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Summary

To wunderstand biology of citrus canker(Xanthomonas axonopodis pv.
citri(Hasse) Vauterin et al.) and relationship between disease occurrence and the
number of bacteriophages on the designated mandarin groves for fruit export to
USA, disease severities and detections of bacteriophage plaques at different
stages in the three designated export areas were determined. The results

obtained are as follows:

1 There were differences in disease severities on the overwintering leaves of
Citrus unshiu among the designated export areas, but, no difference between
chemical treatment and no chemical treatment due to drop of infected leaves
during winter. Disease severity on the Citrus natsudaidai was much higher than

on Citrus unshiu

2 Disease occurred from early July to early August on the newly produced
spring leaves of Citrus unshiz In July, disease severities ranged from 1.5% to
1.8% on the chemical treatment, and 3.6% to 4.9% on no chemical treatment
fields. However, n August, disease severities were increased from 2.1% to 3.8%
on chemical treatment, and from 48% to 63% on the no chemical treatment
fields. On summer leaves of Citrus unshiu, disease seventies ranged from 6.4%
to 74% on chemical treatment, and from 63% to 13.7% on the no chemical
treatment fields Diseasc severities on Citrus natsudaidai which ranged from

10.9%¢ to 14.6% were higher than those of Citrus unshiu.

3. Bacteriophage plaques could detected on the overwintering leaves in early
June, Populations of bacteiophage per lg of leaves were counted 10t plaques on
the healthy and diseased leaves from the healthy and chemical treatment fields

However, bacteriophage plaques were populated 10° to 10’ on the leaves from
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no chemucal treatment and Citrus natsudaidai fields which were as much as 10
to 100 folds of bacteriophage populations from the leaves chemical treatment
field Detections of Dbacteriophage population greatly decreased on the

overwintering leaves from late June

4. Populations of bacteiophage on the spring leaves in June were detected 10l,
10% and 10° plaques at the fields of healthy, chemical treatment and no chemical
treatment and Citrus natsudaidai, respectively. However, in early July,
populations of bacteriophage on the healthy leaves at healthy and chemical
treatment fields were counted 10 plaques, and counted 10° on the leaves at
chemical treatment and Citrus natsudaidai fields They were rapidly decreased
from late July. On the diseased leaves, bacteriophage plaques were detected 10°
at all fields which were maintained until september due to the typhoon in early

August

5 At the hecalthy field, bacteriophage plaques were populated 10° on summer
leaves Bactriophage plaques were detected 10° in August, and detected 10" and
10° at september on the healthy leaves at chemical treatment and no chemcal
treatment ficlds, respectively. But, on the discased leaves bacteriophage plaques
were increased 10° and 10° in August at chemical treatment and no chemical
treatment fields, respectively. They were also detected 10° and 108 plaques in

Septemnber

6. Disease severities on the overwintering leaves were significantly related to
bacteriophage populations on the spring leaves in June which had no canker
disease yet, and high significantly related to bacteriophage populations on the

diseased spring leaves in July

7 Disease severities on the spring leaves in July were significantly related to



bacteriophage population on the healthy and diseased spring leaves in early July,
and high significantly related on the healthy and diseased summer leaves in

August and September.

8. Disease severities on the spring leaves in August were only significantly
related to bacteriophage populations on the diseased spring leaves in August
and september. But, disease severities were significantly related to all detections

of bacteriophage plaques on the summer leaves.

9 Disease severities on the summer leaves at September were also significantly
related to detections of the diseased and healthy spring leaves and the diseased

summer leaves in September.
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AE35Q ZEFFE ¥ (Rutaceae)d &3l A wdF (2597, &
Af, d&F, ddF, 2dUZF2E, Ve FEFHEZ FEE 7 e o] T £
goll Auatn Ye FEL F2 wkAF S LRURen BFF AA QuW
29l 98%E AX|3T Ut

SEuvhete] ZEd 1965 ANF 1HEd ERort 1968WRE AR Frkas
Fo AL &40 whet gakEo] Al FUhEo] 1998 d e+ 25800haclA  512H o
ARHNT (AFE, 1965~1997 ¥HE, 199) $ute] dE #52 A =R
on AFEd 4NN At o] g AXsE F2E 71HEAEe] HAKAFTFYA
A&, 1998).

a2y #ZEe] £8E dE AL FRE QAT gt A nE fY4T Fo
Z #7149 7H4E8E 73 o] 7HA%ge) Fad EAZ gFHI ok

#E &2 198997k b 10M/Told feut 1990 shdk ol 178M/Te]
250l sjald FL vhe] BYd wet @ +&F 7hs4el B AZem FA
o] @A 8Tl A7t 6287TM/Te) =55 Arh(2]4d, 1999)

WTO/SPS §& § 34 A9 71& wet ZEc] gtz 7hvitie Fdol 5o
2o 22 G AEAZL glovt Agel o AES Adstn JE wF SelA
' A= ZEds Bosty] fake] AdES 9 H S (Quarantine pest) o2 A
8 (CABIg EPPO, 1992; NAPPO, 1995) AI¥H T EA Y9 *avte}, A&, Fdol,
@r ToRRH JFAEQ] ¢ &3l ZE AAFY £Y9$ FAGn Yl 7
22 MR 28 w71 gk 28 199598 E 34 2F Az disA A
B oW Aaex 2A 9 @EAd A4, bacteriophage test, MFF HA7A Y A
27 To 2oz 3.0 AF F9 A, 199)0] o]FAAA A AF%= 67)
A19(223ha)el] Wir] 2 FEHATE 2AF ) 2805717 FEA] FAste 19983 71A]
16744M/Te] A= 0.2 F£& = At

vl 72 FEaRde A 2ol glojok AR AR FHEdds wo] wAH
3ol A § AAAQ #e) Weke vtEse o) AIFE Aotk



Mt 2 d7e dv] #AF E29dAY TR AZE Ay 24 FEe)
bacteriophage WA 2 ZHE A Y YA bacteriophage W=e] #AE FH
FEAGE F Vg olFfstn AYY LA «GF 2L A Jx A2 G432
2 a8t



0. a4 7 4

242 YH L Hasse(1915)0] 3 Hzx=2 njF E2evhe] LAXFo A
ATY L citrus canker®2 WHIHALH HAATE 28 FAEA Pseudomonas
citri Hasse® EEJtt E£5F Berger 5(1914)2 Tz vlo d@Ag A
e UZoz AR37] Yetd $UE Poncirus trifoliata(BAF)e] 928 &2
oc2Ry oo AR Gt Fawcett? Jenkins(1933)7F 18231d
AZoA FHG #AFF AEXZAA AEAYEL LHAL Fawcett(1936)=
03T Ao A HustHon o 719E Fdolrlel AQez FAH U
I F gL #@xgd 93te o] wiHe] E#A2 Y=d Doidge(1916)€
Bacterium citri, Holland(1920)¥ Bacillus citri, Bergey %(1923)2 Phytomonas
citriz2 BWE vk itk Dowson(1939)2 7|F-w¥edd ¢&9 MdE AR
Xanthomonas citri (Hasse) DowsonZ A% @&t 70dth7tA] ALE5]ol gttt Dye
T(1978)2 HATY 712 g 4 st AR LY Aol WA
3 (pathovar)®] 4 =8t Xanthomonas ¢ HAdg& AR Fa=d @&
AdHEFE X campestris (Pammel) Dowson pv. citri (Hasse) Dye2 ™ 33l o).

