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AR T L AR

i i 5 dp LD fsAEaCekld, (s
(1930) DEHFRYIT, MEFARMEF L T
W IR OGN, IRIREDRE DTS H N T
WISWDTHEERI T W, 5> T, #I7ELEE
19557F 18 AR ZE U/ O VEE T & A4 5 & &8 T
x5, TO%, KIKFTIGHEENSHE, I
B LM, 1970 Ic i B E LU BN
AT OREEEL, KEURBEEL -/, T
NOFRIEESCTHEH U/ERER, BEAED
Bity, BREDISEFRMEAROMEEE M NEOT,

HARHAE TS > T RE G SEA L DA
o R i dh 5,

~J5. 19726F BB ST, FIBINER L
A FEBEIE B K UZDRMED Y + 771 €L,
FEOGRLAL, B#k Ly, 2 =24 v, sr=ex)
RS U SRR IC B LiRdsqéa: L7z,
F/0, TNEDLIFTI969MIT %, Wiy Trh
9%,‘%%} Uk il e MEEBED T L » < EAE K

U RIS T, A & 2 ORI RS T
fuﬁéiw%?ﬁ)%g’e L7

TN HDFERD SWIHEETBEL, TOH
MHEZ RN LR, IbEETHS LIEE
L TOAHIEEICIE 3HED Db D,
TR A b E LTRAE L2 b DId Frwinia
carotovora ( Jones 1901 ) Bergey, Harrison,
Breed, Hammer and Huntoon 1923 subspe-
cles atroseptica( van Hall 1902 ) Dye 1969

(FHS1973) , FEATHAE L b o
TEY RN RIS MOG %

subspecies carotovora ( Jones 1901 ) Bergey,

/R Erwinia carotovora

Harrison, Breed, Hammer and Huntoon
19230 —%HE ( Tanii- Akai 1975) &, £ 7028
M DI ERE TRE L b DIE Erwinia
chrysanthem: Burkholder, McFadden and
Dimocke 1953 (#4f « BE197D) L [EE
to?ﬁbg,%ﬂﬁlbmfAﬁ@ﬁ%%&

5455 (1984)

=

ZA)

LT ICEDONTWS E. carotovora ssp.
atroseptica DI37», 2 FED HDDAFHDRK
FHEEEAD SNIDTH %,

Z D%, 1974 ~'80D TARRNC T8 - fdbifgdic
B BB LIHO A EEAROE R Ick - T,
AR RIEWNIT 45 L, & ORI Eido 3
M, E. chrysanthemi 1<% % HdH LK
f‘ﬁ??isot OB I B IC - L T B 2
EDMER I NIz, TNIEKHL T, E. carotovora
ssp. atroseptica W & 5 HEH Uisldsi=s, %
B LU, MR AR R4 R
e

carotovora ) T

94 E. carotovora ssp. carotovora D

(5 F15 E. carotovora ssp.
£ BHED UG A IR - THATL T
BT EbMERSNI, TOMMIIHERICE - T
ED SN 12, CORITH 2 EHMREST B0
Rid, B (BI5E) Lick ) icElEDBE)
iKLbEEZOND,

LN O 10 3RO b LINEDOEA
BEE, BLUOEZORBFICOVTEHFSATREL
hS, AGEPE E. carotovora ssp.
4 FN)2BLV—==THD E. carotovora
ssp. atroseptica & MFHFENCIH CRHTH D
CENS1976) T &, ARIKEBHES LIKFD
FEHE WIALERAE 0D 19554 LRI, ol & 5D BT
Lo TEAA» SR AT NCAREM S £ 2 51
5o

—Ji, ¥E7 E. carotovora ssp.
BLU E. chrysanthemi D& 3B T
LI EDS, RDIENEZOND, T4

B, MEICE S ED UROREME, s
KO ES U & JH & R G B O K%
fT78->THY, INSOBMEDRN 2L T I2E
FT3 @ L CRrEBs g Lo &5 Hhn T
W5, BEDOKBIMBER A K L (Scholey
1968) , HdH LIHOFEAEZ L (Jennings &

atroseptica %

carotovora
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MR D ILREIC B B Y » A B RS LWIKIWT B0

1964) &35 LR BETBHE, MEITRMAL
o) HREME LT %iﬂﬁfugﬂ»[ﬂb‘b
PHAENIIREFEE, HHVIE2) MIHEN
SIS IBE Erwinia Jﬁﬁﬁ(])[!‘@ﬁ?’i@ﬁﬁmﬁf{
L TR RIS iR A3, KBEIC & - TS
B L CIEMAR T L, & TR L
12T ENEZ LN L, REDARENET Stanghe-
Hini & (1977) 45, 5 v+ 41 HUESHIER Bac-
terial root rot 237 v 4 %ﬁi‘%ﬁﬁﬁﬁ"ﬁ'&@@
BRSBTS » TR Lo, it &k -
TEZDIKIEE - E. carofovora ssp. betavasculo-
rum > (Thomson © 1981) 43, +HEbIclE
4 BB Erwinia BEOH 1) S#ER SN
fEAATAETEENE LT S, TOD
RUTDOWTE, SRERICHY S hicd 54
Db 5,

AbHEE TS LIS L TSR0, g
Nb& 77 LEEHDMTAET, £ O4M - 1Ly
PIMETTIE, PSRRI IR A A S C 3 IR AN R
E. carotovora ssp. carotovora (Ecc—-S) 1 #
LCHEIRL 20280, CORbARKETH,
Hb LHREOESNHEEH O MICT 4720, M
HULWEEEce - SHEARIL LA S ¥ &
L CTHIE B B L M 2 A M L
7o

