3A 1
A ARt FH RAIE] lojM ofzntoldd FHAE YT 5-103 Fx=
AdEJo] uhel oA AHAgFo]l WA ol oAl YA HEYS At
3L, ofAle] chisE Y B Z3FHA ALY HAS A= £ 4A
Zirdo] W @stct

th. S gAY HEE ZAF EFIIE ol & o, Yol HiajF o]
e Hriel A4 H54 d ol A3t Aol gol £RHE= EAHHFS
AP 5 AT FA BA AAHS T A A} PA AAY HY
o] Wasict

2. BA-A4gd &9

7 APELE FHAE AR A Hrtd EAS AIAL B ofY
gt URE SA do2H £38 ZA2AA Hrhd a2 srtol] 83U ¥
qE FiL gleBE HUl 258 FuAd 4 A Hrhde aFFA 44

al
e 24817 #Aste] ASFl T LAY PAANAY HYo] Was)
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c}.

o AN 83 WA =FHe ARe B Aihnlg APRAPe=ZHA Hrp
e 71 W FA] ZBHS A2AF7] H3te] HPEY =7 AT W AR
el 32 A YA A ¥lo] Wasith

th. Hchd AYY A2 FF I2AHO ol otaeuteldl F3Ael] of
T oAl AYdFe e WA wlgo] Frsia oo HGF YA 4A
& TR 4 A= AR FRAA el Wasict

3. A3 - 233 59

7b. Achel ASgol W2 Hohd A4us WYAZezH Hrhd 2w
7ol B mAEw ohdel A mAE oo H Gl
Asteln Adejol wiy %‘C}Eﬂ‘ Auiatgol Al w3 $718 23 I5A8S
INY + de A HAIe Adel Wasich

L e Aol 23 sdEE Agdol 2yl et Yy Hris
e} TG0l 4 AlE EAEL, E FEUFY, YA, A7 Fol H
& WAlYol AN ALS AUt den HAY FAYHS AAsA R
sto] 54 RAZIHo] Uiy FUEY E49 ¥ 2ol HI o] I
B 2 Hlo] Wasich

th il ALEe 27 At 9@ Y PAR 2 AT AL R 2F
3ol W xFYHY REFS Lt FAANES ALY A Iule
A AFE 87 Fuod uhE AFsE GAAE B R Hrll Auiate A
e 7198 = de ALY BAHANAL FHo] Wasich






A2z Hcoef AYY =717 A& R

Al Mo

4
fr

HGE wAE B84 2 FAY AXU PAHY £T Fdol 3
FEHoR 48 AFT Aoy ZER7] YA Asiy B9 4718 WA
2RE AT oy VAHRE 7N At F, 1996: Serizava §,
1989: Ushiyama, 1993). webd HLHe HAX(E Fur L 5+ U=EFH
AU olde AYE AAAFE ZJjol AU 4 & Wi sdel
AlFsich 2@, kel ASEe AEAE 2~3d ¥ 33 S vehiie ¥
3 4d Fole HAV o AL YA UnF IAE F7] Al
HGE AE7RE A%E 270 Adksie JjeEe Hctel ASE LAY
#ydo|th

2 2ol MdE Aol ZHESA AL £+ Q= A|Aa™o] AUHI &
ul Biolog programE M 957] ©4{d o|§4AL AFE T2 o
3 A ERY 4+ gt UYL AF FFA2HEY shych. EYR DN FE
oA A& BYsA AddsiAY XY 4 & wolecular marker]

r

random amplified polymorphic DNA(RAPD)2} DNA restriction fragment
length polymorphism(RFLP)= A& Az g o T3 dFo #&5
3 9t (Hartung 5, 1993: Lazo %, 1987: Leite %, 1995 Manulis &,
1994).

wheA], 2tcia] ALV F(P. syringae pv. actinidiae)S A& AHSHA

=A3 4 9l data baseZ 50| Biolog program(BiOLOG MicroLog™ 2,
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Biolog Inc., Hayward, CA, USA)& ©o|-8% Yrcie] HYEd TEANAE ¥y
313, Mtizl) WPHF So]=<Q RAPD marker?} RFLP markerS A 'ulsto] 2
ciefoll A EelHEe HAPILS vIRU A8 Fo FAAMZE Fold ALY
TUE ASE YYSIA Poj o st el APE WEUYF ARS
Aty 5 e 2710 A28E st Zo] Aol HSgel oy &

AU PAYE F5317) fste] Basic

A2d a7 Ui

1. BiologE ©]&3 i AP F FAANAY €Y

AFEE ol &Y nPFESH A2 Biolog program(BiOLOG MicroLog™
2, Biolog Inc., Hayward, CA, USA)(¥-F A)E o|&3slo] Hrlel] ALY FS
3% 4 9l data base§ ¥Ys}7| 95t P. syringae pv. actinidiae
T3E el - YA 54 & A4

%X, Biolog programg ©]-§%¥ Hcle JSEF FZANAE ¥4t 9
5}lo] data base 24 S % P. syringae pv. actinidiae IF-F= tiz]
PEeEE AL HIAY Shizuoka ZFA PPN £PUL 107 #F& F4
stglch. FA| FF5& BiOLOG Universal Growth Medium(BUGM)oll 24| 2+%

flo

Qb vjsle] A2 AlMHY FEES cotton swabl B 23]} 0.85% saline
Sd&ol  3IX10°  cells/mt SEE WY £ 42U
microplate(BiOLOG GN Micr‘oPlatem)S’—] 96 welloj multichannel micropipette
o2 150 w4 £Fse] 25TolA UNJEL 247 westgc. 2 FRE
vj o}t microplate AollA] ¥4 4 o8 of ¥ Biolog program AHgd ™A o)
mel 2t eadol YR velld] MHMFRE BHstdrt. & Vao] Hol
QA e ThZF(AL well)9} EUSHA BNAHA UL vellE T2go] o] &



Ha o2 Aeg gsin Repyo s HAY well2 i o] o|8€ Ao
2 st

o2}t W& Z¥slo] P. syringae pv. actinidiae %ﬁ!gou ol o] %
®H ©£Y2 +(positive)2, o]&HA] 4L ©AYL —(negative)E 2
sgsta, whgol BUA gAY FFL Helst A RS f(variable)®
23}t datag Biolog programo] U33le] Hrciell HLYPF FTFL ‘User
data base’ § ¥/g3tdon], ulx]9 Md& BUGMOl 24~48A) et uj P A]H
BiOLOG® GN Microplateo]A 957} Etay o] 8ARE 247 Fof ZA}shol
MICROLOG™ 2 Alalo] JAlzi™ AFE Zafgeld Hcll NP2
(894F ¥9 Pseudomonas syringae pv. actinidiae®] <}x}Ql "ACTINIDIAE"
2 29) A3 & AFox N3l ZYHEHF MICROLOGY 2 Ajaxie] =&
3¥E& 2gstedct. User data base 24 }AL YEhE Flow chart: L
¥ 13

¥, 2 veleld AuiE Qe BN A Rol:= AUriAziy
Fel® ujx]g HFES ez ol AYEE ARE 533 HNA
He]# S Peptone Sucrose Agar(peptone 10 g, sucrose 10 g, agar 14 g,
distilled water 1,000 m¢, pH 6.8)ollA ujPsle] Tt FF & ¢S ¥ 1¢
A& stdch AuU"E 23Y AHAFES Hel Jley Pdd ol
microplatec Al wjofsted 2zt FF¥ w4y o] oo AW} NFEL A}
sto] & dataE MICROLOG™ 2 A]A=ie] ¢JA]H 7]& data based} A2 3
78 Acie) HPEF 53E User data baseste] AEAME AA ulx|g
HAZE FolA il AYEE FF A58 THES go=4 oy A
WA AL User data base?] LS W Itsteic].

Akl APEZE 54 A MICROLOG™ 2 A AR 8 4H L £& Bol
Aol glch.
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CREATE A USER DATA BASE BY DIRECT ADDITION
1 : INPUT MENU
{ press ‘4" for well-by-well
2 : INPUT MENU
4 press "Enter” for Output Menu
3 : OUTPUT MENU
$ press *1° for print on request
4 : OUTPUT MENU
{ press *3® for no ASCII file
5 : OUTPUT MENU
3 press “Enter” for Data Base Menu
6 : DATA BASE MENU
4 press *1° for direct addition
7 : DATA BASE MENU
¢ press *3" for file name
8 : FILE NAME PROMPT
{ enter “ACTINIDIAE. id”
9 : DATA BASE MENU
4 press “Enter” for Data Menu
10 : DATA MENU
4 press *2® to enter data
11 : INFORMATION PROMPTS
i - enter GN plate, “rowa” strain name
13 : MICROPLATE
3 enter just row A positive (Al neg)
14 : DATA MENU
4 press *7" to write user data base
15 : DATA MENU
i press “Esc® for Data Base Menu
16 : DATA BASE MENU
4 press *6" for Microlog & User
17 : DATA BASE MENU
4 press *7" for file name
18 : FILE NAME PROMPT
$ enter “ACTINIDIAE. id”
19 : DATA BASE MENU
3 press "Enter® for Data Menu
20 : DATA MENU
21 4 press “3" for ID search
1 : DATA MENU
{ press "2 to enter data
22 : INFORMATION PROMPTS
03 { - enter GN plate, "rowb®” strain name
: MICROPLAT
va $ enter just row B positive
: DATA MENU
- oA { = press *7° to write User data base
: TA NU .
. $ press *3" for ID search
2 : DATA MENU

3% 1, User data base 2}“d Flow chart



2. Hciel H PP FxHE RAPD marker®] Ay

Hrrdl AYEF2 genomic DNALL 3tiejolAd FFE3t ©AH F=2 Eel
H 22t Y LAY (pathovar)oju} F(species) Ex= F(genus)o] T}E 1059 &
At F& 2] genomic DNAE alkaline lysis g o8 323 ¥ random
primer§ A}1-§3td PCRoA] FHA|A B/d¥ RAPD patternE H]ZEA31A
t}.

Genomic DNAS #&317] $lsto & MF 52 single colonyS nutrient broth
of AF3t] 28TolM 122 F¢t ALu P Fof] 50 ml-§ oak ridge tubed
o]-&3}o] 3,500 rpmollA SE FU¢ VARt MF MR pelletE 33t
th. £33 MF ME pellet&2 6.6 ml2 solution I(50 mM glucose, 25 mM
Tris (pH 8.0), 10 oM EDTA ¥ 2 mg/ml lysozyme)ol] HE}st Ao 208 &
¢t HESPAT Tube & 334 w2 10% SISE H7MA|A 50TelA 108 ¢ BE
¥ ¥ 268 £ RNase A(2.5 mg RNase A/ml 10 oM Tris, pH7.6)F H7}sle 37T
oA} 147t 5t RNAS H3A]7] 340 4£9) 0.5M EDTAS A 7IAA 50ToA 10
£ ¢ nucleased] VS AAAZ F 140 L8] Pronase (10 mg Protease/ml
10 oM Tris, pH7.6)& H7I5td 37TolA 641 ¢t whiAg E3jA]Ach

o] £¢Jo 2ME genomic INAE ¥2|5}7] ¢85l E32] TE-saturated phenol
213 22 F A2604 108 T2 15,000 rpmoflA WAE2] st $2l¥
At olg 2ol TE-saturated phenol : chloroform : isoamyl alcohol (25:24:
1, vvv)E F2313 YA A20A 102 ¢ 15,000rpmoll X W4dFelste] 4
BAE i AU A" ABYL 59 chloroforn : isoamyl alcohol
(24:1, vwv)B 23] F&30] ZPAE i FAY ¥ 1/10 volumed] 3M
Ammponium acetate®} 2 volume?] 99.9% ethyl alcohol& ¥ 7}Al# genomic DNAE
HAAZATE 2AY genomic DNAE 70% 1§ ethyl alcohol 2 Blo] ARAIN ¥ TE
buffer(10 mM Tris-HCl, 1 mM EDTA, pH 8.0)oll o] 4Toljx RAslc}
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Primer= A|2IE] 31 Q& 10 base oligonucleotide primer 40%(Operon kit
A, B)2} 12 base oligonucleotide primer 120%(Wako kit A, C) T 160%9]
random primer& A}&3%t oo, 0.5 4 primer®} 3 £ genomic DNA, 0.04 uf
Taq DNA polymerase, 1 uzf 10Xreaction buffer, 0.5 x£ 10 oM dNTP, 1 £
MgClee] Z¥oll 4.96 8] HFFFTE U7Istd 10 w2 ZAF{ PCR
Reaction mixture& A}&3s}4dct.

PCR machine& GeneAmp PCR System 9600(Perkin-Elmer Cetus)& A}&3}4
on, DNA &L 94TollA 1528 denaturation: 45TolA 3023e]
annealing: 72CollA] 90x7te] extensiond 45 cycles ¥tEdl= T Z30f
o3 S3yslgoen, A cycled]r denaturation THAlE 2&3I npA=
cycleol| X extension ©AIE S AAstACT.

PCR 2HE2 TAE buffer(40 mM Tris-acetate, 1 mM EDTA, pH8.2) <olA
1.5% agarose gelo] A7|D%E3t 0.5 ug/ml ethidium bromideol] 4023+ &
A% X UV transilluminator 4}oilA] type 55 Polaroid filme 2 A& ¥

o] &{xatslgct. Molecular standard2-= 1 kb DNA ladder& AMg35}¢lc}.
3. ¥t ALY WHE RFLP markerd] A

7t Hche] WP F HolA ttH 2] Cloning W Sequencing
Zcte) HPHF g RAPD parker2 A U®  Hridl APIE(P
syringae pv. actinidiae) H{® Hol3 thH(EA3} 668 bp)S WUH (pv.
actinidiae) RFLP probe® 7\4sl7] 95t Eo]3 WM S Agarase kit(BM,
Germany)& o]-&3}o] ¥ 4% ¥ pGEM-T vector(Promega, USA)ol 4}<¢)A|Zict.
2] 23} plasmid DNAS E. coli(HB 101)o] HAAYBA|A ampicilling XY
3 agar wix|AolM FAARAE Adygsiddct Zdisie 3719 FAABA
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2 XE plasnid DNAS 238l T-vector A2 primer(T7/SP6)&F o] &3}A
PCR $%&%¥ 5% polyacrylamide gelol £¥3lgict. Gel2 23t ¢d7lujd
< ZA3stdrct.

L}, Southern hybridization

Fol3 wiH g probe-‘é BMA}(Germany) 2] Non-radioactive DNA labeling and
detection kit& o]-&3]A ojefe} o] zA] s}Hct. plasmid§ Sacll £} Pstl
o2 AW ¥ A-§3 agarose gel 7|45 sto] H2 2 DVA THH & F&3t
arl. agarosezz}g 2 §3WA|A phenol A 2] ¥t ¥ DNAE &3t 250 ng#
B B3tach o] DNAE 100TolA 523 FHEAAMN L ESlA A
2  Digoxygenino] ¥A]¥ dUTPS X3l dNTP labeling mixture}
Hexanucleotide mixtureE 3 7}3}od, o]A o] klenow enzyme(2 units)SF g ol
37T, 242 o4 Beurh |

2h-g ¥ EtOH A WAI#H 70% EtOHE 4] ¥ FF A28l 50 pL2] TE buffer
of &3i3ct. o] probeE AHEY wit A Z Ao THA H MY ¥ F
B3t AR TE. colony blotting®t nylon membranes: hybridization%"—']
[5x SSC, 0.5%(w/v) blocking reagent, 0. 1%(w/v)sodium N-lauroyl
sarcosinate, 0.02%(w/v) SDS}1& -2 hybri-bagoll W-E3}3L 65TolA 24 Zto]
A} prehybridization® 3ttt £9& vela A3 probe 5 WS XS}
£ hybridization®9} 2.5m0-& Yol 65Ce A} B2t 50 mes] 4
& A[2 x SSC, 0.1%(w/v)SDS]E 5% 23], 50 m2] 4A¢] B(0.1 x SSC, 0.1%
SDS)E 65°C, 15%, 23], buffer 1(100 mM Tris-HCL pH7.5, 150 mM NaCl)Z 4l
L 187 A ¥ 100 nee] butter 2(0.5% blocking reagent in buffer 1)%
3087 Hd2olM Egsiach tiAF buffer 12 1E3% $AH38I 20 nte]
buffer 1 2} 4 w8 FAIZY A4S Yol 3023 A4 AR ¥, 100 nt



2] buffer 18 1582 2% $AHstgct 1e]3 20 nfe] buffer 3(100 mM
Tris-HCl pH 9.5, 100 mM NaCl, 50 mM Mgcly) 2 2837 ZIElgy 8133 wlay o] 7]
Al LumigenPPDE o] &8} X-ray filmitel] ZP&slct.