I % AT 71FEY, 2AAY, @AY, phage type §& THRE o
418 pathotype A(Asiatic citrus canker or canker A), pathotype B(Cancrosis B
or canker B), pathotype C(Mexican lmme cancrosis or canker C)€} pathotype
D(Bacteriosis or canker D)9l 47}A €] pathotype(Carrera, 1933; Civerolo, 1984,
Civerolo®} Fan, 1982; Namekata® Oliveira, 1972, Rodriquez %, 1985, Stall}
Seymour, 1983)% ©|a FEIY AYe] 23:A] fFHo AT tHHE Yod|=
YA 7S pathotype E(canker E) =& X ¢ pv. citrumelo® AZ71x &2 ¢}
(Permer®} Gottwald, 1989). Vauterin 5(1995)2 7| EX <l Ma]d dr3wto g T2
X campestris pv & ATEL 179 Fo g RFEE BEIAE DNA-DNA 45
A3 biolog automated system W2 FFY o] &F4F 5& ZAR X ¢ pv. T A
o5 20708 Foz2 AEFIY=EY 2 F X ¢ pv citri®] pathotype A X
axonopodis pv. citri® pathotype B, C, D= X a pv aurantifolii® pathotype E(X

¢ pv. citrumelo)= X. a pv citrumeloZ B 5% o] @712 A& o}
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Eydolrle} A Qe YARAZ FAHHE pathotype Aol 98 HIAGHS F=
goll BRI AY ol Aol oA A dE T, FEL 4FH €
717k A7l A ek 65 ool o]FojAH, 11 FelE BT AYHA= B
Aol ¢tE ALY o}F Z& E7|(inconspicuous pustule)ite]l HPHETH WAL AL
¥HA (pinpoint spot) 2.2 Al&E o] 2~10mme] Y ukado] = WAool FFe o3
EFASA = gk ol AeA EAE EFAAE Fgolvt G = =A,
Z2 oW £H7I7tA dob o FENAE EolEda EF & AHe
Ha7e A" £ Yok o (Stall, 1989). Carrera(1933)= o2 JE]Ltol A
pathotype A} Hl==3k W A2 wadel T2y Fawcett(1936)= EFoA @&
2 oA e ¥yoy JHoTE2EY AELAAE WA A Yed R
o2 Hol canker A%y ttEdtn &% 3 Fol Bittancourt(1957)= ¢ HWHUT L
cancrosis BEti &%t T Namekata?} Oliveira(1972) B.#pdelA Mexican
limeoll ¥t A ¥He] HAHE AL BuddHL o HLdZ2 FHY AYHe=Res
canker A%t Zot BgAdol glolA TFE L bacteriophageo] W§ WHE X canker
A9t g@2tA canker CHx &gk z2alx 1981d HAFAAE Mexican limesl
canker A} W% WAool LALAEH, o] F& Yol WAl WG FHAd
= Hdagol ¢dHYey AT thd FFdT widAe] ofF Hol of WdTd
canker D&} ¥ % 5] %} (Rodnquez 5, 1985, Schoulties 5, 1987).

22 # % (pathotype A)ell oM AgA FFoe adelxfeE, 7 24, #A,
A&, ~29EQ WX (Stall, 1989; Hayward®t Waterston, 1964)7F 125 AF =
AuEn Qe FYAFERGS)E T2 AFHdes g8l ok 23Ut E 5
(199%)2 2F7E49 doe 6956 Wo] TS H1 oFgE& 25%°IUen
HAoE TERE T 14%71A HEAG D vk £ WA G T F
Aol ¥ HAL FEIUgtEct 2538 wol olHHEC] LA FAA 122%, sHE
oA 156%71%] SREEAL o IA-&el oA QA FAA 122%, TH|ZF
2804 111%9 o|¥#E&E BRYGL At EF o F(1998)2> HA%H FHAl
Al 25E s QAR Zrzbol A 15%$ 70%7HA] & ol¥ &S Busrdch

oA F5U LUAFH, HE, JHZFEE FT& A Y vIF F AT

A QoA Hokgel o izt RuE e, vIodAe 1912dd d2er ¥



B 58 @At 2R 93 A E2viddM LR oH(Berger F,
1914), &9 5AFE AnFHA=d 19339714 ERFTAA s sgrie b &&
€9 277 o5 AR a8 39% 2% BEE AZAFOZH o ¥eo] vy
b gl 0& A GeME 1947d7A g2 v & AFS 29 nF AHA w
9 oH(Loucks, 1934; Schoulties %, 1987), =& 1984 Z g} 2 o)A
Ay o] whdstEe 19863 7tA] 26 ekEo] 428 HUAvhe Burl Uck(Stallmt
Civerolo, 1991; CABISt EPPO, 1992). I % 19923 1995 & A Hol &2
2 93 Aqez AA4HN e 80AE A4Fe] ZEAAAC Fs7) A= HAY
G v &g B9 FHAHoz BEEF Fo|vh(A A, 1999). 1 o9 FF 73
A=, dolF, BZgua, $FHo|dXE HAFHo| LAy gL vg AL 44
dtof ¥bgdk v} Qloh(Stalld}t Civerolo, 1991; CABISH EPPO, 1992; Commonwealth
of Australia, 1984). X. a pv. citrizte] BX31 3l olAelx|Fo ZFH Al
A AFHA F§ 2R, HE, AF F AAH NS ®e gEFF o
otz AFHT 71F 98 7kA FFFHEC] AAHT Yol ARH e Al
T #AEF AZAE AAMAH £4E& do7)7) g (Civerolo, 1984; Stall®
Seymour, 1983) X. a pv. citriv= =43 7 39 & 5 (Quarantine pest) &2 A A
ol AtHCABI< EPPO, 1992).

