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Summary

Citrus canker caused by Xanthomonas axonopodis pv. citri (Hasse) (Abb. Xac)
is one of the most important diseases of citrus in the world due to severe
destruction by the disease. In these studies the citrus canker the pathogen was
isolated and identified from the infected leaves and fruits in the citrus (Satsuma
mandarin, Citrus unshiu Marc.) cultivating areas for export to USA. Moreover,
method of pathogen detection and the disease forecasting were compared between
enzyme-linked immunosorbent assay (ELISA) and bacteriophage test (BPT). On the
other hand, the efficacies of application with copper and/or antibiotic were also
studied in the field in 2001 and 2002.

Citrus canker on spring leaves occurred in 196 fields in the six fruit exporting
areas in July in 2001. The disease severities of the leaves at Haean, Sangyae,
Chongsu, Sangga, Ansung and Eugui were 0.7, 26, 56, 12, 54 and 0.2%,
respectively. The disease severities of citrus “canker were determined in the late
July on spring leaves, in early September on summer leaves, and in the late October
on autumn leaves in the six areas in 2001. The percentage of diseased plants
ranged from 1.3 to 35.3% and that of diseased leaves <0.1 to 15.6% in the late
July, 87 to 39.3% and 0.6 to 23.195, respectively, in early September, and 3.4 to
36.3% and <0.1 to 11.5%, respectively, in late October.

Six bacterial isolates from the six areas were isolated, and identified genus as
Xanthomonas which were characterized gram negative, produced yellow pigment on
nutrient-broth yeast extract agar (NBY), no fluorescent pigment on King's B
medium (KB) produced, no growth anaerobically, single polar flagellated, rod
shaped, and not formed endospore. The isolates were also identified species as
Xanthomonas axonopodis pv. citri, which were characterized mucoid growth on
yveast extract-dextrose-CaCOs; (YDC), growth at 35T, hydrolized asculin, gelatin
liquefaction negative, and produced acid from glucose, but not arabinose and

mannose. Isolates also caused the similar symptom with those naturally formed
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citrus canker when inoculated on citrus leaves by pin prick method.

Efficiencies in detecting Xac on fruits were compared between using ELISA and
BPT with infected fruits from the fields. ELISA detected Xac by 100%, while BPT
by about 44%, indicating that the detection efficiency was improved by 23.5% by
ELISA, compared to that of BPT. In addition, ELISA has simpler procedure for
testing and is less time-consuming than BPT, suggesting that ELISA may be
accurate and simple method to detect Xac on citrus fruits.

For the disease forecasting, the four kinds of leaves at four developmental
stages were tested by using ELISA and BPT. On overwintered leaves, Xac was
detected on 17 May and 30 May by ELISA in the untreated and chemical-treated
fields, respectively. However, Xac was not detected by BPT. On spring leaves, Xac
was detected in the untreated and chemical-treated fields by ELISA on 30 May
and on 7 June, respectively. ELISA detected Xac one week earlier on spring leaves
than BPT did. On summer leaves, both ELISA and BPT detected Xac on 27 July
in the untreated field and on 3 August in the chemical-treated field. On autumn
leaves, Xac detections in the untreated and chemical-treated fields by using ELISA
and BPT were on 12 September. The detections of Xac on overwintered leaves
were 15 and 20 days faster than the first dates of disease occurrence in the
chemical treated and untreated fields, respectively. But the detection of Xac on
spring leaves was 7 days earlier than disease appearance in both the treatments.

The disease control by chemicals was tested in 2001. Percentages of diseased
leaves of the plants treated with chemicals traditionally were 3.1% on spring
leaves, 17.3% on summer leaves and 2.5% on autumn leaves, but 8.8% on spring
leaves, 78.7% on autumn leaves and 18.0% on autumn leaves for the untreated
plants. The efficiencies of disease control on 16 July, 3 September and 24 October
were 64.7, 785 and 86.196, respectively. Experiments with different chemicals and
times of spraying were carried out in 2002. Percentages of diseased spring leaves
on the plants treated with chemicals traditionally, antibiotic, and antibiotic + copper,

and untreated plants on 16 July were 0.29, 0.38, 0.04, 0.25 and 1.25%, respectively.

-4 -



Those of diseased summer leaves on plants treated with chemicals traditionally,
antibiotic, and antibiotic + copper, and untreated plants on 6 September were 0.67,
0.46, 0.00, 041 and 3.13%, respectively. The efficiencies of chemical treatment were
69.6 to 96.8% on 16 July and 78.6 to 100% on 6 September. Especially efficiencies
of antibiotic treatment on 16 July and 6 September were highest with 96.8 and

10096, respectively.
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98.1%S AAeta Jom(AFx=, 2001), 19800l ZHaAfuH A 14,094hac] a1 A 2kako]
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A S DS Hasse(1915)7F Pseudomonas citri Hasse= % 9
s oAl Fom FA4sta JrHFawcett, 1936). 7L & W2 StxpE| 9dlo] gH o]
= WrEe]l gtem Htol Vauterin 5(1995)2 DNA-DNA 454 & <712
Xanthomons axonopodis pv. citri, X. axonopodis pv. aurantifolii, X. axonopodis pv.
citrumelo® 5ol @A7A AREE L low, ejvteted xSt e FEAYHE
T2 bacteriophageo] w3 A3 RAPD-PCR ZA¥ Xanthomonas axonopodis pv.
citri(Abb. Xac)oll 438} straind o2 FAs1 JtH(Myung, 1997).
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ol A= 1912 Agowm dEeA FPEo] S2evholA LA H A M (Berger
1914), = % 1984, 19921 ¥} 1995 %= Al 9 - FA S o] dAf7tx] uhof sk

W 2HE o] TH(APHIS, 2001). L °]9]e] &

G-23olof M HFHo] Aol B2 H&I} AZFE Anlste] vbdE np QJrk(Stall

Civerolo, 1991; CABI®} EPPO, 1992; Commonwealth of Australia, 1984). o]} #to]

AEA Sl 2FL3olA= e el wla] deirh AARE W w7l A Aol

A9 B3 E 9l Al (quarantine pest) o ® XA E o] (CABI®F EPPO, 1992;
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ZAEALEY 7 € X
A G2 Hasse(1915)0f] oJallA] Hzx= QA Fol WAt AdH-E citrus canker=

Wt o, WMol 8 A% Pseudomonas citri Hasse® Rt} vl =
AAE 19119 AHY 2y, dAlx nA Ay, dulal SolA Ao A S8 o
B w%e ddol st EEHYAY, FEEF we Byl dadE A
o ofsf A= Mow IFH UL, Stevens(1914a, 1914b, 1915)°l
olal] WG, FE Fol ZAEAUTE ES Berger 5(1914) E=Ethe] Ale IHaE

Aol 0$ 2

>,\1

AFH S o= AHEsh7] flste] =9de AT (Poncirus trifoliata)®] B5& L&
oziE oz duHduta siglen, 1915\ o|F FEEL £, 19174
o]

T 4B B Adolafe} ofxegt SorRE A F94S FAsIT I E(1921a)2
At

oA o] ¥E Agom videolat 7 Zo] 190610l mbdfRe] R 2k

AEAGE S FAsATE Fawcett(1936)= 309] 7l=rell A Aol BAx 1 J&s Bl
stom, 1 7|dS FHor ol Adew FASAUY. 1 F B2 St 9k
sto] HlH o] EyA il =] Doidge(1916)= Bacterium citri, Holland(1920)+=
Bacillus citri, Bergey 5(1923)2 Phytomonas citri® %43+ v} 2t} Dowson(1939)-&
NF-HAT s MNES EAE Xanthomonas citri(Hasse) DowsonS & A v 3}
1970 ) 7+A] AFgH ol gkth. Dye 5(1978)2 Bt 7] AYA EAdd st
ek Mg ol= ¥ (pathovar)el /MdS =43kl Xanthomonas 252

HAdH S AEFsged ZEAYHETES X campestris(Pammel) Dowson pv. citri

I F gEASET VTS, FAAA Y, ANk phage type 5o AR o] HYS
pathotype Al(asiatic citrus canker or canker A), pathotype B(cancrosis B or canker B),

pathotype C(mexican lime cancrosis or canker C)¢} pathotype D(bacteriosis or canker



D)2 47}A] 9] pathotype(Carrera, 1933; Civerolo, 1984; Civerolo®} Fan, 1982; Namekata
9} Oliveira, 1972; Rodriquez 5, 1985; Stall¥} Seymour, 1983)3} v|=r Z=Zgjt} A2
QAR FHO| ATA HbEHES doJy|= HYATES pathotype El(canker E) £+ X
campestris pv. citrumelo® &84 ¢ tHPermer?} Gottwald, 1989). Carrera(1933)=
ol 23l EJt}o Al pathotype A®} Blszeh WS Rl 121} Fawcett(1936)= 2%
oA #HE2 olB¥AS HoY IYolZFEES AQEQRAE W Tl HA y

W Zo® Kol canker A%k thEUhal sk¢lal $of Bittancourt(1957)= o Wt
cancrosis Betil 3} th HE3F Namekata®t Oliveira(1972)+= H.2FZ oAl Mexican lime
of ik Aol WA= AS Hustda, o] w2 e A H o2+ canker A}
Zoy WYAle]l glojx tEal bacteriophageo] ™3 HFSE canker A9t HEbA]
canker C2til 3Fith 2 al 1981 #A| Lo A %= Mexican limell canker A®} H]S=&F
HAo] HAHA=, o] & Sdowk WA o] Ast A= B o] by o
ol & EFFoE= Aol ol Ho] o] ¥WATLS canker DEF ™™ FH Y tHRodriquez

5, 1985; Schoulties 5, 1987). Vauterin 5 (1995) 7]32 21 A4 wr-&vto 2] @

o

KeX
=

=l

X. campestris pv. = ATES 19 For EHEE E3g4S DNA-DNA A-zAl )

O:

ZO

biolog automated system 2] JIFY o] &Y} 5 AR X campestris pv.

