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Field Survey Concerning the Contamination in Mature Apple Fruit with Fire Blight Bacterium.
Akifumi Mizuno, Takanori TsukamoTo, Yoshinori KoBAYAsHI, Shigeyoshi SATo and Akira
Kawal (Research Division, Yokohama Plant Protection Station, 1-16-10, Shinyamashita, Yoko-
hama 231-0801, Japan). Res. Bull. Pl. Prot. Japan 38: 1-8 (2002).

Abstract: Detection of Erwinia amylovora was tried from internal tissues of mature apple
fruits harvested from healthy trees 10, 25, 50, 100 and 300 meters from the source of fire blight
in Washington, USA in the 2000 growing season. In addition, fruit blight symptoms on them
were analyzed after the cold storage at 0-1°C for 70-90 days. Neither presence of E. amylovora
nor symptom of fruit blight was confirmed in them. These results indicated that apple fruit on
healthy tree 10 m or more from a source of fire blight were not infected with E. amylovora under
their experimental climatic condition. It needs further investigation under different experimen-
tal conditions in order to prove whether mature apparently healthy apple fruits harbor E.

amylovora and play the role as inoculum or not.
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Fig. 1.

Pear Block

Location of apple monitor trees and source of Fire Blight in the commercial orchard. Naturally

infested trees were used as a source of Fire Blight. Apple fruits were harvested from each monitor

tree and analyzed. (Courtesy Dr. R. G. ROBERTS)
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1) BARAER

RERICHE Lo KERBARERG, v v b v
Selah A DR Y v THT, HEShTL 2 EE
3, ‘Gala’, ‘Rome’, ‘Golden Delicious’, ‘Red Delicious’
Thot, TDHH, ‘Gala' #it 15 RicBWT flower
blight, young fruit blight, shoot blight D K&K
FERDZD Sh, SR ZEE L CXERBRE T
5T EERHER L, BETE, RBREFERL IR
%18 U T Galaff 15 AL IC KIERBERR IR S

N -1, COBFEBERLE LT, ZOBMD 10
m,256m,50m, 100 m BXLY 300m MHDY v I
BlEr=s—BELTHREL, HARELRWL
(Fig. 1), EHINORHEIEE#EOMERR I GSP (Global Po-
sitioning System) I &k V1T - 72,
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7 vy YK F E USDA EREEL TV S
Wenatchee %% Columbia View EEREHROY v =
HEHERL, ATLHLREOREEEIT- 1o

(1) ATHEREHOEs

ATEER ISEZ 0 3EAF vEEARE (GE:
Bosc) T, KIEFRERERK (B 1x10°cfu/md) %5
HERTHMICHEAT B 2 & TIERIL 72, R 208
A AT 14 BRIC EIfEBI L 7o, iRt L
7-EERRIE, 551 BIERERDS ATCC 155807 (BH#EH
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Fig. 2. Location of monitor apple trees and source of Fire Blight in the experimental orchard.
Artificially inoculated trees were used as a source of Fire Blight. Apple fruits were harvested from

each monitor tree and analyzed.

P, & 2BIEHLIMEE 88-38 k(7 ¥ v b YD ‘Red
Delicious’ FE® 1) v I#t T 1987 F I H Bl N - B
B 2R L7, B2 g L 7B EAN T 1 BER
RE L7k, EHINOFTEOME IS L 72, Bl
BEITED SR 2 B H 21247 - 72,

2) E=% —HBoO&KE

R LY v TEIciE, ‘3L, ‘Braeburn’, ‘Gala’,
‘Royal Gala’ OEMEMNET 14 FFEME S TV, Y
v IEFREO 3L e £ O Braeburn’ Bt F1ic
- T, ALEERZmAIcEE L, 2hThod
AHEEELTEA 10m 8LU 25m OFD Y v TH
AE=F —ftE LTHREL K (Fig. 2),

(3) AT EROHE

ARBREHNCERE L e A L oMM OERE, Hik
DIRHIRIR S L ORREREHIN D ) v TN DR %,
18 3B, EHHNCBE L o, BRYEDEEb NIz ) v I
DRFHA S 1 CCT Bl (Ismimaru and Kros, 1984)
I & D KEREO Y #EA RS, DBEEK I KERED
UM GRIRS, 1981) 2RV R F 4 FEENIGRE
GUILFORD 5 (1996) D75 14 = —4%H W7 PCR Tk
EBRETH 20 E > AR L I,