AE HYATFS A AEsE PPess dury oz ALL3 e MHuAE o
&sto] HAdTFe EFsE Bye] HA go| AMEHAEY ol BE ATH} w
ol "oau AEHE AF=o] B3I Aol glo] EAate HATE
(epiphytics)oll = o1& &°] UtH(Schaad®t Forster, 1985). 7143 oz HAMNFEL
deste YoM e o 7k4 Pe] ded orldis " HEe o8
3t F EvrEH T Pseudomonas syringae pv. phaseolicolar 733l o] o]&
3l agglutination tests(Guthrie %5, 1965), X. ¢ pv phaseolio) ®o] o]g&3dl=
agar diffusion W%, A&7 AEo] ZREHFA X ¢ pv campestrisd] Bo] ol
&3t immunnofluorescense(IF) '8 (Schaad®t Donaldson, 1980)T & WA F
of o]8 =+ ELISA AAWY(van Vuurde 5, 1983) So] 913 DNA probeE ©]
&3t oe] 7k AdEel de 7HH 2% W (Schaad F, 1986)0] F2 o] 45
T 9low 53 WUA FE AGED e AT AAE 288 IYUE AE



Al AEE 1 Jrd(Gitaitis F, 1989) Bacteriophage® oi# 712 HAAT A=
o] &H I ged A7lde 15 ARHT, o WolH T (Ercolani, 1968), F EvIEH
Z (Sutton? Katznelson, 1953)3% ® #Art&¥ o (Webster &, 1933) FelM H 4
T A& o]&d E37t Avd. 22y bacteriophage® ) &35l HAT FEd =
22 Povolgt gAgE FFo wEka 2 whF(sensitivity)o] & Z-7F 2o
A% A& € £UF do Ty o)d WHEL A S99 A #Ad o
ol ot W=y vgo) HAEH qFHEe] Jtedty] Wi Hol AMgEHT
ATH(Saettler 5, 1989) E§ Hartung(1992)3} Alverez 5-(1991)3 Civerolo(1984)
T 9 BT Argdte $YES o &3d X a pv. citn® AEIAY AL
s S Agste o

Bacteriophage& ©]88t9 Aw A7E A=§ 2L 1918d D'Herelle o] .2H
2 E3F bacteriophage? 7R FHFAN. 2 BA AFE FZ FEHUUA
g ez A=Y HEHQATL AL - v) 4 FH(Erwima amylovora)
3} Z+EF AaFol AFBE o= E crotovora subsp. carotovora®t E. c
subsp. atrosepticas WAHLE ATFEHAHCoons Cotila, 1925). 7 ¥ YRAM=
19503 o] 2o @Y olEW T (Xanthomonas oryzae pv. oryzae)°| bacteriophageZ
o]-gste] WA, & HAT €% 2 phaged groupS EFm FLA o) &
stels A77F 2 o]F o] H(Goto, 1965), Tagami(1959)= v Aju] o)A A
¥ LA o] bacteriophage HEFH LHF BAZL UvkeE RS #H o

ZraA g el o3 bacteriophage Q7= 1933 Q=0 A Uppaldl &8t A&
=8 Biggen dEdME Matsumoto®t Okabe(1937)efl ofdte] ojWd 73U
EdolA Hg 22 & 5k A3, Wakimoto(1960)9] & &) FFR| el &5t CPy
phage?} W B AYPHEWH T bacteriophage AT7]&o] ZEFHAFH T 3
S5 HA 19603 22 A FE T thst bacteriophage Q77+ thgFstAl ol Fo e
Hl Wakimoto(1967)2 417F9] ZZ2AYHETH ez ge] & 42709 phagedl
e S47%E skl phages 270(CPy, CP)9 groupo = Wz AGyFE 37
o] lysotypeo. 2 FEsHTh =% bacteriophageol &M #H %W F 9 colony ¥
W, BdA ze], AEr|de ¥g 5 HYd FARE AAANIE vector2A 9

HAE7A] St Y2 ¥uFHAtHWu, 1972a, 1972b; Goto9} Starr, 1972h).



Bacteriophage& ©) &3l d#9 ZF FEXFG g WYL strain®] EX
(Obata, 1974), B wo] F&, EF % ZEHae A F95 A&(Goto ¥,
1975), Xanthomonass: oA tle& HLYFEIHRY 7IFHA T AdF7 o|F94
tHGoto9}t Starr, 1972a) F-Eugtell A= o F(199%5b)e] AF= ZEFAUNA G
phagetypeS ZAsIer EF FAHog AF doluyt FHdd Ase AEH
YT L BEE & UT phage(CPK-PHE MY 2udtad (8 F, 1995a), 19954 %
B dn] 28 gFddd EA4%te AGET F T BAHSHE PHoE AEH
e oFE ol A A &AM #8331 Qo
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1. 34 HIX] & FF

T AR 2 wrE A ] ) Wakimoto potato semu-synthetic agar(WPSA)E AHg
gon AFEAT F HANFS A AAZAE 2,000m A ESAAS FF
4 1,000meet ZHa} 300ge 22 F 121 T mtawriolA 203083 # 1,000
e addda A e Hel Aoz Aq#g o FHFTE EFA 1,000mE
BEQT A7) NagHPO4 » 12H,0 2.0g, Ca(NQs:)z - 4H:O 0.5g, Peptone 5.0g,
Sugar 20.0gS ZtZ} wWo] wixjd4S pH 652 =ZAH3Art. WPSAUA (basal
medium) ¥ bacto agar 15.0g, WPSSAH) A (soft agar)s bacto agar 75g B oH,
WPSBH] A] (broth)¥= bacto agar& #l1 ZA&Art. WPSSAH|X| = 48~50T water
bathell A3t ZF= AL YRSt A3
FA TF Xanthomonas axonopodis pv. citrie &2 E 3 H sty & QoA
gHre XCK 9367 52 A4 9cme YT petndishel #ia]l =A|ste &
WPSA ®iR) o) Al e7)(2671T)0 48X%5< Wate colonyE WPSBHiA| o 10°
A= gAste] AbgslA

AL

2 EMMY U AW WY=L

AR G2 1997d7A din #E fE2EAZ ARY AFA HLF, AAXZA
FeF, BAFT 4 Ay R ofdS AV, FAFT dWAS ¢4 2
45 dAge ez 1998dd AYE ¢ - FE =AY L 2 oHF S
< EE, R ddE A tEL YA FHY YR E gtes =

3

ASHATHEL E2) AYAY AREe BWEAE 22 e B

¥ ORAER, A% FoA 2R AGEE DAY A en sdd dsAe

_11_



‘WAE A UF-E 43 ez dFdA-

‘Badmel AP A A ZE AR dojed F9 24, o 4%
FakE AR AARAIZIQ) 79 egE At '9d e £39n 3 dEY AU
SAEFA &FEZ 4E L dE 2AME 59 AG(EagetzDdl Al sl
Me 749 Fe(@s7DT 84 AE(dEe A7), 98 Ae@EAZDA 4zt zARE
Ack dHEAME FEEAY SFLLE PHOR BT EE ZAEAL, oY