Aldte 2070 T2 AEFetdsd 1 5

s

campestris pv. citri®] pathotype A+
X. axonopodis pv. citri® pathotype B, C, D+ X. axonopodis pv. aurantifolii=

pathotype Ex= X. axonopodis pv. citrumelo® %575 o] dAA7FA] A% il Qo)

THolrlol X YA R FH = pathotype Aol 98 FaEAIH S T2 29
WA Al Aels Aoy ofd JHA e BAAS shal AES 43 E717F A
AlZgE 67 ool o] Fojxw | 1 Fol= WYt o] Holk Aol A
o} #& E7](inconspicuous pustule)¥te] FAd gttt WAL 22 W4 (pinpoint spot) & &

AAEo] 2~ 10mme] AFudoe] wrl WAe] g3l ola] BitHsl ©w @l



ol At AR A Hdolt G HARE, F2 ol 7|7 ot
glo] AE7HAE dHejmela B3 v Aqer ydws Ayl gvta sgi
(Stall, 1989). ##(1962) WAwel A%, 4F, 19 S da M= A
st HEolA HEE wEde AuP Freld FAYLS g AgPom
TEE A4 derk lva Rugny E£3 ojyAl st AP &F

B Ik o o) Tl dHE dEete] AZAA] 25 A o= 7

Ao AEshE HAAro]l dAddozA FaA s HAR o] AL wg- F7]
Zholl A ¢k A<l AdPdor HiE AL Hudgon, KH(1980)S 7HEld 3t

HE 24 5 2] At AT 122 Ao, O 3= 12243t o

A g3tta Basiinh Aol #d, W diste] iRt JF E(1974)2 5m/s vh
Zo A e 2 A FAN 65m/sE FowH WS FASA wolzltial 3t om,

oA TIEolM AdE Tt Eol WAL AT wiiolw, E owkgkel ofsf <,

ol W2 At x="o] sty AL At o] 53] ®MAo] glo] EAlsh=
H 2115 (epiphytics) ol & o8 29°] U TtHSchaad®} Forster, 1985). ZFg A o2 HAA IS

Az wHoazAE oy 71# Wo] 9=y, ¥

2
T

A2l W= FEVEH TS
Pseudomonas syringae pv. phaseolicola 7AZ°| %] ©]&3l= agglutination tests

(Guthrie %, 1965), X. campestris pv. phaseolil] %o] o]&3}l+= agar diffusion *H,

AAste 2ZHEo) SR X, campestris pv. campestrisOll o] ©]€38l= immunno-
fluorescense(IF) ®H(Schaad®} Donaldson, 1980)3 -2 W UMt o] &%+ enzyme—
linked immunosorbent assay(ELISA) %3 (van Vuurde %, 1983)%5°] v} &3l of g
7FA] Al Ee] tisk DNA probeE ©]&3to] 1+ HEWH(Schaad 5, 1986)°] +&2
ol g& 1 glom, 53 WA AEol AFHIL e AT BAE FHste WHE
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NEA MEE 2 Jok(Gitaitis %, 1989). Bacteriophage® 2] 7}#] B AT 7=l
o] &¥ 1 Jed 7ol 15 A, o] it (Ercolani, 1968), T &VHE

(Sutton¥} Katznelson, 1953)3} ¥ 3 dul&H 7 (Webster 5, 1983) 59 #HZ=o] o] &3l
B37F 9lth, 18y bacteriophageE ©]&3to] W HAEoe 22 WdTolg X
g = o] wekA I WES(sensitivity)o] ©hE A 9-7F o] AR HAET F7F vk
old WHES HAAAQ T8 A e ojgwel: & et wEa nlgo] A
= dFdEe] Jbedtrl wEel Wol AMEH I dvk(Saettler 5, 1989). T
Hartung(1992)3} Alverez 5(1991)3 Civerolo(1984)= tt& H QA qfol] Ab&al= W

=% °ol&3te] Xactt& AEsAY st WS JNEste] skt
3. #2H e of#

7}. BacteriophageZ ©]-&3F AH o

BacteriophageE °©]-&3led Mt A5 A&ek 32 1918 D'Herelle ©]1o™ 1+

8k bacteriophage?] 9 &7 F+H5F9 =8|, bacteriophage® Alxtol] 7]Ast= vlo]g =~
w4 534 (virulent phage)= HEE Aol A QoA FAHL Fsstd EAE

SfA 7)1 A7 FHoR FojHA fu¥ Eirvk(clean zone)S HASHA H &,
bacteriophage= 5o]Ae] Aste] 54 7|5 Alxtolnt 7| 4st7] wfjol] o] S o]-&&fo
HdAldte]l EA4 e HeWstE AT ¢ vk I A Aae FE sElHdAES
oz AFHPr AEHYPAM TS ALY - v AT (Erwinia amylovora)® 2+ A A
Foll ARHS doJ|= E  carotovora subsp. carotovora®t E. carotovora subsp.
atrosepticas Aoz ATFEHAHCoonset Cotila, 1925). B3 bacteriophage: E©]
dol =S EVIAARA ZIFATE A, &golut A7) whet o2 vhg-ghthar
3 tHGotto9} Starr, 1972b). DA = 1950 Zo © 3 AnlEW 7 (Xanthomonas
oryzae pv. oryzae)°l bacteriophageE ©|-&3to] WA o Z W Y5 2 phage?
group= Eirotal WA ol &stH = A7 FE ol Fo] Hil(Goto, 1965),
Tagami(1959)= ¥ Au] i=ol A bacteriophage HAE=H7 HAAT=H 2L HE A=
=2 Aodde] v svh ZFEAYHE Tl gt bacteriophage A7 19334
ol oA Uppaldl 98t AHS &2 Hustdon, AR A= Matsumoto?t Okabe
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(19370l &Jate] o e eyt EdelA A ek vb glal, Wakimoto(1960)0l 2] 3l
TFAGA EElste]l CPr phagest sttt w2 dutEH o] tgk bacterio-
phage A71&0] ZAFA SR T HAEFHHA 1960d o)l 7= A YH T bacteriophage
A7 s Al o] Fo] Hi=dl, Wakimoto(1967)= 4152 Al gt Eex o]
o2 42709] phageoll W3 5412 o] phage: 270(CP;, CP2)9l groupl @ Fal
AFHFL 3709 lysotypel 2 TSI TE. T3 bacteriophage©] 2JdfA Al %H 9
colony Fej®st, WA zto], AE7]H ] W3t 5 AT FHAAE AAATI= vector
24 742 et S B tHWu, 1972a, 1972b; Goto} Starr, 1972b).
BacteriophageE ©] &3l dE 9]
(Obata, 1974), Mol Fx, EY 9 o] HHAA FAY AEAFE(Goto &,
1975), Xanthomonasss oA o2 HATEHe 7|F3A 59 AF7) o] FAA
(Goto®}  Starr, 1972a). $yudtd X Kang(1999)& eFdWztat st oA Y

ol
it

FEA A I WA strain®] X

¢

I~

bacteriophaged &< 6¥ 255 HAET

o]
AGito] RN FEo] A

S

H

o] 2=9lo]| A bacteriophage 7Z&=o] €

AAEZRG YT A B2 ol AEHo AEAFE T3

o
D
ol
a
@
5
a
]
o
=
&
e}
¢}

ELISA+ AltdE: v didsko] AsHA whgates Aomm At Aol ot
WElA] Fal(Seattler 5, 1989; Simbert®} Krieg, 1981) ®Wh$o] F o] &) Setatzto]
7bsstAE AZE ADe Boer 5, 1989) .24 1 AL A HAAS &4 (antibody)
s ATAte] wEb oY 7HA WS AREsta k. ELISAM S &
S WAL 5 7] E (substrate) S H7bstH 71d ol sgtEo] dAe A9H

aol Agstel MASA Hid, o] BAYES SHe] W] YRS X F Y=

1

ot
[P
il
iih)
i
>
N
ot
2
S

o
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Wolth, 7l o8 ELISAY S the el nlste] 2 o] Theshal, HE xR
Zhet stoigte Al A2 5 o ow, A&ste Wi dolAe olFAJFIAN
(double antibody sandwich method : DAS), 7+ % AW (indirect sandwich method) %
tFskARt B2 A 5E AAbsted A9e Aow dAHo] ga Abg sk vl
ZrEs 7] wiZol wWAo] §lo] WMl SLAFHAAY WA o Zo] @Wol] ALE-F o]
gkt ELISAR 2 T4 #AdE TEvEYH T Pseudomonas syringae pv.
phaseolicola(Guthrie 5, 1965), ErtEZEAte] 7Z+dwl AL Fe  Clavibacter
michiganensis subsp. michiganensis(Z 5, 1998)¢} ZA-&H-H 2l C michiganensis
subsp. sepedonicus(De Boer &, 1960) A} Sl o] &5 o] k).