A3d 4+ A3

1. BiologE ©o| &% Hrldl APEF AL HY

7h. Gchel A GE Lo el Ay 54

Hrtel ASFEE XY + A& data base§G HYsPrl fAstd P
syringae pv. actinidiae S3& 2| - AAUH EFS A AHE a9
b & 12 Zch |

ok ASELLE 3 ol King's B ujz|2tol 4] Uschinsky &<
oA HPMAE FEsix] B, Gelating AA|7|A] Esigeon,
Tyrosinase3} UreaseS Hu]5}x] Qtglrh. eftzte]o)A] Purple milk ¥1$-& 4o
AR, NaCl UAZTA} 3o, VARFHILE7} 30CATE EF Sucrose
brotholA] BMos AASIAR, NsaojA 8Uold AFE3och Catalase,
Ammonia, Leven £& Ad3lden], sucrose2HE VLIS s, ulol
g uhe-g gozit). Arginine dihydrolase, Oxidase §¢] ZA¥Ao] ¢
onf, 40CoN AAstA] BRI, HS, Indole, 2-Keto-gluconateE AYdo}x] 2
Yol =23 Artd S BAAF]R] B81gaL, V.P.-M.R. test®} Potato rot testo]
34& UYehigl3, Coronatine ¥4 % ¢l2ich. Casein3} Tween 80 715-E3H4A]
o, Esculin 55 7I4B3stx] 235145, Acetate 5 ElA PO o] &35}

gdou}, Adonitol 5& BtAY SR o]&3lx] &3ldr].



X 1. Hrclel H Y8 F(Pseudomonas syringae pv. actinidiae)?] 32|31}
A 54 v v

qz) - 3y 54 LU

Gram staining ' -

Fluorescent pigment production
on King’s medium B ' -
in Uschinsky's solution —
Gelatin liquefaction —
Tyrosinase -
Urease —
Purple milk reaction weak alkaline
Maximum NaCl tolerance 3%
Maximum growth temperature 30c
Growth in sucrose broth white
Longevity on NSA (days) >8
Oxidation/Fermentation(OF) test 0
Production of
Catalase +
Ammonia +
Leven o+
Reducing substance from sucrose +
Tobacco hypersensitive reaction +
Activity of
Arginine dihydrolase -
Oxidase -
Lecithinase —
Phenylalanine deaminase —
Tyrosinase -
Urease -
Growth at 40C -
Production of
HsS -
Indole -
2-Keto-gluconate =
Reduction of nitrate -
Nitrate respiration —
— :negative; + :positive

a



E 1. (A%)

V.P.-M R, test
Potato rot test
Acid production

Hydrolysis of
Esculin
Arbutin
Casein
Tween 80
Starch

Utilization of
Acetate
Adonitol
B -Alanine

Anthranilate
D-Arabinose
L-Arabinose
Arbutin
Lactose
L-Leucine
Levulinate
L-Malate
Malonate
Maltose
Mannitol
D-Mannose
D-Melezitos
Melibiose
Mesaconate

Propinate
D-Quinate
Raffinose
L-Rhamnose

in purple lactose agar

Coronatine activity

Cotton-seed-o0il

7 -Amino butyrate

a -Methyl -D-glucoside

| + +

+ +

i

+ +

' — :negative;

+ : positive




1. (A%)

Utilization of
D-Ribose
Saccharate
Salicin
Sebacate
L-Serine
Sorbitol
Starch
Succinate
Sucrose
DL-Tartrate
Trehalose
Triacetin
Trigonelline
L-Tyrosine
L-Valine
D-Xylose
L-Arginine
L-Asparagine
Betaine
n-Butyrate
n-Caprate
Cellobiose
Citrate
Dulcitol
Erythritol
Formate
Fructose
D-Galactose
Gluconate
Glucose
Glutarate
Glycerate
Glycerol
L-Histidine
Inositol
L-Isoleucin
DL-Lactate

+ %

+ 4+ |+ +

+ 4+ +++ |

+

— ! negative ;

+ : positive




. el AP E 2 Biolog data base /3

Biolog data base 2}4-& 35t BA|¥ P. syringae pv. actinidiae 107}
ZF352] BioLoG® GN MicroPlate™ Atol o] et o]l & X XAl Az
P. syringae pv. actinidize F35-& D-mannitol, sucrose, cis-aconitic
acid, D-gluconic acid, D-saccharic acid, succinic acid, bromo succinic
acid, L-aspartic acid, glycerol & 9%¢ &4 & 3 o|&3ldey, «
-cyclodextrin, dextrin & 62%2] ¥£Y& o]§31A] X313, tween 40,
tveen 80 H| R 24%F 9] wra o] tisiNE BHA AAY FFol w2} Tt
S 48S YepAUTHE 2)(2¥ 2).

ol23t 957} ktA Y o] & AL F sl BiologE ol-§ Hriel ALY
ZF(P. syringae pv. actinidiae)®] SAAAE ¢ BioLOG® GN 96-well
microplate?] Eti ¢l widEe} ¥t4d o8 FAo] wtet 2 Hctdl AY
WF 3L data base= ¥ 33} ¥ 49} Prl

4, grid ALPZ 957 ©4Y o]& 4B data base BiOLOGDQ
MICROLOG™ 2 x| A®loll Q] 35}o] “User data base”& #|Zsto Biologd ©|&
3 iy ASEF SZAAE B85t ¥4 User data base§ F7}
& Biolog programoll A & A|Ho ZAIR 107} FFEL 96.6~97.8%2] Al
58 JehdA Herel APEZF(ELFE B P syringae pv. actinidiae
o] o}z}jql "ACTINIDIAE"R &3¥)o% Y OS24 User data based] HEA3
o] dZF=rt

n) =] o] MF& BUGMo|| 48A] Z+5¢t wjorA]# BiOLOG® GN Microplateo A 95
7| BtAg o]fAEE 247 Fo] ZA}sle] BioLOG®S] MICROLOG™ 2 A|A®S
o] &%t Ariel WL EZFY 53 Azt FAMZEY T8 Zdol oyt FHE
2Y9ES dAshd ¥ 59 ¥ 63} Ut



X 2. 2tctel WeH F(Pseudomonas syringae pv. actinidiae)?] 957 %¥t4
d o8 43

o|-& o|-§
B A& % El A
Well e} o o3 Well A4 B
Al |water - El [p-hydraxy phenylacetic acid | —
A2 | a-cyclodextrin — E2 [itaconic acid —
A3 [dextrin - E3 |a-keto butyric acid -
A4 |glycogen - E4 |a-keto glutaric acid -
A5 |[tween 40 + E5 |a-keto valeric acid -
A6 |tween 80 + E6 [D,L-lactic acid -
A7 |N-acetyl-D-galactosamine - E7 |mlonic acid +
A8 |N-acetyl-D-glucosamine - E8 |propionic acid -
A9 |adonitol - E9 |quinic acid +
Al10 |L-arabinose + E10 (D-saccharic acid +
All |D-arabitol + Ell isebacic acid -
Al12 |cellobiose - E12 |succinic acid +
Bl |i-erythritol — F1 |bromo succinic acid +
B2 |D-fructose + F2 |succinamic acid -
B3 |L-fucose - F3 |glucuronamide -
B4 |D-galactose - F4 |alaninamide -
B5 [gentQicbiocse - F5 |D-alanine —
B6 |a-D-glucose + F6 [L-alanine +
B7 [m-inositol + F7 [|L-alanyl-glycine -
B8 |a-D-lactose — F8 |L-asparagine +
B9 [lactulose - F9 |L-aspartic acid +
B10 |maltose - F10 [L-glutamic acid ol
Bl1l |D-mannitol + F11 iglycyl-L-aspartic acid -
B12 |D-manncse + F12 |glycyl-L-glutamic acid +
Cl1 [D-melibiose — Gl |L-histidine -
C2 |B-methyl D-glucoside - G2 |hydroxy L-proline -
C3 |D-psicose - G3 |L-leucine -
C4 |D-raffinose + G4 {L-omithine -
C5 |L-rhamnose - G5 |L-phenylalanine T =
C6 |[D-sorbitol * G6 |[L-proline +
C7 |sucrose + G7 |L-pyroglutamic acid - -
C8 {D-trehalose — G8 |D-serine : —
C9 [turanose - G9 |L-serine +
C10 |xylitol - G10 |L-threonine -
Cl1l |methyl pyruvate + Gl1 |D,L-camitine -
C12 |mono-methyl succinate + G12 | y -amino butyric acid +
D1 [|acetic acid + Hl |urocanic acid —
D2 [cis-aconitic acid + H2 |inosine -
D3 |[citric acid + H3 |uridine -
D4 |formic acid + H4 |thymidine —
D5 |D-galactonic acid lactone | — H5 |phenyl ethylamine -
D6 |D-galacturonic acid - H6 |putrescine -
D7 [D-gluconic acid + H7 |2-amino ethanol -
D8 [D-glucosaminic acid — H8 |2, 3-butanediol —
D9 |D-glucuronic acid - H9 1 +
D10 | @ -hydroxybutyric acid - H10 [D,L- @ -glycerol phosphate -~
D11 | A-hydroxybutyric acid - Hl11 (glucose-1-phosphate -
D12 | y -hydroxybutyric acid — H12 |glucose-6-phosphate —
'+ o] 7Hs, — o] 8EIs, *: EFY.
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23 2. BiOLOG® GN 96-well microplate Aol A 2lt}e} o8 A (Pseudomonas

syringae pv. actinidiae)®]
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® 3. BioLOG® GN 96-well microplate?] ¥4 (carbon sources) HjEE

Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All A12
ater é‘e,}%}(‘f,lf dextrin [glycogen [tween 40 |tween 80 Nﬁéﬁf& Nﬁggfﬁgé adonitol Is.éarabmo !P-arablto ggllobm
tosdmine [samrne
|B1 B2 B3 B4 BS B6 B7 B3 B9 B10 Bll B12
Hgfythr géfructo L-fucose g—séalact gggtlobl cao;le)-glu gimosn Sae-lacto ﬁ);l%—lac mal tose lP-manmto g-mannos
lac ulos
Cl C2 a C4 C5 C6 c7 c8 c9 C10 Cl11 C12
{D-melibi g-methy psicose [D-raffin [L-rhamno |D-sorbit [sucrose |[D-trehal |turanose |xylitol methzl Hozfo—met
ose ose 3 ol ose pyruvate Ve
dgluc:os stccinat
i e
D1 D2 D3 D4 DS D6 D7 D3 D9 D10 Dil D12
jaesyic  [glgcacon fcitgic  |formic  Dogmtact Brgalact Doelucgn Rrglucos Boglucur o i 8 iy g phvdro
aci d lacton |aci aci aci ci ci Datyric
E1 E2 E3 E4 ES E6 E7 E8 E9 E10 Ell E12
hydeox |igegonic g kete | gksto. \@ikete (Dlolegt melgnic prgpigni quiglc  Dosgedpr sebacic  jmucginic
15%; lac ac1 Cc1 aci
acid
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
locepen [fecgioap hvuron felgninen [D-alanin llratanin |Lglanyl zagpera \Loagpagt l-glesent Elyerlcy; by,
ac1 <eid ic-ac1
Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl1 G12
*&.ﬂglstld Exdmﬁn Ié-leucm Ii‘ﬁgmlth %i ?r%l Ié-prolm Li ro. D-serine |L-serine Iﬁéthreom ll)hlé-camt %{g%%go
e c1$ aci1
H1 H2 H3 H4 HS H6 H7 H8 HI9 H10 H11 H12
ic |inosine |uridine [thymidin Wl . tresci [2-amino |2 3-buta |glycerol [D,L-@-. |glucose-1 |glucose-
Iamg e Sthylami Re &thanot nlegloﬁl g‘gggg{e phosphate §t§ﬁosph
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¥ 4. 2l H QY F(Pseudomonas syringae pv. actinidiae) 3% BiOLOG® GN microplate data base

Al A2 A3 m 5 A6 A7 A8 ) 210 AlL ALZ

+ + + + -
Bl B2 B3 B4 B5 B6 B7 B8 BO B10 Bl1 B12

- + - + +
c1 2 c3 4 C5 C6 7T C8 o C10 C1l 12

- + - + +
DI D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
El E2 £3 E4 E5 £6 E7 E8 E9 E10 Ell E12

- - + - +
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F1l [F12

- + + - +
Gl ) 63 o4 G5 6 o7 G8 ) G10 611 G12

— + - - +
o H2 H3 Ha H5 H6 H7 H8 HO H10 HI1 HIZ

+:0|87Hs, — 0|88, t:EA.
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X 5. BiOLOG®3] MICROLOG™ 2 A|AHS o] &3 2lrial] AP & (Pseudomonas
syringae pv. actinidiae) %3 ZAz} 29 (output) o]

MICROLOG (TM) 2 RELEASE 3.50

Date : 09/25/96
Hour : 24
Plate Type : GN
Media Type : TSA/BUGM

Plate # : 6

Strain Name : PAB1

Strain # : ?

Other Info : ?

Input Mode : Well-By-Well

Data Base : Microlog GN & User : ACTINIDI.ID

POSITIVE/NEGATIVE DATA

XXX = percent change in optical density versus Al control well
<XXX> = positive, (XXX} = borderline, XXX = negative
-XXX = percent change negative
XXX+ = data negative or borderline, "=>" ID choice positive > 90% of time
XXX- = data positive or borderline, "=>" ID choice positive < 10% of time
1 2 3 4 5 6 7 8 9 10 11 12
A e e e e e e e e e ————————— e ————————
A 0 0 0 0 { 50+ { 50+ 0 0 0 { 50+ <100> 0
B 0 <100> 0 0 0 <100> 0 0 0 0 <100> { 50}
c 0 0 { 50- { 50} 0 <100> <100> 0 0 0 { 50} { 50}
D { 50} <100> <100> 0 0 0 <100> 0 0 0 0 0
E 0 0 0 0 0 0 { 50} 0 { 50} <100> 0 <100>
F | <100> 0 0 0 { 50- { 50} { 50- { 50} <100> <100> 0 { 50}
G 0 0 0 0 0 <100> 0 ({ 50- <100> 0 0 { 50}
H 0 0 { 50- 0 0 0 0 0 <100> 0 0 0
BIO-NUMBER : 0306-2103-1543-7040-0055-4375-0131-1010
SPECIES IDENTIFICATION : ACTINIDIAE
CLOSEST SPECIES :......... e ettt SIM....DIST...AVG....MAX
=> 1)* ACTINIDIAE 0.968 0.471 3.397 11.753
2) PSEUDOMONAS SAVASTANOI PV NERII 0.000 3.181 0.531 1.631
3) PSEUDOMONAS SYRINGAE PV PISI 0.000 5.196 0.521 2.119
4) PSEUDOMONAS SAVASTANOI PV FRAXINI 0.000 6.290 0.406 1.644
5) DELEYA MARINA 0.000 7.731 1.125 3.475
6) PSEUDOMONAS SYRINGAE PV PHASEOLICOLA 0.000 7.898 1.109 7.256
7) ~ PSEUDOMONAS CICHORII 0.000 8.344 0.738 4.172
8) BURKHOLDERIA SOLANACEARUM B 0.000 8.493 0.250 3.313
9) PSEUDOMONAS SYRINGAE PV HIBISCI 0.000 8.630 1.188 2.219
10) PSEUDOMONAS SYRINGAE PV SYRINGAE A 0.000 8.994 0.656 5.181
other :  amee;e mmcee aemme e

*Species Identification : ACTINIDIAE= Pseudomonas syringae pv.
actinidiaeg Eh}E ¢tojolzn, ZtlefolA] Ee2H nz|e MHIEL FAHA
2t 0.96884 B FAEE UYVENY  Pseudowmonas syringae pv.
actinidiae® FAEH At A34E UEeld.