S ARE TZAAN AFE o|HF 510578 A FF 433FA 20084

Table 1. The number of diseased fields of the designated fields at six areas

in Cheju for citrus fruit export to USA in 1998

No. of diseased fields/no. of surveyed fields

Area <10 years old 10~15 vears old >15 years old Total
Cheju Haean 1/8 2/8 1/8 4/24
Sogwipo Sangyae 0/8 0/8 0/8 0/24
Bugcheju Chongsu 1/4 2/4 1/11 4/19
Bugcheju Sangga 3/8 2/8 1/8 6/24
Namcheju Ansung 0/8 0/8 /8 0/24
Namcheju Uigwi 0/4 2/10 0/10 2/24

_12_



Table 2. Disease incidence of Citrus unshiu of the designated fruit export

fields of six areas in Cheju in 1998

No. of diseased trees/no. of surveyed trees

Area Citrus unshiu Citrus

<10yezrs old 10~15years dld >5years dld  Total natsudaidai ®

Cheju Haean 4/160 8/160 6/160 18/480 14/20
Sogwipo Sangyae 0/160 0/160 0/160 0/480 18/24
Bugcheju Chongsu 9/ 80 10/240 1/ 80 20/400 20/24
Bugcheju Sangga 6/160 5/160 3/160 15/480 24/24
Namcheju Ansung  0/160 0/160 0/160 0/480 16/21
Namcheju Uigwi 0/200 8/200 0/ 80 3/480 16/24

® Grown mn the periphery of the designated fruit export fields

ZEAFY SATG FEAFE YA o) FRAEXEE AR,
HEA7 2 HEFFE Fe Wopr|d) 49 FEU11~413)0 HIR2 = 5-54],
' S #4471 69 F€(613~616)9 F&EAFEA 1,0000 e, oJEE 247
ol HF "&71 HEF 8Y 4&(84--86)9 HE&AFstA 1,0000H-g 37
28R FATER 27 33 FE% XA 2y A FEATY shE
AETE AEE AL dAs FRFA ot vlEk B - Fol dsiA e T
el os) BAlskA .

_13_



3. Bacteriophage Zi & QU U= T At

Bacteriophage H&2 A3d E3Ue =AY YFE 71FoR 3o o4 W
Fog Zt UFolA 3~59& AFASH TuF 4L oF A udEAd £
3t} ofojautAe] WolX AgAds W gt AP ATE 250m
A7 EG AN FHS 0mE B AT 2EY g 575 ERLE FE ¥R
o 25Ce Aguidr) (210~220rpm)ell A 1AIE B A& T o, Alg e FA}
712 A3 10m-€ 0.2um membrane filter2 o A #H A f o2 ALLEF T},

WPSSA Wi omE B2 Aldae Ao 1mest XCK 93677 F g 02m&E
A7bstel ThAl WPSAMRIo] 2nd EFsm, FE71(26T1C)M 18~20A17 H)
¥ F E2UAFIAAM 2ne? bacteriophage plaqueE ATd F ZEQ 1g9 #
Arg AEFHos, ot og AFS AAHAHE T, 199a).

FADEZALE A8 F2UFodN 282 X 77k A& Ao REH &
W32 Im AR, 322 2m A=Y EoldA A& AHsHY) 2FUF 4599
ol lat FHQ) H&o o¥AFH T, Ay oEdH FHAew TR
b7y 2AEA R, EFUe] AGE TR EFAME Wel g 4F9d £
¥, dAFcdd 2AEAT. dEdAE d5AH B doAwt 2AsEEE o
Fod AR ot xAMSEA @gtth

EAAZIE B Bopdd A7) 59 Fw(68~512), HE NV 59 (G2
5~526), & AFAA471A 69 F&65~610), B¢ AFAR L A5 64
3t(622~6.24), B& & BHVIQ 78 BE(76~77), AET 2o} 72 &
(7.23~725), 9F¢ ot 71 84 4&(83~85), A&« A% AA714 84 3
£(@28~831), qEE FHEH7A 98 FE(9.15~917 93] AT

Data ¥4 2 Gomez and Gomez(1984)2] FdATE A7 EA o ofste]
Patgior, Z+ A7|¥E EAME bacteriophage 42921 ANOVA 2 WiciEzA
(DMRT)E #ldte] F&FA HFEH SAS programe o) 8 ek £3 2 A
718 W& Aol bacteriophage ol " X+= FEL 3 A E A (regression analysis)¥
Rl s wAgon fola #AL 4 Wrdd ANOVA #4444 st F 44
L2 #F93 £E5 AAsA

_14_



1. d2H U S EA

7. 95 U@ 3EAPY 24

‘BT o] ZF FEERY dE FEFAEE 2AFHE 1, X 24 o A
q ¥How AAY AFA HLE, FAFT ddF AvtE R FAFT GLE
gAY EFAN 2397 2 I 4F e AT AEAFP(EHE 1A) &
AL AFE E 3AA BE vk 2o oj¥F &L stEdA 37 A9 BT 100%E
BRou 2FEYPME 267~583%2 AlGAF3rel Aol whovh FAEA T

TAl T obe E Atelzt Q. a8y 2F U o E&S FATATAA
2.1~55%°10 3, FAFHATAN 22~46%2 M2 HxF o|HILE B2y
gFoME 58~138%2 EFHLET 2 oMAEE BT

Table 3. Disease Incidences and severities on overwintering citrus leaves at the
designated fruut export fields of Haean, Sangga and Uigwi areas in

early May in 1999

a

: Disease mncidence(%3) Disease severity(%)°
Chemical

Species )
treatment Haean Sangga Ulgwi: Haean Sangga Uigw:

) Yes 28.3 Hh8.3 26.7 2.1 55 2.6
Citrus
unshiu

No 35.0 51.7 30.0 2.2 46 23
Citrus N 100 100 100 58 138 84
0 ) ) !

natsudaidai

. No. of diseased trees
X100
No. of surveved trees

, No of diseased leaves 100
No. of surveved leaves
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Figure 1. Disease symptoms of citrus canker (A) and
Bacteriophage plaques(B)

_16_



. '99d e g FEAFE 24}

370 Ao APEAH Bedo did A dHRALE 2FEF R ¥ %

F 79, 89 A AT  AEFd dE AYE PHRAE 2FERAAE 9¥
of 3 stgen, AASE F 49 BE b Zoh sEdA e 45 2
o] flolN ZAMEA EaAvh

oo g &5y Agy G FAGA T 7Yl o] FFEo] 100~
150%, ol¥H&S 15~1.8%A 2 8¢l oW F &L 133~200%°]H, o] & 2
21~38%2A wwo] wol Zilstdth. 2 A FHAFAM 78 ojYTE
& 16.7~300%Q L, oHAEL 36~49%Ren EF Yo oHF&L 197~
4009%0] 31 oA gl 48~63%2A FA WA T HEHE L UHEE BAT
o gl s &2AF 37 G RFA o gl EFUA Hlate YT
Edth Q8w e AYE LA FARATAA 9¥el o]HF&o] 250~
317% T O HPSL 63~T4A%EA B&d vald 892 HE "&H(LE 4, 9)
9 dFoz wyol wo] FTIHUY FAFLAT £ FHF &) 483~51.7%
ol o]MPEL 88~137%2A fANATHEHT ¥ Lol ofF @rh