ELISAH| o]3 ZaAd &2 Civerolo9®t Fan(1984)o] <l&] ®iusda &
7= 10°~10%fu/meolstek i st o, Stall 5(1980)2 oWl AlH Nl 7H
Ayt =7t 10'~10°cty/m = tFgslttn Bastgon, =3 Timmer 5(1991)2
WA el FZAs(suberization) Wiroll L E WAHAAE Mol EEHA &
shAATh g 1 5(2001) drlEAl gEAGH A @8 AHET E3beta
olglo] @Wo] A4 Q%= bacteriophage® (8 5, 1995b) thAl 7FAS WH <l ELISAH S

olgstol HASE WS ATF v Ak,

WA EE CAAFR, A, I IFEE F AMSL g vE 5 AT

Aol AF oF Ha7h muHd vEd A 191248 QB

BEg PAE BBl o) &4 FzelthlA W o (Berger F, 1914), 7

571 % AohE st 193374 TRt AL GukEe] w &S Sof 27wk 5o
3

MRk R BES 2o RN o] Ho] WAld Wk glow, 1947 v

o @R

AAE st Loucks, 1934; Schoulties 5, 1987). T3 1984dol] Z 2|t} A Aol ThA]
frd - B E o] vrE st dlel 1986 7hA] 25W RkEo] A Q H vk B a7t 9 th(Stall
7} Civerolo, 1991; CABI®} EPPO, 1992). 2 & 1992W 3} 19954 = -

2 oy Adoew giltEe] gk H&

(APHIS, 2001), ®]=r 7r=¥A%Y HHE57FA4 (citrus canker eradication regulations)S 7H=

(o)
1:]
& =o] gAdom wEBE Foln
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AGHel FAE W7o 1259 E@8Im)elWel A= #AEuvr= oWl =FHA7
ol R A7 e FAstal glom, gk 192vhFE Al Asklar 2001 9 7HA
B Hlg-o] 19 6,0005+&0] o] =

ole] Al s, wHAAE, doby, RiH|A, $Faold e A Fo
Ay o] Ee Hl&3 AIZHS Aeke] whE st vl Itk (Curry, 1989; Dye, 1969; Stall¥}
Civerolo, 1991; CABI®} EPPO, 1992; Commonwealth of Australia, 1984). Xact o] #3X

S gt opAlobAg el FER AMAGN AL APl oFd oA, A

—

e AL A W AWHT AL

r°*'

_4

, Yo =%
Fa 8 R obdet AGH e VIFSl o 7R e
FEol ABEIL o] FAHom Ay s FERol A AAA
] &of (Civerolo, 1984; Stall®} Seymour, 1983) Xact =44 7948l (quarantine
pest) &2 A A o] ItHCABISH EPPO, 1992).

AEHel WA AEEE Bed mel 454, =94, AEsh, e A

ol BAAAo® 7 4A H2FE F Ae Blo] s43hE whARl

2E 5 AAH 7HAE e

N

2

]7(4

N

4e 90917

1
AEASY T ATHe HEHS ayHor JoFste o]l WAl xEdolg)
SATHE 5, 1999). 283 Lee(1920, 1921)& #FE#A Fol g &
WAE BHaste AFE B om, Lee(192009F Il 1(1921h)& HE X o]
YA Fasiths AS Busa, Mg $E0938)E 3~43] FALEE AYH
WA 7F 7bs stk stk 1A(1959) AE A Eulol Al Algd A4S AgHS g}
Ao M (1962)3 Jbk;(1965)E HEEY ~EfEulolal
Zulol el 58 wx ATA WAEHT A
(1966), /NMEIF ILHI(1972), AAR(1976) &2 #EHASY
AgtAlel digh Aol tislA Harskdch

EUS
o
otk
o
i
i)
w2
-
.
)
N
)
N
o
o
X

5. fE|LEOAM el H2HLE AF

o 51976)0 olety $-Euetel AEE gEAgEe 1935dd o 2RY
el =y A28 Aew 3
(1963)ell ot AAA FAF By A4+

el WAy ol U@ mat orielgley 2 69%E WAl 10974



WAt I HAG 7= 89 sheoldtal RuH v (AR &, 1967, A, 1978; A, 1979).
AFE L Bl olsto]l <ol AA7F Azle W delrt Srbeta(f, 1979) 53
oA Boh oM MEAE B HEx EHAYIE 40Y A= wEu (i 5, 1996),

ok
o
T
ox
ki
o
ok
2
o
o
—
O
L\3
=)
o
X
o
2
Ed

O|HITELE 02~122%% EFd uwel wH

AEAFETY] 4 B ERol te A FHZolok o] Fo M=, Myung(1997)2

oA e W s td RAPD-PCR Z¥, of2 A9 AgHdE sty
ol 2 AR #xste WATe WAHES Xacst Fdsttha shlal, AlFRo
WS e EAGH A & RkSS d97]= bacteriophage(CPK-5)& A1,
Huste](W 5, 199%5a) Wv] F& FAAAE R 195E5FE AA7MA] AR E I 9l
Kang(1999)2 bacteriophage S ©]&3F AldH T HAAYHS A FH LAz o] &

sto] WA ool Wddito] HEHS WAl ZEgol Hda, = e

bacteriophaged & @3 w2 A3o] A H s}

%

exAzte

)

| FH ol F =434 (Civerolo, 1984) 0.2 #H| o 23t 7o) F=aFolL}
EFdol ggko] 7] wjitol] AYH WAl g ATV BA Frh A 5(1967)2> kA
WAAZoll A vitigran blue7t the& kAR WA &7t Frhal B kel al, Kang(1999)2

(o

El-lL

copperA| ¢}t streptomycinA & HE AFEEHS A B4Add AJESY EFoA 23Ut
DA AT TS dA AFEsta & streptomycinAlodl Wl gk Ul ol o g
Ra%E glti(e] &, 1997).
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1. ZAlHX]

w49

o

FAste AR WAL PE 4~13% 2k

2. &A| bacteriophage

A Foll AF&3 bacteriophage™ AlF%= ZHEAWIA ti-Eo] AFH Tl &k
do7]= CPK-P5E w&3E4 sdAd7Iedolr 1994d o] & ol ARg-saltt

(4 &, 1995a).
3. Al o]t 22 AdEF U F2|eH
ELISA 9713 A0 AFg" #AYH Ut pathotype A, B, C8  bacteriophage?d AFoll

o] &3 AFEH(IH D $FNEY sdAIed Hedel ZF ol ARgshltt

(4 % 1995b; Myung, 1997).

Fig. 1. Colony of X. axonopodis pv. citri on WPSA medium (appendix 10).
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F=(oozing) A7l F 1 S GuiAe] =Eeto] 28+1Te 7]l A colonyE
FAAZ & AGE TR FHHE =T colonyE WY st 7 FEEAE
1718 671 & B3t o, Egd #HYATLS stock solution(NA broth 70ml +
Glycerol 30m¢)ol A73le] 1.5mle cap tubeo] Imé® Wi 2 HE -20Co] B#AIN T
o Aol AE-stt.

Fig. 2. Disease symptoms by citrus canker at different developmental stages on the

leaves of citrus (satsuma mandarin); The overwintered leaf (A), the spring

leaf (B), the summer leaf (C), the autumn leaf with damage by miner (D).
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AFd e gEsEax(o)st FEEA @ 2x D2 AFE sdax], v,
VSR, EaA, S, JAGA (L7 3)] 279%7F TOAEFANA BE D7k
el 2001 7€l AEFASGY TS ARG oW, o HF (%) (o|WFF/FAL
F4)x100, oW ¥

&7/ Z2ARE 7)< 100
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o
S
rlo
o
ok
bl
o}
+
\
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>
=]

F)=100, °ol¥E7he (%) (o]

[o
i
QL
f
>
i
QL
32
o

Fig. 3. Citrus cultivating areas for export to USA in Jeju.