3HHD S LBE E. carotovora ssp. atro-
septica (Eca), ¥¥ 75 E. carotovora ssp.
carotovora (Ecc —B) B LU E.chrysanthemi
(Echr) (3 Ecc—S @& Z < OFMWHTHILIL
TS, EATRIOR Lok e, R A2
S TR, RELL I BIS DORB O M,
FTROLHRIEWET 3 O Ed LHREIL Ecc—
SHEHSMITXATE 5, Eca & Ecc B A
st e NOAEBUMAT A VR v
N L EEE TR SN AR RETH O {1 I X
S TEee-SWEKBTE, X561 Eca FIZ
Logan (1966) ORH o HIREIC X - T,
fhod 2 RO b UREE L P BEee -S B & X
HITE 5, F72, Echrifiid & OANFEEMMERD
i, 97806357 -2 ofarEted,

A Y F=—waiEEL, woryBERfd58E

DYETIT L - T, B UNEB L U Ecc-S
WEXBIT B EMTE S, T oEEHEMN
VAU, FRLOERI IR T 5 T LT
x5,

L LBHie, TOREZT-» T ARlicE
flaffcdi&s LT, E. carotovora ssp. atro -
septica EKIBIKHE E. carotovora ssp. caroto-
vora & DNMIIATINIERE SN TS 1)
B (19CLIF) TR0 M4 X
A & 5 0 d LIEIR BB O 78 (Graham-
Graham 1964, 72) B LU
2) = k=% (Dowson 1941, Graham 1972),
@ —xFyuway i (Dye 1969, Graham
1972, Lelliott 1974 %) 88X U % /, — v
(Burkholder » Smith 1949) 75 DEEDFELE,
3¥ED S O BeEFEA (Dye 1969, Graham
1m2meummb)®4mH®m*”mw
P, 0IN bl EE X RIS IR T
%52:5,06619##&/3»#:0 UL, Y+HiiqEk
ICHEME U fo & & ORI D 4 JHHE OPEIK
Ecai & Ece —B W& DXBlIERH T 5,
$ 712, E. carotovora ssp. atroseptica & KIS

Dowson 1960 a ,

Bt E. carotovora ssp. carotovora & DX
IHEB S 536Cic B 5 £HFD M (Dye
1969, Lelliott 1974 %) &, Eca 8 XU Ecc -B
Wb CDRETIREFTES, Ecc-S HOANE
BMOREKRBEFTLIcDOT, Eca BXU Ecc-B

B & Ece-S B EDKINTATEhTH BH5, iR
JETHE L7V Eee =S EO/DEOD Bk DS IR
L7zDT, ZOWHDHEIEEE L THNTSH
FHESAZHLHCE»ES,

Riz, Hd UIRNO M Co2Wikai] S i
T 5T, AN EIREDE L < HERIY B WU
DB, TR X O OB A BB L
1oo 3HEMHOEH LIHEIC L AL, Echr
HOURGE L 7 I EDZE LA BRE IR T
L, 35ITEchr 3L Ecc—B @AY L /2
BEIcid Bca it X 288 X0, EOE(LDRE
D, F Ao RDMREANEIT 5 R b
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SR T L AR W

455 (1984)

BATER LI E T B 3O Y » A ERHL
T & BT B & O SERIPER

- ®ooH LW O WO
Erwinia Erwinia
carofovora subsp. . carotovora
" OH chrysanthemi subsp.
atroseptica carotovora carotovora
S AP 5 00 CHTEL < - - d
1 ¥ F— Dy - - + o
FEHUE (5 %) + + - +
Logan ith .o/ #7 ki RS RL RL RL
) ~ *
36CITH T B - - nt +
Vi 0 4o - - + -
(7702 t + - +
fi
ERI A + — - d
3]
< A — LFua sl } - - d
Pl
Lo — 2z + + - +
gs
%y /7 —I — + + d
Ea=71. & SRy NI - - i -
Wi+ b ) 2R - - i -
A N AT N - B B
CRERAT N TR
T Bea (Mt | VOB R 5 4 oS r - _
i 3 (LY 2RI d
W BLAAAERINLG 2 5 4 1 " i} -
75 A BRSO
T TGN A - . ~ _
e Feee B (R VN IR
i i | PUAEINGG = 5 14 1 775 . N - _
Z AU
BRREMIIT R S B H LR R B + + t -

1) +3

nt: KEEL W, RS A RI/NIYE (27C
RL o KR (2TC, ABIEIND

BabER I ( 100 %)

-5 BEPELOE (100 %)

48 [HD

# 0 WD TLEOBIA R KD 11 %

A RIS X ORI 2 (21~T9%),
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IR D ALEBIIC B B Y v 4 S LINICINT 50

A d D DT, HBWITE > THIEEAH 5 R

YHEUTE S, L, WEFNoOBEFEI XS
BaTh it L THRIEEOBIkE kI L, 2D
WTEMHET RS A L, BERHANEL,
IR AR DT,

—Hh, ¥ v AR O WIS I AL I EE N
YT D, N DI, WREOFITN I E O
MRS 5 E & bic, Hd LMD RIRIFIES 2 »
H4 =AY (%R, T H FU~8 H |k
1) THD, PGS & 78 % £ C A
MBH 5, f-7T, 7THIE TEIHBZEOEIK,
F DI T i d S IR B L O ERHE
HBOBED(THAIREIE T 5 &, b LKE
WlicEkdT s EnTE s, Larl, 8HU
MRITTE % &, SKIBRNIT 2 5 R IE B Lo
THICELSHBIL, 2MsEgs s, it
T, B LKWoOMBTOZMIE, 82<EH7
Honc i g 20048058 %,

[FEIBAIT d5 ) B JEiZE 1L & M A DR A [d]IE 1T
NS BEY, #0000 S 008 U o bR & )
W BICM T, IR TR, Bl - i
PSSR AN D FD O PIMGIc L 5
254 K77 ZEYDUNEF LLATRTH 5,
Eca 8 LU Ecc —BIED AL (100°C, 30436
AU E LT L 220iMmiso 5 5, fido
BHUSIRE Y » H A ERIBINE O 18D OB
DRI LA, L LTS, Dl Eca
M4, A e ERAINA B IR T
MUY 4 % &, 4T OIS NI R & BN A
REL D, PET, WIGLIFE O] 720
T Ecald& i d 5 EANHETH 5., Pl
Ecc =B OB, & OBULEF R ATs D
FODS, RS TR O RIES T OO 1R Bk & B
AT T, UL, OB B i X
Ak UG & 36 CIc I 1 B A alls & A4 o
A&, Eea XU Boe —B &MY « dinolf
Ml B ENTE S,