Table 4. Disease incidences and severities on newly produced citrus leaves at
the designated frint export fields of Haean, Sangga and Uigwi areas in 1999

Species Chemical pgte of Disease incidence(%6) Disease severity (%)
treatment SWVEY  Haean Sangga Uigwi Haean Sangga Uigwi
July 100 150 117 18 15 1.5
Yes Aug. 167 200 133 2.1 32 38
Citrus Sept 20 317 28.3 65 6.3 74
unshiu July 16.7 200 300 36 49 40
No  Aug 197 200 40.0 4.8 63 56
Sept. 483 583 517 8.8 9.3 137
July - - - 99 128 12.1
Citrus
natsudaidai® No  Aug. - - - 109 14.6 129
Sept. - - - - - -

* July and August . Disease scored on newly produced spring leaves
September - Disease scored on newly produced summer leaves.
® Grown in the periphery of the designated fruit export fields
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2. 34 A2Y0lA bacteriophage & &

7F Fdt A 9F QA bacteriophage A&

3 FAAD ANER, FAMYG eHEY, FTUHA IHEF R FEXA
45 AM YoM bacteriophageE B T(19%5a)¢ Ay of3td FEd A3}
d 1B), 589& ¢ s59stedle 37 ANge ZE Az TFolA phage’t AEHA &
Q}cH(E 5). 2} 6¥&oE phage’t AEHUETE AAEZANE 1g9 H9A
Hx VAE @& 59 phage’t AEHAoH, AT GHEFANAME HT 46~
83709] phage’t HEEHAL FHATAMNE 472~245377F HAE&H R0 e stEA
X 292~87074 9] phage’t Z&H FA Tl vdle Frtste AFoIATh o]de]
A% Ayc AAT} FAGAFAMT AYGTe FAxRE BolA] FpAT T
AFe g EFNE Qe zel7h AT 64 Lol AHREAD FFELFAN
£ phage’t AEHA Fkovt 23U dPEFAXE 0~56709 HLE 9
phage’l A& U2 74% ©] Foli= phage A&l A

Table 5. The number of bacteriophage plaques on healthy overwintering
citrus leaves at the designated fruit export fields of three areas in 1999

Chemical No. of plaques per lg leaves
Species Field Area Early Late Early Late Early
treatment May May June  June July
Haean 0 0 27e* 0 0
Healthy Yes  Sangga 0 0 % 0 0
Uigwi 0 0 37e 0 0
Citrus Haean 0 0 83e 27 0
unshiu Yes Sangga 0 0 46e 27 0
Diseased Uigwi 0 0 46e 55 0
Haean 0 0 791b 27 0
No Sangga 0 0 472¢ 55 0
Uigwi 0 0 2453a 0 0
Citrus Haean 0 0 796b 0 0
., p Diseased No Sangga 0 0 292d 0 0
natsudaidar Uigwi 0 0 80b 0 0

® Means followed by the same letters in each column are not significantly
different (P=0.01) by Duncan’s multiple range test

® Grown m the periphery of the designated fruit export fields
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. e A 9% Yo A bacteriophage HE

3N Ao ZAIEARANAM 2L s Wide €45 QA bacteriophage
BEL 592 T4EAA ZAME A 30 A9 EFoA 54 R 59 el
£t phage A&l GHUANE 6). 682 phage’t A& HFEHU=d FALAT
M d7telA 9 1gF 18709 phageZt A& 713 AU AdM 73749
phage7t d&=o] 7} BEAT AFH Aol RolA Agten AH oA
phage ¢ Hl=dtgich. a2u FRATANE ALAA 1go DA 509749
phageZt &= o] 714 AU AAA 1815709 phage’t A& 71 BU%L
B A Y3t phage o FAAE ARR FAFA T vlsted HAAE 108N B
A 10080 o]2& Zo|rh. £% dtFUANME phage F7F 4727014 750707 4
g5 U 2R FHAF 22 A¥oIAdt. 2y 6¥Ystecle phage
AEo] 549 dojmon 3EYANME phage’t ZEHA Gt 2 n THx
T EE A2 TolA phage’t AEHA F%o

Table 6. The number of bacteriophage plaques on diseased overwintering

citrus leaves at the designated fruit export fields of three areas in 1999

o Chemical No. of plaques per lg leaves
oament " Barly “Late  EBaty fate Earl
Haean 0 0 75e® 55 0
Yes Sangga 0 0 18e 27 0
Citrus unshiu Ulgwi 0 0 73e 27 0
Haean 0 0 509d 0 0
No Sangga 0 0 953b 27 0
Uigwi 0 0 1,81ba 55 0
Haean 0 0 750be 0 0
Citrus natsudardai® No Sangga 0 0 472d 0 0
Uigwi 0 0 703cd 0 0

* Means followed by the same letters m each column are not significantly
different (P=0,01) by Duncan’'s multiple range test

® Grown 1n the periphery of the designated fruit export fields.
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3. 8ol w5 zZtZ ol Al bacteriophage H &

7}, A B-&2d A bacteriophage A&

37} ARG AAER, Sy xge FaldA et FolkAly 2 dEEXF B¢
o] #AgH FHeolM bacteriophage E S X 7% #rh RE FAR G Y Fol
A Yol M 5829 593l phage A& HA Futh AW EAFAA
A YolME 68925EH 742744 1g9 YoM 27~55%10'709] phage’t A&
H ot 7929 & phage 57 843 Wolgon ¥z E HE "2V %L
2 Z7) st ou 84 2ot phage’t AEHA &y 9¥F o= Y phage
7t AEEAT. 523 FARAG 37 ARG BHI M 6929 683t
ol 11~47x10°71¢) phage’t AEHAANT 79, 793¢ 2 8¥xdE 18~
101x10'02 oJEQ20 8¥3at&olE phage &0 1tk 28 99F¢ole
phage A& ¢zt F7tete Aot AEY R AWl EgAM 9 pahge
AEL 682 479 9AE AYstns ZE AEA74 AdoA 9271 gl
o 370 Ao #BFAYY FUA T 25U #Eo)A phage AEL 69
29 69atEdl 1.2~84x10°H2 A ofA] wA ol #lste] 1080 o) R T8, 7
f3e 2 gdzTAE 04~31X10°70ZA phage W=7t kA EAl Tl B¥5ted 10
HAZ FAHAY 22y 8d3stE o]F o= phage BE7F 550 olst= WA #A
HRom BE HEAZE AN G FAAIE At
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Table 7. The number of bacteriophage plaques on newely produced healthy spring citrus leaves at the
designated fruit export fields of three areas in 1999