¥ 6. BioLoG®e] MICROLOG™ 2 AlARWE o]&%% FAMHMF 53 F2 &9

(output) o] A]

MICROLOG (TM). 2 RELEASE 3.50

Date : 09/25/96

Hour : 24

Plate Type : GN .

Media Type : TSA/BUGM

Plate ¢ : 6

Strain Name : W7

Strain # S

Other Info : ?

Input Mode : Well-By-Well

Data Base : Microlog GN & User : ACTINIDI.ID

POSITIVE/NEGATIVE DATA

XXX = percent change in optical density versus Al control well
<XXX> = positive, (XXX} = borderline, XXX = negative
-XXX = percent change negative
XXX+ = data negative or borderline, “=>" ID choice positive > 90% of time
XXX- = data positive or borderline, *“=>* ID choice positive < 10% of time
1 2 3 4 5 6 7 8 9 10 11 12
e e e e e e e e e e e e et e e e e
A 0 0 0 0 <100> <100> 0 0 0 <100> <100> 0
B 0 { 50} 0 <100> 0 <100> <100> 0 0 0 <100> <100>
(o 0 0 0 0 0 <100> <100> 0 0 0 <100> 0
D 0 <100> <100> 0 <100> <100> <100> <100> <100> 0 { S50} 0
E 0 0 o 0+ 0 <100> { S50} 0 <100> <100> 0 <100>
F <100> 0 0 0 0 <100> 0 <100> <100> <100> 0 ]
G 0 0 0 0 0 { S0+ 0 0 <100> 0 { S0} <100>
H 0 <100> { 50} 0 0 0 0 0 <100> <100> 0 0
BIO-NUMBER : 0306-2543-0142-3372-0155-4134-0113-3014
SPECIES IDENTIFICATION : PSEUDOMONAS SYRINGAE PV SYRINGAE A
CLOSEST SPECIES ... viiiteeenneronnnnnsonnsnss SIM....DIST...AVG....MAX
=> 1) PSEUDOMONAS SYRINGAE PV SYRINGAE A 0.731 4.008 0.656 5.181
2) PSEUDOMONAS SYRINGAE PV MORSPRUNO 0.004 5.746 0.083 1.225
3) PSEUDOMONAS SYRINGAE PV IMPATIENS 0.000 7.109 0.328 2.919
4) PSEUDOMONAS SYRINGAE PV HIBISCI 0.000 7.572 1.188 2.219
S) PSEUDOMONAS SYRINGAE PV PISI 0.000 7.611 0.521 2.119
6) PSEUDOMONAS CICHORII 0.000 7.858 0.738 4.172
7) PSEUDOMONAS SYRINGAE PV TABACI B 0.000 8.208 0.109 2.081
8) PSEUDOMONAS VIRIDIFLAVA B 0.000 8.796 0.406 2.202
9)* ACTINIDIAE 0.000 9.177 3.397 11.753
10) PSEUDOMONAS SYRINGAE PV ATROFACIENS A 0.000 10.974 0.088 1.663
other :  mmmee e ameem —meeo

‘Species Identification: XtlejollA £2¥ n[x|2 AHFS FAASTH
0.7312 4 &L {AIEE 7}1A|H A Pseudomonas syringae pv. syringaeE® &
Axlodcts A4S UEND, Pseudomonas syringae pv. actinidiae®}=
A}AI4Zko] 0.0002.2 A7} dchs A& UEehd.



2. Acizl APRF ALHE RAPD markers] 1

il HEZY Hcore UFelM E3] EHE 1039 fAAZEY
genomic DNAS $&% ¥ 200%2 random primer& AMZ3}o] PCRoJA ZE x|
# 92 t}lY¥ RAPD profiles FolA primer C24(5’-CTT-TGG-CAT-CGG-3’,
Wako Co.)oll 2j3) RAtAdFelME & 4 gz Hchel HAPEFoAAN 53R
& Ad=E 668 bp A71e] WYY (P. syringae pv. actinidiae) Fo]H <l
RAPD Tt & marker® Adstdch(ay 3).

oJFA At AP ELY FLE HolH RPD THLS $UW HciH H
EFY FFENNE EF FFHLE FEAIERE @A A Hol:
Hrtgold ¥ njzYg AFe2HE $3EY genomic DNAS| RAPD
profilesoll A Hcle] HGFF HLY SolA RAPD &8 FHE HUyge
24 A4 YA Hrhel AYEL NS FEY & dolAM @Y JA
3 Hol= Hrid UFdAzE HYE ABAFE Il AT £+ UA
¥ ek

3. il AYF & AHE RFLP markerd] Ay

HAABVAZYE plasnid DNAG 323}lo] T-vector primer(T7 ¥ SP6)E
ol-g3lo] A7lvidS AZY A3 A &VE d& +7F Ak welM, 4
718h < & reverseZ © £ 4§ PUR-RC oligonucleotide
(5 *-ACATCGACACTTTCTTCCTG-3" )& 333t 668 bpd] A H7uid& ZAsiA
th2y 4). |7IvldL database(BLAST search) Az} AlEAdo]l
sequenceS LAY 4+ Uch

ot FSEF 1925 Hrid UFolAq E2j 1058 fAAZEES

PCR & ¥ cloning AHE(668 bp)& ©] &3} Southern blot EA]& 3}t



6 7 8 9 10111213 14 15 16 1718 19 202122 2324 25 26 2728 29

PRIMER C24

2% 3. Primer C240] 2J3t dcie] H Y F(Pseudomonas syringae pv.
actinidiae) 19 FF&3} Atk UFolAd Zed 1052 FAAHIES
Random Aaplified Polymorphic DNA Profiles, Lane M;1 kb DNA ladder,
lane 1~10 ; Pseudomonas syringae pv. actinidiae, lane 11~20; FAMld
(11" lane{¥| Pseudomonas syringae pv. syringae, P. syringae pv.
morsporunorum, P. solanacearum, P. cichorii, P. corrugata, P.
mucidolens, P, tolaasii, Erwinia amylovora, E. carotovora, Xanthomonas

oryzae). lane 21~29 ; P. syringae pv. actinidiae.

@ A7} 7le]FlE bandzh el ASFFolMt HEFH = 668 bp A7
o] ctell WS EF LY HolH A RAPD THH,



glgattatcggcactgacggggtctattcaggaaggcctgaactg
gcacgatacatgggcttatgccatcggcacagcctaccggetgga
tcaacagtgggtactgcgtgcaggcegtgctgtttgatcagtcgecg
accagcaacactggtcgatcaccacgcacaccaacaggggatcg
agaggtattcagcgtcgggggcetggttatgaggtcacccgceaact
gactcttgatctggcttactcttatcticaggeagaaagtgtogat

gtcagccgcaatgcgetgggceagcetacagtgegacgtatcagag

ccatgcgaatttactcggegttggcgegacttatcgtttctgacegtce
agttgttatgtatgatgtttcgagcctctggagcagegegetgtagtg
catctgtacgattgatgccgttttgcgcagtggctacgattttgtgeg
aagttttttgccctccattatttcaacatagagggctgagcacataag
taaccagccagcggagtgtgtggatgaaaagtgtagcecttgtttcc

attgattctggctttgtcggggtgtgcaggtcttgatcaggccatgtc
aatgaccaatggtgtgcttgaccagacaggtgatgtactaagcgga
gatttcaggggctgaccgatgccaaggaatcce

a3 4. 2l WY A (Pseudomonas syringae pv. actinidiae) Hol3 ¢
Z1ei 4.

@ olefYNZ H UT ¥ vectord] HEY. UE FES ME YL

oligonuclotidedd.
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3 F3 Hoiel] {g2olA 668 bptw 2} o 350 bpo] THo| 3y} signal
< BEHAcH2d 5). Iy 1039 FANZEdAE dad"de ddol 9ol
=

%%t cloning WA pathovar Hol¥d & =XAlst7] #std 3% P
syringae pv. actinidiae$} 2% 2| P. syringae pv. syringae& PCR &%
2% 2 ujdsle Southern blot ¥4& 3 A, 3%-.9] P. syringae pv.
actinidiae= 3712} o] 2702] hH (668 bp, < 350 bp)o] AEEHULL} 2
%2 P. syringae pv. syringaedXt A3 ZHE=HE o] ¢odcHa¥
6). o|RL P. syringae pv. actinidiae Ho]& ¢l probe& cloningdt RS
A4St

6%2] Hclel NYHF P syringae pv. actinidiae$}t 4%2] RAIMFLE
58 genomic DNAS F&%¥ ¥ cloning YU HUEL Agt X7 ¢l
HindlI2 43}5to] Southern blot ¥ StithE 7). 2 A% P
syringae pv. actinidiaedlA = ¢f 9 kbe] T ThHo] H&Fojon, {4}
HF-Eoll A= PCRAME L] Southern blot £49] ZHzte} nparix|2 A& =
o] glgich. & Hrhy AP F2 genomic sequencet]o] cloning THH S
e copy2 E2ste A& AAbstycl.

¥ 668 bp UM Hriz] APEFS ¢ dHoR FIY 4 e
forward W reverse primgré— ﬁ%‘%}ﬁ‘?}. olFA Hrld NLHFL HYY
Hol& e U4 H forward ¥ reverse primerF o] &sle] FFH A PCR A8
E¢& Southern blot& Fdte] EAstd el AP EZY FFEINE B
T FEHLE EAst= G 9 kb 27Y WY PHES 4& 4 Urh

uletd, i doly &7 oA Eel¥ vl HFL2RE 22
¥t genomic DNAE forward B! reverse primer& ©o|&3}od ZF A7 ¥ A&

RFLP profilesoll A tiel AP F HYY Zo|=Ql RFLP band FHE ¥



10 11 1213 14 15 16 1718 19 202122 23 M 25 26 2728 29

YwowePPpoee

PORBENL s ¢

a2 T SO

33 5. Primer C24of 2J3t RAPD profiles(A)Z} cloning¥t Xchz] o+
Eo]3 RAPD A4HE(668 bp)& probeZ Southern blot hybridizationg 3}
42 HY%¥F 5olA RFLP profiles(B). Lane M;1 kb DNA ladder, lane
1~10 ; Pseudomonas syringae pv. actinidiae, lane 11~20; SApA]d-(11H
lane®®]  Pseudomonas syringae pv. syringae, P. syringae pv.
morsporunorum, P. solanacearum, P. cichorii, P. corrugata, P.
mucidolens, P. tolaasii, Erwinia amylovora, E. carotovora, .Xanthomonas

oryzae): lane 21 ~29 ; Pseudomonas syringae pv. actinidiae.

@ A EI} Jte]Jl & agarose gel 9| band7} Hrie] PPl ASE
& 668 bp 2712] At AGEF ELE Fol3A RAPD ¢HH(A)oln 2
AL¥ 7} 7}e2)7)= Southern blot 48] band7} 668 bp 37]2] Acle] AHYHF
WYY 5ol RFLP ©wH(B)22 [ AlHlFolM e cloning AHE R} WHg3l:

signale] A3 ¢SS ¢ + Arh
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A B

M1 2 34 5M 1 2 3 45

a3 6. Hcle] ARHF EolF cloning tHH L] pathovar Fo]*J (A : Random
Amplified Polymorphic DNA Profiles, B : Southern blot). Lane M; 1 kb DNA
ladder, lane 1, 3, 5; Pseudomonas syringae pv. actinidiae, lane 2, 4;
Pseudomonas syringae pv. syringae,

@ 3}AEJ} 71e]F)= agarose gel 4t2| band7} Hcrll WS FolAMrt AE
E& 668 bp 2718 Hriall AYHF HLY HolH A RAPD THH(A)olH 3
AR 7} 7te] 71 Southern blot 4+e] band7} 668 bp 27| Hrclel Aok At
WYY HolA A RFLP <HH(B).



7. MPAAL ©A(DNASIS) B}

Enzyme Sequence Start Position :‘;‘e;:&e site
Accll CGICG 340 400 2
Alul AGICT 293 1
Bbvl GCAGONNNNNNNN 291 396 2
Bell TIGATCA 124 587 2
BstEIl G!GTNACC 212 1
Cfrl0] R1CCGGY 81 1
Ddel CYTNAG 495 639 2
Dpnl GA!'TC 89 125 153 176 233 588 6
EcoPl GGTCT 21 582 2
EcoR1’ RRAITYY 322 647 674 3
EcoRI% TAATT 323 1
EcoT141 C1CWWGG 669 1
FnudHI GCINGC 276 291 396 3
FrnuDI1 CGICG 340 400 2
FokI GGATGNNNNNNNNN! 529 1
Hael WGG!CCW 34 592 2
Haelll GGICC 35 593 2
HaplI CI1CGG 82 1
Hgal T NNNNNNNNNNGCGTC 182 1
HgiAl GWGCW!IC 497 1
Hhal GCG!C 284 339 399 401 436 5
Hinfl G'ANTC 226 557 674 3
Hpall C1CGG 82 1
Hphl GGTGANNNNNNNN 630 1
Hphl { NNNNNNNTCACC 148 207 2
Mbol 1GATC 89 125 153 176 233 588 6
Mboll GAAGANNNNNNNN! 257 1
Mboll tNNNNNNNTCTTC 243 1
Mnll CCTCNNNNNNN' 388 471 2
Mnll ! NNNNNNNGAGG 175 203 483 3
Mstl TGCIGCA 435 1
Rsal GT1AC 101 417 636 3
Saclll ACGT 305 1
Sau3Al {GATC 89 125 153 176 233 588 6
Sstlil ACGT 305 1
"Stul AGGICCT 34 1
Taql T1CGA 151 178 267 383 4
Thal CG!1CG 340 400 2
Tthilll GACNINNGTC 16 1
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oz A FH3iA Hcled ALEZ 4§ $3Y 4+ 9A Hckh @
chell AGE AEI D 5ES AAsto 3G dA Rol: Al
UFdxjzte x2& a)3|sto] RAPD £ RFLP marker& ¥A81d HLE
HAFE A E716M HP Uy oo ATY 4 9rh

Hrlel HSFL ZAE 270 BAE kA US F A4-LS wLAH
XA TE 2eYstEE AE 27| Adke] Fodich 2y A
¥ 2-395¢ HEFINE AX Bl Urhde S54 died 7
St Aol Eibssta, #E 2lo] Hrlel 2202 FE WUA
& TestoSAlels Beitty =& e - A3H FPolE 3-671¥°0] &
Sgo2HN YAANIE XA Bl

u}elA, Biolog program2} RAPD 3! RFLP marker& o]-£% dchall e
27| A 292 Hrlel AYFE 27 A JteA gozH A
Hciel A YA AE £Uste dl VY RS APt

32U, BiologE o]&¥ Hrial AYB+ FF} RAPD Y RFLP marker$
o] &3t Hcle] ALYEE FES B Hchel A 2IAY AL 27}
o AE 717 @ 1xY S8 AE S 273tEE HEAUFL, AY
S5 AR e AF 5EAEL &S olAIAU, il el w7t
o] oo cia] AALE F3 AL A AU 4 U= & Ak A
AgE FEYe=HN Hrlel ALFY 27 VA AAE HYAFE o ¥E

g+ d& Aol

h
oy
N

ok
flo
oy
ng

114

=

N,
(nd
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AN 3a e AYY ANMNS YD UYAHE =Al

A1 A4

A gl WAt AlEEY $A GAs YA FAHR APE QoA
UYL gAY Aol WE FAAYG AL UAL MFFY WA sHF 2
A gdo] Har olrh. Hctf HAPI= Aol 3 Ld3te Hajols] of
woll Achel AP WA dA=2 fe el Wxl otelnto]dl 424
3 ZhxRte] ZAIEY] QoA HrlelME A2 EAMIE H U&= APEY
BAE A3t olnzjmtoldl +HAE FFHLE ARt o M AYS
F Aol £E o= AAolth(aL, 1995 i 5, 1996).

