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B1E W

7 X% (Vigna angularis [Willd.] Ohwi and Ohashi) 1%, #RfK<°H,
EEERECOEFRBICHWON, BADOIX, BEFBIZRNE R
EWTd 5. 2019 2T HALiEE O 7 X F F ks mfE b K OV E &
1% 20900 ha 3 K WV 55400t T, T ETNERNT =T by 7D 82%F
LV 94% % 5D TWD (BAKESRKREEEB®IE 2020) . 4k
HE7 AXFEERMEEELGEVEELL, EFoFMREL, &
FEHREWD., TAXFE2OT R0 E AT (BRIL 1994) EFEIET N
AE E WA ME N T WEH TH o oL WA TIE, BRGEAM R A T I
CHDLHbDOD, o~ AREY L REIC, WIEYREOEEMSER L
CHELRLBEERROMFICANXRLRMEM OO LOSTH L.

TAXOAEFEL, TAXEERWR, TAFERERBIOT XX X%
MeEWo e TEEREMAMIZIA2HFICLEILEENNI N TE .
2000 FFRRICAD, ‘T BED BLY ‘LwEh’ 230D &L
W ERESEA R IR SN LR, REWREICLD
WENBEBEN>oOb o=, TOXHRWWO s, diEE b)IH
HZBNT, TAFXBEMERNZH L. KR, 1970 FRI2k
WEE R 2R < ALVEE O 7 XX EM O IZIE 2 ITIH A L (Tanii and
Baba 1979), = O #% b ALy E MR M G A F Mk & L Tm o T
Tbon, TNETHY»REFROON N2, W2, 4

DO TARFICHEE L7 2003 FoltmE Gt FiIcs i 5% EE
BlX, YL L TIEHIEFICBELWRETHL AR I TV, £

WU, B GG TCULIELIEREDHERINLDL L2, KiF%E
THRLE-FEHEOZL 258 LT7- 2009 £1%, BEDODLEITIHDH b



OO, EJHGTOT XXEHTIE, RFOBRFKERGIZTHERLTE
DKW TH ol £, EFH N 2007 F 2/ 1L 5 TR OIRE %
WL Wz llama T, Arx—y 7 ORBEKEORMLLZ T
e EEADE, BEMEOR Do+ ERE, O TLIHE
ol E 2B IR EL TVWinbo RIS, AFITEENLT
D, SENIERD D VIR LEENER TS ERR ERE
29 % (Tanii and Baba 1979) 72, £ ¥ 75 LN &EIZ 5 % 5 &L
ERThHLEEZONTL., £, KFEIRFERTLIZENMBN
TH Y (Tanii and Baba 1979), ‘b E HEEWHE O R 1 O £ FEIC
B3 % 4 S % B A (2021 45 4 H ek iE)” (b 2B 2021)
X DEGEALUEIT BKELTWVWARNILE LENDIHRETHD
25, 2000 FARITFE FAERIGICEB T OARFORAEDN LIXLILMEE
20, BBRMENR RO LN TV,

AIIZDWTIEL, 222 T, JbigE S+ R ERRY (BA0iE s
WA TR R EAT R AR F SR ERBRY) kT, BB E
PEOAMENTY, BREAOEFH KIS X OZXERAMICHR %2R
7o (bMEESL R ERBRGW L 2R 1978) Z ik ED, K
WWIZH T 5 RBIEBRKICITEDL T, BITMRBBRIRI 2R TH
o 7= . % 7=, Tanii and Baba (1979) 2 J% 5 fl i %2 “ Pseudomonas
adzukicola” & L CHMELH L TV o2, EEMEMHRNOEDIC
KXV 1980 FIC kB L (HAMMBHEFES  2021) .

Zo7, dbifiiE sn B R RS (BRI E SR A B 20 B A 2
ER AT EIINEERBRY) 2BV T, 2008 AR OB TE &
LCREAOZRESGFICHRIABRSER S, 51&HE 2009 FE»
5 2011 T CTHIBRMERBRN TN D L b, KRHPTH



STEHREMBEORENRARALLNTZ. AWXIE, ZhbOMERREE
By ELDIELDOTHS.

RIFIEEATV, LD FEDDITHY, JL¥EE LR AT IEEE O
EH, AEOZ OFOZHRERL PRI XEEZH 7. 7 AXXH
M R O BFFE 1T 2008 AELAAT K VD LM E KRBT o TWi A, EH
DWHEIZLY, EERFREGNESHNTIT) ZLE2RIEREL
TWhkZnwlk., BUTE IR E - =E2mREL, RIZA0H
WhhZ Wl W MEE R LIS I —BoE#HE R L BT,
IR L, PAERICENAORBEICIRTVWEE L., REAE
K, /MafiEt, FACZER, BREEMELIICD Y0 LIIEE
RBGHAE SIS, RBRETICH ZHMREZ KA ZH O E
St ¥, HPXRE LI UORERBREMICIT @Y 2 S
Wk, RMRMEZZEITT AN TE., LOLGEKHEZH L LT
5. —FHT, HUBRREIULO 7 AXFHFEALZAMICIT, EHFOLRNE
BICX 0 RABRES B X OREES CARBNAREAEL, MEE RIS E
MAETTLEY, THKZNTEd, Z05Z2MHE) TEkHTE
FEOH L BT 72w,

A OIEICIE, EINREURERE X -6 ICHHR
¥UREREV Y —, ARV I RBEUBER X —ICTH IV
7wz, 72, BMRABRERICHT-V, ZTHMBEB ORI 2 W
Pl EJNAERERBFAMEGESSOKRZHE K, ANAKK,
EBREERBFAMEGORILERK, RARZK, LIEEIRE L
T - REXFTOWHBERRK (L), PHER A+HBRER
BERE 2 —dbf ) , MARER BlEMRBRELRELT KTV
HZ— e AT A b ISR BRIC W W W T E BT o R pE
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i [ K7 R B B R B Ao W B — X, W R A
DRIEICEAT HHELZRIZTARTVWELEE, BIEICELIETT
BT E WS W LD, DX DIEHER L BTy, B K
JE: 7 TR ORE W P PR A SR O AR A E I (B ER B RO AR B A SR AT )
M, FEMSERICIEERO —HzHo T ZWnit., £
72, RELEMEZEDDZ ZENTETEDER, Yo FEEROEB
W Th 5.

B NE NS S T S I TR Sl LIPS N PN S 7 3 )
JE Bt B H B L, R OK S BE R oS 0 8 e G AL RK B B 2 e, e
RFAIE R P BN R 7B B i ) - — L AR oo KM% -
oo TS EHHE L LTS,

FEOERHFLIER, ¥, H, ERKO4ANOFELLEDBNLOX 2T
JFOVAEBETHRIIRNDT A ENTEL., LDEIVEFOEEZRL



% 1 8  Pseudomonas syringae T B @ 4y

Pseudomonas JHIXy -7 07 AT T VT OF T AEEOKRET,
1 AL Lo EICEIVEH L, FRUCRHFEZITY, T b
TS UUCBFREELELZY, C10:0 3H IEM R I L O C12:0 IF 2,
CI12:020H, Q-9 2t F /) U THRINLIMEMNE EHh, K5 D
MEITARY-B-bt FedvEREMLELZERES, 4 7HIT P
aeruginosa T & % M E#E TodH % (Palleroni 2005).