No. of plagques per 1g leaves

. . Ch 1
Species Field — Joom e Area " Tae  Ealy  late  Ealy  Late  Ealy  Late  Mid
May June June July July Aug. Aug. Sept.
Haean 0 27e® 18¢g Hbde ad 101b-d 0 9ab
Healthy Yes Sangga 0 46e 27g 27e 0d 83cd 0 9ab
Uigwi 0 d6e 27g 27e 0d 11Ib-d 0 0b
Haean 0 125e 138g bhe 64cd 101b-d 0 Qab
Citrus
| _ Yes Sangga 0 472d 111g 27e 36d 83cd 0 18ab
po Unshiu
'T Uigwi 0 425d 167g 27e 18d 46d 0 18ab
Diseased
Haean 0 1,759b 5,676d 278ab 167ab 222a 9 27ab
No Sangga 0 1,287c 6,481c 167cd 111bc 194ab 18 55a
Uigwi 0 3,314a 1,564f 314a 208a 250a 9 37ab
Haean 0 1,342¢ 7,768b 223bc 73cd 166a-c 9 Ob
Cit
WU Diseased  No  Sangga 0  13l4c  8400a  250a-c  Sbcd  10lb-d 33 Ob
natsudaidai
Uigwi 0 1,842b 3,240e 167cd 46¢cd T4cd 9 0b

* Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan’s multiple range test.

" Grown in the periphery of the designated fruit export fields.



U, gty B oo x bacteriophage d&

BedoAe A%y $4L 74 258 LAHY) AFER7] G2 6¥74A 9
Ha=dl A9 bacteriophagets FAME 4271 1%tk 370 A9 gy 44 &5
Z ERANAN FAFATS FHAT 28x §F EFY A 24 FoddA
bacteriophage 2& 4™ X 87 gk = ZA} ZFGAN 7929 1.9~162%10°)
Z phage A&o] B} FALATAME %t e AFolAnt. 1A
10°7] A=9] phage DEZ} AAIHAos 507 £330 A FPATsE Fal
AT tFEF ®E] EL phage €EF FAEHAT o9k Z& phage BE
T 2EAYY FLAYel vl phage HEFol 953 =t 8¥ElE phage
AEe) HE 271" FFoR FUE Ao 8¥ SR E phage YETT 3 HA
SRt 9¥FEA 1 45 FAEE A%E BYou FAAFAMET B
phage A&& BEJth AdAAMG stAstA 2 FARAFA QM= A FGIT
ol7b g ey FbAT B st e X G {eAATE 2A ek

Table 8. The number of bacteniophage plaques on newly produced diseased spring
atrus leaves at the designated fruit export fields of three areas in 1999

Chemical No of plaques per lg leaves

Species treatment Area Early Late  Early Late Md
July July Aug. Aug. Sept

Haean 194f*  157cd 240¢ 46¢ 46d
Yes Sangga 223f 129¢cd 277c 3c 55d
Uigwi 223f 83d 305¢ 18¢ 55d

Citrus unshiu
Haean 750cd  389bh 1,06bb  536b 138b-d

No Sangga 833bc  509ab 1,305 472b 296a
Uigwi 556de  583a 1,083b 171c  259a-c

Haean 1,027b 175¢cd 259¢ 194c 64d
No Sangga 1,620a  250c 416¢ 062a 287ab
Ulgwi 453e 125¢cd 194c¢ 120c  129cd

Citrus
natsudaidai®

® Means followed by the same letters in each column are not significantly
different (P=0.01) by Duncan’s multiple range test.

® Grown in the periphery of the designated fruit export fields,
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4 ofFof WMyt 22 U0l M bacteriophage HE

7}, 2w &4 UM bacteriophage A&

ZAA Qo] EF AN ofEof 2AE AAYA MY bacteriophage HAES E 99 2
th 8+l M 9 phage &L 4EYolv B&d vEe BE M FA 4
53 goted )R Hdo Hste 8¥xe BF "&7le A & vt
B dEoz AZAHRE 1~10). Z22AGFE FLAER oSE£ddA 8€
staR el o 1g@ 50~80x10°709) phage’t AEHAUIL, 98F AT 14~88X%
10°709] phage’t &S0 ¥4d YEE FAHct U Po] LAY TR
e 89 d&d LATFAHNE 14~17x10°7), TiA FHE 34~58%10°719]
phage’t W&o AAXAo] Hldtd 10MHFE E}oh E 9 FElle WAlF
A 13~21x10"70 2 phage’t 271891 T FoME 1.3~22X10°712 B2 3
F7rste] WA o} vlste) 10M) A E9] phage’t HEHAUTH 2T 4Fc T
Aol glo] phage €€ T + AU

Table 9. The number of bacteriophage plaques on newly produced healthy summer
citrus leaves at the designated fruit export fields of three areas in 1999

Chemical No. of plaques per lg leaves

Species Field treatment  Area Late Aug, Mid Sept.
Haean 5462 148d
Healthy Yes Sangga 80bef 388d
Uigwi 500f 388d
] Haean 1,592d 13,426¢d
Citrus
. Yes Sangga 1,712d 21,046¢
unshiu e
Uigwi 1,407de 13,787cd
Diseased
Haean 5,148b 139,741b
No Sangga 5,898a 224.907a
Ulgwi 3,453¢ 133,611b
H _— -
Citrus aean
natsudadar® Diseased No Sangga - -
Uigwi - -

a

Means followed by the same letters In each column are not significantly
different (P=001) by Duncan’s multiple range fest.

® Summer leaves were not produced Grown in the periphery of the designated
fruit export fields,
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U, 4l o E4 YeolM bacteriophage A&

FAA Gl EFAA o Eo] S o]f o)A bacteriophage HEL 8¥dtr
of AT o)HY 1g% 35~67X10"719] phage?t FEHUEY ol FHY
o watel 10807} B Aol FkalTe] o)y AANME 12~73X10°AZA phage
7k FH A vate] 10007 F7HHRCHE 10). 9¥FEole LA FelM phage
FE7 107019 T FuA TFol e 10°709) phagest £t glo] Fw ol v &}
phage W=7} 2+2 1000w} 2 F 743k}

Table 10. The number of bacteriophage plaques on newly produced diseased summer
citrus leaves at the designated fruit export fields of three areas in 1999

. Chemical No. of plaques per lg leaves
Species rea -
treatment Late Aug Mid Sept.
Haean 37,4444° 1.13x10c
Yes Sangga 67,037d 1.73%10'c
Uigwi 35,231d 1.79x10'c
Citrus unshiu
Haean 120,333¢ 1.26 X 10%
No Sangga 732,407a 1.95%10%
Uigwi 169,074b 141x10%
Haean - -
Citrus N 3 ) ~
natsudaidai® © angea
Uigwi - -

? Means followed by the same letters in each column are not significantly
different (P=0.01) by Duncan’s multiple range test.