L CHE LA T L T0 5 3 Ml
H UIED TR - E(F LT, IR
(LA & T8 B h i, ARROBE A & A

5 ETROERLEDO -DTHbD, TOLAEH
HIMNTT B 12, AP TR O R HRERE
Dyl Meneley - Stanghellini (1967) O Jiikic
AU 7 TR D &« AT OVHENE % 48
af L7z,

Lol filfEd 5 00d, & LI st
fFovd o o b, 3OS LK
RS S NS fo, G- T, i LRGN
I TR « AF U, (530 & 72 5 nelE i
BD SN 5T, TOT EInG, Il Tk
N ANY ST ST E AT QU o W PR S B =9 54
FECd, ARIC K D E DB XA T3 5
BT, PIEIGA ZIET ANV E TR B,
LA L, IR L 7ogIsisic £ %00« i
T TH S LW TES, TR o
5% U7 R E D RGBT D TR s A (De
Boer 51979) 4 2 1M S HZ N BDT, D
W ELEMEALEPET AL, BET
DBl Fo, MilEA B 50468558 5.,

HEDTOME - i &3 ud, IR
IO LRI E L THEZ ONL LD &
LTHEDND B, AROLIMBE XU Z0%
PRk SERIN L 7oBh 22, IHE I i B2 ki
ISR TR 5 &, fnRITRIIRIC L - T
FOLEMBHRIN TN, T/, Ao vk
R LT, BEENTICHE L Thciik, EH
NFHUCHRE L TO BRI IR T H 0585 5
Nt HE- T, THHO LB L FRATH LR
£ & NSRBI E O I 18 5 &

BED LMiiged, M LOBMRICKC 5
WL 6 AW 3 T Lz i LT
FED O FEENT RO SRR AS, HRoro
Pl U<, BELEIICHREL, HRLT
AL EZ OGNS, ORI, Y HAED
AT (8 I ~9 J] M o, MiwmIC % Ht
DFFNIASE - 721980 DBy, b LINE E.
carotovora ssp. atroseptica DS FEEHED O BELE
LIic4RED HEIcE THIEIL, #Frsises gy
Lichlick > Tl TE %, 7220, WEAE

AS

e
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I £ HACER B HY 455 (1984)

HG L TOLFEER, 438/ OB R s
itk -» T2 L1

#-C, BISTERRBHERINIEED,
Bicgy, BRICHET 2 LIRS0, o
&, AHOZFEEB» O L IRED S,
AP RICHEFERES BN ST, COMERN
EMOMEL KL TH, BEHLROBELALS
NSO BERTH 1T ELSEPLLTH 5,

UinL7sh3s, H3idnic i S 7o isnig i,

i 75 ARTE O 1 b TULHERITIC SRR | LS i &
4e (Davidson 1948) 7% ki 3 affight, BRXE &
HEHG L TO2RIEEDS, PHERITSE TD
RHCIRER IR A gy, e d B ulREtE, B &
OMED Kl & IR A Vg LT A¥KkIEI
Koo THPEMITIRG,, SERMECH, THuck
- TRERBED LIS Y, i C Al
PEIZ RS H D, DT EF, FEHEEEHNG6.6 %
DEE P SFEN L 7ZET S, 2D 21.4 %h
S bR ICREIHE SR S, COBER)
RO A R LT, 13,8 2D 58keRs
RUICERIOH - - EnS BN TH S,

ERD 3 hic, BRI Dni, &Y (Lea-
ch 1926, 31, Bonde 1939a , Graham¢, 1976,
Harrison® 1977 ) B8 L FME = —o v

(Graham-Harrison 1975, Graham 5 1977)
R BEREMSH B EFbNE, TO/RICDNT
RS 727-8, LT E. carotovora ssp.
atroseptica A3 U, ¥FEIS E. carotovora
ssp. carotovora 3B LY E. chrysanthemi izl
DI K B, (LRDBFEAET 208D, &
THEAEL TR ETNERD LIKDOREI, &
DS EELHZ TOADITO0TIREHDOK
S TH 5,

MH URED FEgIc s 1 5 « 4407, H®
ZITHB BHIGEOAAEROL, kO MoT b
HANT BT AHMIAROFE & AL e &
CUIWT I & B30 B8 oD B2 B O A B SR
5, COMBEOEELEREAE, TEricE4
MO EEDZTENTE S, FHIE.
carotovora ssp. carotovora I XU E.chrysan-
themi 1T D\ TRANTERNZE LT -
7oh, Wi RO - AT, ER

1543, E. carotovora ssp. atroseptica LI g ch b, WNHEENBETEBEICEMSL TV,
____________ b ss |
: o fs ;
l |
! 1
v !
FsEomKEE | 2o RRRO#HE [T
1o e 19 W% K % Do
b
g .
| b
DR B o DRI HERED Kiis £ U g
I R O QT &H‘sﬁ?*j%,,@é%ﬁ
i
l
: Tl
| R A — —
e S e E

FUUR Vv 1 ERS LREOERLYER
) <5 ERRYHE



BHME D LBECET Y v M RS LIHICET AR

% /-, 7S E. carolovora ssp. carotovora
137 DFFmHEO L LE P SRS i, #’E
ST, WiME S E. carotovora ssp. atroseptica
DG EE UERRERE AT 5 D LHES
N3,

PtD T EMnS, AROPERICY » TIHMIE
DORIAFR & DRSS sy, PHEL 78R3
AR YRGB L CEIE ST EE T 5
T EDBARTOBBRA HDREA L LB H5, GHL
PR A A A RO CORE L, BB TORRE &
WAL T 5 ENEETH S,