P. syringae ¥ X OVE O % O KL W 99 J M B O ¥4 & 6 < D g am IE
BELL, B E LR WITAS HETHR W TWDS. P syringae I3 503K
TA Ty I 0L INTMER TH D (Palleroni 2005). 1960 4
RETIE, RBFHDL DL WVIIEEFZOEEOE WD, FEMEICEL
BE T 2 AHM LB REREZNRT L LEZLORTWVWERLD, #

R, AFHBIOREFNRED R VAR R 2 25 EC
Dan=—HEOHMITIE SN TEZEL D Pseudomonas J& il 1 T O F
LN EZE SN TE 7 (Young 2010) . Z 4L 5 @ nomenspecies (fiy £ fi)
D —% % Dye et al. (1975) I Lo TSNk, Zhbid, £20OHEE
HHEN—BHLIVIE—BOWEHIZIBROENDIEENRZNOITK L, P
syringae X7 A4 7 v 7 USMIZ b E EWY N ILEHIC LS Z &850
E 7o TWb (Young et al. 1978) . — 5, 1976 4 1 H B %o
‘International Code of Nomenclature of Bacteria. Bacteriological code,
1976 revision ([E BE#l & iy 4 K D 1976 4524 7F) * (Lapage et al. 1975)
X, AkThHhiE, P syringae LV L RICHEBIFEIFRME & LT
WE SN “Pomori” WEEINDIREITHDIICHLEDLLT, R



FIWZEZDLNIALSBHMEINTEZE W) #HE (Young et al. 1978) T,
P. syringae \ZIESMMEN G 2 b, £ Ol ME O F4 1L P amygdali 7
E—f & BrE,1980 4 1 H 1 A 31T D The Approved Lists of Bacterial
Names (Il %24 7K 38 U A 1) (Skerman et al. 1980) 7> 5 R4 S /-,
INLOMEFLAKBY A NMTEHEENRD o T2 O EY %2 V]
52T 5728, Youngetal (1978) %, & HMICFIEL 2, »
D, HREICE o TOREENER S Icms - pBIKRE LT,
pathovar (R ) v 27 LA DE AL B L. WERE LI, BRNb
HZWIEHERNO EHEOM S TH VU, serovar (MIFEH) B L O
phagovar (7 7 — U Al) |, biovar (A HL) & R 6 4 BLE O #ikE4t
ThHDH. WHERAEZTEIC 1O EomEHWICH T 588 ORIEMEIC
EOWNWT, F—HNDDLWITHEAN MO R & XA 5 R E FF
STERMICHLTHOSON S, + o EERA 5% T E B D R 2 S
DHIFFEME 2 HEBRITE > TR (Dye et al. 1980), 4 H
T ZOEREICE > THEDHRIZBE ORI R2RIEEOERERRERZITS Z
Lo T3, pathovar Y AT LAIZAS HTHLIELSBMENTEY,
IR D FEHE A T U T Posyringae 3 X OV kg O M E O 02> T O A
4 FE1L, P syringae D WX F O BEEOFIHEM E LT, £D%4
A ST & T

P. syringae B3 L O OEBEOH IR G & © - P syringae group
bacteria (P. syringae B H) (Anzai et al. 2000) I%, P. syringae sense
lato (J& 36 D P. syrignae) & % % P. syringae complex (P. syringae F&
BEIKR) EHFIEND. P osyringae BRERIE 1137 2 H 60 2L ED
HIEA N E E D (Young 2010; Gomilaetal. 2017). ZH £ T, JFE
B OEEBEGBEZERLC, JIE~FOETIMOVMAEN IR T



X 72. Gardanetal. (1992) %, DNA-DNA A 7 U X A B — 3 (T
£ %5 DNA O FHHMEIZE S\ T, P syringae pv. savastanoi (syn. [
J = - BA[EFE] P syringae subsp. savastanoi) 1%, P. syringae pv.
glycinea 3 X OV P. syrinage pv. phaseolicola & & H 12, TN E i P
savastanoi pv. savastanoi ¥ X OV P. savastanoi pv. glycinea, P.
savastanoi pv. phaseolicola & T 52 L ZHIEL, ZOFHITSHDL
HRPFTRSZTANLLRLTWDS . FERIZ, BB X2 N7
B 5y, 16S rDNA HiJEBL S fE 4T, DNA OAHFEMEE & OFE R 5 P
syringae pv. avellanae [X ¥ T P. avellanae \Z /3 $H X 7= (Janse et
al. 1996). * 7=, Gardan et al. (1999) X P. syringae 3 X % O I
5 A 2 DNA OB ME ISV T 9 -5 D genomospecies (47 18
L, £® 9% genomospecies 5 \ZME— 5 £ iL7- Psyringae pv. tremae
HURIZAE 7B OCEBEORZBIROF ML ST P tremae
TdoHDH & L, [FEEIZ genomospecies 9 & & £ L5 P syrngae pv.
cannabina % ¥ fi& P. cannabina \Z 43 %8 L 7-. genomospecies 4 (27
F 4L 5 P. syringae pv. coronafaciens {Z O\ TlL, DNA OFHE&MER X
CHEOEFORBIIDNDDPDLINTYAF -V TEEBEFTHD
gapl (glyceraldehyde-3-phosphate dehydrogenase) ¥ X O gli4
(citrate synthase), gyrB (DNA gyrase subunit B, Type Il topoisomerase),
rpoD (RNA polymerase, sigma factor) i Bl 512 & % multilocus
sequence analysis (MLSA) 7225, 1Hi&4 Td 5 ¥ fE P. coronafaciens
ET D ENI|EINTEY (Duttaetal. 2018), 2747 / L O L fif
Hros o b A ER DR G 2815 540 T 5 (Gomolla et al. 2017).