® Summer leaves were not produced. Grown in the periphery of the designated
fruit export fields
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V. 31 #

e Py ZEHUYE AL 25U T34 FAUATFAA ArtEAE
oW 8ol 55%F 7t} BT NAVA I} 21%EM JFA woron) ofa Bk 7
M= Hl=d Fgolded 2 9L AVtdAd e AYEF g%z, F949
HEEY A7 dv Re=Z ABHHE 3). T JAYATS FlbAl1e] o)
A& zol7l FAE AL AYGHA FdR dol GEE FHUNAY] HELZ H4F
HAed, oA FFALFEA ZEHAE dol 2 HAsje =7 Gd € e
ok FER olugr FHEiFHo] FHVI7R] doiRle)l FFEAAE ¥oxIAgE
Stall(1989)¢] X1 s} ¥x &gt

AT Awjetn e SFARF (DA FEAYHLE (Stall, 1989;
Hayword?} Waterson, 1964) Th& o|¥A ZE Rt I D7} A}, oA 2
& ®o] Austa e WFoly MPedAe FFAFEE €dEy] Hstd B
Hlgo] e ¥ 3 9lom(Stalls} Civerolo, 1991, CABI®} EPPO, 1992) A% 2L H|
4% F953 AchAAE, 1999) waA AFE #Fo) vxm £ AGY F9
AAGAE AR ¢FANE HAE AGdE o|HA HEg Awsx @1
bacteriophage test 52 ZAle 98 HEF HAUNE FExHdo2 slo A 4
& T v ady @A FEdA s AFYddol ojof sAg YR FH5
oAM= ol AT vk olAY ¥ B4 Ao Az SAGE YoN A%y
BAGGE ZAMG AF 792 8E "ol HAHI AFsigen P oA wA
FollA 15~18% ©jUX FYATFE 36~49%=AM fakAl Adrt QAFATG
(£ 4). Stall(1989) ZEAGY T F2 AAY 715 & B3l Yol E7171 A
g7l Al 65 oo HAg el I ol WA FAHAE HLAo] ¢
HAY obF A2 E7I AU T sdEd B AEY TAqAE HAde) A
datr] Aol FAWAE FozH HAar AYL AAEAY £ HYTF FAL
ANAA B dEE dAse] Helg e Ao ARPL B SUWHE B
doiM Hz o] 645EH AFREHYD RdoE 748EH AZHPdn B33
fed dol FEEAs I F5del vste] #E et Faste Hx WA

o] B & A2 AAHUG 2 BE B 88 ZAMIME Weo)
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A ol AT 63%2A ©] F(1998)0] B WA Fxol wsted FHU

AFEYold By 8dze BF "7y UEeH 45 FeEFo] Adx
of ualed YB3 WoHFE 1~10) HFE LA F& 2HAAT FATFAMN
6.3~7.4%, FuATFoA 88~137% AEE o] F(1998)0] B1e w)&A FHUt
o] 5(1999)2 HeFy WAAMNHM THFEo] FLAY AF 73.7%0l2 kAl
g8 HAE s9S 9 FEAFHA Azt 1.3%, FHsA M 7F 83% L 8t
Fed ol %A WA Uz goeze wHES €Y £ JAT &4 wA
HA gornz 71F AFH $HL vF, FIAAE, 5 FAAM APt A
2] (Loucks, 1934; Schoulties %, 1987, Stalls} Civerolo, 1991, CABI¢} EPPO,
1992, Commonwealth of Autralia, 1984) WA F AE£H 1 F4 o] W 9
BFoE ojHE 7|FE &d AA MFe el ¥ HES f5o ¢ FAERAE
Fastn Zzsn A7 Wi (2 5, 1999 $AE 2R Wasteol 7} &
#A HAE & & U2 AR 28 £ F(199%)0] RIME stEXF
oMol HMuAL L5z X sty AFErF Ak Fed dEe] o
A FFoldte 54T HA7IF2A FRA7) did & FF LAY F
AAe ¢ Faosttn 4z

SHZRE AMEA, olWEALY FAUATe FATF 2 stEEFNA bacterio
phage 222 A71¥2 483 A7 RE AP FHA 6¥8F=5 Y bacteriophage’}
AEE7 AFsgon(E 5~8) ol AYH DAEY o 1/4E A=A 69
olw] APl FIFUANAM EFol AFHE AE & F Aed  Mizukam}
Wakimoto(1969)7F W& detEw d4L =8 T 2 A bacteriophage?t &5
71 AZE Aozl A Fo] ol TAEvT Bust AR dXsuct
MEEGAA Feoll AdHol TAEY] o]d HEFd Ao]§ Heoly AL %A
WAl o Fol mep MFel #HEAgd ezt gl AR Agdrt B YA
bacteriophage HEHEE BW APEFANA o 10, FAFATAM o 10° T
AT R AFEFAM ok 10° =7t FEHUT HL2Y Folt o)W UM phage
27t Ag FAHAAT FHAAME 1 Dert & @85t o3& AT
BHRZ A7V F )R FT Aolrt AAT ol elR FHYAM HFEE
o ezt Q&S NHHeE & & WY EY AFE LN 2| bacteriophage

|
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AE&Fo) FeddMe dEFET 495

Z%et 84%x HF "2 WsoE FEHA B ANE

§ we e (9 10 JBE 5¢ B
F) AZEE R F

Ao] UL Ao AAHUD E£F ATEE F7ll @& bacteriophage E

Ex Zo] T3 Aoz Alggn,

ZEASY 2ARFEI 4 A7 R ¥ E bacteriophage &l WA 2

& BAT A3dE & 11~149 2o
el LT AFEL

R 8Y 3l phage A& % Ao A@BAZL AAUHE 11).

Table 11.

B¢ 299 6Uste R TARE, oYe Td2e

Regression equations between disease severity on overwintering

leaves and no. of bacteriophage plagues detected on different leaves

at various sampling times in 1999

Leaf condition Sampling time Regression equation Slg;;’rf;,?nt
Healthy overwintering leaves Early June y=406.7+6.0x NS
Diseased overwintering leaves  Early June v=343.8+29 bx NS
Healty spring leaves Early June y=664.5+88.9x NS

Late June y=571.3+568x *
Early July y=50.1+14.9x *
Late July yv=60.4+1.0x NS
Early Aug. y=1349-1.7x NS
Diseased spring leaves Early July yv=121 2+93.5x * K
Late July v=159.4+10.2x NS
Early Aug y=428+6.1x NS
Late Aug. y=12.3+46.9x e
Mid Sept. y=49.3+16.1% NS

a

1% probability level
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NS : Not siginificant *: Significant at 5% probability level s#x*.