TE YU 3E O SHIFRFIC DO W THEER L 7FE R,
IR R EBEEI, R PP b= A v 15
%eAFF R ITHAT) 215 BIKHA (S
M- OTC Al D 100 5, HHVIEF+ 7 » % —
N X FUE0% « 2 b LT T A v 15% KA
(TM-SM#) D40fZiE 4 200kg 2D 5 ~6
1 8 B O IEEHENE T 5 &, B LR D
MY L B TR E 3 5 ETHRITDH
D, [HEIC % D DD BEE G E bIIET &7
X 51T, SM-OTC ST d SR RAZ EH
T5E, BHSHMORELGHL THLEEL
foIEsh AR L, $72, TM-SM i3 &
HEWITH L THANTH S LB ST
> 712,

IWHOES LNERRINbILRINIY
WiJic &k - T, M3 0 eI i bz
Mans, 7, HRINICREEIEOITE
ERHCER T A E, ZOMICAETEUIDS
WE YT B A fetENH 5D T, YWl &
OHZENRSREBRA L T nEPdH 5, T
D HE TR 2B OO TIEER LIcFER,
YT IR E R E LT, BHEOFE R KD,
R I FRE Ly 2 — 20 (Ca (ClO).) T0%
RIFN D 1045 I W )% 5 R L/ DT
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Ui 5L, BHLBAOANL ST, KA
DY IIIC & B B AT 2 BhIETE 5,
$7, RBORERE LT, hHhRkEERED
W= LFID 1,000 f5 &5V HEIL~ 5L
T= A~ L20BIEFID 250 (5 A HE S 5 LB
WICATE L7 LIRE DALY, ZHDKHE
B L UHBRE % S48 LINICTE R ITHER &
BB EMTE, HRERICTE L I BRRE
L BMEDOEL A LTS5 LTHENTH 5,
PLEDT &S, RO XS BRSO i
KL ->T, KRORELZOWEL LT 5
EIMTEBEELZOND, THHE, FHRENA
RICBTHERMEDHFEICY T, Ve HAE
ARE LG T EE A B, BRIV BB
DOHEFEE, TNAUINT 5 AMOREEZITIE S,
U 4 T OBIEHRRICE AT SRR
b LMo EicewmL, Bdb LBRHEHE
DORFERICE S, DIk LY L4 #Ed
%o X ou, DB M LCBHBITHL T
HPRRATIC I8 50 1 R BZ AL A 1T 78, WIS E 1
AATIE - TR %,

MEEEREISICE TR, REREARPNLERE
DRI EALH L, AHROFRE - HELZBI
TAEDEEAE T B, {Hif]d 5 EIRELRHIH
FWICE » THBRISN T EBNLDH D, HEH
FRINAGEICEREORE+ K3 5,
Pl b, AEOBBREFIC >\ Tlk~ 7z A3, 3
BHORS LRI VTN b L » Tk
Sh, o -MEBEEYTRIRERSERERX
DO HEFRPERD TEHWBIRICH 5, - T,
R RICHE 0T, BRSO R % #
L, ARRANTAFES NI EIEIC L 2A5FD
ST LT, £OUTEEEIND TEMBHET
H b,
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ARTEAAT IS R S Y 45 (1984)

VI £

AbfpEic s 5 2 v B4 = H LINO SRR
WEE Y & & OBLBRIL AN T B I DI I - 2
PR HRE & O F L,

BEHUBRDREERRELHE

1), 1974~80C b 12 - T, Hid LI Rk
TR A L e AR
A T FHEHE O BT 8 LT, kg aid
g4 T &9 5 6 ARH O RIS IC B 0 51
EIRRIRRIZ 1.6 ~ 4.8 ZOFIHICH b, BT
T 2.3 %icd X158 » 1o, IR R,
197456013 A5 U 728385 D63% A i L 1245,
%ﬂﬂiﬁquiuﬂil‘L" 19804142 (% 106 M D
B, DA% LT,

T JRESH A O REUL,  Erwinia chrysan-
themi ITK BHH LI -1 & Bk
FCHOERNC RO SNICIcT X h - 1208, E
carotovora subsp. atrosepticall & 5HdH Uik
DB FE LU THRE, Bl Es L ORI
LT, 07, MUAS TR SR8 BUG %
/K9 E. carotovora ssp. carotovora D - Fff
B (45575 E. carotovora ssp. carotovora ) 1<
LHMB LW A EE LTHML T
foo B LIWED S B, E. carotovora ssp. atro-
sptica DI (EI3 YIFERHIO [ BE BB, E. caroto-
vora ssp. carotovora DARAEIL |- HH DR
R O D IRE MR ED B ENTEIRG 5 &
Bihd,

3) Hd Liicitd A Sh R o 5 2R3
S ERE MO R SO DI TE ST,

4), 2 FEHIO b LIRED M L To 5 EE;
TERIL 72 ~ADFHRED S, [6lBEHTHE DK
BESNE SN EEHTH -7,

5). E. carotovora ssp. atroseptica I LT

$Y7T B carotovora ssp. carotovora T K B R

Bl TSI R

L

b UHOwEIE, HBUICHR L 72 D E i
ﬁ%b< SRR S PHE X NV R

, ERHROZTNDI8~B1BICTETih -7,
Li.‘)3 L, BBICE T B8R & AT RO
WOREOMBFAADE, Wz =7 DEA,
5 % D IR L TR 4 BOMIRTH -
7ohs, MY L= 2 TIRI5% UL RO R HED
By, WIS D SN - 12, IO
I AT M RN H S KD iilbns,

=D UBRDRE LRBEBHRE & DHE

6), 1968~"TT k4> 7z - C, ILHgEiN T 7
LicHd Lo )t%kj%isgtoiﬁﬂ%ﬁ 5 127 Eitk
ToyEE L, TS ORKRORNINE, AR
BB X UMEEMHEIIc 20T, #SZEHO
IR (Bce~S) &HEL, N Eh oL
BERIFIC DN TRA L1,