—J7, Gardan et al. (1999) (%, P. syringae ® —#5 O ¥ KB @ fl1 12

P. amygdali B X O P. ficuserectae, P. meliae, P. savastanoi %



genomospecies 2 ICFENDH E L, TNHDOFEAHITY /) =LThHDY,
HKOEHEWIES 2 OEL41E P.oamygdali THHZ LIZE KL TWD.
P. syringae BEFME DD 2 X% — ¥ Vs gapl B X O gltd, gyrB,
rpoD O EFERLFNIC X o TH LN R FW R LM phylogroup I,
— B ERE, MR LR O ZENE O genomospecies (T — T 5
TEMNTIHBEINTEY (Bulletal. 2011), rpoD B 4112 X % phylogroup
% genomospecies & WA XIS B LR IC H 5 (Parkinson et al. 2011).
Parkinson et al. (2011) (&, P. amygdali 3 X X P. ficuserectae, P. meliae,
P. savastanoi X% CTH YV, \WT I H genomospecies 2 IZHHH T 5
phylogroup 3 2T 257 7 AX —ll&ENDHLtERLTWVD,
P. syringae FERIE O hrpZ s 1 OB IEEE S O H 372 Inoue and
Takikawa (2006) @ hrp group & genomospecies & XL BARIZH U,
hrp group 1A B X OV IB |¥ genomospecies 2 (ZH Y T 5. = 5T,
Gomilla et al. (2017) %, &% /7 LA DL HEN, H 5 i, 16SrDNA
B E O gyrB, rpoD OHEIEBINIZ K 5 R 2 5 P. syringae
% phylogenomic branch (2478 L, genomospecies 2 IZHH Y T %
phylogenomic branch IV IZ & £ 45 P ficuserectae 3 & N P. meliae,
P. savastanoi /X P. amygdali X V% DY /) =L THDH I & uEfEMLT
W5 . F£7-, Harmon et al. (2018) &, P syringae DR A % & O
genomospecies2 ICH EN D FHITY /) =L ThH YV, P amygdali 1
DHFL LD LERLRWEND D72, genomospecies 2 (25 A5 M E O
FAHNE Poamygdali BEXOPZ ORI E T LHXETHDH EFEREL T
W 5.

HL7E, Gardanetal.(1999) @ genomospecies2 |2 & £ 425 M E O

4 Poamygdali (3 SN 28 M2 H 5. K[E D National Center



for Biotechnology Information D& — AX— TV HNIZHHFH I LTV D
Taxonomy browser TlX, P. syringae pv. mori X° P. syringae pv. sesami
728 x> T P osyringae OJFRJE & I LT Wiz P syringae group
genomospecies 2 D % < % P. amygdali pv. mori X° P. amygdali pv.
sesami 72 & P. amygdali OFIFH & L TYU XA M TW5H N, P
savastanoi ¥ L ONE O L B R° P. ficuserectae, P. meliae 13 D F 4
g #, < 4L TUW b (Schoch et al. 2020). P. amygdali pv. phaseolicola
DEL & A B HFFEE (Ramirez-Zapata et al. 2020) & W\ 5 A%, 2022

EHEDODEZADVED L > THD.

TR X MR, 1971 A Ak E AL BT o F R Bl N
DKHEEBEMIZIBSNT, TAXFOHMAELERH D5 WVITH 2 H O FEEN
G T 2 HBOMEBEICL W EL L TCHRESNTE (BIFEDSH 1973) .
[F AR D JE MR 25 AL i P 5 oo A RF, ZEnds K OVIERM S TH AL
Tk, 3 1972 Fl2i3dblBEmMS CRENER SN (BFIFD
1973). =D t%, + B REERBGIC L0 b E N O R &L 5 A il & 2317
b, LRofmicgESml TR INT—T, KEO+HE LV,
MAEMT TEARROBAITRO N hoTo. AMAERENDL, K
WIXTERBEHUMICOML, WTIRLOEORETHLHEENLED LI
TR HL G THFE L TV D & iham S e dbifsid sz + B R B
Ji5 P 22k 1978). Tanii and Baba (1979) %X, Z o HEE L T, K
WX BT 5720, 197N Er DRI NTZKOEFEREIZLD,
A FXINET XX ~WEED 2B T 270 k2 Rk v HEAS



N7 AXFFPNRERERKNE RO TIE RV ERRHL TS,
—J, THHFTCERBOBENRBD NP> T0IEX, +HBHGIX

TERT XX OREH TH Y, i L0285 AT 5 0EN 20
Sl EELL TS, TR ETIBEIZCE VT, 1981 F£I2H
ST RAENRD b (bl SRR YA RR - dbiEE 2B
W R - A E AR E RBIRAT 1982) fill, RIEMA FEHEY
FAETRFEEFEHR by E BRHBE - b E L PR EERBRYS  1983-
1988) I1C 1987 £ F CodtiBENICB T 2R ETHELATLINL TS
B, THRLKE, AR TR LE L 2000 FROFEAFE THN - 2%
AOFEIE V. —F, EATIEI980FICT AU DAREI XV X

INTEZH LW MENH D (Kennedy and Denny 1984).

2. K

Tanii and Baba (1979) 12 kX 5 &, AT, $hE#» o4 U, 4%
HHWILE - REOEFIZ v — %2 DR WVWAKEROMF /N RS
FOER EICEHEZRERT 5. WEIIMb 2 RBE LR, Rxi
CHERL, EMENLTERXRICET D20, HEITE - TiE, HIF
E#ICHCENVEREET S, WBOMEREVNG S D, B L
EXEMARE R EOMBENERICEIVHET S, WAV T, 20
X 9 72 JE WKL Xanthomonas axonopodis pv. phaseoli ¥ X UV P
savastanoi pv. phaseolicola \Z & - CTA V7 v~ AR AT 5 ERER
BELOEDSIABE O “stem girdle’ & 5 W iE “jointrot’ & L THIO I
T\ 5% (Zaumeyer and Thomas 1957). £EF & IR b &, LREH

THEHREIZZHONERBELRD b, KEBMKRROBE RE L
OREARICIH ST RBEZIERT 228, HIH L7720 LS K18

10



EIXROLNRW. F£2, WTNOEAIZE W T 5B 2 5 M
DB (FHE) RO, KIFOZMIZAD THLELTWVSD.

—F, TAXIZHRAET DHHMEDFEIRE O EIZT XX 185 E RN
(BH B 1971) e 5. WIRME X P. syringae pv. syringae T,
BHES (197) XD e, 7T AXBEEMERIZESIC KA O o
—E o RBEAHENSABEORKERFHEEKR L,  OFHK
FELSHARLTL, ERIEFACAWV. HICEKRT L EEMTL AL
HERL LT < b 3ndn, 2R eb7 XXFXEMERO L D
CEZBHSEL2LEF2L, MEBEBOT XAFITBT 2WBITHREIC

B 5.