$2l uetRel Aol dA UAdsts] A3 otagjulojAl(AEYEn}
o]A1 ALY - FAH Ectrto] 23] £314)& u|Esle] JtA4l oA, A §
}A, 58 A, &4 FY $34H, TN £AqA F A7 A
7t FHetd ASE gAE AMgEHI e dEdAE  1992d%H
streptomycin, kasugamycin W copper A3 go] WSt Ao RBIEY
on, AAAYM Frr Ax ZJlste Ao BIFHArHGoto 5, 1994:
Serizawa %, 1989: Ushiyama, 1993).

wpebd, Fchel ASE YA EEE SN AME dAAYER
o RS AAAFIE Zo] HldAsle, olg ¢ HAYPE GAA otz
uto] 2l 4=3tA2] F44EQ streptomycin?} oxytetracycline B s7lofA
PO T ARt Ut T FAHEQ copper sulfateof th¥t ofA=| 3
& YL E mretsia olo] chAE $3]3H= Zo] AlFsich



H2d |7 Uy

1. ¥chel] ALY streptomycin A 337 UBAMe] XA}

19964 2] uelollA AR Hcil ALPF 2150 2T &M +
A} 6178 FF % 1997d 2] YetolM £ 797] FFES UNLE F
gl Yzl F2 AMgHz e Hchd ASEE LAY otaempojal
(streptomycin 34t +oxytetracycline) 4-%tA]e] F4 %<l streptomycinoi]
ot A A YA UJA el E vl ZAPsHYTL

Peptone Sucrose Agar B}z $joi 10° cells/m¢ 5o FPFF VeI
=gt ¥ oA streptomycin 10, 100, 500, 1,000, 10,000 ¥ 100,000
/ot =8 FAZ 27 8 m paper disk& 2|F3to] 24~72A|¢ F A
2% AL FFsIH AFBY  HLAAs=(Minimal inhibition

concentration, MIC)& XA}s}4c).

2. Frie) ALSY oxytetracycline A /3 W Hel XA

19964 2] Yelold £33 el ALEF 2570 I d2oAM +
AR 61 &F W 19979 2] vepollN +UR 797] FFES tIYLE ¢
gl deldA F=2 AMEEHI e ok ALSFE AL otz ueld
(streptomycin 22t +oxytetracycline) 43} 4] 2] FAHEQ
oxytetracyclineo]] thgt ol 84 F wWAME]S vz ZAPSic)

Oxytetracyclineol ti3t A3} AT Peptone Sucrose Agar BJx] o
10° cells/mt w=2 HPPF ety = ¥ 10, 25, 50, 100, 250,
500 I 1,000 2/n¢ 58 F4A12 7 8 m paper disk& X|AF5lo] 24~
72243 F AAEY HARZE FAHso MHFEY HLaYA s =E(Minimal

inhibition concentration, MIC)E& RA}3tgct.



3. 3ttt ALY copper AU UPLE] A}

1996 -] uelold £H Hciel HAPIF 21570 FF2 20 4
A 6171 23 % 19979 2] Yeloly 431 797 FFES HALE F
43} 9] FE<Q copper sulfateo] tiyt AAAYLF UPHElE vz 2
Abstg et

Copper sulfateo] T AYH AEE 0.1, 0.5, 1, 2 ¥ 4 nillimole ¥
£ copper sulfate§ HJ}A|Z  CYE-glycerol wjix|¢jo] APPIF S
streakingdte] Al L2 YAsE(MIC)E RASA T

A3E a7 2=}

1. Zchel HSH streptomycin 2 3 U el

$2 uvetel dEoM £ Hcid APEE FF52 streptomycindll
i3t AP AR A3 1,000 /ot x4 1996d £AH ¢ et
21570 435§ F 46.5%7F AL S Uepddx, 19974 $3HE 797 FFE
2 69.6%7} AYRS Ueps Ao ziaglo] dXPHE streptomycino]] Tf
3 AP 4Fo0] st e Aoz WAL uiwe, dE FFELS
54.1%7} streptomycinof]l th3] AP & Uetfo] FA A& FFERT fE
Uale] B2t F32E2 streptomycind]] Tyt AYPH $£Fo] HZ o o}
A A2 W FCHE 8).

2. Mrlal ALY oxytetracycline A3 g U F el
Oxytetracyclineo] th¥t A¥PF & ZAR A A& 45
ne ‘50| A oxytetracyclined] ti3] ZA+4E& Yelles AL

of, 199633} 19973 $2 uzloAd 3IH 4FE5E2 100 1

52 »E 50 wg/
2 ZAE ¥E
/mé

EEAT



X 8. Streptomycin, Oxytetracycline B! Copper sulfateo] ctigl 2iclel HordF A A F32 U 43

Streptomycin

Oxytetracycline

Copper sulfate

AdAEE
24 |32 | Ao d A BT (ant) | H4dASE (et Had A s
(millimole) 3t A
10, 000 100
! }
10 100 | 1,000 ol xt 10 25 50 o3 0.5 1 2 |4 oA
34! 29 86 57 43 35 24 18 138 | 138 72 5 - 215
Ly
(1996)
% | 13.5| 40.0 | 26.5 | 20.0 | 16.3 | 11.2 | 8.4 | 64.2 | 64.2 | 33.5 | 2.3 -
54 11 13 35 20 5 2 11 61 25 43 11 - 79
Lia
(1997)
% |13.9| 165 | 44.3 | 25.3| 6.3 | 2.5 | 139 | 77.2 | 31.7 | 54.3 | 13.9 -
F324 12 16 31 2 60 1 - - 17 40 4 - 61
qe
% |19.7 | 26.2 | 50.8 | 3.3 | 98.4 | 1.6 - - 27.9 | 65.6 | 6.6 -




212t 64.2%2F 77.2%7} A& Uehdo] $2 el 4550 4 FFEL}
oxytetracyclineol]l t3j ctiets] & &2 AL vehidden], d
ZPH 2 oxytetracyclineo] ti¥}t o} A 3}do] tix F7Ista Q= Aoz
HFTHE 8).

3. Aciel W E copper sulfate A gAHF LB A e]

Copper sulfateo] th¥t A¥dE =zt Az 199632 19979 2] el
oAx 3" 4F5°] | nillinole FXolA 242} 35.8%21 68.2%7 A YE&
Uehds Aoz 2 Wi, dE FFEE 75.5%7F AYPEE Uehds
Rog ZAxo] £ Uzl #5750 d¥ FFFETl copper sulfateo] ©f
T AYY U £&0] the 2 oz WIHATHE 8).

4. i APEF 2FEY FY GAANYEE U AE

ZARRE 7} A Gl oY AYEFY UEZL Ao utel Aelst AE
o, 19964 ¢2l Ueldd +38 FFE& FolAd ©d dA == F5 44
Al Uy AdelE £ Az, streptomycino] chaidt ARIE U
ehls #3& 2.3%0] B34, oxytetracyclineo] thsirgt H3P & 1}
Bl FFE 14.0%, copper sulfateo] tisiAwt AYHE YeldEs F&
£ 9.3%¢] uldoll, streptomycinz} oxytetracycline F712] ¢fajof] ci3] &
Alo] A3ES Uellle FF & 30.2%, oxytetracyclinez} copper sulfate
F712 GAle]  diE FAldl A¥EE Yehde IFE 7.0%33,
streptomycin, oxytetracycline W copper sulfate M|7}x] e}ao] cj3] BF
AYPE UehdE FFE 11.6%4ct. 28U, streptomycin?} copper
sulfate F7}2] Aol st FAlo] AYPPE vehde FFE ddeH
A7EA] Aol i3] 2F T4 FFE 25,659 TH™ 7).

...57...



50
Cu = Copper sulfate
Ox = Oxytetracycline
2 40| St = Streptomycin
2
[72]
5
E 30
& .
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% 10
o
o W

Antibiotic

a7, ol HeHF FFEL  streptomycin(1,000 ug/mé),
oxytetracycline(100 ug/m¢) I copper sulfate(> lmM)o] cthi¥l st <A
EE FE GAAYUYE F5 UES (B e el 35, O: 42 4F)



ru
g°
2

, 48 F3FE ZFolM streptomycinz} copper sulfateol] cH3jrigt
AP e el #3535 2z 9.8%8} 27.9%2 98 UelRcl &4 REH
elel}, oxytetracyclineo] ci3jAet AP Yehy:= F3o}
streptomycin} oxytetracycline, oxytetracyclinez} copper sulfateol] cj3j
Ao AYEE el 5L B3 AEEHA dudx, 8] deplde
A2%= 99T streptomycini} copper sulfateo] thste] FAjo] AP G
UetdEe 43t 4.3%2 718 B2 UxE2 Z&59en, streptomycin,
oxytetracycline W copper sulfateo] ti3] RFE AUYMHS VeElE= FF:=
Za5= dsrch

ol A il uetet dEM F2 AL Q& gAY FFY
YHY Aol el F, e YetHE £ AEFEnjolAgag - &
Al Ette] )1 sEA(ol2enjelal)7t AREEIZ Y] o
streptomycin?} oxytetracyclineoll t3d}le FA|o]] 8 <A YA e
© 571 7M8 BA HEd Jes N™c

whetd, 2l Ueteldq  ojn Auy oz Uz Ud:
streptomycin, oxytetracycline W copper sulfateo] cti¥t o}a] =3¢
WS Aojste o] AFE AR U, 2] Ueldd ©d A2 2AH
o] At 2EEnlo]iRitd - SAlH Eetxto| S]] 4=2A (ol Lejnto]4l)e]
AE&S Il fste Hrld ALY AAE LAY + AEF 2L A
o] Aol HAMSIA a7t Y AF oA AR A7 W AR 4 FS
st A AMGS HAMY 4 A& B[ YA AAT YIlHHojoF ©
Roltt.

A, Hriel Aol it oA AYEgFY U Mdele fel delolA
A2 ZAE g en, ZAZA} A Q streptomycin} oxytetracycline B

S#1¢d copper sulfateo] tit & &8 oAl AYPPdFe &¥ol ¥
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gdorng ofal WA Z2ooly AW AAY Hrizl] Aol iy ofA
TN A] A Mg Uy A =¥ S FF3lojo ¥ Zojrt



A4z el Hd st XYNAA =HE

A1d A

et HGF2 Aol 3) dAgdts Foly] wiiel] VY YAAY F
Aol Mt WA I sHesich e veldch AgEe]l WA UHAN™ A
2ol ofejufo] Al u]Rste] ofeirtx] oAyl izl HPE A=
Mg o] QR gH(Serizawa 5, 1989: Ushiyama, 1993), 92 Uelojds &
2] otglutolal 43tAl § sizxjgto] Hctell HPE WA AAE IAFH
o1& #olrh. U, ofaeluoldl £RAE U 5-103 F= AXYPo] u}
gt oA Mol wAst ol A Y AEHE Austz, oA
thizts B8 Bot Y ASE WAE Al E 71 4A sfde] W
.3}l

Hctel APFL 18T olste] Aoy Ugo] &I F2 goll Yt 2] o
2 J1F, BA, £F 5 B LES Y= vy AL A7Q 44
Tl 948 Uet: dd4E HEE ¥l HTHAR & 1993a; 1993b).
E¥ Serizawa F(1993d)L 84Xy A 3~6g°] HSFol i3y 71
Z44& Yehda Boh 4458 ol ol dd4& g4 Wit rt A4y
iz Bastdch A ol HSEF vk o A A 322 10~18Tol
I B3 7HE FEYE ol AL Alol7t AEAIEL R 5(1993b) X
asigdong JSd odYSs T g MdxE APIFY FE5HA UF

sl AU 2P Yoyl He A 49 F473 A Qo] veE S ®
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fr

3 oA E o|FoHol £7]8 HAE AL ¢ A& R PZAHrL
¥, HPP AAH dEE 4F E£FIE o183 gy, o] HAH
e Hchal A4de] H43 wEol Ada d¥o] ol 2R 2AAESE
AAYU 5 UEEF FA P A2US FT AR g YA AAY {Y
ol Wesich wepr, Hcie) ALY WAE Brh ZRHoR £33 5 o
=% 54 =& Al y4A ¥A 5 Erh @2 gAY sfdo] AFH
Agoln], ol ofale] Ax7|9 HPAX 4o yidt 7|2 A3 o
2.3}ct,

A2d 4+ ¥

1. Hctel APE FALAZA Y x3} AF

& B ] FoeFel A FAFAHBAE ol §¥ FAYA
gz FYEFIIE oY YPAY T Ml AYE YARANE
G tgoeg +8ste] ula Fristoch

19963 44 264, 59 6, 54 16U Hriel dolN= FFol Hrlsl AL
¥ 5EYAA 2EYEato] AR - SAEHER| ] £H A (o220}
olA)& 33 AEY ¥ 54 25¢U AW 107F Y= AFs FT 200
Ao o1FHE S ZAYL2H Hri ASF WAEAE viasd, =Y
650% 7]Eo2 WALR AY, 22E8Y, 28A%, 2849 T GA

x &S vl
2. el AGFol cit ¢4 A2 dy
2A2EYEnto] ALY - FAHIE]EY A (o2 nte]4]), FEA

+3A (ol 2P E), 7t2al gA(7r27H), FH SFHAH(ZA0l=E), §
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A -39 FHA(eloY), FtAT $3A(7lAR), Erwo] A dsolE
o342 (AP W) & F A8t Peptone sucrose agar wiz]tell izl A
WIS ZUUN F 4 GAE AF 8 m paper discoll FAN x| F o] A4y
¥ F A7 ASEE 23 B2 AANBY AR S S wjRFelA
detel A Fol oy A A2E P stAcl

3. At AL 4+ gAY 2R HA

e SAA Z2e Hrtel] RN AUAEES F3H Hcld AL
of tis) }AI} 5% Aoz AUl & dAH(laPR), Jtaal o
(Ft&7H1), oichy $3A, &4 - FH $HAA(ehY), FtAGR S344
(7t&3) & 570 Alg} cfzgAE 2EYEnfo]ARaty - A Eelr}o]
23 s (o ejutol 1 )E 1996 449 304, 59 109, 5% 20, 549 30
d Hrid dolHE FFol 43 AF Ll 64 6U I Az 3F, F
2 2002 olBFAE o FFE AP WAARE vz APINA 4
dAE st

4. Mo AGFol tiyt ¢4 A A FHJ| AP

A SHA Hrhd XA 2EJEnto] AR - JAHEO|F
A s (otagntolid), &4 FHA(IHE), ZtAA AA (st}
), ¥ $£RA(ZA|E), &4 ¥ FHRA(elY), 7ta% 534
(7}£%), Ezido|AAddHolE qY+HA(AY) F il AL F
it 739 GAES ALE ARXIFVEH JALEAINE 3 AJIE vl
st 2} oAl S 109 HFes 33y Adxste Hcte AP Pl ciyt ¢
Aol Azt o Aciel HSE A A AXE S HAPstaAch

Heid HoldE F3E& FAISI 77 154 Y 5UEee +9siq



oo 1x AlAEE 19973 1Y 204, 149 30¢ W 24 1090, 23 AXE
3¢ 21, 39 31Y W 49 1099, 33 ZE A7l 49 159, 49 259 W
54 6ol ztzt 34 atxsiglon], & Frhe 19979 59 15d %
A Fxjol ot o]F A &= FIistdrt

5. dchel APl diy 4 A AP Ax +& A

cHA BE Hche) TN ofze|nto]Al 43} (13g/20L)F F A8t
dchel slolgle EFol ¢y 3WEo 2 19979 1€ 14U FE 104%F 1
3 APRF(1/14), 23] AEF(1/14, 1/24), 33 AEI(1/14, 1/24, 2/4), 4
3 AP F(1/14, 1724, 27 4, 2/14) R 53] AR (1/14, 1/24, 2/ 4, 2/14,
2/24)¢F 159 74 13 AX(1/14), 23] AXF(1/14, 1/29), 33 AEE
(1/14, 1729, 2/14), 43 AXF(1/14, 1/29, 2/14, 3/1), 53 AXF(1/14,
1729, 2/14, 3/1, 3/16)& Fol <alg AtEstdrh & Frie 49 24,
F, FA 9 FHAe & o =2 F syt

A3d A 2

1. Hciel ASE FAYABA L A

A2y -Lelld 747t FEAEY WA FAUAE ol & AeFA
fAALX FAE o] Ao A& Arhd Asdel AU Axte oA
X A2 AaPA(HE oA )M APZste] WA AWFA Y] 226
25 (dE A& )]l HAIstATHE 9).