Significant at



fly

E9, ® 129 Qo) 740l Z2Ae Bedolde A9y 4YEE 794¢ B
419 U oY, BUKET 9UFE B oW U AFE BAY F ¥ el
A& phaged3t= F9 FuaAAst AU,
a9n 8Uel 2AG AW PAREE 8USETH 095 Be o¥Y, 48
A8 2 oWUol AEE phageFTHE A FBUAI YUTHE 13)

2

Table 12. Regression eguations between disease severity on spring leaves
scored in July and no. of bacteriophage plaques detected on different

leaves at various sampling times in 1999

Leaf condition Sampling time Regression equation Slglr:\;fg?nt
Healty spring leaves Early July y=42.0+15.4x -
Late July y=02.6+2.7x NS
Early Aug. y=1226+1.3x NS
Diseased spring leaves Early July y=133.5+30.9x ok
Late July y=149 9+11.5x NS
Early Aug y=408.3+10 3x NS
Late Aug yv=40 8+36 0x *
Mid Sept y=b4.5+13.4x *
Healty summer leaves Late Aug y=2654+1013.4x *k
Mid Sept y=-7943+43793x *ok
Diseaed summer leaves Late Aug, y=-58064+977095x * ok
Mid Sept. y=-1.8X10"+39x10x *k

a

NS : Not siginificant *: Significant at 5% probahility level *#. Significant at

196 probability level.
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Table 13. Regression equations between disease severity on spring leaves
scored in Aug. and no. of bacteriophage plaques detected on different

leaves at various sampling times in 1999

Leaf condition Sampling time Regression equation Slglr:j;cl:gnt
Healty spring leaves Early Aug. y=120.7+1.3x NS
Diseased spring leaves Early Aug. y=371.0+15.3x NS

Late Aug y=8.8+35.2x *
Mid Sept. y=39.4+13.7x
Healty summer leaves Late Aug. y=210.3+698.8x K
Mid Sept. y=-4310.3+28097x *
Diseaed summer leaves Late Aug. y=-58932+65663x *
Mid Sept. y=-2.0%10"+2.7x 10'x %

® NS : Not siginificant *: Significant at 5% probability level **: Significant at
126 probability level

=oo 2AF AFHLE 9¥FTEY B ¥, qE¢ AdY R oHEE

X A& phageFad= Ao FABAZ IFHAANE 14)

i

o
]

o]

B2

Table 14, Regression equations between disease severity on summer leaves and
no of bacteriophage plaques detected on different leaves at various
sampling times in 1999

Leaf condition Sampling time Regression equation Sig]r;;f:;?nt
Diseased spring leaves Mid Sept. y=-6.6+155x * ok
Healty summer leaves Mid Sept. v=740+13066% *
Diseaed summer leaves  Mid Sept. y=-12%10"+1.2x10"x *

® x. Significant at 5% probability level ** Sigmficant at 1% probability level.
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ol9} o] B HYPolM FHAYY LAH bacteriophage FEFIE R E A
o Aa@A7 AAHJEH(E 11~14) ol bacteriophage HEHT HWHATF
9oy A fFAC & A A@e] Uvhs Tagami(1959)8] Bue YA 8=
Ak

hr] £E8 25ULL Y] BHER FEE FHoglovt vttt AFHo] thi
A=) s Qlo B dHEEA FEE A HArt aFddch A AT B
AN AdEAFETe] 847 phaged A 2 o WEg P& FAAA do=
Z phage WAAZIRE FALAS AFs= Aol AAHYRALE AZtdct a3y
phage®] =9t ¥ WAz A AN JF L FE FRFxAd uel o
A Zo]lE Holnz ol FEY BHoh FAHA B A7t FHH o & o
Atg g,
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VI. 3 2

e 3R £E UM FAHEE FEASHE LAdd, Py
bacteriophage A& F7e] ©AE THIH7] A 3R FEEAY EZAA A
% SAAE bacteriophageF S FEdd L AFHE LAEF bacteriophage L=
sto] BAE A BAMFHGE

exU7 WEYel AT AW VAL BN WL Aot Yoy A
23 oMY Gddl 9ste] FAPATY TRAT el Aol gt Il
Ao AP B4 eFUe) Hstd A5 U

2. £FUE BEold AYE AL 79258 Ao 8927 AFIAAEH,
798 WtAo] FAMAFAN 15~18%c)Ui FHA TN 36~49%01NL, 8
ol LA TNA 21~38%, FHATANAN 48~63%ZA FLATo v]ste] wy
o] Hurd 9dell AEEUdAY HFW FAL WA FAM 63~74%, FIATF
o] A 88~13.7% o]t}

3. Bacteriophage™ 64& %8 HAET F AU HFLAMY  1g% phage ©
e AAXAT FAFATAA 100100 FHATY GFERNAE 10°~10°
o 82X WA Tl vlstd 10~10089] ¥ phage HEFoINW. 64 dFeHEHE
phage HE°] §33 FAEUH

4 BFYoM 69 %0 bacteriophage WEE AAEZFANME 10, LAFAME=
10°, 23 2R SFEFNAE 10°2 YEE Jehde a8y Bo) w
A7l Al 79%9 AAT dedME AAEZAT AT M 10', Fuba e}
FEEFAAN 10%0U4T o FYANE ZE TR 10°9 U=g Bt 798
8 Ad-ANA 9 phage d=e F43] EojE ot o|¥ A2 phage Y=E
98744 10°HE §2 =,
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5. 42490 A2 bacteriophage DE= AAT A 897 98 & 10°9 A=
A, WwH T sdatee AAYAME 10°, 985 £ HA TS 10°, FA T}
10°2.2 phage WE7F 27134k, olddelAE 89 Tel A7t 10°, FHA L7
1% e, 993 solE HATA 10, F4AT7 10°02 phage AE7F F23|
7' et ot

6. Mty LA bacteriophage ZES] @A AN E €F AT AU
o] B¢l WEAstr] M 649 phage AEHI Ao FHBAV AAHAL
W oA F9l 749 olFoE 7T9Z oW UNA Y phage AEFAE 1] F9
@) AFHA

7. 78 Bodd LA ALY 7929 FHY P ojH A X bacteriophage A
237 g2 Fo Ado] JAHNLH, Ao @ FHYAA 847 99 &
E ZAMN 719 phage AEF ¥ A9 Ao AAHHA.

8 8Y EF&ddo YA AL 8¥ste R 98 Fro ol bacteriophage
Azl o] AREHUOU, AEE U phage HEFHE= 25 Ao Ado] Yo,

9 ABsdel LAY APIL 9de] Be owY, o

bacteriophage A& =5 Aol Aol Tt

SEPEELPE

ol
Hr
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Appendix 3. Weather condition of July at Cheju
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