3. 9% JEHE B o0 M R B S KON Il T e 8

Tanii and Baba (1979) 1%, 1971 ¥ X O 1972 Ly EN 9 »»
TEDBBT AXE2HEL T, FHISHEKICOON T, MIEZNEER
LOMEZENEEICOVWTRFAT LTS, ZThickdl, MYHE
MEOSBEICEFTHOWONLLIRA DX A « XN UM (LT MY
7 A O05%EA) THHECTE Y, King’s B 51 (King et al. 1954) |
XV WIEMENEERTREE S N5, SEEME I, 77 2BEORE
T, 13 RomiEEL+ AL, EHETHY, FROBRITRD I
V. B0 EAEET, K& &% 0.8-2.3X0.5-0.9 (£ 1.4X0.6) um
ThHDH. A—F 2T 7y 7 BEGICKDAD-B-& R o B ERER
DERITRO LNV, HLT RV T LAEZ 02%HDHWVIE0.5%F T
Pl 285 BT, BEIERBORFE IR AT, BT b
Vo hEgERVWATFXF A - XT N UEKRE#RBLI O KT
DINICERETH. XT P EFRIXT My T st —aAR

11



TRUDIEFIOBEBEIFXREY., FABEETCEIEMBZLELN L,

U222 HFLESE, DIFPCECTL. VI AF—KREB LW
Zox NV IKRBETHOTNICEBEL, HEIHEBEZCKERACDT M
EOCT 5. —J, a—RBETEEELZRW. 5% T Hugh-
Leifson 55 Hi (Hugh and Leifson 1953) T2 /L 22— & % WAL /912 4 fif
L, BEREIX 72V, King’sBEH FCTH %2, 3 HZ IR EROAOE
EHEAL, B4 253.7mm) FTHEOLICENTD. S A7 1 —2A
EFEDHT XA AT M UBBETLARNVEEEAL, AFXFVF—F
EMHEBLORY Yy A BHREXBWAE, 71rF¥=0T b N7 —BIEEIT
e, AN aBWBURIS RO b, A4 v = v EA R X Ok
KFEEL, MBEOE TS, Zvarmgomit, ¥ Fvikit,
AF N Ly NG, V-P RS, =227 U MK, ~— 9
KR, Tween80 MK fE, T v 7 OMLIEH, Fr v+ —1YE
B, LTS —BEME, MBER, Tx=AT 7=F7TT7 I —F
EMWIXREME, 7o =TEEBLOI X7 —BEHRITIGETH 5.
L7 —BEMETR)TEE 2RHMBRICRFZMAKSMBEST LS. v
VBTNV U LAERATS. LAY BV L-Y YU EREA L 2
N, B-T 7=V BIRT AT 2~ DRFBFRB L OEHF L
LTClRET 5. FFPEZ 1% 5 & Ayers et al. @ £ Hi (Society of
American bacteriologists 1957) IZE W T, ¥ m—2XAB LRI L a—
A, ) —RA, AZua—RA, hbrxog—RR, ko —), <
=h—, 74—, LT B—ANLE@EELEL, TRAILEAE
L2V, ISEHKEFR 1EBKEZERWT, 1/ b—A b bBEELET
L. —J), 7 =R, I bE—RA, YU, FTUrT, X

v, L-YIVAR—A, ALF hk—, =Y MU h—)b, =H ) — )M

12



DIXMBb T ABEAELR W, KEAEBIEZ 0.2% % & Koser’s 5 Hi
WBWT, p-AMB X, 7o U, a7 i, pL-fifk %
FRELTHMAL, 7AB Y RISEEZRTH, L-BEABRELS X OKRE
W, BIREBY, 7T X B, pL-AEEEIXRF M L7\, Hildebrand
® J5 % (Hildebrand 1971) T, X7 F @+ bV 7 A% pH4.9-5.1 T
WAL 523, pH 8.3-8.5 TliIikfb L7z, AL N U 7 A% B
[ZOWT, 3T 1 EKRD 0.5% T PV D AERT F KT
EFET, KV 2EKIT02%EATHLER LR, 20O 3 H
RO FIREIL 5-30 CT, H&i#El% 25-27 CTH 5. 2-3C, 35CT
ERB LRV, &5, King's A e 47 =0 2 pEAET,
B-7 v a v X —BIEMEIIEET, YAV E M= A NDOEAEELEL R
(AeifEE e+ R R B G W B T 28 1978). o BEME DPA(L)3 @
BB 2 WD CER L 72 L i 13 A% o R R E 2 2 TR & h
7= KW 955 IR ME Pseudomonas B H O+ X CICEBENIEE AL T, FERE
IMOON otz BRFVAN EHILBEIEORKEN D, A5 HE
ME X MEFIcE T, AR 2EMoMBERIREZ AL, Z o0
X P savastanoi pv. glycinea |2 % 3L i T& - 7= (Tanii and Baba
1979). X % Y XN O3B E X, King’s B 55 #1 E o 563 5 2359 <
(Kennedy 1984, Kennedy and Denny 1984), Wi £+ A+ 25 7 7 Lk
HEOKRE T, W< 220~ ECcHLAADar =—% K
L, @EEBHMENS D03, X7 F UL X O KFEOELRE, ¥
VoawA v rOEARITRLS, FACBBERISE LT &

I T2 (Kennedy 1984).

4. R IR B O fig L DH & Oy RO AL
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Tanii and Baba (1979) O & TliL, AR O EEME 2 7 X X (1T
GEET L L, BE2BEMBICESB XIOXIZKRKOIWNE %K
L, BRErAFRE IS, 7XAFMLEMTIE, BEXMHES BLO R
ERKLLF, " ThREA T, Sb/hE’ oEzEREL, F
INET BEXO CCEKEEREAT, LT, ‘hE 25T, CHEAKR X
|, “E/0 BXIWY® ‘mBHRE TxofEELTEY, KH
mEIF EEZERNIEWWEINTWDS. A4 5 < A (Phaseolus
vulgaris) ® ‘KRIE&K T, EFITRBANDIAL XOEXITHRA
DK ZTRT 20, " KRFC IIEHBERI RV, £, &
W 7 (Vigna sinensis = V. unguiculata) ¥ £ O 7 ¥~ A (Dolichos
lablab = Lablab purpureus) OEF I HEHEB R LK T 528, XA
A (Glycine max) ¥ X WY 7~ A (Vicia faba) , = > F 7 (Pisum
sativum) , F % < A (Canavalis gladiate = Canavalia gladiata) O J&
QuldaprolcbLT0nd., IRV EZINETBT D208 IZOWT,
BT TAXFOLREW LN, RETCOEZE#EARTIX, 170~
A @ ‘Manitou’ ¥ X OV ‘Black Turtle’ 1Z/&% M, navy bean 1% F &
i %2 R L, pinto bean B L VX 4 X (TR LWV E L TWVD
(Kennedy and Denny 1984).