19954 44 189 F2s oM 1509 Hchel zujat, AlF FEAEL, Al
T BAAES o2 FAYA Ao oyt AAHE AHstgcH
8).



¥ 9. Hrieh ALY FALA ZRY F2 A1F(6508 %)

F2 A1 F2 44 T2 N oy
%9} Tank 3 ton 14
Pump YH5500 14]
Motor At} 7.5HP 14]
Azpyn @50 14]
S TES) KG800 670
Nozzle CATS00 11774
I~ 8x12 11774
A7 (A FA] ) PLC & M/G Control 300M
9 380V X 10KW 19




— [+
] é —
= o O [e]

% 8.



2. BolARAo] ¥ Wil ALY YA A

At ALY SEAAA AEJIEulARNY - FAHESH| Y 4
sha (ol LelotolA) & 33 AlEsio] AutAel iy FARAPAe] oy
gohel Ay WA AR A BAWATFNA oFdgol 2.1%0]2
Aubal 2ol A o] oW gol 2.3%2 WPW WA Sz A Ve
2ol YN E AduHe} Sy WAXNE A& 4 AATHE 10).

EY, AL AR, 228, 284, 42949 5o RIS
MR Az, Aol tiy T WAZLS 6508 JEoT AE
sto] 89 A7 AREN WA 118 x5 FZRAAE Uehlo] F
AuA A e TR0l YEHAT. AU Rautadge 48 B &
2 oFato] clgutalol ulstel of 40% o] 27} A8EL o] gk

3. il APFol i S oAl A

2E Eoto] ARty - SAlH[Eetsie] 23l +3pA| (o} ntolal), &4
FHA (I IPE), Jt&A A (starh), 3 £HA(RAllE), &
Al 7Y #3A(etnyY), JtAY $3A(7lAR), Eeo] Aol E
GFesA (AU E FAst] wix] gl Hrtel ASF ol it FZA
AZRE BT 23 AL ¥ FHA(IAA| =) Euo] ]
olE A IHA(MULHE AMsta }EA £ FAAY FAH YASES
2EYE ool IRt E - SAHER 2] $3A|(ol2glute]al), F§A4l
THA(FIRE), & - FH sHA(eluY), Jt&A JA(7i27P),
714 FRA(714F) €28 52 A5AA 23}E Vb ATHE 11).
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X 10. FAgAe} AgAo] ¥ i ALY CHEE(650F )

B] = ¥ 5 Fdwtal [ Ay | M| il

L8 9%

(£EJ=njojAlF4te - SAlelEe | 700 g 400 g | 300 g $7tLQ
o] Z% 4-3}A(13g/20L))
28 8% 1,000 £ 6002 | 4008 F7jAQ
A8 A 262 |115%

(FALEZA] olF W A (0 &) | 10&)

(34 9 HHqE& & S8l 20 %) | a5 &) |89% Het &zt

(A A= A|ZL) (48) | (08

(GAALEZF Re|A]2) (28 | @8
48 x5Y 1 2¢ |1 dep &3
o] W & (%) 2.1% 2.3% | FAAA S

oA AR : 1996\ 44 26, 59 6Y, 5% 16¢

oI & (%) F 4A AR 10d F ZAIY oFFE.




F 11 iy dgdel o ¥ R FAH V&A= 23}

5 | AAEY
A = } ¥ oo o ¥ 4 X

o A 9 X 3 Eia 4 & (ppm) i!.?l(m)
AER Enjo] A% streptomycin sulfate ‘
A - FAEEeL | olLg|mjol4l | 18.8% +| 650 3.2
Aol Z]] $314 oxytetracycline 1,5%
84 £ ol E streptomycin 20% 1,000 22.6
8 -3y £ streptomycin  20% +

EMn

3} bl copper hydroxide 50 1,000 21.8
7hAAL A hA TR kasugamycin 2, 3% 1,000 | 20.2

kasugamycin 2.3% +

JyARE 431 7hAgE copper oxychloride | 1,000 19.6
45%

F3 A FAjol= copper hydroxide 50% 1,000 -°

Ezyo] i tribasi

HolE ojarss} | ApiL} rioasie COPPET | 1 000 | -

A sulfate 15%

FA gl - 0

* Peptone sucrose agar Wl ol Nl AT SU F A g
i o= ‘ =
3.5 m paper discol M A S0l ARV ¥ AE AVEE 23

* = Ax|o] PYAHA .
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4. ol WL Pol oy $4 oA YAME

A AW B2 Aokl AP LAY FHold= FFol HuA
B B3 GHIl ¢4 Zog Aud H&A 43A, st2al gF, ojc
2 S8, euly £33, 7tAQ £34 F 570 A} Hrid AT F
Fotael ofzintoldl £3AE 43 gHAESI Z AN oEHER
Fctel WGP YAEAE vz FF st

ciel AP SrodAol oy 23 APAY A3t st AA A2
ol go| 7.3%01 3 ofthty A A2l ool 4.3%x2 thxefAY
ofz2lutol Al 4-3A] A7 o FHE 4.3x%} tlFIAU Kt 43 A
gy YAFAE Yeldo] ¥ ofazto]Alg dAY 4 Urx AR AUH
ATHE 12).

oy, ¥AAL S gAA ety st StAY £3AE Hrhd
glol M3 s F4E Fustd o4& Pt E7Ms st

5. Acief AP gol iyt 4 AL AX 7|

Actd HLHol o 7l $4AAES AP AF, A2 L7 @ A
718 ztzb 109 4 33 Adxste] oAl AEAZE Hchdl APE VAR
FE AR A3 Ak Aol ozt AUVUE AY¥ AAGo] Wz
A el ofaelmold Rt AU ulE¥ WAEAE vehlden, A 37|
t 24 Aol wie} o} Aoz HAHACHE 13).

AEF Ento] AR - SAHEA | FY £A Y & FHAY B
Y7 e AG7A 44 FEHE 59 2&, b2 A9 PAFIE A
248714 39 s¢Ry 49 2, 39 F3A, 84 - 7 34 2 )
A% 3] wAFIE AP XA 14 Fe4H 29 2o 2R ¥
A At
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E 12. Hrid A FgAo] iy AP A8 A

o ¥ g & (%
2 Al ¢ A L] I
198 | 2uby [ 3why | #® F

olt}y 434 30 | 9.0 | 1.0 | 4.3+ 4.2 jﬁﬁﬁ} o

Al @ ok ot o
ZhAAl oA 9.5 8.0 4.5 | 7.3t 2.6 7 s
-84 34 31.0 |11.5 5.5 |16.0%+13.3
&4l - 7Y £3A | - - - - o 3f g
7hAgE 314 - - - - o}t
A EJ| Enjo|A13At
d-SAeEMo] [ 135 | 3.5 | 4.0 | 7.0t 5.6 FEXI
231 ¢3A

A AEY : 1996 449 30Y, 59 10, 54 20, 59 30¥.
O|E A& (%)L A FodA AR 7d ¥ AR o] PP &,
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3 13, dchel AYE SookAY AxArE Aol ASE wAEY

oAb ot bR ot At
1x}2]7] 214 7] 3x}A)7]

T A 4 A [dESE
oY & | A7 o1& | YA o8& | YATL
(%) (%) (%) (%) (%) (%)

AEYEnjo]al
Al - KA HE=R}F [13g/20L | 10.6 | 36.9 | 5.5 | 17.9 | 9.8 | 70.5
#rolZ gl £3h4)

S8 3] 20g/20L | 9.4 | 4.0 | 55 | 17.9 | 8.3 | 75.0

ZhAA A 20m¢/20L| 6.8 | 59.5 | 1.3 | 80.6 | 13.9 | 58.1
| o}3)
3 3| 20g/20L | 5.6 | 66.7 | 5.0 | 25.4 o -
. o}a)
FFARY 43} 20g/20L | 8.0 | 52.4 | 3.8 | 43.3 Ay -
il TR 44 20g/20L | 4.6 | 72.6 | 9.8 et
J*ﬂ 8 . . . uhAg
Ego] 33 ) _ o}3) B
Ho|E 4arszia 40g/20L | 18.1 14.6 .
FA el - 16.8 6.7 33.2

1x}&] 7] eFAjAbRQ :1997d 19 20, 149 309, 2% 10: 2xr|7] <fA4t
2353 gg g{g@. 39 319, 49 10Y: 3xA]7] AAEY 1449 15U, 44

o & (%) 2 oA HFHE 10U F XA oA E.
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a2y, 5 $3A B 5 A S YA dol Ut e 3R
71N 25 g3lE Yehigleng oyt dAES 44 F&VE= AHo]
E71s% ZAes sbys et wetd, chd Aol oiste S Uelol
FAE gl 2EYEoolARad - SAHER#IFI] s A (ot eu}
olal) 1F BolAwt £ A} 7t&d A, &4 344, &4 - FH
A okl WGF YA A3t 2AEEnto]dR4AY - SAH E o]
3 ALY HFIAAY ¢4y AL HAF O AEJEnjojilFaty -
SAHE ]S £HAE tiNY ¢ e FEYANE ALY 5+ S A
22 Aydch

6. Hrid HGFol iy ¢4 A9 P AXE +&

o ALY B85 24 oA 2EYEnlo]ARAY - FAHE ) F
A A (olaeinto] )& FAISt] HE XA & 104 143} 159 %He
B desia, AX 34§ 185 537A] tgsiA AMzste] HSE A
BE B 23 MR w8 BAEAE Uehd 4 A& 3P oA QA
23 e 159 2 33 9 10433 432 HAHAYTHE 14).

apety, AEEnjo]ddRig - SAHEN | FR FHA Y Fe MR
B2 BAHEAE Uetd 5 e AP oA GAMdE 3F A A4t e
Aoz HAHAR, & F3A, Ftai] dH, &AM - FH 314 F
et APE FRAAEY BAFHI = dAo] we} tEA AHIdRR
Herel ASE WAL gAY AR ] W oA 4R 1Y ® A+E 4F
of we} cl2A Aol & g At
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E 4. 2EJEupoluRad - SAHEP | FHA AR 3F |
AE Hed Yrid WSS SR

WA 3
FA A ([ MAESE | AX A (AEJs v
ol xE |BA7H%)

13 5.8 74.3
23] 7.3 67.7
10¢ 2+4 3y 8.0 64.6

43 4.1 81.9 |HFAUS

2 Ej]Ea}o]

A13gated -

oA - & 53] 4.4 80.5

AlEiE2btel |5 200

S 3 15 5.8 | 74.3

(ol12]mfo]

A EA]) 2% 7.1 68.6

154 34 | 33 3.0 86.7 |[HBHS

43 5.0 77.9
53 5.4 76.1

2 A g - C - 22.6 -

A AFY JHAIY : 1997 19 149

YA AN 49 29 3T, F2 9 Ao E oJFEE FIL
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5z 2 &

$2] et AHciel e WAL o} 1,500 haol] o]231, u) b= o} 5,000
Bololl ojl2E Zog FAE ort. 19949 Aztds FHEx 9] 2000 At
Aufs7hE cige ¥ HEZAIM Hclele 2uiats 3 80% o] iol Aried
§ 25 §% AFo2 Qgsia o] gozw iy vl A Au) HIhg
€ A% 71 el a8y, o] MERANE F3to Hrlel Awl R 0§ %
Aol A tifEE TAES A 24T 3} Aot Aulzks F 400) o5t 3
BdFol 24.7%0] Ezista Hrlel AufakEe] %7t 1,000 olste] AU A
aista Sle Ao WA Hrled Auiatse] =Bt FEAR FAN:= A
che Atde] FA FAAYE Aty els) Aol ¥ AFY AA2 )
(L &, 1994b). riel] AHAx FAHZAHo] e AP F22HYo] o|F
ojzjof Aul7lE ALt Al el it ExHE Jlti¥ 4= 9] wiEolct.

Frlele 2 deold el Azt 22 AR ¢ AY Fo shtolmz ¢
gl el A Auibde] &8s Faxgel A AW AFEE v R}
of Wt Aol AeiE 2 A& At E FFHLE AulEtr] HME 3ot
o} & ARG Y el ol A Y Hael ASPES v ¥
A7 F2 U0 cfFEHI o] olo iyt Ao] Hriel ule A4S
oy Zlog AY™Hch oFu 2ol Uyl AARE APFS £ubEY H
the] ALS wLALeE AFEAA ARG FHEA el BAPEE AYsia
glom FPHel wUALL dxFHoR AL Fila U A= yEHA(Z,
1995, 3 5, 1994b), Werdol iyt FUH WAl cinel £go] AFT 4ol

=2
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A EE2 Ahgtelv SEE: gl 4 WA E B3-S A8} uds o
7] djEol] Brl Z2HA WAE AMAME ¥t BHY Ukl ¥ W27
o] BAo] xF3ot Wrh 3] AYEL AE ¥ 2-3dF5 ¢ HEIE AA
B0l Uetus 44 die AE 27 & JAdde] E7bsdla, #4E 2
Zlof Hriel 2oz Fe PUAAFES EesdSeis Feldy 2= 4
2] - ¥¥Y FHoE 3-67/1Uo] ooz WAHANE XA € we}
A, olz¥t Hrlzl ALY WA IR0l FHY Pkl Y E iR
Aoz AAHI o] 273y Aol AR AAR thFEHo| 3l

< dF sy A2} 315¥ Biolog programi} RAPD W RFLP marker& o] &
¥ Fchel A 271G A2 Hole ALFE 27l AL THeA
groes HohHQ Achd WLW wA ARG $Uste o NP o=
AWl 28U, BiologE ©]-&% Hchel NYEF F¥3 RAPD W RFLP
marker& ©| &% Hrid ASEF F&S T Hrid ALY 271 A&
g2 27t A¥ 77 9 2= 4dE AY WHE 275IER sUlelA
A ol 8¥ £t grh wetd, $EIFY, A9 53} AYY x= A
FEAEL Jled olHIAU, Hclel Au) w1 Ao s Hat
BE T AGHA At HAY 5 AxF A AAYE FIHYSEN H
chel Hggel =7 WA MNAE HYAII= o ¥EY 5 g Holth. 2
gu, HgEe Axtels HA 42 Azuiet AT 2857 Wi £
ofal Feto] 24yt Fgho] o] Fojxjo} ¥ Fojrl.