_18_



WFow zAbsoH, A el Zh GAE Al Al % 19 2

Table 1. Sorts and frequencies of chemicals treated at the citrus cultivating areas

for export to USA in 2001

Frequency ]
Area Location of Chemical®
treatment
Bordeaux mixture, Tribasic copper sulfate
Haean Jeju—shi 5
15%, Copper hydroxide 77%
Sangyae Sogwipo—shi 2 Bordeaux mixture, Streptomycin 20%
Bukjeju—gun Bordeaux mixture, Copper hydroxide 77%,
Chongsu 10
Hankyong-myon Streptomycin 20%
Bukjeju-gun Bordeaux mixture, Tribasic copper sulfate
Sangga 3
Aewol-up 1596, Streptomycin 20%
Namjeju-gun Bordeaux mixture, Tribasic copper sulfate
Ansung 9
Taejong—up 15%, Streptomycin 209
Namjeju—-gun Bordeaux mixture, Tribasic copper sulfate
Uigwi 6
Namwon-up 1596, Streptomycin 20%

? Bordeaux mixture (5-5); 1,000X for tribasic copper sulfate, copper hydroxide and

streptomycin.
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o BddS NBYWA(F-E 8o BHddS &4 wjefstar 28+1Ce =7]A

i 3, 5l =49 colony7 AW G e A colony7t FEHA 54

FAs G4 F - FE DY) 91eke] King's B AT

5
71014 37k I F 365m ASAES molA] FRAL FH FTE B
z

H71A AR AlFE WA (F3E 13) A%FS SAAZ $ pH 712 243,
vhol| 5mee] WAl E w o)
filter sterilization 3+ % | Z} A& & 05mlA Hslar 2719 Ald o] HY ATFS
A& T 1M Agddel= e HA paraffing 5mm FAZ F& F 28¢1C 8
271l A 3, 5, 7, 94z wigE F FE tube’t BT FEAMOA Ao w wstH

@714 4L b Aow By

Sl
=
o
K
)
oZ:
2
I
o
o,
D
@
=
Qy
~
o
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O
.
<o)
(0%0]
—

A A el 4] W3 th 5% malachite green &N & slide glassel]l 108 E<¢F Z2 A9A
sttt E2= B8 AAS M 2A2HA Y 162§ 05% safranin &40 =
slide glassel &AM counter ¥4< 3 S =
40080 2] @An gl A MlTe] cell WAl ] A x|
o HABEZAZF A= Aoz AAsA

6) FEl 2 HEREAL

W] @

|

bt

f

[¢]

& slide glassel /55 & W& "olxela Ald 55 loope®

A8t TgAsE HEJTE carbong JMRA SER(FA 10mA E)s)

formvar7b §18]% grid(200mesh)®] 2h& Wo R dte] HAdd EEA £33 F FF
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=
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rio
=l
1o
ofN
offt
ol

T8l¥ XanthomonasZy WQ9iol] thet F5 42 Schaad(1988) % Krieg 5(1984)2]
tha ol o3 Ay st 543 Hdd JA4E gt F5 sAHsH
1) YDC #iAl el A ¢ mucoid 874 774
HATS YDCHA (% 1D HEF 5 28£1C F27]0ll4 543 wf g Fol
colony®] 7 Hl7F EE51A] AtekeA o F-E A8
2) 3BbTCelA e Agoli A4
WS yeast salt HA viA|(F-E 12) 10mE Al el ¥ar 35C2] water bathollA]

0.1%)°ll HEe Foll 28Uzt wjdstar AT o s ZASIAS o FFHL7E glod
G, BFALTE oW SR AAS A
4) Gelatin 93} 7173
WS gelatin A3t AL WA (FE 4 10mE APl Qo] Aardt Fo] HF
sto] 28+1C9 &-7)ol widstdct 3, 7, 14, 219 Fof 4T 30237 ¥ Tt}
AABE wASW =o] o' 521 gelatin A3t Zow AAHEA
5) Arabinose, Mannose, GlucoseZ & A4 A A
Dye medium C HIA|(¥% 6)Z pH 68% XAt A3 Z filter AFAZ]
arabinose, mannose, glucoseZ 0.5% T 3alth wjAo] H

2447 st whxl o] MZg wEste] w7t m@Aow Wehd fdow iA

I
6 BAd HA
e WS Aol HES 28+1°Ce] &27]0l A 48412 wijket & wigE
HYS At 3Aste] 1 F%E biolog turbidity meteroll A optical density 0.250~

0.265(3x10°cfu/me)ol Z=data HEA FEYH 294 587 Bo] wofale] 353
A% A% AL "olmel I PEHAOM, LA Fu W 30912

w23

=

393

o
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7b AF el oig ELISA 97HE 4

B2 ARE3E #dH T EH(antibody)¥ & (enzyme conjugate)= V=9
Agdia3]AHElkhart, Indiana, USA)ZFE Indirect ELISA Kkit(catalog number CAB
92200, ECA 9220005 T-dste] AR&atddth AH&¥ WS PSA wix(F3& 9l mF
stel AR WATS 3x10%cells/meol A 3x10°cells/m A S A st on, & gt
gk vh-g-& FAAstaA Al A dS 25Este] ¥ 100TC 9] #F+= ol 10+7F 97

AL 9 Fo Holgle T3} F& TS B ELISA 97Ha4 S ssich

L. PSBol A o] AFE o wjFa ) A3

ELISA®] wh-g3h= HAs® olate] AW ol e HA A mIFasts HAA
at7] Yate] A AHI Eo] HATFS 3x10°cells/miol A 3x10'cells/m7FA] 34
s h 01mee] HMYF A NS 10mee] PSBHIA o il 24, 4847H/100rpm & wj ok
3 & ELISAHA S sk

olo

o AGHT ASHES AT WA AT

7] A (PSB)oll A A H elg mjget Ax o] B = AdsE T P84
Bl 4 AAE W] flste] PSBel HiE

(Fe-EDTA) 0.1, 0.25, 0.5, 1.0g/ ¢ ¥} ZFA5(potato dextrose broth) 25%E % 7}sle]

modified peptone sucrose broth(MPSB)E WSl ujX]ol] 24A]7H/100rpm & 8l %3

% ELISARAS 313

A7 (fluorescent Pseudomonads)Eol <] 3k

2. ELISAR o 23t ASA] g
H X E o]&sle] XAA ELISAAAS AAHeR HAFe7] Y5t %
2 ]

WA b A% ol PPl o] g vl

N
==
e

AAZGA el gl A2 UG FPE ABL BFFZ AN A
< 10,000rpmel Al 15%7F AAliEglste] & =
vl el i 24, 48A171/100rpm & wiFg & ELISAZ 8-S st

ol
il
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olX

Al

i)

vt ELISA¥ ¥} Bacteriophage® H|a 4

A thn|$Eo] AgE I 9l bacteriophaged ¥ M2 ELISAY HwAE (1Y 4)S
FaetATh 37N FEEA AIEGQD SibEA, A=A, o) AR o] G 3/ 2
AgHol ol I S AAst] 4 TFoRFY lkeo| HES FHet] A
AbEs T FRE HAe AusR AFske] 10,000rpmol Al 1587 4l &
20mee] AR gAstgon 1 F ImE FHae  ELISAZARE d9lal, 19mE
bacteriophage A Aol AF&31ith ELISARAAIS 913 Imd 5 0.1mdES 10mée] MPSBH]A] o

244170 A" wj kg & ELISARANE SF3ith
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Citrus fruit sample
Rinse with 500 m¢ SDW

Centrifuge at 10,000 rpm for 15 min.

Pellet
Culture on MPSB (24 hr) Centrifuge
Pellet
| |
Heat No Heat
% 10'pfu/ml (phage) -
ELISA loading Centrifuge Centrifuge

Supernatant  Pellet Pellet Supernatant

P

Drying (overnight) Culture (25TC/5 hr)
Centrifuge Centrifuge
Supernatant Supernatant

<&

»

" Culture (overnight)

ELISA test

Control check Control assay Test assay Test check

Fig. 4. Detection procedures of ELISA and bacteriophage test
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7. ELISAHH )} Bacteriophage®E& 0|&
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[e]
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124 5€ 109 24¥7bA] ELISA® ¥} bacteriophage™ °l

el
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oo

bo A el
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aL zAbsEG T

gl

o s
= u#F

YA 7]
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om, 3 oL Hx
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NERES

E-(pellet)
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S

‘iA

Faach w3 ELISAAAF

S
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3k, 1 F 1md

3] 4]
bacteriophage#d Aol AF-&

w7 ol o

s

20ml 2]

10mee] MPSB

2 93 1E 0.1mlE

ATt

bol Abgs

S

t}. Enzyme-linked immunosorbent assay (ELISA)

MPSBul| =] | Al 24A] 3+ ]

=
=

ELISA HAL Fvld A&7 W) Iml

blocking

<
T

247
Aol A

bl 1A17E 4

S

e
=

Fol  well

S

£7]oll A overnight

5}

A gl

A A
=

|

solution(PBST®l| 5% skim milk)S welld 200 <

By

il

3] &
AANA 608 A

to] PBST solution(PBST 50m¢ + distilled water 950m¢) &% 5~8

vf &3]

bl %

o

Zy welld 100p =5

=
=

o antibody(6. 7})

1 F
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3to] A2E Fo thA] enzyme conjugate(6. 7HE 100 EF3Fe] HFAAR ] Ha
Ao 60% widstar AF 3 T PNP solution(PNP tablet Img/m¢) 100022 Z}
welloll &8t FAZA] ¥ A4 607 A& wigskds wEela ELISA
reader(DYNATECH MR5000) 405mmell Al ZAMakch BE wlFe Falo] oet 93-S
=0]7] flgte] FALAE SR IEsA MG A He Hom dort B vhEs
ARA 7|22 & wo+= 5002 3M sodium hydroxideE #7}ste] W3 B3 &

CEREERIL TS

2}. Bacteriophage test (BPT)

THlE AHY AAA T W) 19E F5A1717] ekl nEdA &g A v
g oA F emel FFAS HEJon ojzs EE o] 3mle= 100TelA
107F 7FE3te] control 72 sta 3ml= 7FESHA] &2 AJHIE Sho] test7 2 3T
A& ol bacteriophage(10'pfu/m¢) 1mlES 93 thAl 10,000rpmol| Al 1027 YA 2