W EIWCHEAE LA O IEAME (Tanii and baba 1979, Kennedy
1984, Kennedy and Denny 1984) (X, 7 7 Ao E ©, Wk E
AL, RCARTEATIHEYIRIRME T 572, Pseudomonas
BAME THDH. S 51T, LOPAT iBk (Lelliott et al. 1966) O it F 7>
O, AH I I YE M Pseudomonas R O laBEICE T 5, 772 b
L P osyringae B E T DH. 7 AXFICHARELZH FTTHEET S

Pseudomonas JEME X, GO 7 XXM MERZ5 & & 29 P.
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syringae pv. syringae (&3 - K% 1971) b 5. H@EREM LT
DEBFTRB LV ANV ELARE, BT F b, REmME, B KR
FIROFAME, 7 XX ~OHRMKITIB W T, P.syringae pv. syringae %
K O RAE & %72 5 . Tanii and Baba (1979) %, ‘Bergey’s manual
of Determinative Bacteriology & 7 it’ (Burkholder 1957) (2 i & & 11
TWD 2o~ ARKEY %123 Pseudomonas BB LU= F v
D5 EME W E P marginalis pv. marginalis (% # 1959) B X O ¥
A4 X @ wildfire @ 95 J7UM B P. syringae pv. tabaci (Allington 1945) &
E L B M EF U, Burkholeria andropogonis 3 X OV Ralstonia
solanacearum 13 8 & 4 38 E A 1 B W T, P cichorii 3 X WV P
marginalis pv. marginalis & 1T 4 % v X — B iEE I W T, P
viridiflava L 132 7 v — X ORI XY ¥ A €8 X 5 A6E 7
EOMBEFHHEEHEIZEWTRZY, = FU 225 MMERE P
syringae pv. pisi 8 X N P. syringae pv. tabaci \Z 2\ T% P syringae
pv. syringae L RO HB TR I D ELTWSD. —J, beanhalo
blight group (Schroth et al. 1971) @ P. savastanoi pv. phaseolicola 1%
YR R ME T T 7 AXICHRKY L, P.savastanoi pv. glycinea b
WMHEEBICEID 7 AR CHEEERT (WL 1976) L HIT, W
JRMER KO E FZROMEESRFOREME & EHEU LT &L, 7
U KGEEM B W A P syringae pv. mori % & ¥ 7= bean halo blight group
O 3IFIRE EARFORIFEME & ORFEIZOWTHEMICHRAT L. Z

DOfE R, MEFHEEICB W T, KIFH O IEMEIL, P savastanoi pv.
phaseolicola L kg L C, 7 F K ibiE, ~v> = — LB LA /
E—NVORHAMEDO R TERY, P syringaepv. mori £ 1%, UV /N—+E

EHEBIOYLE h—VORMHMETHEL >/, —J7, P.savastanoi pv.
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glycinea 13 ¥ 7 F I, UV N—BIEM (Tween80) B LUV~ =
F=VFAMEO R TAFORIEME &<, 618, BRIV
HIEHMIBEICBWT, | BHkabkE, SBOMBAERIEE AL TV
M, RIFORFEME L, 44 XICHEHEEZALARVWR TR -,
LBz T, RFOHFEMEIL, BREMWMMEN 02%H 50X 0.5%
KL<, WX R - RSP UEMHMETETLRWVA, BHNME
Proteus vulgaris W OB\ L7 —¥iEMH A2 H T 54, BXLW, L
NBE—A,DHEABBIOB-T 7= EFHT D E Vo7, D bean
halo blight group ® 3 WA LT R 22/ HFOMEHEKREZHFELTVWD 2
END, RO E X P, adzukicola> ThH H LR E L 2.
L 2> L, Tanii and Baba (1979) N BRI H W 7- B IXTHFE T,
“P. adzukicola” D ¥4 X720 & £ TH - 7= (Bradbury 1986). L o>
L, AW —8mE HES 2011) 22X 9, 2000 4RI 6 S
NIz 7 XXX ME IR O M E L P.osyringae BEMIE TH 5 2 & M
WE S, BAMWEA HE (2021 £ 9 AR (HAWMYIKERERS
2021) Ik B E, TAXFXFMEIR OWRIEME L, Pseudomonas sp.

EINTWAD.

5. BB E L OVBh bR KT IR

AIFIZHIH LT AXL0BENTFE L, HD5W0IE, KO
MEBEIRICRIE LT A 2B 2 & BRER & FEOE
WAFHENDE NG, KFEHEICEFEREL, “RERICE
W45 K9 % (Tanii and Baba 1979). —J7, BI4EZL R L= EEG O 1%
2, AWICEZEO R “BARK 15 ZHEL THLREMPIE

bivirolZ s, EEERLZRZWE I LT WS (Tanii and

16



Baba 1979).

AIFOBERIFRICONWT, +HRERREICLY, BEAOME T
BB X OXERMOBRF ATz, 0L, ECP- 7 AT
YAV T UTLARHOEFEED 03%ETFHKOHENEKD
<, RO T, SAKAl A2 HFER XD 10 BT 2-3 @
BT 22L& THaRBBRDHRPGELONATZELTWVDI DD, KJF
TRk T 2200, EBTOERARMRETCHDIEL TS

(Tanii and Baba 1979).
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FH3E T AXFXEMENOWIEMEORE, SEB i 4

T AXEXFME R IL 1971 FICdbiEEE BB BT D3 A #H
HEEh (5 1973) , & @ Tanii and Baba (1979) 12 X W A J5H
O IR M E 1L “Pseudomonas adzukicola” T 5D L LR S iz,
L L, A4 7EAODEERBLIOCZOHEKZEAMICH A TE 52H
IR HE A~ R E Voo, EEMEGL MR (Lapage et al.
1975) ICHI o 72 M E O E A B OEKRBO FIAN 2 I oz
(Bradbury 1986) 7= &, Ml F#4 K7 U A b (Skerman et. al. 1980) I
BilENT, TRTOMBEAOFELOHERTH D 19804 1 A 1 H
ZHo TR LE.

Z D% 2000 FRICRDE, FHBHFARIIBENO T XX H
K% Hi 18 T Tanii and Baba (1979) 2 X A2 7 XX XEME R O L # & [
ROTERDBR SN D L O ICR o, RIERITT X5 26 MBI
EoaborEBZXZDhNILZY, EREZEHT L L LEHIT, MW T X ¥
LTOMEEZ L, HEMEIBREINLEZEKIZOWT, BEao
Pseudomonas syringae %5 JR B O 1 2>, T i FE & £ AMIC BB A L,
2000 FARICFA L2 7 X% 206 M B 5 o 9 M B o [ E & R A T
BB, RGBT 2L BLNREL, ThbOFEHETLIT,
EARRFEEDL D ZRWT, HAMEMHA H & (2021 4 9 A R) (H
AR 2021) 26 - 7.,

&
—
%”?
50

WR M E O S BE, R AF R KOV R o #E RS
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2000 FRICHRAELET AXFEBMEROBRIEMEZRET DI

H7=0, MR T AXTIOMEZDEE - RIFL, 7 XAXFITXT 5
MEHERT 5.
2. ik

A
iy

Tanii and Baba (1979) ICFE#H SN 7T A XBFH AR OHRE = 2
L 7= (Fig. 3-1-1) BHRHKED D VI BB 2 RE L, HIR
HaR Az, 2bb, BB LEED D WILE, KEKEKTHAK

3{

;

A D 5y

b

S
~i

L, "N=N"=FFNTKIGZRVTZOL, JFRMEZ KRZE LT

£

SVIUATSmm ABREORETITUYERY, L TERL, 1%
NN K I ml 2Nz, Bir@gese Lz, BhikzLry—7 (HE&H)
IZ £V King’s B (KB) 541 (Kingetal. 1954 : 7 mn 75 4 — A X7
No.3,20g; ZU+® VU ,10ml; K,HPOs, 1.5 g; MgSO4 + 7H20, 1.5 g;
FER,15g; 7RE /K, 1000 ml) EICHAR L7/, 25°C3 HEIE%, A
ek P aon=—% KBREMICHMRL, Han=—%2457%
BEAZ 12017V, Havn=—HmKOEKE G 7=, 2009 FI2 LM
B XA FH, ®IGHET, NEAKET, REEET, RE R EBET, W FIHT,
PIMEHT, EBEHT, HAHEICEB W TR 7LV ONEEIT - 2.