Achel APES MFEolr] wigol ofAol 2%t WAZ} =] oon v
WAk} YA el T2 WP orh F3, 2] UeldAe Hcokd A
oY GAHE A 2EJ=ulo] ARy - SAEHEe#o] ZI (o} 2] uto]Al)
434§ JiAgto] 2Aslel glen I FA Ha Ae AL ¥A
& sl 2EEnto]dRAdd - SA e Eepo|E3Y +HAE HFHLE
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AEsta glo] FAHAYPFE UAde]l fElR Aded(, 1995 3 F,
1996), =AP Zz $2 el oju] Y $£FLR  streptomycin,
oxytetracycline Bl copper sulfateof tig} <}a] AstAdFo] WStz &=
Reg Ha=EArt

$2 et 22sia gl AYEE FFE FolAM  streptomycin
oxytetracyclinedl] tisiol FaAlo] 8 JAAYZ S Uehie F371 713
A A& AL 22 UzldAEs F2 AEYEnlo]AIRAE - A ER]
ol +3A F2 AMEEHI Y] wfELR MUt matd, ol
A A ] WAL Aol o] AFTY AFAd, fe] velod i
qA2 JAAFHe] gt 2EYEno| AR - SAlEEeprto] R S3A 9
d&S 2] slstel ekl APE AAE oY = UEF AMEE A4A
o] Jirgo]l HAAMSIA fFEch EY A oA AX Ay W ME Hs FE
2t oA AMSE HAMY 4 A= HUH YA AAI Fsojor ¥
Rolct.

el Wdgel oy WAANE ARZY A3 Jtad 44, &8 58
A g e84 -F a3AE okl APE YA At 2EYEnjo] AR
AN - SAlE Eepstol 21 #3AI9) v FIAY 4% R HAF A&
EY Rl Ry - A Eep o] 2T $£HAE AL + U FRUYA
2 Y 4 A& ez g

P, 2EFEolo]dR4g - SAlH Eo]ER SRAHE v Rt Al
B ASE FE 4AZ ALE gAY UA 7] AYES o8 A3} A=
PYEalo] Aty - SAHE | EY £3Aet H84 £HAY WA
t 49714 49 F¢FH 59 &€, Thad A AAH I = AR 2437
Q34 3heRE 4Y e, w84 - FY MY YAYI= Y FFA
19 $¢4E 29 2202 42 g, =¥, oy Jy FEH 2



Al otAldl AEYSolol AR - SAEchol2A S3AY AP oA
eréufg& 24 0 W48 AW AET 234 MY e PALAE Uehd

gt AR oA HAME 2d W WL 150 13 33 3 1021 43
= gagac

wetd, AEQECtelARAY - SAHE o2 SuA B 3
g PAZAE Ushd 4 A& A3 o4 GALE 2F U R4} o
RoT HARAL, 8 4%, 72 dA, $84- 2N 4uA 5
Bchel W FUGAEY WAAIE oAl wet thEs alsigens
Atk WEE LA Aol AT Ay U oA AE 27 ¥ R4S 43
o] uiel = A aAsfo ¥ Zojcrt. H3], e UzlolA streptomycin,
oxytetracycline ! copper sulfateo] ti¥t <ka] A3t o] oju]l At 4
Zos wAsn gt g BUSH o}y AT YAl YL 24 o
52 Ay oA oA zAstel T} ofdsl nEHoE AguesHA
g wx BAE FUSAY ¢ A Holch

@, Achdold NIIFS = 9] A48 ZAsH] WEe] uct &
AR oAl WARE Attd YT SIRAE GAE FUAA FLAZ
& Folt Wy Aotk Mrhd: +u oFo] Py WEo| 423
ol &4 AZPYE 5717 olsich UBelME Attel WP A=
& A% £239 A8 FAYU olIYE WA Ausle] AN Yout,
S8l Uetolde 4+33UE %Azt AUHe Ax WA WEol £ Uzl
HE 4279 A8 Aol A3y dFolch

WEol AudY WHe HIHoT WY o WYL AUAAE FujA
3 & Ao= Jrjuch Hs| A B vk oz ululgtel ¢ W
2o WS Yold 4 At HZHY A4 Ex uld HPA BIUe 24 5
Al Mol iyt Bol AlFsich ¥ UEIL A4EA A=F AR E ¥



A3] ste] WY A S FAAIIE Zo] ulgtAsich f71E A& HEE
o wjujAe] ot AP AP G Bl ARIA HciAE Azt AP Y
Azuhg 3 8st FAHE AR FAATIE Rol ALY oYY AFZHolth

wheba, zuiy Bl o3l WPEL WAL Apde] Adsin, APEA
dgo] s Ffolx £ dFolAM AU" 271t A& o) H&
Zd Fd AYIEE AaYesA AgRxIl Hrid ASIES AR,
GAlA Y] UL AAY ¢ UASF st2al gAY UL MEE ALT
FRAAES Hchel APE YA spUsta, AY HFEE A3} A
ol 3~47) FAHE & A HAE o) wel AEsIR, +HFYEH YY
Holl 73U BBY F5 Ackel AP oy W AsuAE Irishi
A 5 e oA A PAANA F5H Aolrh

£ a3 23 g0 Hrhe APE 2V A2} Yok ALF %
33 JANAS Hoiel AR FAHE AARY 4 A= AHLE A=A
of Wty Z9 A ¢ ddol dAgst Ax Hrid ASP {3

g AtAFE o oY Ao AgHc).
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Hed 4 2

S2 vzt vt AuiRlol A Aol F&3HA HatE AL AGEL o
5 AedS wdAd g ke iy g 2 AP AL biFEHR
adolA daet 21 F 245 2AHA Hri GFAA S =
¥ 4 A=F Aol HSPol oy U Ae] ALY Hio] AF3] &7
s glch

uetd, £ d3e i Aol iyt 43 #e MAS ¥Ysis] 4
Bl 271A%E AlARE Adsta, AAAYEE U Hel§ =AY,
HgH PAH ANAE gdygosN el HSHol iy &Y WA A
& TUsH #isted +¥Egen, 2 AAE foshd ohEat Ao

1. 3chel q8a2] 957] gt4d o]8 43 data base§ Biolog A]AFlo]
Q¥ 5lo “User data base”& A|2}3slo] Biologd o] &% Rl HUYHF 5
BAAE B/dstart

2. Primer C24(5'-CTT-TGG-CAT-CGG-3')o]l &j3ll fFAlMlZoliME & 4 ¢
Hehy AE ROl FEHLE YA 668 bp 2712 HojAQ RAPD T
B marker® AMslgoni, o] RAPD ©HH & cloningdte] uiel NI HF
5ol3 probeZ 7iYstsirh.

3. chdl HLE VAT AL iz 2Au) Hrte) Ak of o
Ay B3 AG3A A AU 4 JEF A AAYS FHYOEHN
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Hclel APPY 27] A AASE YAl o B&Y & A& Aolth

4. Hcizl HPPol iy A AyPF] Uy Mejsp 2] depollAd A
2 RAlE oo, ZArAz 344 Ql streptomycin?} oxytetracycline ¥ F
A Ql copper sulfateol ti¥t & =& oA A3 dFe &dol HUHA

c}.

5. Fchel WGFoll ozt staal 43, F8A A, 84 - FH 5
Al Hcohdl ASE $A Zt AEYEnpol AR At - SAHERR 0[S
A s3A|(of2e|nfolal) ot vlF3tAY 248 o2 {AH AEHER
oY - SAEHEeINOIZYU +HUAE UNY 5 e FRYAE A
= sch

6. 2EFEuto]R4tg - SAHE} | EY FA (o} 22nte]4l) S} &
€4 FEAe A= 49 FEFE 59 e, JtAA G YA
£ 3Y slePH 49 2&, 584 - F¥ 349 YAHI = 18 FF
29 2¢os AR, 2EYEnio]ARAY - SAHE Y 8
Ao B MR w2 WAXAE Ueld 4 e AP A GAUXE 3
U 4= 15U 3F 33 9 10933F 432 HAFHUTh

7. & A3 A dolF AUcte ALE HHF WANA= Hoid A
wiztgo] zuf VoA HI e 71 2 H2BAFA AYE BAHE AA
Hy 4 e AP A=AGel st WA i ddo] WA
At i ASEY Haz HAHE AAFIE d Y £ A& Holrh
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Figure 1

HELCOME TO

™

MicroLog 2

Release 3.50 8/1/93
Uersion DE
copyright 1993 BIOLOG, INC.

This software is the property of Biolog, Inc.
It is licensed to :
Biolog R & D Lab
at
Biolog, Inc
for use at the following site @
3938 Trust MHay
Hayvward OO
usa

Please press any key to continue. Press "2 for Help.
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Figure 2

™

MicroLog 2

Release 3.50 8/1/93
Uersion DE
copyright 1993 BIOLOG, INC.

SOFTHARE SUPPORT
- BIOLOG will notify authorized licensees of this softuare
of upgrades and additions to the data base as they occur,
- Please BE SURE to fill out and return the registration forn,
sp we can contact you at uyour laboratory resarding updates.

LIHITQTIORS ON USE
~ This softuare is licensed to you for use in a SINGLE
nicrobiology laboratory at ONE phuysical location.
~ You may nake copies as outlined in the license agreenent
only for use within that laboratoru.

) ONNERSHIP OF SOFTHARE

- BIOLOG retains ownership of this copy of software,

-~ Use, duplication, or sale of this product, except as described
in the BIOLOG license agreement, is strictly prohibited.

- This licence and the right to use the software autonatically
terninates if you fail to comply with any provision of the
license agreenent,

- Uiolators may be prosecuted.

Please press ang‘keg to continue, Press *?" for Help.




Figure 3

Press ANY KEY to continue. Press "2 for Help.
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Figure 4

INPUT MENU &

TYPE 1...6 TO SELECT OR CHANGE OPTIONS BELON :
DATA SET-UP INFORMATION
1 ¢ CLINICAL/UETERINARY LABORATORY
2 1 NON-CLINICAL LABORATORY
3 : Date of Data : 07/31/93
--=) PRESS 1" OR "2" TO INDICATE TYPE OF LAB
HMETHOD OF DATR INPUT
L 4 : Enter Data Well-bu-lell ]
5 ¢ Enter Data by Bio—Nunber
6 : Enter Data from ASCII File

YOUR SELECTION : ¢ PRESS "ENTER" TO CONTINUE, "2 FOR HELP )

F1 INPUT F2 OUTPUT F3 DATA BASE F4 DATA FS CLUSTER F6 QUIT
ESC PREVIOUS MENU ENTER NEXT MENU 2 HELP M2 release 3.50




Figure 5

INPUT MENU @

TYPE 1...6 TO SELECT OR CHANGE OPTIONS BELOW :
DATA SET-UP INFORMATION
1 : CLINICAL/UETERINARY LABORATORY
{ 2 ! NON-CLINICAL LABORATORY |
3 ! Date of Data : 07/31/93

METHOD OF DATA INPUT

| 4 ! Enter Data Hell-by-Hell )
S : Enter Data by Bio—MNumber

6 : Enter Data from RSCII File

YOUR SELECTION : ¢ PRESS "ENTER" TO CONTINUE, *'?' FOR HELP )

F1 INPUT F2 OUTPUT F3 DRTA BASE F4 DATA FS CLUSTER F6 QUIT
ESC PREVIOUS MENU ENTER NEXT MENU ? HELP M2 release 3.50




Figure 6

INPUT MENU @

TYPE 1...8 TO SELECT OR CHANGE OPTIONS BELOW :
DATA SET-UP INFORMATION

1 : CLINICAL/UETERINARY LABORATORY
i 2 : NON-CLINICAL LABORATORY i
3 ! Date of Data : 07/31/93

METHOD OF DATA INPUT
4 : Enter Data Hall-by-Hell
S ! Enter Data by Bio-Munber
N 6 . Enter Data from ASCII File 1

ASCI1 FILE SET UP OPTIONS
7 ¢ ASCII File Format Menu
8 : ASCII File Set-up Menu

YOUR SELECTION : ¢ PRESS “ENTER" TO CONTINUE, "2 FOR HELP )

FL INPUT F2 OQUTPUT F3 DATA BASE F4 DATA FS CLUSTER F6 QUIT
ESC PREVIOUS MENU  ENTER NEXT MENU 2 HELP . M2 release 3.50




Figure 7

OUTPUT MENU @

TYPE 1...5 TO SELECT OR CHANGE OPTIONS BELOH :

PRINT RERCTION DATAR
[1 : Only on Request ]
! Rutomatically After Entry

WRITE ASCI1 DATA FILE

[ 3 : Do Not Hrite ]
: Hrite Only on Request
3 ! Nrite Automatically After Entry

YOUR SELECTION : ( PRESS "ENTER" TO CONTINUE, “?' FOR HELP )

Fi INPUT F2 OUTPUT F3 DATA BASE F4 DATA FS CLUSTER F6 QUIT
ESC PREVIOUS MENU  ENTER NEXT MENU 2 HELP M2 release 3.50




Figure 8

OUTPUT MENU | @

TYPE 1...7 TO SELECT OR CHANGE OPTIONS BELOW :

PRINT REACTION DATR
[C1 _: Only on Request - ]
2 ! Rutonatically After Entry

WRITE ASCI1 DATA FILE

3 : Do Not Nrite
| 4 ¢ Hrite Only on Request ]
S : Hrite Autonatically After Entry

DEFINE ASCII DATA FILE FOR OUTPUT
6 : ASCII Data File Output Format
? : Name of ARSCII File : DEMOA.PAN

YOUR SELECTION : ¢ PRESS "ENTER"™ TO CONTINUE, "7 FOR HELP )

F1 INPUT F2 OUTPUT F3 DATA BARSE F4 DATA FS CLUSTER F6 QUIT
ESC PREVIOUS MENU ENTER NEXT MENU ? HELP M2 release 3.50




Figure 9

‘DATA BASE MENU @

TYPE 1...9 TO SELECT OR CHANGE OPTIONS BELONW @

BUILD USER DATA BASE
1 ! Add Data Directly (Not Editable)
[[2: Conpile ASCIT Data File ]
3 : Data Base Compilation Menu

IDENTIFICATION DATA BASE(S) TO SEARCH

| 4 ¢ MicrolLog Data Base |
3 ! User Data Base

6 ¢ Microlog and User Data Base

SEARCH IDENTIFICATION DATA BASE
8 : Only on Request
[9 * Autonatically Rfter Data Entry ]

YOUR SELECTION : ( PRESS “ENTER" TO CONTINUE, "2 FOR HELP )

F1 INPUT F2 OUTPUT F3 DATA BASE F4 DATA F5 CLUSTER F6 QUIT
ESC PREVIOUS MENU ENTER NEXT MENU ? HELP M2 release 3.50




Figure 10

DATA BASE MENU @

TYPE 1...9 TO SELECY OR CHANGE OPTIONS BELOMW :

BUILD USER DATA BASE

1 : Add Data Directly (Not Editable) 1
2 : Compile ASCII Data File

3 : Nane of File to Use :DEMO1.1D

IDENTIFICATION DATA BASE(S) TO SEARCH
4 : MicroLog Data Base
5 : User Data Base
[6 : Microlog and User Data Base ]

SEARCH IDENTIFICATION DATAR BASE
8 : Only on Request
[ 9 : Autonatically After Data Entry }

YOUR SELECTION : ‘( PRESS “ENTER" TO CONTINUE, “?* FOR HELP )

F1 INPUT F2 OUTPUT F3 DATA BARSE F4 DRTR FS CLUSTER Fe QUIT
ESC PREVIOUS MENU ENTER NEXT MENU ? HELP M2 release 3.50
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Figure 11

“DATA MENU

2 ! Read Next Plate

Plate Tupe :

Media Tupe :

Plata Number : O

Strain Name ! ?