T, it 12TEEEROD D B, S6ERIE Erwinia
carotovora ( Jones 1901 ) Bergey, Harrison,
Breed, Hammer and Huntoon 1923 subspe -
cies atroseptica( van Hall 1902 ) Dye 1969
(Eca ), 38EHMIE Ecc—S W& MEIMETT
HS-Brd B0, MU 30T HE B 78 RO A 8§
Erwinia carotovora subspecies carofovora
(Jones 1901 ) Bergey, Harrison, Breed, Ha-
mmer and Huntoon 19230 —R#E (Ecc-B),
F o MD33E L Erwinia chrysanthemi Bur-
kholder , McFadden and Dimocke 1953 (Ec -
he) ElHE SN/, JLiBITB T 5 Y v 14 €
BHUWEE, o 3EHORRAICE - T
HISNTOBIENPONEL - 12,

8) 3MMIOMES LWEIE, Ecc-SEELNU
KNV e HAEME, =Dy, Y43, 5973
FHLONT 4 DFAFAE 4 H LIRS
L7chs, Echr DS bic @3 s wxE& o441 &



BHNR DILEICE T 5 Y v 114 2 RH LIKIKINT 201K

VR IR AR S 18O RS TEAE L7 co 72, $ERE
BRICHEL 72 Echr 69 8 @i#kId, +7, i—%— 3
YELY rvroa CKEEM A RS S o T,

9), SHHEOR, LHEE, ThriEml
Yo A EBEAERM, BIETAsLES LEE
e L7chs, Eec - SERMEEE LGS
M EESBICRS LA S0, 585 T, M
EHICL L Hd LIROFREDHIRICK - T,
EBdUWEE Ece -S ®HIEXBITE 5,

10) Eca LU Ecc—B W% &V » # 1 £4h%
ICHEREL, K8 (18.5C)NTHEBSHEL LM
& LFHR AR L1ts, Ecc -S DI bich, T
DT TS UIEIR A K TERPFET 5,
Gt~ T, K FCREMIERTREST T
3, 2HHO NS LR E Ecc -S B & 3XE]
TELhoT,

11D, Eec SR HI336°C THEA LD, 28
FORS LHE (Fca XU Ecc-B) &, %
DEETEETEY, S EREIMED I
Pt dh 5,

12) Bd LWED Eca & Ecc-B B& i,
TN = 2R B LA~ AFUTNA VRSO
PFEAZ, a3l o0 BRI ELED|ICE 5
TXBITE S, L LTasss, il Bec—S &
DI L, A6% DEED Ecal & 6 UG A R
728, Eca W& Fee-S E&DXBTE B
TS/ -7z, Logan (1966) DREH Fic B8 54
BHIRAEX, Eca®% Ecc—B, FEchr ¥ 4L Ece
=S WholXEld a0 HEIEEE L TE
Ltz

13) Echr @iz 4 v F— v, afEmrECs
%), I b =Z2BITF Lo — 25D
FEAL, o YRR KN4 REO FIRRETS & ik
PEEAS, fthed 2 FRHO Hdb U4 £ U Bee—
SHWERILHDT, REICERNTE 5,

14) Eca £ Ece-B WOZNZThOER
PUsle U TR 2o umig £ v, R v
W EIREGRC K - T RS 118 - 2,
Ecats LT Eec—B B3, Fec-SEHEEWTFN G
HoB g i A4A79 275, $h2nThicHRE

75

PUREZH LT, FEICk-> THRECER
T& 5, Echri (3l M E & MEFRICERRE
RS,

15). Eca 8L U Ecc—B EDMEVE AR &
UCTHERIL 72 0o X 5 4 F 775 2k
HBIETHE, ZNZTNOHMEIL Bca B LT
Ecc—B i & RS2 I B ML % /- L7z, Echr
R & OIS Pseudomonas JBE A 54 5
JBIBME3SE ML & ISBUL L 78 s » 2o s, —EB D
Ecc—S WM E G BUGL 700

£dH URDEISZHT

16). b UNORISGZHEAZH S hicd 57
O, KRB L UOARWEZREOEL BT S
Vo A BB O, RIS E K20
HERS 2 LI L 7,

17), E. chrysanthemi T X 5 B4Rk T,
EREORIIC L SZEMULABAF ICEC Y, F
1= E. chrysanthemi 3 X U515 E. carotovora
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Studies on the blackleg disease of potato in Hokkaido

Akio T ANII

Summary

The blackleg discase of potato (Solanum  tuberosum L.) is one of the major bacterial
diseases that are widely distributed in the areas where potatoes are grown in the world. In
Japan, the disease has been found only in Hokkaido prefecture, leading to the considerable
loss in potato yield.

The incidence of the disease in Japan was first found by Narita at Nakashibetsu town in
Konsen district of Hokkaido in 1955, where the potatoes for the production of starch were culti-
vated , but at that time the number of diseased plants was very few. Since 1967, the disease
was rapidly spread to other disticts. In 1972, the disease was prevalent not only in the ori-
ginal seed and propagation farms, but also in the farmer’s fields where the system supplied
seed tubers were used at Tokachi district.

Thus, the disease became into a serious problem in terms of the production of seed tu-
bers and the cultivation of commercial potatoes. The establishment of control methods for the
disease was, therefore, needed. Besides, the symptom and causal bacteria of the disease were
very similar to those of the soft rot disease, bringing about confusion on the diagnosis of
the disease on the spot.

The present paper describes the results on the incidence, damage, diagnosis, ecology and
chemical control of the disease, together with the bacteriological and serological characters

of the pathogens concerned.

I. Geographical distribution and appearance of the blackleg
disease in Hokkaido, and its damage to potato vyield

To clarify the geographical distribution and appearance of the disease, the incidence of
the disease was investigated on the selected fields more than 10 a in major potato cultiva-
ting areas in Hokkaido, especially in eastern parts during 1974 —1980. The identification of
the bacteria was made using the cultures from the diseased stems collected from various
localities. Analyses of damage due to Erwinia carotovora subsp. atroseptica and a serologi-
cally specific strain of E. carotovora ssp. carotovora were also done using three potato varie-
ties under the field condition.
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1. Geographical distribution and appearance of the blackleg disease,

and its causal pathogen

The disease was found to distribute in almost all of major potato cultivating areas in
Hokkaido. However, annual average percentage of the diseased plants in the diseased fields
during 1975-1980 in the eastern part of Hokkaido ranged within 1.6to 4.8 per cent, and
total average percentage was only 2. 3 per cent. On the other hand, percentage of the diseased
fields was 63 per cent of 83 fields investigated in 1974, and then gradually decreased and
became only 14 per cent of 106 fields investigated in 1980.