KBHH# FT25°C2HMBEL-MEERY 1 A& HEoHERE L,
ARV 7L ryrFa—THRHOgEE WELE 1.5% 7 V% I U
T RU TARMI0%AF LI V7 HEK) 1 mlIZBE#E L, -20 °C Tk
fFlLic. £, ~MOEKITIHEMZEREL, 5°C ThirL. £,
KREARBRICHR T o012, PHILLTT © PPGA B (W8 1L 1978, L
1991) 22 ¥t F MU U A EFRWIZ®KZE PPGA H5H (¥ v T A4 E

Hik [ rv HAE,200g/ZKEK,1000ml] ; X7 k>, 5g; NaHPO;, -
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12H,0, 3 g; KH2PO4,0.5g; # K, 15g) T 28°C2-3 Hfmiks#& L 7=.
STBEM B D7 XX ~OIFEMEORERIE, EMEEED D VIR
fE (puncturing) ¥£ (Takikawaetal. 1989) IC X Vi To7-. MEEME D
PR S L C, KBEMICT28°C2 HRIRE L MBEERZ WA ZHY
K (SDW) 2B L, X EFHICI 0V MEREI D ODeoo 8 % Ml
E L, 0.6-1.0(10%-10°cfu/mltHY) 25 KO ICHE L. &b IT,
Tween80 % 0.01% & 7225 K OWMAL, F - KRERXELERLET
XX (WM "LwwEEL’ ) IcEEL, 25 °COWEIC 2MBE -T2,
D%, B=E (K 20-30°C) I[CB L, % 30 HE & TRERFBIE L
To. HAIEEAE L, MEMBIKR IHLES LICHTITL, 20 Lo E
58 (23 G: E££ 0.6 mm) TEFZFHMICEBIE D HIEIZX VAT
VN, HE T R K D ODeoo & 0.6 F2EE (K9 10® cfu/ml) (ZFH % L, #fE
CHEL 7. BEREIES TICATY, SRR EICITELTIRE (K 20-
30°C) 7, HDHWIL, BRI B =EITER - 72 25°C16 K
SHFMIME HICRR ® L7 AN TG4 (LPH-350SP, H KEALZMk, K
M) B L, MEBELL. WTFhoEMEEIZ-> VTS, 7 XX %
1 Ay b3 EEMERL, 1 EETH VT 05 S ICR& A KRR
HDOHNITRBEKBROBEREZER LIZSGAE, WERERY &Lk,
MNP MEZFOBEL, B bEoarn=—RENCERELZME
ThHLINENZHNIRBLEIZ LY R L.

3. i R

BEF 209 WM AR T, T RTHHMB T T-20°C TRAFL, £0 5
Lo46 BHABMRA L., MBEEMBEICLY, 7XFESF LICIEL
DRBIRDOBE R H D2 WVITEIRICIHE > 2 RHENRB O B, KEITHKE
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ELLEAE 2T 50, WEEOE U IZHEHRNRB D b iz (Fig. 3-1-
2a). Puncturing VEIZ X o THRARICEET O B2 1L T HKEFIRZ
Z2L, TOBRFRBENOBEICEMA L. HEEOE L HEIH L
DAL H o (Fig. 3-1-2b) . 44 BHHMEN T AFICEFD X 5 IR
MAEbLLL, EEETIFBES . RBEKEE LT, 10 #HKEE

EHR L, RME KXV oEIRZ2@EEMZ, 3t 2EKEZ T X
FEBMBERDMEME (LT, ‘BSRADHEME 95) &L T,
B0 BRICH L7z, BSRA SEEMBE TR EEDWER Y — v N
JICHFE LT, £0, AZK-11 & BRI #5825 500 4 s B 2 0T 58
= B L V=2 — Y — 7 » F @ International Collection of
Microorganisms from Plants (ICMP), 09Psa273 [ ¥k 13 & [ K 5 2 22
R B2 BF 92 | IC % 5E L 7= . BSRA 4 Bt #ll 4 o 15 # 1% Table 3-1 |Z
A L7, 728, BSRA D BEAIE X KB s TR BRI & 2 &, 55
FloksEom AR kEazEsb T 0ICES L.

— 5, RIFOEIRY > 7 VL O R T, Tanii and Baba (1979) |
A INTWVWRWHEARBO LN, TRbDL, RFENPELEL A
BHRMOBSHICEBNC, EHoxk»b SORICEAE S ER L,
HOR BB O E N KRR A2 R L7 (Fig. 3-1-1d) . & 512, EH D
KR Eh, MESEMEHR CTFEL, RICELIHETFLEIRS
iz (Fig. 3-1-1f) . T DOIFEEL» L bME N B, 7 X XIC
T HHEENRRD BT, 09Psa289 1% < & OVELJE BE 2 & 47 B S L
7. ¥, BARAEABIOCEELEZEY LOBMEE S 10 mm 2 E
B 72 S BLRE  O MR B T D BEMBE T CHEES R S, ME
NI EndboTz.
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4. %52

BREICIVBDOONLET AXICB T HHMES, BEBMBLGIZHIT D
7 X &% O JEMR B L O Tanii and Baba (1979) Oit# & —&H L7= 2 & »n
5, 7TAX~OHRFEMEDRRD bl 44 WHEEIT 7 X3 28 M B W O
WIFEME ChDEHEZDLND. LEN-T, 7 XAXXEMEHIZX
2000 FFRICHREZ R LEEZ LIZRD.

BSRA BEE X, 2R L BN GOIE), BETIEEH B
LOdbiEE RIS BT 524 R—Y 7 THELRE. AMFITHE
T35 2 N5 TWD (Tanii and Baba, 1979) 7=, 75 Y fl
T OHAGE TELT DA RBMEN & 5. 3P, 2000 4RI % £ O #H
HO A BT B K OVGE 7 (I E R - S AR S, 15 YL
FTOBADRLRPoTlbDEBEZLND. o, WEME DD
EOLRMNP oM, 2007 FICHEHEHMGIZEBWTHLAFOERE 2T 5
TAXZERLTWND.