Strain Number: ?

Other Info HI 4

Enter Hell Reactions (Y/N)

MicroLog" 2

Date : 07/31L/93
Hour @ 24
g 101112
s OOOOOOOOOOOO

s OOOOOOOOOOOO
¢t OOOOOOLOOOOOL0
0 OOOOOOOOOOOLO

B10L.0G

ESC PREVIOUS MENU ? HELP

3 : Search MicrolLog Data Base  AUTD t OPOOOLLLOOCOCOLOLOP
4 : Conpare to Other Species r QQQQQOQOQQQQ
5 ! Display Species Information
6 : Hrite to ASCII Data File OFF 8 OOOOOOOOO00O
7 : Write to Data Base File OFF 1 POOOOOLOLOLOLOO0LO
8 ! Nrite to Printer
YOUR SELECTYION Bio-Number ! 0000-0000-0000-0000-0000-0000-0000-0000

1 = GN

2 = 6P

PLEASE INDICATE PLATE TYPE : 2 = g ?
Sz AT

FL INPUT F2 OUTPUT F3I DATA BASE F4 DATA FS CLUSTER F6 QUIT

M2 release 3.50
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Figure 12

DATA MENU

1 : Change Hour

2 ! Read Next Plate

Plate Tupe :[§§ GP YT ES MT
Madia Tupe : {ISA/BUGN] CHOC R2R
Plate Nusber @ O

Strain Nane ! ?

Strain Number: ?

Other Info 4

Enter Hell Reactions (Y/N)

3 ! Search Microlog Data Base RUTO

4 : Compare to Other Species

5 ! Display Species Information

6 ! Write to ASCII Data File OFF
7 i Nrite to Data Base File OFF
8 ! Write to Printer

YOUR SELECTION Bio-Nunber :

Microlog" 2

Date ! 07/31/93
Hour : 24

t 23465672 8 8101112
8 QOOOOO0OOO0O00
8 OOO0OOOOOOO0OO
t OOOOPOOOOOOL
1 OOOOOOOOOOO00
f OOCOCOOOOOOLOO0P0
FOOLCOO0O0O00CO00CO0
§ OOOOLOOLCOOOLO
F POOOLPOOOLOLOL

BIOLOG

0000-0000-0000-0000-0000-0000-0000-0000

1 =04 HR
PLEASE INDICATE 04, 24 INCUBATION : 2 = 24 HR ?
3 = OTHER
F1 INPUT F2 OUTPUT F3 DATA BASE F4 DATR FS CLUSTER F6 QUIT

ESC PREVIOUS MENU ? HELP

- M2 release 3.50
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Figure 13

DATA MENU

¢ Change Hour

2 : Read Next Plate
Plate Type H GP_¥YT ES MT
Media Tupe :[TSA/BUGH] CHOC R2A

Plate Nuwber : 0
Strain Nane ! ?
Strain Mumber: ?
Other Info t?
Enter Nell Reactions (Y/N)

MicrolLog™ 2
Date : 07/31/93 .
Hour : 24

&

7 8 8101112
) OOOOOOOOOOOO

8 OOOOO0O0O0O0O00O0Q
t OOOOOOO0O0O000O
0 OOOOOO0OO0OO0O0Q

8I10LOG

3 : Search MicrolLog Data Base AUTO f OPLOLCOLCOLOCLOLLOO
Z S
g H g‘:::?;; ggegfzzrlnggcn:gtxon F 888883888838
6 ! Nrite to ASCII Data File OFF 6
7 : NWrite to Data Base File OFF H OLOLLOOLOOOOLOOLOPO
8 ! Nrite to Printer
YOUR SELECTION : 2 Bio-Number : 0000-0000-0000-0000-0000-0000-0000-0000
F1 INPUTY F2 OUTPUT F3 DATA BASE F4 DATA FS5 CLUSTER F6 QUIT

ESC PREUVIOUS MENU ? HELP

M2 release 3.50
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Figure 14

ARE YOU SURE YOU KANT TO QUIT PROGRAM (Y/N)

?
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Characteristics of Bacterial Canker of Kiwifruit Occurring in
Korea and Its Control by Trunk Injection
Young Jin Koh*, Suk Young Park and Dong Hyun Lee'

Department of Agricultural Biology, Sunchon National University, Sunchon 540-742, Korea
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Characteristics of Bacterial Canker of Kiwifruit Occurring in
Korea and Its Control by Trunk Injection

Young Jin Koh®, Suk Young Park and Dong Hyun Lee'
Department of Agricultural Biology, Sunchon National University, Sunchon 540-742, Korea
'Research Institute of Agricultural Science, Sunchon National University, Sunchon 540-742, Korea

ABSTRACT : Disease severities of the bacterial canker of kiwifruit and populations of the
causal agent, Pseudomonas syringae pv. actinidiae, in the infected leaves were investigated to
compare the differences of occurrence of bacterial canker between two representative
kiwifruit cultivars Hayward and Matua in Korea. Disease severity of Hayward was 18.0%,
but that of Matua was 2.4%. Bacterial populations in diseased leaf tissues of Hayward and
Matua- were 1.8x 10" and 2.1x 10°, respectively. More bacterial populations were detected
in lower leaves than upper leaves on the same cane. Curative effect of bacterial canker was
50.7~53.7% by injection of streptomycin into the trunk of diseased kiwifruit. Curative effect
of streptomycin increased with amounts of injection into the diseased tree.

Key words : kiwifruit, bacterial canker, Pseudomonas syringae pv. actinidiae.

1980t 4] $2vietolly Hulis)s] Alabg 3
b (F1¢, ofcbel], kiwifruit, Chinese gooseberry, Ac-
tinidia chinensis Planch)e t153t€ U 2A] A
o] ate} 1984'3 183 haol] ¥ e afuiy
o] 1994\dell 1,400 ha2 Frlslglm Al E
8,700 M/Tell o] 23] c}. WTO A M2 &y o g pALE
o] 4] el ¥-rsta Adtadle T AAPYE
%433 Qe 245 HE02 yrigd del gog
= ot AudAd AQulgrte AlS Fobg A
olth(1). 22t F&Y 2u)2] Foll W2 AJ4red ¥
Z.2.2 3,200 MTE ¢35t e AA ol

oldd] 52l Abctall o] MuA | & AHF 7)o}
15°C 0|4 e 2oz Fa 9 Ao 2% A& &
247} A& Rolefo} gri(l, 7, 10). Saluiele] bcleay
ARle YFel 75 AT E v E3od Mg
U AAdre daiql A Qe 32 HExsia gled,

*Corresponding author.

F4H22 Akl FASEHR)Z Hayward ¥
33 FEFEIDIE Mana 3] A9 2wl
ol sl gx ekl BEEol o oA A
2 A ek Akl Auupge] 844 Heel o
@ o) WS dFRE FE5HA GAY A5
o] 4 ok ¥ AckE Felutel vF 2%
B wubash Baskx] g 39 AT bl U4
slol Auirkgo] WRUF 283 o stich T2l
B FEWAUAE BTl & Taish Fo, A
s £ AR A ofle} odzf 74x] wals} 2
Ashe o2 B EEYek, S, 8). 3 AFEg A
hds G AR ol BB Alabste] T4
A G4 e APFES U¥ F4UL HYAR
=HE ekl A S 2 A 8002 dFST
el depol S Aol AFE UHolch(1-
3).

¥ Ao E Aokl AASY Haywards} S84
2 Matuas] zbed 7Hedol] o]k ol ¥ &} WA 7

_1%-



KOREN J. PLANT PATHOL. Vol. 12, No. 3, 1996 325

HE 2te] B 2ted 7 ¥ Hayward®] 7p2]9h
AT U Ajo] 5 Aoz Aol H
opge A 542 2Aetch w3 Aokl Ay
o &k A& F33}7] Hsled 2= Eeto]Alg
F24]lell A A B AINE zAR3IH )

Nz W Uy

Actel E3Y AYY I U YHE AL M
FAA] fEE Al AP Aol el 4
Ao gl 10~1534) Aclel A4 4 Hayward 23
7t 34 Matua 352 FAskd o 19959 14 4]
59712 7] )3, F2], £ E dell Arle €A
$ AR zARlgon, 19959 59 259 4 &
3 dol2 AUE AAS 1059 SE¥5 3564
T2 2 200009 2-& Adsted xldzpedoff o7t A
ool W £-g o|H &2 zAlsled F2E dloky
kA xto] B wjaslsdct

Fclel E23Y AYYT A AL FARG Ao
A A4 Haywardsl $-84 Matuaoll4] 3o
YT Alolg ZAbslz] 915k 19959 549 19 4 &
Z3 3FolM AT ol AAF 184S A
&tod o}sH &} ¥ peptone sucrose agar(PSA, peptone 20
g, sucrose 20 g, F+H 15 g, 575 1 L, pH 7.4)8) x| oll
Zrisled 25°C 3&7]ol|l A wHefsdct. i} 29 F
PSA wjA] A}l B o2 Yehe T3 yhgele
BA T8 A 35 A d=g
vlastdoh(15). ZAME B3} FE deire
MicroLog™ 2 system(Release 3.50, Biolog Inc., USA)
& o] Rt APHT A NF T FUslch

i 71X U S MYED U FAL FA
3 Aclell A4 Hayward®] 7k2] o g9 W4
el Y Ate]lE xabalr] Hsld 19959 59 239
Aofol 24 sl 134 7ixE s3lse 7}
2o} $-2] ¥4l 71219 £ 9o A (34), F
d(8) W A1) AMF 1gdE AAsle] o}
A3 F PSAviA| o] =dsle] ol 7]gdt WHoR
HUMF FErE AP

AEYE0lolAl £2tFe BN A £H4A] HF
o e Aot Az FHA] HEA & Ae]
Achelt Ao TAbol|A] AEHEolo]Al F7HE])e)
o3t g AR AANF Ao FAbel Aok
Aol 22 A& Aokl 2H " Aol AAl4 Hay-
ward 8SF (M2l T ¢ 205, FAMe]F . 65F)) A
2] atctell el 2 APl 2hds] Hayward

361 (M 2095, TR - 1525y FAI8)
Act. £703E])L AR A4 S emo] F2F $4ell
2 e Ealo|Al (kg JAAEErlolA], F2)
200 ppm¥ H7FAIR] F7FRIYE F9 3L 57
Al F7r3q] walo g F]l3lg]ch4, 6). 4] At
2 el EA ol = 199413 114 26, A2 Al A
) Aol 119 304~124 1ol $215])519.20,
2 e Evlo|Al] £2beq] Exg PAre] Al i
sl EARS 1995 44 8, a A Acle Rul AL
49 1Y Hopye] T § 313t FYrisiscl. 3t
chal Aok o) W T koA A FFEdo] T
= A, F319|  71R) ojAtollA HF-F2efo] wA
sld B, 2h& 7R SeliAwt Al FfEojo] A
C, ATFEdE AEA Aolia] BUY 4 gled D
2 #opy o) AMYEF FH3L31 Ushiyama(15)] W
woll o} ofgah B Ao g T B Ajsbetd
t}: [(5nA + 3nB + nC)/5(nA + nB + nC + nD) ] X
100. ¢}=} nA, nB, nC2} nD¥ 7} A, B, C9} DY A&
vehdl & Actelle] 24} 45 vepding

€3 £AF]] 4| Frlel kg Aoy ABR
HE Zabsbr] 9isted lAe] Aot Au] XA elA
Aokl zHA= Hayward 205 (M e]F : 155, §-2
21 578 FARKeL #2054l A Fele A
2]} 552 FZH40l) 200 ppmd Y7} ~EF]
EnjolAl FAlE 33 2 Lol 319} 4L el &
A4 £E]] Walo g 93t ¥ Hlofde de
£ 9ol Zled yhios 2Alslo dlopd ARAs
5 vt

d o

Arial AgEel Y. Akl FdE Aokl
YiellAE 19 3~ $E5E o™ 7l (cane)?]
AR, AT & BALHelA B Fdo]
Fel vee 2 WAY $ QAU 39ACe
g Follo] F22)(leader)oll M = Feivtem Aokel Al
3 4 Rl E 349 Apolol FA st oh
2 F2H(unk)oll M = H-& 420} iR o] Yol
2 dsich ol FAL M ZR2Y(bacterial
coze)o 2 Aalsglon s1&o] 4ol et M3
F92] 4ot gol galsle] FHL Goz Hadd
o}, At AAl4(bF)2) Hayward 530l vl
FH(EWHT)A Maa E3FellA e ol AlE A2
& WA 5 gAY AT AFFEAT o™ S
¥9elM 2% BA= et
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Fig. 1. Symptoms on leaves of kiwifruit. A: Typical leaf spots surrounded by small halos. B : Halo lesions developed
mainly on the margins of cup-shaped leaves. C : Blighted leaves on severely infected canes. D : View of flower
buds on defoliated cane by severe infection of bacterial canker.

Table 1. Disease severity of bacterial canker on the
leaves of cultivars Matua and Hayward of kiwifruit

Cultivar No. of trees Diseased
investigated leaves® (%)

Matua 3 24 A

Hayward 10 180 B

‘ Two hundred leaves were investigated in each tree on
May 25, 1995. Values followed by the same letter are
not significantly different according to Duncan's mul-
tiple range test (p=0.05).

48 el U] At A Yol 4Ya-5Y
Afe] 54 W] xaqe] halo S4bo] vehtn
W3} ol Yol we} halos] Fokrele| 2H4e)
38 wabo] vehubtul(Fig. 14) 2ol Ago] Uhe
W A £ Agel ¥AYstT AP Halol
YR Mol ALY g 2ANPelH Aok el
FAY FH02 Yol AARalel A FE ATl
halo 24+-& A8b debilz] Al atslsickFig. 1B). Y

A} 7122 Ao Yo Ago] 225 Hd Y9
FdRHe 4SS Yusid Yok wigio] Yo
7Y2atel 8 halo S45-9€ AR Y2 29
HAp}E dejutr] o ol Qlof oleljZo g jmofog
A %el2) Aatstm o AAY Pgo] HasT
A9 M2 e pAbske SA4Y WA Y
Wdch(Fig. 1C). Achal Yol FAY WAL F=2
Haywardell 4] 23k5|9] 2 0| MawaollA & 4318 WA
< Y & gAY Aoy 24T FASAG Alg
e dol 2% Holx Ay 4 glo] MR x| s}
o FEeeit @A =71 sl ch(Fig. 1D).

Ectel EE ALY Y W HWAR YT xjo).
Fetl AAS(FHF)”] Hayward 335 $84(5
)2l Matua 5ol Aok o] LA xlo] & Al
Az} zpdgedol 2% Haywarde] o3 8-& 18.0%
ol Wioll Mawa®| olwei#< 2.4%el ¥3}siaich
(Table 1). £F+ Hayward®} Matuag] Aol & o
YA Fol My ZHesx) odokont Aol ztadml
ol HAR gt 2oolxie 2 B2 YaF |
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gtd 77k 1.8x 10772} 2.1 10708 #Hop el 72

ol ¥-2lsle]l F&£41r Haywardoll4] Matvaych o

Nl 7had 08w ) 4l Fo] 2 &= Hck(Table 2).
Aekg el Zhd " Hayward®] A eolle A2 o Yoll

A FAF 1g9 14x10V2] Hdagdel 3ax
whedolf, 134l ZiAle] BA) B9 27E i), £
g8y ® Ad(nd)ell M 27 1.4x 107, 1.5%10°
Y 2.0x 10°712) 3 LMl Fo] 7 &= Ak Table 3).