2. JHRREH L UVAEH O KIEREDOKRE

ANTHEEEICBWTE, PORSER 3~4 cm 2
BICHER Lo L S icEEihicEEdT2 ) v It s
5 U7 548, Braeburn’ 5%, 10 m #HEBXH» o ‘3.
U" 3%, ‘Braeburn’ 2 &, ‘Gala’ 5 &, 25 m i{ERX
M SHU 28, ‘Gala’ 5 &, ‘Royal Gala’ 3 204
it 30 RO RAMIELITHALL, FRERO KL
R ERENTD & KIEFHEOREEZR A1, BRI
MILLER-SCHROTH EE1ll (1972) & —#24Z L 72 Modi-
fled-MS SEHEEH (M-MS: VLV E b —Jb 40 g, 0.25%
JY)RAINNAA Ly M 08ml, =3 F v 05 g,
2% =tV o =FEfR 100ml, -7 A/¥5F Y 15 g,
IN KBEIbF ~ Y 9 2@ 5.0ml, ) YEEKZE_H Y™
45 20g, 1% WE#E S U v L0k 1.75 ml, Wik~ 7 % >~
U4 02g 14mM g bassu b 500ml, ¥
YA Y U A 25g Y7 oAF YK 50.0mg,
FFUOLTEEF b ) v 4 100.0 mg, K 15.0 g 7K
IKZEMA THEE 1,000 ml) OKEF 5, 2002) A{HH L
foo MYBERMRIIATRO HEIC L O KIBRETH B &
R L7,

3. [NEHDORENIM D D KERRA DR
1 ABRIX Y472 0 6,100 ORI EFEE £ = & —Hith
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Table 1. Results of analysis of internal population of E. amylovora in apple fruit
Distance Orchard A* Orchard B*
from source Red Golden . Royal
of FB? Gala Rome Delicious  Delicious Gala Fuji Gala Braeburn
0/50 0/50
b _ — (0/1,500)
10m 0/100 (0/3,000)¢ 0 (0/1,500)
_ _ 0/50 0/25 i
256m 0/100 (0/2.900)  (0/3,100) 0/25
0/89 - 0/11 o _ _ _
S0m 6/4600) (0/1,400)
. 0/52 0/46 - _ _
100 m (0/2,700)  (0/3,100)  (0/200)
0/23 0/31 0/46
300 m - (0/1,500)  (0/1,700)  (0/2.800) - - - -

* Orchard A: naturally infected trees were used as a source of FB.
Orchard B: artificially infected trees were used as a source of FB.

2 FB=fire blight.

b Number of fruit infected with FB/Number of fruit analyzed after harvest

¢ ( ) means results of analysis after cold storage.

LEEEAICEE L, 2D B, 6,000 Ric>o0WTi
70~90 HHE DRI (0~1°C, RH85~95%) %1T
W, BOD&Z 100 Ric>W\WTid 6~14 BREEEEE
%, BENEL» S KEREOREERS 1, 1B, 10
m BLY 26 m ARXIIARREER B I UCALHFYR
ROl A ORETEML fo, BT & ORI
Table l DEBOTH 5,

BRBIIROFETIT- 120 BE% 100 ppm OKRE
EREF ) v AR5 HfERE L, AKEKT 3 [BlkE
Bk, FEKTIEERLUAL L, BEEHN 2cm O
NI K—STREOREL DikE, B dF LT
(%) HeoEs L, BES#H 5mm OiFYInicL
50 ml DFELEICANIE 25 ml DBEKEMA,
25°C, 160rpm T 1BffERE 5 Lic, HRE D KER
&, 1071, 1072 0 3BEEIERL, 0 025ml %
M-MS FERicBF L, a2 v 35— SBTHEFT, 25C
T7~8 HREEE L, M-MS AR bicHIE 0EE D
L TV g, EEBRME cR &R oMK EEE
L, BRI EIC 1% sucrose 2 58 YNA (Su-
crose-YNA: v aft 10g W+ 3g BEz+
5g X7 bhv5g EX20g #Z¥/K 1,000 m/ pH
7.2) IHUEL, 25°C THUEER L, A Eich
BTEEROMBEYAELT AMEELEE (KBRECRE
MERTEER) PEEINBE, BidoAEIcLD
KIERED»E S AHE L T,

4. ERFBHROBE
ERAFBERORE T KEWREIC L 5 fruit blight ©

REOEEANBTHAEL -, ZRERX 6,000 R0F
Ex—2FO>FICRY, BERE AEBEFRLE0)
LUBREO - DRER (3008 /HERX) ZHEL
foo 1B, BAREE® 10m, 26 m HERXIE 4 F4£
BDHE 6,000 BREINETE M1z, T,
Zh o ORERXIIATELREL I TERAL 2.