— G, FEY T A BREOBBE TR D LN K S ORIFH (Fig.
3-1-1d) R/PDEEXTOBKICL S NEO FTES  (Fig. 3-1-11) &
Tanii and Baba (1979) IZ X 2 AH ORI ICIT R WIER TH 52, 7

WCHAET OMDOFEFEICITRVWEEAZIERTH Y, KFxz 2k
TOBICADRBRDTO 2L I LDTHD.

7o, FEBEE A SEEN A BLEE A O D) T D M E S R
SEES N Z L 0E, B CHIIE Lo R S BEAR e & o m A
MNEBET 2., bO5WVWIE, BEMEBNTHLHET S5 LN TED
ZEERBELTWVDS.

BSRA 7y BEM 13 KB £t TR O E AR AR L EEL
7o Z &b M Pseudomonas JBHE Th H T L BHELE I T,

22



Fig. 3-1-1 Field symptoms of bacterial stem rot of adzuki bean (BSRA)
in Hokkaido, Japan. a Reddish-brown spots and necrotic lesion on
primary leaf. b Water-soaked lesion and rot on stem. ¢ Water-soaked
spots on immature pods. d Wedge-shaped necrotic lesions on leaflets. e
Water-soaked reddish-brown spots on abaxial side of leaflet. f Affected

part at the base of leaflet (arrow)
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Fig. 3-1-2 Symptoms on adzuki bean caused by artificial inoculation with
the bacterium isolated from adzuki bean plant exhibiting BSRA. a Dark
brown spots caused by spray inoculation. b Necrotic lesion caused by

puncturing method
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2 H LEEKROEE

1. B
BSRA S HEME O HFEH R E 2R ET D720, BRI E
Ole itk 2 ®RET D

2. Kk

BSRA 4y Bt #l 1% 3 e M Pseudomonas J& O FE ¥ 9% JF HI & o AT B
N W72, Lelliot et al. (1966) @ LOPAT Bz 1T1-7=. 78 bbH,
BSRA ZpBEME & 12 WERIC L, VARAUVEARBIOAS T V¥ —+F
M, Yy A4 THEBRE, TAX =20 Ve RT—BIEME, AN
= UK RS A LTz

3. i R

TN T D BSRA ZHEEMBE 1T L N PEARER & OV F S = il BUS s
W TH D —FH, XX —BIEEB LY v T A &8 X 5 Mae,
TNAX= T FT—BEERITZREMETH 72D T, Lelliot et al.

(1966) @ LOPAT group la (243 8 & 7= (Table 3-2-1).

4. H 5

BSRA 4y Bit # 5 1% Lelliot et al. (1966) @ LOPAT group la |24 38 &
Wiz, P syringae HEMIE Th o L /. £/, Tanii and
Baba (1979) O &E 5, 7 XX XM & %W FEM i & P.osavastanoi
pv. glycinea IZEHE TH H EEZBE XN D, HEKILZ P
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savastanoi pv. glycinea & I % O P. syringae FE M B 2 T .0 12 = E L /2.

bb W5 KR 1% Table 3-2-2 [ = L 7~
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Table 3-2-1 Results of LOPAT tests for BSRA isolates

BSRA Levan Oxidase Potato  Arginine Tobacco LOPAT
Isolates production activity soft rot dihydrolase activity hypersensitive reaction  group®
AZK-11 + - - - + Ia
AZB-21 + - - - + Ia
09Psa251 + - - - + Ia
09Psa258 + - - - + Ia
09Psa263 + - - - + Ia
09Psa273 + - - - + Ia
09Psa275 + - - - + Ia
09Psa279 + - - - + Ia
09Psa289 + - - - + Ia
09Psa351 + - - - + Ia
09Psa355 + - - - + Ia
09Psa361 + - - - + Ia

? Lelliot et al. (1966)
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Table 3-2-2 Reference strains used in this study

Other
Taxon Strain” strain number” Host of origin
Pseudomonas amygdali ICMP3918" Almond
P. ficuserectae SUPP1391" L-7" Wild fig
P. savastanoi pv. savastanoi ICMP4352"- "1 Olive
P. savastanoi pv. phaseolicola  PP8172 Kidney bean
P. savastanoi pv. phaseolicola  SUPP191 KZ2w Kudzu
P. savastanoi pv. phaseolicola  SUPP1139 BQH-1 Kidney bean
P. savastanoi pv. glycinea CHUK Soybean
P. savastanoi pv. glycinea SUPP211 daizu8101 Soybean
P. syringae pv. coronafaciens ~ SUPP196 AVPCO8101 Oat
P. syringae pv. maculicola SUPP1331 90S-4 Caulifower
P. syringae pv. mori SUPP582 mori8601 Mubberry
P. syringae pv. morsprunorum  SUPP408 U7805 Mume
P. syringae pv. myricae SUPP166 yamamomo801 Wax myrtle
P. syringae pv. pisi SUPP1662 PP105 Pea
P. syringae pv. syringae 1-1 SUPP2781, MAFF212490 Adzuki bean
P. syringae pv. tabaci SUPP278 Pt7364 Tobacco
P. tremae SUPP449" To1" Trema orientalis
P. viridiflava SUPP113 hakusai801 Chinese cabbage

¥ ICMP: International Collection of Microorganisms from Plants; SUPP:
Shizuoka University Plant Pathology; MAFF: Ministry of Agriculture,
Forestry and Fisheries; T: type strain of the species; PT: pathotype

strain of the pathovar
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93 H fE BB X O IEME

1. B

BSRA M O fF E#iPH B L ORI B T %k

=S

BB
(\V4
S
i

il
BEeWHLNIT D,

2.  ABREW IR T DR R (R 1)
1) Jiik

I R I AT CHER L 7= BSRA 0 BEAM & 12 B KR (Table 3-1) (2
Mz T, WEKD > B X A XBESME R ORIRME P savastanoi
pv. glycinea SUPP211 H R B L A V7 2~ A 0> S KR O 5\ Al P
savastanoi pv. phaseolicola SUPP1139 F &k, 7 X & 8 Bl & /73 @ 57 JR
W P osyringae pv. syringae 1-1 HEE & L 7-.