A APd) 9o Al Yskn eHE Y
+% Aopge) HAL Tk ¥ 4 U =@

Table 3. Bacterial population isolated from various tis-
Aol TAsHe b oe 11844 7R 24

sues of discased trees on cultivar Hayward of kiwifruit

Tissues . No. of Sym Bacterial
Table 2, Bacterial population isolated from healthy and isolated Fosition’  canes wme— population
diseased lcaves on cultivars Matua and Hayward of investigated (CFU/g)
kiwifruit Leaf 3 5 + 14x 10
‘3
Bacterial population 8 5 * L5 Ig,
. No. of trees (CFU/gy 1 5 B 20x1
Cultivar . . Stem - 5 - 1.4x10°
investigated Healthy Di 1
leaf leaf * Leaf position represents the order of new leaves ap-
" pearing according to the elongation of new cane.
Matua 3 0 21x 10, ®+:severe symptom developed; =+ : faint symptom de-
Hayward 3 0 1.8x10

veloped; - : no symptom developed.;

* Bacterial population represents number of colonies iso-
lated from 1 g fresh weight of tissues in each cane on
May 23, 1995.

* Bacterial population represents number of colonies iso-
lated from 1 g fresh weight of leaf tissues in each tree
on May 19, 1995.

Table 4. Injection effect of Streptomycin for control of bacterial canker of kiwifruit

Untreated Treated"
Ficld - 5 - S Control
1 No. of trees  Infected Disease No. of trees  Infected Disease’  valye (%)
injected trees (%) seventy injected trees (%) severity
Gusang 65 44.6 10.8 20 15.0 50 537
Haechang 152 724 30.0 209 46.4 148 50.7

* Streptomycin (200 ppm, 3 L) was injected into each tree on November 26, 1994 for field ‘Gusang and November 30
to December 1, 1994 for field "Haechang'.

" Disease severity was investigated on April 11, 1995 for field ‘Gusang and April 8, 1995 for field "Haechang . Disease
severity of each tree was assigned to one of 4 categories; A: Exudation of bacterial ooze was cbserved at a trunk, B:
Oozing was obscrved at more than one leader but not trunk. C: Qouzing was observed at a cane but not leader, D:
Oozing was not observed. Disease severity was calculated af follows: [5n, + 305+ n)/5(n, + ng + nc+0p) I X 100. n,
to n,, represents the number of trees of category A to D, respectively (16).

Table 5. [njection effect of sireptomycin with various amounts for control of bacterial canker of kiwifruit
Amount of Control value

Treatment' injection No. of trees  Discase severity” ) Phytotoxicity®
Untreated - 5 88.6 - -
Streptomycin 2L 5 60.0 323 ND

3L 5 371 58.1 ND

4L 5 25.7 71.0 ND

" Streptomycin (200 ppm) was injected on November 26, 1994.

" Disease severily was investigated on April 11, 1995. Disease severity of each tree was assigned to one of 4 categories;
A: Exudation of bacterial ooze was observed at a trunk, B: Oozing was observed at more than one leader but not
trunk, C: Oozing was observed at a canc but not leader, and D: Qozing was not observed. Discase severity was cal-
culated as follow: {(Sn, + 3ny + 0}/ 5(n, + 0 + ne + 1p) 1 X 100. n, to n, represents the number of trees of category A
10 D, respectively (16).

“ND : not detected.
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F2hEQol ofst Hiclel AUy U Enp AE
Pevlojalel £203q) Avhe PAbe] Aokl Auix
Aolld| Faje|Fe] o]y Fgo) 44.6%a1 Wiy, 2]
FE 15.0%2 Abslo] FAelfe) Aelp] wle
7h 2472} 10.8 % 5022 Yehd 53.7%¢) A g AHE
vetdldct. siAe} Aokl RelAfelly 32|79
ol FFo] 724%, M T o|WFEL 464% 2
o, ez 2 gy An Fae]) 300, 2ot
1488 eh 50.7%2] xR &5 e cH(Table
4). #F]14 2Eq|ento]Al kg Fo} 2 LoljA]
JLst 4 LR F7HA e we} A BREIE 32.3%04]
58.1%%t 71.0%2 2zt FdiEigiont zb Aj2) el
2.5 o3 FAMS ®abE]a] ofgkch(Table 5).

a2 &

¥ AfodAe Aol Yo Age] zletr] Al
she 49 24 FAkel Al A el X AFA] Ao 2}
WA CE FAEIIE W Yol Yehbe M8
Hulvche g8 #ae] AlshA vehd AL &
T Ul FHxde] spgaizled x1g elA
wdo] AlstAl Yehton Alg S 9lo] YA} g
5 ASel & AAE dog) ol AY 19951 o
9 dnce Ay o] AsA vebd o]
£ olvtx EAEs} Ule] FAY M2l o8 F
A18)9) wule] Yehd e g Azbe|u] o] o
Zyrhe upgg B 231§ J5-Fo) 271 8}
Foll Al x&Fo] ALz A AYxiog degg
ol WAElRR FAJ8 ulajo] go] UG o
FzhLct. o)A A 7}Fo) o} F= A6l A
ool Zbsle HAMS YA E Serizawa S(15)
o ol ¥atd w} g} =g Aol oA FAAY
Wao] vehd U Al o] v es) Al 249 £
of atctae] FEkolv} Falell M AlslA] Al F24o)
Bod a7 U gty YEo)e U
Ad AFFEAY f-F24 Bg2o1e Bol Yehpe
Aokl dollre] FAY Pt FF AuialEo)
Aok ol AstA ZAH™ A E Gold £ e A
Bt ¥ 4 oleeled Azt oleiy wAo] vpeh
71 A2 Al Ae Algude Yert didd] &
2 Alefjo}r] wiol AMFA o2 ool cHgl whal
WG A2 U H$ 7 A Aopge) 3
Atslo] ol o] & X 9ly] "o AIFE VA&
S8t

Aol g Mol A4 4 Haywarde} 84

Matuaoll2{2} 2] W A E v]Zsl ¥de o
HaywardellA] € A13F 922 J3Y £+ e
F E3oAe] i x o UM Fe) UE sfo]E 2
ALY A3 Hayward?} Matuaoll vlsf & ol g-&
vehiol e W AF YET E9ir) o] T F
F02] A 29 Ao s)AY £x glovt
AAGA S FrE dgE W 2] dapEAe &4
o] #E4ucl YA 418 ¥t ohiz}t £¥4 Matua
£ A5 AL A S 1A ¢ WA T
Aopdel A} 7BHA71d AEMd A5 Hay-
warde 7T WA oz Aoy T Jsdx 3}
ool fe¥ b f-2l(predispositionys M| Bd F=
APl x F)Qdshs o2 3.

A dAokd-& 18°C ol5le] MLelx] Ao ¥
I FE o Y2 A U 7T, AN, 2 5 F
3 34 dog|ng vlwA A A|7]al 48 S5l
A8 e dUYFE 21" $Eo] Fol(11,12). =
3t Serizawa E-(15) A3457] 2| A9 3~630] ek
ol ta] 714 AL Jehll B} AJ4d Qlo)
Y o]l JL5F {9 kot oo ysl
Aot £ AdedME Zd® ol Jixy slsl, F4
9@ Abge] sdeid Ealshs Aol Ux g 24}
g of A2 e A USE T HE
7t 3A 2Alsidd o] AL Al 447t Stk
A58 7he SUEE 7o) FAsH Al
2} A& YIS 7HAl ok de] Aol A} ghasl
7] dEd e Sl Aol dAleky Fe vlak
9 A]] gt &g 10~18°Colx B 7L FoH
E] o] AL Alolr} ApdArlels Serizawa 5(12~
14)9] B} ol2ldt 88 shwbis] Fcl. alels
Aokeie] ot g oAl A= dlopdEel 94
alA @58k A FIE dog)r] 4 As)al 4y
FE7 A Aol e A7) ®i= 2 o)A RE o] Fo
Aol 4719 A=HE AE 4 g Ao gz}

¢ Aol AlPHEFE =} 4 AH3) &
ANepr] ol ¥t Axpr) oA gAY Al
52 92 dAE FUAA LM FE Fol
© W ok £7h5qlell 2% A g A8y
< W3 dixk2 o] ghajo] o] 8-xlo] & HAE
AF2 ke, 6), 53] Aokl Y9 o} 5]
Ag}7] A Fell F75-qlell 213 2| B & $-6-317]
7} golstr). oM Aol AopHE 28}
st 2t F o] M 1149 Foll okalz} glo] v
A &2 el = 200 ppm 552} streptomycing- 3
chel A o 200~300 mVm*E F]1A]A E& Al
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BRIF 9L Zleg ¥ a9, 16). € Ayl
T ZAE Al o] 10~-1594 02 FEHA
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A Data Base for Identification of Pseudomonas syringae pv. actinidiae,
the Pathogen of Kiwifruit Bacterial Canker, Using Biolog Program

Young Jin Koh* :
Faculty of Applied Biology and Horticulture, Sunchon National University, Sunchon 540-742, Korea

ABSTRACT : Reactions of Pseudomonas s:z;’ngae pv. actinidiae to 95 carbon sources in a 96-

well microplate (BiOLOG GN MicroPlate

were investigated. The bacterium used 9 carbon

sources such as D-mannitol, sucrose, etc., but did not use 62 carbon sources such as a-cy-
clodextrin, dextrin, etc. Based on the reactions, a user data base for identification of P. syrin-
gae pv. actinidiae was constructed in Biolog program (BiOLOG MicroLog™ 2 system). P.
syringae pv. actinidiae isolates collected from kiwifruits could be identified automatically with
high similarity using the user data base, which could diagnose rapidly and easily whether the

tree was infected with bacterial canker or not.

Key words: Pseudomonas syringae pv. actinidiae, identification, Biolog program, kiwifruit,

bacterial canker

SejuetdlA AuisE Qe ARG, g,
kiwifruit, Chinese gooseberry, Actinidia chinensis
Planch)ell &= 198083 el $ub3e] Jlokye] HAiste] G
438 galtslx glod, MFxe) Mepdx Uy )
sz el M= L slYAY BF o)l AHufe
713 & AP 822 dFH 3 oo} Apel g
ahddi o] AlgE AAolrh(24). APyl YAl
$4H £ T2 Az AL 73 1] 9
 $EHoR AAE AT oy g2 4l
ol Ay 79 2009 WM ARG HFr] ofei ¥
AL 7HA2 QUek(3,6,8). w2ty Aol YA E
}E It 4 UASE AU o] AP
ol ¥E 2o0d ALY 5 sl Wi e o] 4
st 2iv Aot kS g ¥ 1-28 s
o] BEE AHA el ol FrlelA ftoz
Aol B ol Fol @4t MY Wole E7]
el EAlshe AP FE A& T A
o] Aok x| At FAo|ch(2).

Achel  Hjofwd F(Pseudomonas syringae pv. ac-
tinidiaey& Y] F38}d Pseudomonas &l £3phc A%

*Corresponding author.

Yl AT 3 £v ¥ LY (pathovary {7} A
2] - Ay BAd oiet FAs=(L,5), ol
HEA A7 T L 2§ Wolohe} e
A7ka ol AQE7] wlFol &hAlZel] U
AFE FHY 4 e Aage] A=z Qg 2
Zof|4] Biolog program(BiOLOG MicroLog™ 2, Bio-
log Inc., Hayward, CA, USA)Y2 479 9571 44
o)l 4 g AHE] L2 Yl o LAsle] AF S
E5Y 4 e U A7 YA 2 it o]
Biolog programol| &= Pseudomonas 4ol 48 84742]
Z, type £ MUY S 957] @2l o] fod o F
%} data baseZ} 42 5|0 1o} Pseudomonas 2ol 438}
= A ATES Agshd 4 + o 2
W Q&4 Takikawa 57)ol 8} P. syringae %-oll
A 7 2aq 19890d Hges 4 B3d P
syringae pv. actinidiae®] data basex FE&5|o| A
2°}14] Biolog programg ©]-&&t P. syringae pv. ac-
tinidiae §-*Jo] #7}53}c}. afebA Biolog program-g-
o| 88t P. syringae pv. actinidice® XY F <&
data base& wHE7| $sld P. syringae pv. actinidiae
9 957) 4 d o)A A& ZAR

data base 2}Ad& $1%} P. syringae pv. actinidiae o
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Table 1. The reactions of Pseudomonas syringae pv. actinidiae to 95 carbon sources of the 96-well microplate

WAl el es)x) A 134, A 2%, 1997

(BiOLOG GN MicroPlate™)

Well code Carbon sources Reactions  Well code Carbon sources Reactions
Al water -t El p-hydroxy phenylacetic acid -
A2 a-cyclodextrin - E2 itaconic acid -
A3 dextrin - E3 a-keto butyric acid -
A4 glycogen - E4 a-keto glutaric acid -
AS tween 40 * ES o-keto valeric acid -
Ab tween 80 t E6 D,L-lactic acid -
A7 N-acetyl-D-galactosamine - E7 malonic acid *
A8 N-acetyl-D-glucosamine - E8 propionic acid -
A9 adonitol - E9 quinic acid *
Al0 L-arabinose + E10 D-saccharic acid +
All D-arabitol + Ell sebacic acid -
Al2 cellobiose - Ei2 succinic acid +
B1 i-erythritol - Fl bromo succinic acid +
B2 D-fructose F2 succinamic acid -
B3 L-fucose - F3 glucuronamide -
B4 D-galactose - F4 alaninamide
BS gentiobiose - FS D-alanine -
B6 a-D-glucose t F6 L-alanine +
B7 m-inositol = 3 F7 L-alanyl-glycine -
B8 o-D-lactose - F8 L-asparagine *
B9 lactulose - F9 L-aspartic acid +
B10 maltose - F10 L-glutamic acid *
B11 D-mannitol + F11 glycyl-L-aspartic acid -
Bi12 D-mannose b o F12 glycyl-L-glutamic acid +
Ci D-melibiose - G1 L-histidine -
2 $-methyl D-glucoside G2 hydroxy L-proline
C3 D-psicose - G3 L-leucine -
C4 D-raffinose + G4 L-omithine -
Cs L-rhamnose - G5 L-phenylalanine -
C6 D-sorbitol b o G6 L-proline
(og) sucrose + G7 L-pyroglutamic acid -
Cc8 D-trehalose - G8 D-serine -
(Y turanose - G9 L-serine +
C10 xylitol - G10 L-threonine -
C11 - methyl pyruvate o G11 D,L~camitine -
C12 mono-methyl succinate + G12 y-amino butyric acid +
D1 acetic acid o H1 urocanic acid -
D2 cis-aconitic acid + H2 inosine -
D3 citric acid + H3 uridine -
D4 formic acid + H4 thymidine -
DS D-galactonic acid lactone - H5 phenyl ethylamine -
D6 D-galacturonic acid - H6 _ putrescine -
D7 D-gluconic acid H7 2-amino ethanol -
D8 D-glucosaminic acid - H8 2,3-butanediol -
D9 D-glucuronic acid - H9 glycerol
D10 a-hydroxybutyric acid - H10 D,L-a-glycerol phosphate -
D11 B-hydroxybutyric acid - H11 glucose-1-phosphate -
D12 “y-hydroxybutyric acid - H12 glucose-6-phosphate -

* + : positive reaction, — : negative reaction, t : vaniable.
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