F 2 4% 0dmet AL 54 A10°ctu/m) 02mE Fste] 50T WPSSA
( 10) 8meoll =3 sto] plated] =7 § wj4Fslo] o] A& check 7= o™, 0.1mlE
A UA 39me= thAl F2E e dr] 25T A 5A1ZE, 150rpme 2 2e 8l gste
oko] check$} sUg WHORE W wjYsto] o|ZS assayT = dF¥TE bacteriophage
AAR= 7D F(contro) € 7FEEHA] &2 F(test)E 77 25TC F27]9]A] overnight
nj ksl a1 & Wk(phage plaque)S Al ths vl #4981 1 2o} 20% o] dolH A

o= sh3lth

4N
o

-
Ria

4

i)

o3

ALFE WAANDS A 232 R dF A LT 2ZAAN FHsA=
dl, 2001312 d =)ol A G FAAGA AR ofAl B A= sodolr|d 44

199 9l bordeaux mixture(5-5), 69 152 ] tribasic copper sulfate 15%(1,000X), 79 18
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Aol copper hydroxide 77%(1,000X)& Z+2t 13| Axsta Al ASAE 28
HA 710 olHAES FASIR oW, WAV %)= [(FAHe S E&-H Ay &)/ T4

U 8 1x1000. 2 slo] Ak

N

=

20029 22k 2)ell = A (AR Al h)ek Bl AE o ZA7]dd wel UA
AFTE A, FAA, EFA AgTE FAe, #dTE 200090AEE) AFH LA
Aol AREEE FAgE oAl B A7l Az AEsith w4, FAA, SFATE w5
dlol7]el 49 1199 bordeaux mixture(5-52)E A X3, 59 20¥e] FA =
tribasic copper sulfate 15%, 3 AT+ streptomycin 20%, &3%HA]7-& streptomycin
109% + copper hydroxide 50%E 2tz Axstdv. 79 30¥] SAFE  copper
hydroxide 77%, 3AAT+E streptomycin 20%, <A T+E  streptomycin 109%  +
I HA 7] olHAES XA

3t} bordeaux mixture(5-52))% A Qg Ao A& kA= F 10000 Ko 2

copper hydroxide 50%& Z}7F (% 2)8to] 72k & &

SESG O, e WAEA gobd 2AE A gtk

Table 2. Chemicals treated with different treatment intervals according to the

traditional method in 2002

Chemical
Treatment
First (11 April) Second (20 May) Third (30 July)
Bordeaux L .
Copper ] Tribasic copper sulfate 1526 Copper hydroxide 77%
mixture (5-5)
o Bordeaux ) )
Antibiotic ) Streptomycin 209 Streptomycin 209
mixture (5-5)
Copper +  Bordeaux Streptomycin 109 + Streptomycin 10% +
antibiotic mixture (5-5) copper hydroxide 50% copper hydroxide 50%
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670 F=A, 219%7E 70437 diste] 2001 d 7HEA] EEdS ddeR A
A GEE AR A 1055 7H37.6%), 196E7H27.8%) A #AlgH o] LA JTHEE 3).
ol e Ao Hit oWFEL FEUEAC wEp o] A2 wdA|A =
0.2%(217]), Bol TAE FAANA = 56%Cd) = Al whel vhFatity. E=3
, A, g A M= 50% ol F7F 40% ool EA, 2.6%0°]78 9]
Lol A Al o] A E A Sl

Table 3. Disease survey of citrus canker in the citrus cultivating areas for export

to USA in late July of 2001

No. of No. of Disease
No. of No. of . . . ..
Area 44 d field diseased farms diseased fields incidence
surveyed farms surveyed fields

v v (%) (%) (%)
Haean 38 107 4(10.5) 4 (3.7) 0.7
Sangyae 54 95 32(59.3) 42(44.2) 2.6
Chongsu 22 112 17(77.3) 58(52.0) 5.6
Sangga 63 165 12(19.1) 18(10.9) 1.2
Ansung 49 105 34(69.4) 61(58.1) 54
Uigwi 53 120 6(11.3) 13(10.9) 0.2
Total 279 704 105(37.6) 196(27.8) 2.6
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Zb FEAAER el AU ol¥FE W oW &ol 1.3~247%, <01~
05%2 37 £4S Agste] Az SR QoA Iy
o] F&o] 1.3~35.3%°]1L, o|HHFES 0.1~156%°]
87~39.3%°]™, ol AE&L 06~231%= HIAol F718%

al
F&o] 34~363%°1 2, olHEES 01~115%= FHAFHAh 283 Ao ot
ks

H

Table 4. Disease incidence of citrus canker at different developmental stages in

the citrus cultivating areas for export to USA in 2001

Disease incidence (%)*

Area Overwintered leaf Spring leaf Summer leaf Autumn leaf
Tree” Leaf* Tree Leaf Tree Leaf Tree Leaf

Haean 21.3 0.3 34.7 19 24.0 7.4 135 <0.1
Sangyae 1.3 <0.1 24.7 0.2 24.0 12.8 24.4 7.0
Chongsu 10.7 0.2 1.3 <0.1 8.7 0.6 3.4 <0.1
Sangga 14.0 0.3 33.3 156 36.7 23.1 36.3 115
Ansung 24.7 0.5 35.3 1.0 39.3 2.9 5.0 <0.1
Uigwi 22.0 0.5 19.3 0.4 14.7 3.5 7.3 <0.1
Average 15.7 0.3 24.8 3.2 24.6 8.4 15.0 3.2

? Surveyed in late April on overwintered leaves, late July on spring leaves, early
September on summer leaves, and late October on autumn leaves.
b 95 of infected trees.

€ 9% of infected leaves.
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Table 5. Comparison of characteristics for genus identification between the
isolates collected from the citrus cultivating areas for export to USA

and description of Schaad’s

Reaction of isolates ..
Description

Characteristi —
aracteristic Haean Sangyae Chongsu Sangga Ansung Uigwi of Schaad’s
-5 -28 -3 -37 -33 -35

Gram stain b - - - - - -

Yellow pigment + + + + + + +

on NBY
Fluorescent - - - - - - -

pigment on KB
Growth i 0 = = - - -

anaerobically

Cell shape R R R

=
=
=
=

Flagellar M M M M M

arrangement
Endospore - - - - - - -

formation

? No. of isolates.

> +; Positive , —» Negative, R; Rod shape, M; Monotrichous.

N

TFEGAZSH L2

6
NBYWI Aol A colony Azl #4el¢la, King’s B WlAelA @87t G457 sk

ovf, a7k Qi FHAAE S A B3, B% WAEAE 4N Fgon,
AEFe7} FPoA ARk #2 Lo shiel AToE WAHJG(E 5, 17 5).



A

Fig. 5. Reaction of gram stain by microscope (700%; A) and cell shape of

pathogen causing citrus canker (14,000x; B).
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Tl WATEe U T4 A¥st A3 YDC wiA A= colonye] 7h-d| 7}
5 st on, 35TeA Aol Q¥ Ll asculin A WAl HFg Sl

27F PAAEA ol Tt E ¥27)al, gelatin
Aol A= Hst7t WA ggkom

)=]
n
o5 FZAL A = glucosed| A RE =@kl o2 HIIATHE 6). 28] B3 HIdTS 25

2
o
N

23 el JF A, HdAol #EEATH(ZH 6).

Table 6. Comparisons of characteristics for species identification between the isolates

collected from the citrus cultivating areas for export to USA and description

of Schaad’s
Reaction of isolates .
o Description of
Characteristic  “[aean Sangyae Chongsu Sangga Ansung  Uigwi Schaad's
57 -28 -3 -37 -33 -35
Mucoid growth +P ¥ + 4 + + ¥
on YDC
Growth at 35C + + + + + + +
Asculin + + + + + + +
hydrolysis
Gelatin - - - - — _ _
liquefaction
Acid from - - - - - - _
Arabinose
Glucose + + + + + " +
Mannose - - - - - _ _
Pathogenicity + + + + + I i
? No. of isolates.
" +; Positive , —; Negative.
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Fig. 6. Pathogenicity—test of Xanthomonas axonopodis pv. citri on citrus leaf at 14 (A)

and 29 (B) days after inoculation.
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7}. ELISA 9714 A

7= A 9 i pathotype A, B, Coll W3t ELISA 97} AA A3, & 23] AL&3F

FH o+ pathotype A, B, C 257} 3x10°cells/mlol| A A uHSS Ho] RE

i)
o,
rlo
)

O

APl B FAG Gk AFHAE 7). = APIFS FU FoI=
ELISA®Hg-o] S theht 2gel A8 A3e Fe Aol s Ao}

g AEn T e 59

Table 7. ELISA of live and dead cells of citrus canker pathogen pathotypes

A, B and C

Cell Density Pathotype A Pathotype B Pathotype C
status (cells/m)  O.D.? Reaction O.D. Reaction 0.D. Reaction

3x10° 4,686 +b 4,690 + 4635 +

<10 4.098 + 3.494 + 3.927 +

Live x10° 1561 + 1.245 + 1.726 +

x10° 0.362 + 0.323 + 0.220 +

10" 0.126 — 0.115 — 0.127 —

3x10" 4,685 + 4542 + 4,680 +

x107 4718 + 4717 + 4,609 +

Dead x10° 3.099 + 2.244 + 4641 +

x10° 0.601 + 0.585 + 1.410 +

x10" 0.121 — 0.150 — 0.214 —

Negative control 0.109

* Optical density at 405 nm by the ELISA reader.