Participation of three kinds of causal pathogens in this disease was demonstrated. The
incidence of the disease by FE. chrysanthemi was localized in part of Tokachi and Kushiro
districts. While the disease by E. carotovora ssp. atroseptica was widely distributed in Nemu-
ro, Kushiro and Abashiri districts. The incidence of the disease by the serologically speci-
fic strain of E. carotovora ssp. cartovora was mainly found in Tokachi district. In 1977, the
incidence of the blackleg disease by the latter pathogen was found in Shiribeshi and Iburi
districts.

Among three kinds of the pathogens, geographical distribution of FE. carotovora ssp. atro-
septica and a serologically specific strain ol FE. carotovora ssp. carotovora was considered to
be caused by the movement of infected or infested seed tubers introduced from Konsen district,

and by their movement from original and propagation farms of Tokachi district, respectively.

2. Analyses of damage

The earlier the outbreak time of the disease was, severer the tuber vield reduced, regard-
less of potato variety and a kind of causal pathogen. Average total weight of new tubers
per diseased plant was 151, 340 and 43tg on potato varieties, Eniwa, Norin No.1 and Taru-
mae, respectively, corresponding to only 18, 38 and 51 per cent of that per healthy plant.
Viewing the relationship between percentage of the diseased plants and total weight decrease
of new tubers on potato variety, Tarumae, tuber yield decrcase was not observed helow 15
per cent of the diseased plants, while in the case of potato variety, Eniwa, 5 per cent of
the diseased plants corresponded to about 4 per cent of tuber yield decrease. It was, there.-

fore, considered that damage to tuber yield differed among potato varieties.

II. Causal pathogens of the blackleg disease

Pathogenicity, and bacteriological and serological characters of the cultures of pathoge-
nic bacteria isolated from either the blackleg diseased stems or tubers in Hokkaido during
1968 — 1977 were examined to clarify the taxonomic position and to establish the simple dis-
crimination method, in comparison with those of the cultures of the soft rot pathogens of

vegetables and potato.
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1. Identification of the blackleg pathogens

Out of 127 cultures of pathogenic bacteria examined, 56 were identified as Erwinia caro-
tovora ( Jones 1901 ) Bergey, Harrison, Breed, Hammer and Huntoon 1923 subspecies atrosep-
tica  (van Hall 1902 ) Dye 1969 (Eca), 38 as a serologically specific strain of E. carotovora
subsp. carotovora (Jones 1901 ) Bergey, Harrison, Breed, Hammer and Huntoon 1923 (Ecc-B),
and the remainders as E. chrysanthemi Burkholder, McFadden and Dimoke 1953 (Echr), res-
pectively. Thus, it became clear that the blackieg disease of potato was caused by three kinds

of the pathogens in Hokkaido.

2. Pathogenicity of the blackleg pathogens

Host range : Three kinds of the causal pathogens, Eca, Ecc—B and Echr caused the soft
rot symptom on the parenchymatous tissues of potato tuber, carrot, radish, onion and chi-
nese cabbage within 4 days after puncture jonculation as was the case for soft not pathogen,
I, carotovora ssp. carotovora (Ecc—S). Among Echr cultures, however, some culture did not
show the pathogenicity against onion and chinese cabbage. Eight cultures of Echr used for

the inoculation experiment did not show the pathogenicity against chrysanthemum, carnation
and corn.

[noculation test to potato tubers : Eca, Ecc—Band Echr induced blackleg symptom on the
stems grown from the tubers inoculated with each pathogen which were sowed and cultivated
in the field. However, Ecc—S showed no symptom on the stems grown from the inoculated
tubers. The inoculation test to potato tubers was, therefore, considered to be a reliable meth-
od for differentiating the blackleg pathogens such as Eca, Ecc—B and Echr from the soft rot
pathogen, Ecc—S.

Inoculation test to potato stems: Although blackleg symptom was induced on the young
stems maintained at low temperature of 18.5°C after being inoculated with Eca and Ecc—B,
the inoculation test to potato stems was considered not to be a useful method for differntia-
ting Eca and Fcc—B from Ecc—S, because some of Ecc-S cultures showed the blackleg symp-

tom on the inoculated stems when maintained at the same temperature.

3. Bacteriological characteristics of the blackleg pathogens

Eca could not be distinguished from Ecc—S by such characters as acid production from
maltose and a—methylglucoside, and production of reducing substance {rom sucrose, because
among Ecc—S cultures examined, 46 per cent of them had same characteristics as those of
Eca. However, the properties just mentioned above were useful for differentiating Eca from
Ecc—B. Growth appearance on Logan’s medium was recoginized as a useful characteristic
for distinguishing Eca from Ecc—B, Ece—S and Echr. Eca and Ecc—B could be characterized
to have lower maximum growth temperature than Ecc—S, because all of Eca and Ecc—B cul -
tures examined could not grow at 36 °C, while all of Ecc—S cultures could grow at the
same temperature. Moreover, Echr could be easily differentiated from Eca, Ecc—B and Ecc—S,

on the basis of following properties; indole production, tolerance to NaCl(5per cent), acid
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production from lactose and trehalose, and utilization of malonate and tartrate.

4. Serological characters of the blackleg pathogens

Both tests of agar gel—diffusion and slide agglutination were carried out by the use of
antisera against Eca and Ecc—B that were obtained from rabbits injected subcutaneously and
intravenously with living whole bacterial cells ( ca. 10°""'cru/ ml ), and antisera against
Eca and Ecc—B that were made by the same manner as mentioned above except for the use
of heat—killed ( 100°C, 30 min ) whole cells, respectively.