BBRRIc>WTR, REAEEEE 100 ppm OK
WERBEF ~ Y v AKIC 5 oRRER, KEKT1[E
e L, RRICEFZKTHRER F1 7 TUB, RBE
NI ORKOFEEFAER, VI 1 BB 2N
3T M-MS EARICHERR L, BRERTH» S KERED
DREERA I, BEREOYFEABEIRKELEILA
ETRERE Lk, U LRBRERN OB WIR
TEHET I ETIT- 1, BB, VBAELT- &
HERX 300 R0 5 B 100 Eico> Wi, YVIEE S
BHRREF CHETKEREON LRSI, BET
~8 HEICHIEERVSER I TV IIEE IR, EAER
WETEREOMIREHERL 12,

37, BRRIKERESSEES N, - EE,
RRUR R % SRS RS 5 W iIdERRTHE L 1,
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2000 E6 HB L U9 AICEMDBEEZIT - 1255
B, BARRHORESER L 2R RBEsh S,
ELTWEY v IRbBEs L -1, T/, B
BLR2EESYD, BREREIO) v ol
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Fig. 3. Total numbers of ooze droplets on the inoculated pear trees and its condition.
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FERH SRR RICIE AR LGS TEC > TH Y
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b, RE,S T HEETHEBIRTXTEEL TV,
WEROHER, HBIRII Fig. 3 IT/RL 7,

2) U v IR~ ORY
F1EHOBEEMSRES N TH» S5 50 HERIE
3[EE L 4 EHOERBEEEMOMO ) v T (HU) 1
iz flower blight 2FA LT\, FEEERELL,
PEEEHE L R, (EROMER Y S LBOHEER
HBED Sh i, CCT ERTHBEL LBEHRICOWVWT
KEREOHMEE PCRICEARIGEFHEL 1245
B, BiTh - 1o ALBERE TR EELANOKER
FIREHIZED SN - T,

3) EHuRIL

BRIEH O KRB O e BRI E R SRR R >
WTiE, 4 A 17~27 B GATEE) offl, BBFEMNERE
INZO - HICEESRE ST W, KB 2
| (B, K) 28 4 B93> under tree lo 2 7Y v
7 5 —TEEMOBITIfTON TV, 7221, Eih
DRI HL KR 2 BRIEE THRmMIIZEL
TWi,

3. HEMSDXIEREADSBE

EREAoBES, SERLEL 109R0Y B, &1
EEZEEEMOBES» SR L 2R LU
F2REREEEMOBERD> SENLL2HRD
HA49E (50 28, ‘Braeburn' 2 ) oFmikE
BRAED S A BRI, MEBERIGE PCR 0
B o kIEFRE L EES N, 10m RERX, 25 m &
BXOWRERmMEERL O I KEFRELRETER
Mot i, BRSSOV TFNOFERKICB
THHERBRETE M- 7,

4. NHEHBOREANIRND D XIBREOHEE

HAZEEREO 10 m AKX 8H, 25 m HERKX 5
2 50mBRX 4R, 100m RRX 3 RBLUAL
HEREO 10m RBX 4R, 26 m ABX 2R TR’
M-MS AR FIcHIBEEESER S hiods, Sucrose-
YNA FTKEREDO & S ICABTEROMBEMEE
HET3EER UM -1, SO, 254 FEHEET
KEFREORIMNE & ORIGEFAE L 1205, 4Nk
T&dH - 7 (Table 1),

5 EEFE®ODOY IRELTORAK

1) AEiRE

BHR AHEEREE0) R 10m ABRX 32 R
(‘Braeburn’' 2 8, ‘50U 48, ‘Gala’ 26 &), 25m
AERX 43 B (‘Gala’ 26 B, ‘35U 178), 50m R
ERIX 3 B (‘Gala’ 1 &, Red Delicious’ 2 &), 100 m
AERX 4 2 (Rome' 4 ) BLU 300 m HABAX 4 F
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(Rome’ 3 8, ‘Golden Delicious’ 1 &) T& » 7z, 3
B, REAROBRIZIELALROSNIIh -1,