L Positive, —; Negative.
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uh Wyt wieke] ELISA whgol m 2= &3

WA A g o] 3kl ELISA RES olske] Ae=o Wt 0.1mE 10mee] ofA]
HE71(PSB)AI A vl FAIZHS &l ste] ELISA HAAA, 24A 7 oA B &
Lol A SATES BAo 4B8AF = e oA FAREES BEATHGEE 8).

Table 8. ELISA of the culture of Xanthomonas axonopodis pv. citri with different

initial densities in rinse water®

Initial bacterial 24 h culture 48 h culture
density (cells/mt) oD’ Reaction OD. Reaction
3x10° 0.148 = 0.641 +
3x10" 0.239 - 0583 +
3x10° 0.111 - 0.4%0 +
3x10° 0.1% - 0373 +
3x10" 0.200 - 0.814 +
Negative control 0.123 0152

? Peptone sucrose broth was used for the culture of Xac in fruit rinse water.
" Optical density at 405 nm by the ELISA reader.

¢ +; Positive, —; Negative.

U AEAGE T dEs AT S wiA 5 R ELISA HSA1E
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o ZEdn. B3 3 S4E w7 skl PDBE 25g ¥ H7bske] & Aol
Abgate] BAwEAS 24A7F wloksle] ELISA AA AT, olHE ZAgoA A3 s

oIt H AAA}HAME FAERSS Bdoy, AAF A AT A=

ol
S
a2

Table 9. ELISA of the culture of fruit rinse water in different media for the

detection of Xanthomonas axonopodis pv. citri

PSB MPSB®
24 h culture 48 h culture 24 h culture
Field status Fruit status ODf Reaction OD. Reaction OD. Reaction

Sample

Infected 0124 - 0.861 + 0415 +
Infected
Uninfected 0135 - 0.941 + 0233 +
Uninfected ~ Uninfected ~ 0.189 - 0556 + 0.142 -
Negative control 0.107 0.109

? Peptone sucrose broth.

> Modified peptone sucrose broth (amended with 0.25g/ ¢ Fe-EDTA and 2.5%
potato—dextrose broth).

¢ Optical density at 405 nm by the ELISA reader.

d .. (e . .
+; Positive, —; Negative.
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Table 10. Comparison of two methods ELISA and BPT for detecting Xanthomonas

axonopodis pv. citri on citrus fruits from different fields

. ELISA BPT
Fruit .
Area Field A ) No. of plaques )
status OD. Reaction Reaction
Control Test
A 2536 +P 1193 1150 -
Infected B 1.881 + 124.3 1187 -
C 1.428 + 116.0 150.0 +
Haean
D 0408 - 120.0 126.0 -
Uninfected E 0.277 - 136.3 144.3 -
F 0.318 - 129.7 126.7 -
G 3.206 + 1277 160.5 +
Infected H 3.305 + 120.0 167.0 +
I 1555 + 131.3 234.3 +
Sangga
J 0.353 - 1336 146.7 -
Uninfected K 0.810 + 124.0 133.3 -
L 0.325 - 164.3 164.0 -
M 3.248 + 130.0 153.7 -
Infected N 3.187 + 140.7 130.3 -
O 3.255 + 156.7 151.0 -
Uigwi
P 0.3%9 - 1487 149.7 -
Uninfected Q 0.286 - 139.7 196.7 -
R 0.348 - 130.7 145.0 -
Negative control 0.210

? Optical density at 405 nm by the ELISA reader.

b Positive, —; Negative.
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Fig. 7. Reactions of ELISA (A) and bacteriophage plaques (B).
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Table 11. Comparison of detection rate and index between ELISA and BPT

ELISA BPT Effect
Rate of detection 94.4% 72.2% N22.2%
Index 130.7 100 A30.7

gz B O Ad A HAAR 187] Foll ELISAY S 177/ AlBolA HET o] 94.4%,
bacteriophage®-2 137] Al&A HAEFE o 722% AEES EHASH (X 11), &3 HAH

st 2eEE AHe FAse] B A% ¥ 37 o] vEhwd.
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A AFEAE FEAGE a2

3G ASIAEE AgEdo] SEHEE dotiy] $8ke] ELISARM ¥ bacterio-
phageW ol olste] AR A3, dEd yFolA A dEd2 ELISAMANA =

AT 59 179 FH, BAFelA = 5 309FH HAddo] Hx HEHJL

He

Table 12. Detection of pathogen causing citrus canker on overwintered leaves

using ELISA and BPT at different developmental stages

Chemical treated® No. chemical treated No disease
Detec—
tion ELISA BPT ELISA BPT ELISA BPT
date , Reac Con Reac Reac Con Reac Reac Con Reac
O.D. es .D. es O.D. est
~tion —trol ~tion ~tion —trol ~tion ~tion —trol ~tion

4 May 0138 -° 1322 1363 - 0143 - 1487 1512 - 0148 - 1466 1456 -

17 May 0138 - 1707 1690 - 14% + 1730 1747 - 0150 - 180 1783 -
24 May 0168 - 184 189 - 0416 + 1849 143 - 0173 - 2003 1940 -
30 May 0233 + 2163 6357 - 0247 + 2064 2112 - 0158 - 2116 1936 -

? Bordeaux mixture (5-5) was applied on 19 April.
" Optical density at 405 nm by the ELISA reader.
¢ +; Positive, —; Negative.
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AR g Baole i HAdEES ELISARAAE FAAHE o1 ¥
oA 59 30UFE WYTHEo] AZEAO(E 13), 49 199 D54 AHE
SRS Agoe HYwEEo] 62 7H HEH7] Al Al 184} bacteriophage

2 FAl el 69 TARE, WATolA 69 156U FE Mol HEHATh

Table 13. Detection of pathogen causing citrus canker on spring leaves using

ELISA and BPT at different developmental stages

Chemical treated® No chemical treated No disease
Detec—
tion ELISA BPT ELISA BPT ELISA BPT
date , Reac Con Reac Reac Con Reac Reac Con Reac
0O.D. es O.D. es 0D. . est
~tion —trol ~tion ~tion —trol ~tion ~tion —trol ~tion

24 May 0124 -° 12 183 - 0133 - 18471912 - 0124 - 13491873 -

30 May 01% - 2027 1971 - 0358 + 2037 2112 - 0149 - 21852091 -

7 June 1293 + 2136 1990 0.727

+

2280 956.0

+

0.276 2242 2119

+
+
+

15 June 0505 + 1860 2243 0.629 1831 5266 0.258 1846 1864

* Tribasic copper sulfate 15% (1,000X) was applied on 15 June.
" Optical density at 405 nm by the ELISA reader.

¢ +; Positive, —; Negative.
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Table 14. Detection of pathogen causing citrus canker on summer leaves using
ELISA and BPT at different developmental stages

Chemical treated® No chemical treated No disease
Detec-
tion ELISA BPT ELISA BPT ELISA BPT
date , Reac Con Reac Reac Con Reac Reac Con Reac
0. . est . D. . est . D. . est .
~tion -trol ~tion ~tion -trol ~tion ~tion -trol ~tion

27 Juy 0126 -° 1713 1553 - 0768 + 1515264 + 014 - 11801%B1 -

3Aug. 0389 + 2140 3380 + 0797 + 1906 6170 + 0273 - 18051647 -

17 Aug. 0493 + 1948 2930 + 3112 + 2024 >99 + 0306 - 2182252 -

? Copper hydroxide 77% (1,000X) was applied on 18 July.
" Optical density at 405 nm by the ELISA reader.
¢ +; Positive, —; Negative.
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Veade izt A7 E5S ELISAY I bacteriophage®, WHAlT-¢F A+
B A Sl AMAIZIQ) 99 12¢5H HAddEso] Al JATHEE 15).

Table 15. Detection of pathogen causing citrus canker on autumn leaves using
ELISA and BPT at different developmental stages

Chemical treated No chemical treated No disease
Detec-
tion ELISA BPT ELISA BPT ELISA BPT
date ~ Reac Con Reac Reac Con Reac Reac Con Reac
oD* . ‘est  OD. . Test . OD. . Test
—tion —trol -tion —tion -trol -tion —tion -trol -tion

12 Sept. 0907 +* 2000 2429 + 0503 + 20866343 + 0348 - 17061714 -

20 Sept. 0192 + 1310 147 + 0447 + 10991422 + 0098 - 13311277 -

27 Sept. 091 + 1287 >99 + 0446 + 13078612 + 0153 - 15401533 -

? Optical density at 405 nm by the ELISA reader.

b . " : .
+, Positive, —; Negative.
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T7F 79 279, WAl 89 3YUoly, S E FrbA el WAl BFo A
9¥ 12Y0|ATHE 16). 5L AT 2F27 FHAME FaA| oA 69 214,

WA= 649 28Ul AFHol Hx TAHUA

Table 16. First date of citrus canker occurrence at different developmental
stages on citrus leaves in 2001*

D f di
Date of canker pathogen ate of disease

occurrence
Leaf ELISA Bacteriophage

No .

No ] No ] . Chemical
. Chemical . Chemical chemical
chemical chemical

Overwintered 17 May 30 May R t - -
Spring 30 May 7 June 7 June 15 June 7 June 15 June
Summer 27 July 3 Aug. 27 July 3 Aug. 27 July 3 Aug.
Autumn 12 Sept. 12 Sept. 12 Sept. 12 Sept. 12 Sept. 12 Sept.