Agar gel—diffusion test: Eca and Ecc—B possessed not only common antigens as well as
Ecc—S, but also specific antigens in each, so that it was recoginized that agar gel—diffusion
test was quite useful for identifying Eca and Ecc—B. Moreover, serological relations between
Eca or Ecc—B and Echr was also found to be week.

Slide agglutination test : each antiserum of Eca and Ecc—B reacted specifically with Eca
and Ecc—B cultures, respectively, and did not react with Echr cultures and 38 cultures of 13
species in 5 genera including phytopathogenic pseudomonads except several Fee—S cultures

which reacted with antiserum of either Eca or Ecc—B.

Il. Diagnosis of the blackleg disease in the field, and simple
identification method of the causal pathogens

To establish the diagnosis method and its application time in the field, symptom, out-
break time anf fluctuation of the blackleg disease were observed in comparison with those of
the soft rot disease of potato. To establish the simple identification of the causal pathogens,
especially E. carotovora ssp. atroseptica and a serologically specific strain of E. carotovora ssp.
carotovora, pathogenicity to stems and tubers, and serological (slide agglutination test) and main
bacteriological characters using bacterial cultures which were newly isolated from the blackleg

diseased stems and soft rot diseased tissues of potato, were also investigated.

1. Symptom

Although in the case of the diseased plants infected with E. chrysanthemi, a hollow
occurred markedly of stem—pith, and symptom on foliage infected with E. chrysanthemi
and a serologically specific strain of E. carotovora ssp. carotovora had a tendency not to be
so remarkable in the degree of yellowing of leaves and repression of stem elongation in
comparison with the case of E. carotovora ssp. atroseptica, three kinds of the blackleg
pathogens caused basically and commonly rotting of seed pieces, and entered the vascular bun-
dle of stems grown from the rotting parts of seed pieces, and then caused the browning

of vascular bundle of stems and wilting of foliage.

2. Outbreak time and fluctuation of the blackleg disease in the field
The incidence of the blackleg disease caused by E. carotovora ssp. atroseptica and a
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serologically specific strain of E. carotovora ssp. carotovora was first found during the period
of 918 days after the begining of emergence in the field, and then percentage of the diseased
plants increased rapidly. However, the potato plants showing newly blackleg symptom appe-
ared scarcely after from early August to late July. The potato soft rot disease was first
found on the leaflets which contacted with soil at the time from early to middle July, and
soft rot lesions on the leaflets developed to main stems via leaf—stalk at the time from mi-
ddle July to early August, and then percentage of the diseased stems increased gradually.
From above results, the blackleg disease can be diagnosed fairly well in the field by the
investigation of the items such as rotting seed pieces, black rotting stems connected to the
rotting parts of seed pieces, and vascular bundle discolouration of affected stems as indices

by the end of July.

3. Simple identification method of the blackleg pathogens

The results of studies on pathogenicity, and serological and main bacteriological chara-
cters of newly isolated cultures were in close agreement with those previously described in
many respects except for the followings ; about 29 per cent of 217 Ecc—S cultures showed
the positive reaction against antiserum of heat—killed Eca cells in slide agglutination test,
in addition to the presence of three Ecc—S cultures which could not grow at 36 °C.
Consequently, E. carotovora ssp. atroseptica and a serologically specific strain of E. caro-
tovora ssp. carotovora can be identified exactly, promptly and simply in combination
with both tests of slide agglutination using antisera prepared against heat —killed Eca and
Ece—B cells, and growth at 36 °C. Single use of the above properties is not sufficient
to identify both blackleg pathogens. However, antiserum prepared against heat—killed Eca
cells which were absorbed with Ecc—S cultures showing positive agglutination, reacted specifi -
cally with Eca cultures, suggesting that this method can be used to identify £. carotovora
ssp.  atroseptica.

Morover, 85 per cent of 62 Ecc—=S cultures having positive agglutination against anti-
serum of heat—killed Eca cells, showed negative reactions in the following properties; acid pro-
duction from maltose and a —methylglucoside, and production of reducing substance from

sucrose, as was not the case for FE. carofovora ssp. atroseptica.

IV. Ecology and transmission of the blackleg pattogens

The ecological studies on the pathogens were conducted using enrichment techniques,
followed by the determination of the pathogens using both serological and main bacteriolo-
gical characters. Examinations were carried out on overwintering and surviving of the patho-
gens in the soil, relation between detection of the pathogens from tubers and disease inci-
dence, and existence and fluctuation of the pathogens in the surrounding soil near the diseas-
ed plants and infestation to new tubers by them, in addition to the contact transmission

through the cutting knife,
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1. Overwintering and surviving of the pathogens in the soil

Possibility of overwintering and surviving of the pathogens in the soil were examined by
two enrichment techniques ; modified method by Meneley - Stanghellini (1976) and tuber wash-
ed water enrichment method.

Detection of the pathogens artificially inoculated into soil and its accuracy: The detection
accuracy of soil enrichment method was 100 per cent for the pathogens of Eca and Ecc—B
from inoculated soils containing population of 0.5 — 0.8 and 0.4 — 1.4 cru/g of dry soil, respec-
tively. Population level of detectable limit for both pathogens was 0.1 — 0.2 cru/g of dry soil.

Detection of the pathogens from field soil, and possibility of overwintering and surviving
in the soil : Three kinds of the blackleg pathogens were not detected from all the soils of
ordinary and framed fields examined, that had history of blackleg incidence in either previ-
ous or past year, and all the tubers which were harvested from framed fields, having history
of blackleg incidence in past year, when the detection was carried out at sowing period of

middle May to early June in every vyear, and in a short time after harvesting, respectively.

2. Detection of the pathogens from tubers, and disease incidence

The detection of the pathogens was done on the tuber groups harvested from the fields
varied with the degree of blackleg incidence by E. carotovora ssp. atroseptica using the tu-
ber washed water enrichment method, and part of each tuber group was sowed and cultivated
in the fields in order to investigate the incidence of the blackleg disease.