2) BIBURE

WFNOFHEP S b KERHERE S Wb 12
(Table 1), BWBERE R KRBEIC L3 b0HT2R
(Penicillium sp. 47 8, Alternaria sp. 10 &, Clado-
sporium sp. 1 £, Botrytis sp. 11 B, Aureobasidium
sp. 2 &, Penicillium sp. & Botrytis sp. DIEE G 1
B) T, zofuckE, £ BRILGEICLZ 60N
14BTH-7,

3) UIBAAZE

ANEREBONTBRBVWIHLORELED LI
Mot

4) YRR 5 O KEFRE D58

50 m REX D 1 BFEh S XM Pseudomonas &
MEOERERVBBE SN2, hoBHEL L O’
LRONEH S IMBEIHBES NISh - 1o,

% =

KEFHEOEFERI, Tic7 » Y H&RETILEH
CHEEsh, ELBNENTHEY (THoMSON, 1992;
THoMmsoN, 2000; vAN DER ZWET and KEIL, 1979;
VAN DER ZWET and BEER, 1992), ZD£&5R13 575 DR
SRICINTV S, KFOEGEIRIE, FICSE 28
DIRFHEDE - 158, BERRTH 200 L HH
CEHEINTLV 3 KEFENEENICRD, B—Riz
EE L TBEET AR ARH LY 5, Z OMER
PRHEF GERTIRCELN, T ciERAELET
RENICHIEL, Z0%, Jfl. BERHZViIEELE
UTHMHEICEBAT 2, $50RSF 0PRMTRE
WAFICER T 3 KIERENE—RBRGER S L THEE
T 5, [EEMAmAOMaN THGER, TRIZEEL, =
EF 2571+ — 2B LS 5, HPBoRRREBALH
LOhWEIWERY, ZIHKERBEOBMIFERL
185, iR, —REBGRRL—RIBETHRRK L 12
B o, BIEEL TRTEL B2 IRETE L 12 TE~D
Ry, BE, EoBh, B, BRick2EEEELT
DRI EBBIF SN TV B,

) v IRREARED KRR CBhET 2 HE L L
T, RBEICH T 5 KEREORERER T —HRRNC
HThdEOWMEMND B, (DUECK, 1974; DUECK
and MORAND, 1975), RoOBERTS 5 (1989) i3, UXFEHA
Ky vy b vINOBRBEEONE B L OAE L & ki
REOKRHAETT> T AP KEFEIREBShTVI
Wo U v THRENKEREICEET 32 LE2RET

5b0ELT, REKBD ) v TRESKEGRHICER
L, M@t =imb L CBiT 5 2 L0385 Lok
(VAN DER ZWET and BEER, 1992), INEEHHICEE D12
W) v TRED S KERESRE SN LT 5HE
(HALE et al., 1987; HALE and CLARK, 1990; ScHOL-
BERG et al., 1988; VAN DER ZWET et al., 1986; VAN DER
ZwWETetal., 1990) dH 5, LIt >VWTl, Vv
HBEONETRELSEELTVWEKERETH -2
D, BMUSBELABLOEILL) v ITERET
Hotch, HOBMLRELEE, BERBERS ¥
BT CHEIEH 126D TH B, 5T v IE
BENKBRE IR T 20[fe 2 EET 2D E L
Tl%, ANDERSON (1952), GOODMAN (1954) B XL T¥
McLARTY (1924, 1925, 1926) O#i&EHLH 5, L L
13535, ANDERSON (1952) 3 XL U McLARTY (1924,
1925, 1926) 13, $tick 0 KIEREEZEREL, BElT
BLREL S KERENPBOHSN I EEREL
TWaITikEx 0, GooDMAN (1954) DL T3 HIKREL
U 72 2{8D ‘Jonathan D ) v Ih 5 BRI KE
RESHBI NI LERELTWS, LAL, Th
5 DEEDHF TS, VAN DER ZWET 5 (1990) DIRE T
i, EHEo vt —LE L TR SRILL 12
Rome Beauty OAE@ELLSERBREEIC, FEREE
OXBIEREE Lsho b, ABFEE L »r HBLU
2y ARICKERERPERShSN AT EERLT
W3, &5t 7 Hicgetrofearyro—-neL
THRELL 72 ‘York' ERENEH» & KERE E#E L
foZ RO TED, Vv TEREICL Y KER
PEIET 2RlRE A HR T 2 BBy CEH s WA
LLEZ LN S,