* Surveyed at one week interval from 19 April.
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Fig. 8. Visual symptoms of citrus canker and observation with microscope at
different stages of infection, Visual symptom of initial and advanced

stages, respectively (A and B), Microscopial observation of infected leaves
at initial and advanced stages, respectively (C and D).
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2001l #apdAlel gk ASFE HAEAE L] fste] 7L dEdel AGE
ol g ol 717 33, 0.8%¢<! WAl FwkAl Al A4S AAdS WA TE Bl
7191 49 1999 bordeaux mixture(5-5), 69 15¥° tribasic copper sulfate 15%
(1,000X), 79 18¥oll copper hydroxide 77%(1,000X)= Zz}z} 138 A ¥3t 2z} 499
&k FAEIHE AR AIH(E 17), oFAl FdESAS Arole olHdEo] wadolA
31%, AdETddA 17.3%, 7FSEdolA 2 Aol 29 8

o

78.7%, 7Fawd 180%¢°l Hldte] FAGAl k= AU

Table 17. Effect of chemicals on reduction of citrus canker at different developmental

stages in 2001

Overwig Spring leaf Summer leaf Autumn leaf
tered
Treatment 1 % of 9% of % of
€aves  (diseased Efficacy diseased Efficacy diseased Efficacy
(9%)? leaves leaves leaves
Chemical
b 3.3 3.1 64.7 17.3 785 2.5 86.1
treated
No chemical
0.8 8.8 - 78.7 - 18.0 -

treated

? Investigated on overwintered leaves on 19 April, spring leaves on 16 July,
summer leaves on 3 September and autumn leaves on 24 October.

" Bordeaux mixture (5-5) was applied on 19 April, tribasic copper sulfate 15% (1,000X)
on 15 June and copper hydroxide 77% (1,000X) on 18 July.
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z2AMeE7] flete]l dEel &0l FATTE 3.96%, HHWAINA 7.13%, & ATl
521%, FAAFolA 4.00%, EFATFAA 438%% ES AAst] BAEHRE A
A3(E 2), medalAs B3 029%, A 0.38%, FEA 0.04%, EFA 0.25%,
ATF7E 125%=A e BAAF AN GAZEE 69.6~968% %= WERSE O (E 18),
HAT, SAT 2 EFA T nlEte] FAYAGETTE WEAe] Ak w3 ol F9d
o A W& AP A 0.67%, FA 046%, FAA= T2, A 041%, FHA
T 313%EA WAL 186~100%%2 WERsko, 649 15693 7Y 18Ul kAL EF
PR 59 20¢ 9 79 300l EAl, EAl FAAES WAl A ke s

APAlst WATE ASHT WBYH7] ol del ofx xS
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Table 18. Effect of chemicals on reduction of citrus canker at different developmental

stages in 2002.

teaves (70 leaves (%) Efficacy leaves (%) Efficacy
Traditional method 713 0.29 76.8 0.67 78.6
Copper 521 0.38 69.6 0.46 85.3
Antibiotic 4.00 0.04 96.8 0.00 100.0
Copper + antibiotic 4.38 0.25 80.0 0.41 86.9
No chemical treated 3.96 1.25 - 3.13 -

? Investigated on overwintered leaves on 2 April (before chemical application),

spring leaves on 16 July and summer leaves on 6 September.
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AEASFE S AFEoA AujE Qe 2FE FEAIAIY] wiiEel(Stall,
1989; Hayword®} Waterson, 1964) 3] &7} & X WA EzS Aujsls 2o v}
A A= a4l BRI E 918t H YW s 5 (quarantine pest) &2 XA E o (CABI}
EPPO, 1992; NAPPO, 199%) 7|F4= 95 a4t 95 dAsta o

= A= v= oA AASAL A= AEAIEE ol glojof H=d, A

=
o

AFA Bt 5 67 FEDEA 279%7F 70470 el il 2001d 2FEE BEds
A3 105% 7H37.6%), 196E7(27.8%) A A%

(3£ 3). A, &4, FeldA A= 50% o]l &7} 40% olde XA, 2.6%°]7d 2
oA B E G e, o] FEUAE AAFAoH 1998W FE 20001 =714
& A ofYs(FE 2) AFBEAS A FAv] W WHAdo] Eodd
oF Aztdrt. ey Sl AU gATRAE AGH Aol 12%0|3t 2 A HES
FE38H7] flste] AFHEATE o) FoAR Aoz AlmETh ol FETEHA A
ALFH LAY Koh 5(1996)¢] #EALE S TR QoA Aoz st
WA GTHE Barel Kang(1999)o] st 5 470 FEdAol A AlgH o] A AL
A= WibAo] gt Hask e zolrb Qlth HEdE Stall(1989),
Hayword®} Waterson(1964)¢] ®.i13t witpal(25E7hH 2 FEAGE $5 Addo=

BIs Aok go] APl A% FA L Fud 2 FFS FA @] gR] $£E9A

o

pay

ox
2,
©
r+

AEAMs 7 AGE A digk HAle] vhE Wel vl Ae Bl 7)AE Ao
Atz 2eu et FES7FE A Al AR st BASHA o] Fo
Aof & FoF Atz

EFU ASTAA-Z ZARE AGYEAALS EEdodAs oW F &l 1.3~35.3%
, o1 EEE 01~156%010 3L, JEFAS FAEIS w] o] F&o] 87~39.3%
ol WY EL 0.6~231%F WMol Z7lsAEu(E 4), olE #(1978)0] K s
AEAGE Bge 8Yskel 7bd Asithe Bl dAskg e, 3 Kang(1999)e]
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9%l o B4 oML L B8~137%2 RdolA o|HYE 36~49%0] gkl Fhala

AP =
FEEA A x| diste] AYHIAE s wAEGE D Wil e Ayeta

67 FEGR oA B3I 67] #F+E Schaad 5(1980)% Kriegt Holt(1984) <}
Meynell 5(1970)e] ol odfr] 1edatE King's B #iA &, MEde] 5 &z
A3 XanthomonasZ 9l 52 Ao (3E 5), =3 YDC wiA|olA Al colony

A% A8 AR T AskEd 5A4-S(3E 6) Schaad(1988) ¥ Krieg 5(1984)°] 1B 19}

>

A xste] X, campestris pv. citri® FAFH =4, o= Vauterin 5(1995)°] 2]35}4
X. axonopodis pv. citriz 7% AT FLsET. 28 2 BT S 28
Aol HE3 Ay} Bedde] dAHA(LY 6) AEAGEH R FAHHA

AR m=mog FEeE AES R AdEAFHE T glukes $8E flste] bac-
teriophage HAFE slal w]=ro] FH Fo #=ZF3HA @) oldl =F 3ol A bacterio-
phage AA= HRstal o] AtsiA Aaxo AFE IHS AL B EFS
Artstzlol= ool dlof, Bk 4 W

A, AFES dH e 7EAYH I pathotype A, B, Co] =& o|i} 2bolgles o
T 3x10°cells/meol o] FEol A Aol UYERRTHE 7). ELISAE Aol W=
A ol FAsA WSSt ASEZN A AEHil me WA Feths
ago]l WMol SFuetE Aolgle Mt o] ELISAC wHgste A3 dX
3} tH(Seattler 5, 1989; Simbert®} Kieg, 1981). ELISA®] 23t =AWt HELS
Civerolot Fan(1984)ell °Js Hu=|glom &g 10°~10°cfu/meol3tetar 3Fd=H,
BoAFA A H A A iEErt 10cfu/mioldtoll e AgHE o t) o A1H
Aol AEAFEF FEE 10'~10ct/m 2 thFalths Bzt 9o (Stalls, 1980),
S Timmer 5(1991)2 WHte] I 2 A sk(suberization) Wiol] #lE WitolX &= &
HA geval sk dukdgor wWAHo] gle gEUFolA AYETY TR
ELISA°l Rb&38H#] &= Aw
e AA ] F71(PSB)el A wlFdt & ELISA A2z, 24213 vt do A= ELISAd

FA0IR e 484 v Aol M= FAS BATHGE 8). ol= AA A 57/ At 2]

t
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2 EAs] wZell, Awe AdETE SHA7
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S22 @A Pseudomonadstt ¥} o] EANE wie HEZARA oA 2710 &Kol

A wbE Zlo® HolAu(Bakker &, 1990), FAIZF MiFHE AFole BE sEolA
ELISA W&3 oldem S4dS & o UMt E=F 24743 wjgdol = d3A4

Pseudomonadstt ¢ S2lo] M3y = ASZ AARHA. o] AL Astr] 915t
129 PSBel Fe-EDTAE #H7F3t A3} 025gS H7FeE ol Wit S0 7+

dzstg o, Wy F4S 57 Yske] PDBE 25g © H7ea(MPSB), #4E59S
2477 wloksle] ELISA #7438ty olye EgoA AHe ojyzpd 2 1z 7
e TS Bou e EedA AHI AdodMe SAHNES BATHE 9).
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M
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thar 3t tH(Neidhardt &, 1990; Guirad®t Smell, 1981). 7]=8#(PSB)oll Fe-EDTA
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Al71aL Hol 545 S AFE Ao AU
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b = Atk ol Bl AlFo| A ELISAY©| bacteriophage® ol Bvlste] HAA T &
oA 307% EJQE FFEJ o (E 11), AAAZF GEFa 3T AAHER 3