Comparison of detection methods of the pathogens from tubers : Comparison of detection
accuracy could not be evaluated, because no blackleg pathogens were detected from 4 tuber
groups used. However, detection accuracy of the soft rot pathogen, E. carotovora ssp. caro-
tovora, by tuber washed water enrichment method was higher than that by the method described
by Perombelom (1972 b ).

Detection of the pathogen from tuber groups obtained from blackleg diseased fields,
and disease incidence : Tuber groups obtained from the fields indicating 0.0, 4.6, 13.6,
21.7 and 35.6 per cent of diseased plants in previous vear, showed 1.8, 0, 0.8, 0 and 0.4
per cent of diseased plants, respectively, in the field experiments, and percentage of infested
tubers was 0 per cent in all the tuber groups tested, when detection was carried out by the
time of sowing after being brought out from storehouse. On the other hand, in the case of
tuber group obtained from the field indicating 6.6 per cent of diseased plants in previous vyear,

percentage of infested tubers by the pathogen and blackleg diseased plants were 21.6 and 13. 8
per cent, respectively, in the present year.

These facts suggest that percentage of diseased plants in previous year is not correlat-
ed with that of both infected tubers and diseased plants in the present year, but that of tubers
infested with the pathogen is related to the disease incidence.

Existing parts of the pathogens in the tubers, and its survival: The detection of the patho-
gens from surface, lenticel and stolon attached site of new tubers, which were harvested from

diseased plants, healthy plants adjacent to diseased plants, and diseased field, was carried out.
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The blackleg pathogens, E. carotovora ssp. atroseptica, a scrologically specific strain of
E. carotovora ssp. carotovora and E. chrysanthemi, were detected at high percentage from
the surface of new tubers tested immediately after digging, and the tubers infected through
stolon and infested inside of lenticel were found to be below 5 per cont. The pathogens in-
fested on the surface of tubers could not be detected after drying treatment of 43 days in the

outhouse.

3. Existence of the blackleg pathogens in the surrounding soil just near the diseased

plants, and infestation to new tubers by them

It was found that the blackleg pathogens, E. carotovora ssp. atroseptica and a serologi-
cally specific strain of E. carotovora ssp. carotovora, were released to the surrounding soil
near the diseascd plants both rotting seed picces and stems, and population level of E.caro-
tovora ssp. atroseptica reached 10° cru/g of dry soil at early stage of potato growth and
at heavy rainfall. However, the pathogens usually existed at population level detected only
by soil enrichment method, and lost rapidly its activity in the soil with the lapse of time.

It was also found that £E. carotovora ssp. atroseptica moved within the distance of 2.4
m (4 hills) from the discased hill, and infested the surface of tubers obtained from healthy
plants. In this case, there was consecutively targe amount of precipitation during period from
middle August to harvest (late September ).

In the surrounding soil just near the blackleg discased plants, the blackleg pathogens
were detected at the early stage of potato growth, and then soft rot pathogen enhanced its
activity after the middle stage of potato growth (middle July). Such a phenomenon as differ-
ed in the stage of activity between the blackleg pathogens and soft rot pathogen correspond-
ed to the differences of the outbreak time and fluctuation of blackleg and soft rot diseases

ol potato as previously described.

4. Contact transmission of the blackleg pathogens through cutting knife,
and disease incidence
A serologically specific strain of E. carotovora ssp. carotovora and E. chrysanthemi were
transmitted to seed pieces through infested cutting knife, and induced blackleg symptom on
the stems after sowing of cut seed tubers as was the case for FE. carotovora ssp. atroseptica.
The contact with cutting knife was considered to be the most probable means for trans-

mission of the blackleg pathogens.

V. Chemical control methods of the blackleg disease

As previously described, the source of primary infection of the blackleg disease was main-
v infested tubers. It is, therefore, the most important to use the pathogen free tubers for
the controb of the blackleg disease. For this purpose, it is essential to apply the chemials for

disinfecting the tubers, cutting knife and potato containers.
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1. Treatment with chemicals for disinfecting the seed tubers

When 1 per cent aqueous suspension of streptomycin—oxytetracycline (15— 1.5 per cent acti-
ve ingredient (a.i.)) Wettable Powder (W.P.) or 2.5 per cent aqueous suspension of thio-
phanate methyl —streptomycin (50— 15 per cent a.i.) W.P. (5 — 6 liters per 200kg tubers) was
applied to whole tubers in spring before sprouting using water can or atomizer, each chemi-
cal was quite effective in controlling the incidence of the blackleg and scab (caused by Strep-
tomyces spp. ) diseases which transmitted through seed tubers. Thiophanate methyl—streptomycin
W.P. was also effective in preventing the infection by black scurf ( caused by Rhizoctonia solani)

discase, transmitted through seed tubers, to stems and stolons of potatoes.

2. Chemicals for disinfecting cutting knife

When a cutting knife was soaked in 10 per cent agueous suspension of calcium hypochlo-
rite ( Ca (ClO )2, 70 per cent a.i.) Granule (G.) for 5 sec., transmission of three Kinds of
blackleg and ring rot (Corynebacterium michiganense pv. sepedonicum ) pathogens through
a cutting knife was completely protected as was the case for 0.2 per cent aqueous solution
of mercuric chloride (HgCl», 99 per cent a.i.) for 5 sec.

One liter of 10 per cent aqueous suspension of calcium hypochlorite G. did not last out
the ellectiveness of disinfection even after a cutting knife was soaked about 2000 times, alth-
ough in this case, the volume of suspension decreased to about 1/4 of its initial volume, and

it became considerably dirty.

3. Disinfection of potato containers
The blackleg pathogens, E. carotovora ssp. atroseptica , a serologically specific strain of
E. carotovora ssp. carotovora and K. chrysanthemi, adhering on the mini—plastic containers,
were sterilized by 48 hr treatment with 0.1 per cent aqueous suspension of calcium hypo-
chlorite G.or 0.4 per cent aqueous solution of benzalkonium chloride (20 per cent a.i.) Liquid
Formulation. The above two chemicals were also effective in disinfecting the pathogens of scah
( Streptomyces sp.) and dry rot (Fusarium solani f. sp. eumartii ) at the same concent-

ration.
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