) v TEREICK ) KERVET 20E5r 2w
1 oDOHEDH B, Vv TEREDKEREEN
OUHEMEBEE L IBEBETE L3550 D0T
HELTWVWE LR, [BREORARRE] (RAHd L
ReERE] NKERORED T WEHD SIHEL
72RE | THNIELEENTVWEILETH B, 4
DR T, HERE DT O KGR ERE M,
AT HEBRIcEM L TOWBED ) v TH» 1 Ko
AANIEEROBRELFRR TR L LB ZRK
ZHERR LD EBRVTIIERTH > 72 (Table 1)o T
bbb, EERE,LO—REL, &50IETRERGEE
BOh2BHEPRLALEI S EEZON
1o

gy yMicBT s KEBROFEER, FRICH
B ZEOKBESFEVIEICERTEILOILETH
D, TOXIBREDER 1987 FE L 1994 4T, %
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DEITIKERDBERLIEDILETHB FME), C
D& HREITZY v TIPS v ORTERNICEAIRH D K
BRENER G, BERicL>TEfoY) v o, +
VICEY: L, flower blight, shoot blight & % Wi
young fruit blight 25| %# 2 L, REEENOEHEE
BELB-TOEELHERsNE, SEORREIT-
Wenatchee @ 2000 & @ &K R it &% (Western Re-
gional Climate Center, http: /www.wrcc.dri.edu/)
NG &, YEOEMEEMKEN 478 1 ¥ F T,
SREEA R D IR TRk o EHIX O EHEERBEKE
885 1 v FOHRPENTH Y, BLD 20 FRDOFELE
Rk /kE (8.66 1 v F) LT HH L DHERILET
ot T EDIDMBR B, FiT, 4 HOBIKER 0.03
4 v F (EIH 20 E/H¥HE 0556 1 v F) ERRiGICE
BLTBY, 580274 vF (805414 v F), 6 A
0314 vF (B 0.755 4 v F) LEMBIREEN Wk
¥, 1) v Ik flower blight, shoot blight & % W id
young fruit blight MFRAETE I EBTEAL N>
frbDEEZOND, 12, SEIORRETHIICY
12 > COEROEHIFERE IcHB VT, Yakima F&o Y
v TETEHB ORI KEROBARREEbN S
PVEIRRVL B RETE 0, ERICHEROD
R &I & BERH EO KERE OEEINRIRT
BETELBIIEEAE P -1, Th S OBARNH
EBZF56L, 1987 ER 1994 FED L HITKERDOE
HICHELFIR52ETHRRICLDERTES LI
KEREBEOEE T VSO LHET 5, £/, ALH
e & L L7z Columbia View EEREHIZ, &
o+ vETARECKEROFKESLHBEINTVS
B, U v I TOKEROFREITFIIE  RBENIC OE
HOERAEL <, RRABRICEL B E 3F VT
W

ARER L, EELHBELTERLIZ7Y Y P vHo
SEEUTRERINLZIEDLDS, 7YV b yHES
33 KEFOERETER VY — X Vv OMBEER TR
Pl o 10m DIEEn o oA Lgeis) v o]
EDRFIC I KEBRESEE LBV ERT—DDE
Bl RBRINOR L IcBE RV, AHBROERE b -
T, KEFRERERMEHRT 27012 OFBICE
EE N BBEHIE OB/ NEFET 5 < &iCidRIE
BH B, KEFORE « AR, FRBEROE
HREHIETHHL, Yy —XVORRPTHERE
ORIELEICHEBING, T0d), KEROEEE
HEENL SVOEMAEEL &Y v ITORENKER
BIcBERINE I EMNRVHEEITFT 12012, K
EROLRT AHIBOEHROBEM TRIE L TlEREER

KEFS . KIBRED Y v TRBRENFRICET 2 HARE 7
FET ) %‘gﬁ)i 5 o
5 A X B
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