Ay 2L Yo g3t AS5aAEE ELISAY Y bacteriophagefoll 3+ # %=

o ZzAtoll A dEdE& ELISAYOA = Aol A Hx 549 17458, BAFolA=

AV (E 12), M= Topr]el oAl X F A7}
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2001 o] #AYPYAE S-S wol= olBd &l wEAdA 3.1%, o
17.3%, 7hacQellA 25%= FAlTo 558 88%, 5T 787%, 7Hwd 18.0%9
vkl WS =9 4 AANSH(GE 17), o] Kang(1999)e] ®irgh ofAAl & 7ol
Baodold 15~38%, oJEwdold 63~74%°]a, FAls BedodM 3.6~6.3%,
Aol A 88~137%=EA FAGAAl FHbA|e] H]sto] W Eo] vkokrial B g
A 2 AdFe AT E7E Lee(192009F I E(1921) = ofAl= =78 BA7E
7bestthar shdem, M &Er(1938)E rEe] A #Aste] Al et
W 3~43] oAl WA= Aol &3t Jvia Hustg ot #e wAlRE obd WAz
oe& Aew AR HH

2002ol = Admel wadA ool Aol RS bordeaux mixture(5-5241)&

Aasiia, wedd AEede B HE dBATC 474 SA, FAYA, EFAE
AR fAla AN DT EHEo] FATTE 396%, wAYANA 7.13%,
AT 5.21%, FAATFNA 4.00%, ETHATAA 438%< Aol FedolAs #d

0.29%, &A1 0.38%, FAA 0.04%, EFA 0.25%, FHATF7F 1.25%=2A EE BA
Al@ ol A Al E AT AP HASH (R 1

T H=e AHES HYov TAS EFA AXAVY FAAE HES e Y
&o] ER vty agau o5Ed e AYolA 067%, A 0.46%, FAYA =
0.00%, &3 A 041%, FHATFE 313%=A EodddAet FdsiA BE SAAET
oA FAEIIt dAFEJ e, AYPH = FA, EFA HEIF Ao e IHES
Ha, FAAE AXxg A= Hddoel g, ol AdH ATl HEE oF
Al71o) Wb SFAMEYE EE UERd ZAoR ALREW, S A F7A = Hlael A
FAE FAA ZF7E deiEHe] BAE AFELAs Sl gtor) B A A
Hi= vkol o] FAAE o WA &3 96.8~100%=A FETHA ASHE
#a 7} e Aow A}Eﬂﬂ, I3 Koh 5(2001)e] H el o] FAAES 7|+
AbEH 2o AR T 15Y0] AU EREYHEE AT d@ZA 7| G99
ZAEFAEY LAGA R AR F JdS Ao Alzdth 2y 7 520000 AFE
A A ol streptomycin WA wte] EATHE Byt glo] o g oA T&

2l e AGEA NPT Aol ek AR

), B, EA, EFA GAE A gA



VI. 2 8

1L #AEAYE TBAEE 67 FE9A 279%7F 7043270 diste] 2001 <=9 el A
AL A3t 1055 7Fe] 19627l A Aol BAH L AL, 7 FEEA ] o
&2 SlIQE 0.7%, ol 2.6%, BT 56%, 47t 1.2%, ¢+ 54% 18] o9 0.2%°
w3 2} eEdA e 37 24 Wi 2 ASEAE A AL FedddMe
oW F&o] 1.3~353%°l oHAELE (01~156%°IA3L, AFEoNA = oJEFE&
87~39.3%°]lH o¥AEL 06~231%°3, 7FeEddAE ol¥FTE& 34~36.3%°] L
ol P& <0.1~11.5%°] At

x2
2N

2. FEDAA A EElgh YU BE o] gl NBYHIA A A AAE
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Appendix 1. Lists of citrus cultivating areas for export to USA in Jeju

Total No. of Invest- Desig
Area No. of No. of ) )
Area Address ) production trees ment(mil -nated
(ha) farmers fields )
(M/T) (thou.) -lion won) year
Haean Jeju—shi 24.6 38 107 544 26 2,689 1996
Sangyae Sogwipo-shi 284 54 95 866 35 1,640 1996
Chongsu Bukjeju-gun  31.2 22 112 838 27 2,102 1996
Sangga Bukjeju—gun 49.1 63 165 1,287 53 1,305 1997
Ansung Namjeju—gun 37.4 49 105 838 37 1,675 1996
Uigwi Namjeju-gun 54.4 53 120 938 75 2,313 1995
Total 225.1 279 704 5,311 253 11,724
Appendix 2. Amount of citrus fruits exported to USA from 1995 to 2001
Area 1995 1996 1997 1998 1999 2000 2001
Haean - 111.3° 200.3 - - 97.2 291.4
Sangyae - 14.4 140.4 - - - -
Chongsu - 275 109.2 - - - 86.4
Sangga - - 2185 31.2 376.2 97.2 488.3
Ansung - 39.5 297.6 - - - 155.5
Uigwi 85.6 21.8 2184 - - 38.9 412.6
Total 85.6 214.5 1184.4 31.2 376.2 233.3 1434.2
# Unit; M/T.
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Appendix 3. Comparison of time consumptions of laboratory work between

ELISA and BPT test

No. of sample

test Type of work ELISA(A) BPT(B) Effect(B-A)
Rinse of fruit 2 manx4h=8h 2 manx4h=8h
Centrifuge 2 manx6h=12h 2 manx24h=48h
18 Culture 1 manx24h=24h 1 manx12h=12h
Test 1 manx8h=8h 2 manx12h=24h
Total 52h 92h V40h
Index 56.5 100 V435

Appendix 4. Gelatin 93} A48 v %] (Cowan, 1974)

g/l
Beef extract 3.0
Peptone 5.0
Gelatin 120.0
Appendix 5. King’'s B medium(KB)(King &, 1954)
per/ 4.
Protose peptone #3 20.0g
K>HPO, 1.5¢g
MgSO;, - 7TH20 15g
Agar 15.0g
Glycerol 15.0m¢
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Appendix 6. Medium C of Dye(Dye, 1968)

g/l
NH4H2PO4 0.5g
K2HPO4 0.5g
MgSQOy - TH-0 0.2g
NaCl 5.0g
Yeast extract 1.0g
Agar 12.0g
Bromcresol purple of 1.5% alchol solution 0.7m0

pH 68% xAst1 EFaEe Wx st 05%(v/v) A7)

Appendix 7. Nutrient agar(NA)

g/l
Beef extract 3.0
Bact peptone 5.0
Glucose 2.5
Agar 15.0

Appendix 8. Nutrient-broth yeast extract agar(NBY)

g/l
Nutrient broth 8.0
Yeast extract 2.0
KoHPO, 2.0
KH2PO4 0.5
Glucose 2.5
Agar 15.0

pH 728 ZA3te] A4 & 1M MgSO, - TH209] A4S 1.0m v o,
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Appendix 9. Pepton sucrose agar(PSA)

g/l
Bacto peptone 10.0
Sucrose 10.0
Na-glutamate 1.0
Agar 10.0

PSB(pepton sucrose broth)¥j %] = agarE #l| <] s}

Appendix 10. Wakimoto potato semi-synthetic agar(WPSA)

g/l
Na;HPO;, - 12H-0 2.0
Ca(NO3); - 4H20 0.5
Bacto peptone 5.0
Sugar 20.0
Bacto agar 15.0

7 300g/ £ & Bl A=E oA dell 7] ArE ¥ol AT wAE
NaOH= pH 652 FA3te] agtabat7]el A 121°C/20%7F Atk § ARg-shaith
18] 3 wakimoto potato semi-synthetic broth(WPSB)+= bacto agars 94| %11
A&t tl. &3 wakimoto potato semi—synthetic agar(WPSSA)E bacto agar
75g Wil ZAste] 48~50C water bathol A X ste] &+ AL WAlste] AL

sl

Appendix 11. Yeast extract-dextrose-CaCO3(YDC)(Wilson &, 1967)

g/l
Yeast extract 10.0
Dextrose 20.0
Calcium carbonate USP light powder 20.0
Agar 15.0
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Appendix 12. Yeast salt 3] Hj=A]

g/l
NH4H2PO4 0.5
KoHPO4 05
MgSO;4 - TH20 0.2
NaCl 5.0
Yeast extract 5.0

Appendix 13. 8714 A% A g8 #9x(Hugh®} Leifson, 1953)

per/ 4
Peptone 2.0g
NaCl 5.0g
KH>PO,4 0.3g
Agar 3.0g
Bromthymol blue(1%) 3.0md
Appendix 14. Hucker’'s ammonium oxidate crystal violet
Solution A
Crystal violet 2.0g
Ethyl alcohol(95%) 20.0m¢
Solution B
Ammonium oxalate 0.8g
Distilled water 80.0me

A 24270 Aol gog Aoleh FHAel AR the Aguel wase)

Appendix 15. Gram’s modification of Lugol’s solution

Todine 1.0g
Potassium iodide 2.0g
Distilled water 300.0me
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Appendix 16. Decolorizers(E 4 A1)
Ethyl alcohol(95%) : slowest agent
Acetone : fastest agent

Acetone-alcohol : intermediate [ethyl alcohol(95%), 100ml; acetone, 100m{]

Appendix 17. Counter stain
Stock solution
Safranin O 2.5g
Ethyl alcohol(95%) 100.0mé
Working solution
Stock solution 10.0m¢
Distilled water 90.0m¢
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