R L7z~ ARMWIZ, 7 XX Vigna angularis (bhFE : ‘= V) £ &
a7 X’ ), VI~ A Vicia faba (MFE -7 ), ¥ S W
unguiculata (fMfE @ “F ZTA DR’ ), 7~ A Lablab purpureus (i
i CRIEE T ), A & v~ A Phaseolus vulgaris (fh 78 : K I1E 4
KE” ), U a2z MY Vradiata (W FEARB), =2 N7 Pisum sativum (it
oAb ARAE ), A X Glycine max (Fh & : “FHEKH ), ST H~
A Canavalia gladiata (& FE @ "R T ) BX OB 7 < &
Psophocarpus tetragonolobus (fbfFEARH]) & L7, 7%~ A% 10.5cm
AYUARy M TRFEEL, T2~ A 2R~ ARB®IX 10.5 cm &
YRy MCHE3IRFERELE., ST EN 3 EEMEKRLEZ. FE
%, 25 °Cl6 FefH] B 8 REMI M Bl & L 7= A TR %4 (MLR-352,

NP Yy=yr, MEMN) WNTH - KENERFTLIETEFTSEL,
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KB %€ K E5 i |2 T 28 °C2 H K5 2% L 7o el B ok o # B 26 v 2 A
AEKIZEE L, BXZ 10° cfu/ml £ 722 X 5 ICFHE %, Tween 80
Z 0.01% (v/v) T L7z b o 2 #FfIR & L. SDW &Mt & L
7=, B, TOHNNKEZFH (Nabi, MicroDigital, Im i, #WE) %
AW CTHIE BRI D ODgoo ZHIE L72%, MR TEREIC L MER
WIHOBEEZHEL, MHEBBBEROTEDREEZHREL. UKD
FER S FERICTIT - T2

PR e EEE LY 2 25 °C OB TR == 48 FF[H &
T, HEFE A8 WER RIS AN LXK Gd (25 °C, 1 EEHIH, 16 KM B
SEFMIMEH) B L . HHI0 BB L P20 B BICEFERAE L 2.
T KR RIF B RS L OV R B, MR A BL, KRB AR, o
— IR, XK, WERBHICEL TRl ZoRBRIT 2 FH

7o 7.

2) R

B AE R & Table 3-3-1 127" L 7=,

BSRA 7 HEME OEKRICE > THIEER Z SN DWHWMITRE AR
FRO Lol TbL, i3 L7279 < To BSRA 47 Al &
F7 XX UREEZRL, 8 10 HRICKRKRZ 2 LR HB
BB ADORMNEREEICHE O b v (Fig. 3-3-1a). JWEE D JE
FHICHE 2~ — 3B O N /NEORLEPBRE LSS,
ZONEITESSNICHIE L., £, EMNB L OXHICHKRE E@KIR
WORED 5 WV ITEE RGO 5 L7 (Fig. 3-3-1b). HiN R L 7=
B, WBITEI A~ MR L7z, R L 7212I1E 9 < To BSRA 4 f &
HRIZHOWT, i 20 HERICITEMB LI OCXHOWKE LICEHTE D2
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2O b (Fig. 3-3-1b). 2O OJERITE G THEIND T
XX EFEMEROIER E—FK L.

Flo, MR LT XTOBSRAZGHIMEIZZ P~ ABXOA 7
v A Y SIE LRRERRE O . T bbb, 7Y~ A (Fig.
3-3-1¢c) BLOA 7~ A (Fig. 3-3-1d) OEHF|IZB W T /e —%
oW HRBEAR S Z b L, V7 ICx L TLFEICEEICH 1%
B OFRBEE L L= (Fig. 3-3-1le). 7V ABIOA VF U~ A D
EHIZBNTH, I~2mm REORBEORMEEZER L. 72, 12
B R 09Psa3S1 EHE DA, UV a s MU DEHIZHKRGOADHE % DT
MIZTER T D22 b ol (7 —24EM). —J7, BSRA 7Bt & 1%
VI A, = RT, AR, FETABIRV I~ AR LT
IR 2 R S e o T

P. savastanoi pv. glycinea SUPP211 WKL, A 7 o~ A, XA X
BLOT A7 A L TCHEMEZ R LD, 7 XX T 5K
PEIXFR D LV 2o 7=, P savastanoi pv. phaseolicola SUPP1139 & £k
1%, 7 A% (Fig.3-3-1f) , 7V~ A, AV F o ~ABLORY I~
ALK L THEME AR L., REKRIZY AXEITBEEMED WKL
Bl L, A7~ AETIEEREDO T — 2D WL &R L 7.
P. syringae pv. syringae 1-1 B ERIL 7 X % (Fig. 3-3-1g), ¥ »F, 7
A, TURTBIRYA I AITHEEEE R L. KB
TAFEWZITIULDEE Imm FEDOKBROBESAZEK L. 20
SER 1T BSRA ZpBEMI B IZ K 2 W) o ek &L L 72, 96 B I
WAATILR L, FHOEHAER &R0, 2 O4E N B G B BRI &R
v, TDOILITHMMPIERET DHWBEIZE Y, BIHE 2 O LI
BHICHBAME L., —F, EHICEHRERBER I 2ol
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INOOIERIZESE CBEISNA 7T AXBHEMEROKRHE L —&H L,
T AXIZX L TBSRADEEME N - OTIHMERALNITEH - .
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Fig. 3-3-1 Symptoms on adzuki bean, cowpea, hyacinth bean, and kidney
bean plants inoculated with bacterial stem rot of adzuki bean (BSRA)
isolates, Pseudomonas savastanoi pv. phaseolicola, and P. syringae pv.
syringae. a Reddish-brown lesions on adzuki bean leaflet at 12 days post-
inoculation with BSRA isolate AZK-11. b Reddish-brown lesions and
bacterial ooze exudations (arrows) on adzuki bean stem at 27 days post-
inoculation with BSRA isolate 09Psa273. ¢ Reddish-brown lesions on
hyacinth bean leaflet at 12 days post-inoculation with BSRA isolate AZK-
11. d Reddish-brown lesions on kidney bean leaflet at 12 days post-
inoculation with BSRA isolate AZK-11. e Water-soaked lesion on cowpea
stem at 23 days post-inoculation with BSRA isolate 09Psa355. f Reddish-
brown lesions on adzuki bean leaflet at 20 days post-inoculation with P.
savastanoi pv. phaseolicola strain SUPP1139. g Necrotic flecks with
distinct brown margins on adzuki bean leaflet at 21 days post-inoculation

with P. syringae pv. syringae strain 1-1
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3. BFEAEWIT KT DN IR (BB 2)
1) Jiik

BSRA 7y HEMIE O g THIPHZIRET D720, 12 # 22 & 27 D 31
okt 2 8mRABREIT o 72,

BSRA 77 Bl B 13 AZK-11 BRI £ O 09Psa273 1k 2 fit sl L 72
MR RE IR 2 22K 10° cfu/ml IZFHEE L, 0.01% Tween80 % /N
MLllebozEmE e L.

BAMBMIZ 105 cm Ay MZ 1Ay FdHizy 1-3 KL L, FfE
%IR=E (K 20-30 °C) THMA4BEMERLLEE, T EN 1Ay FO
MW IZxt L C, MEEMEL X ONZFE R (Takikawa et al. 1989) % 1T
ofe. MR LEZEAEY 28 HEWMIZLTO®BY THD : 7 XF F.
angularis (5hFE : ‘= U £ a3 v X’ ), BN YU —Adpium graveolens (i
fE: by v F—"), IV Cryptotaenia japonica (fb FE : ‘W)l —
7 ), =Y Daucus carota subsp. sativus (fnfE : ‘WG 50 ),
/Nt U Petroselinum crispum (ffE @ “H— UV —N"T vy 87 ), =
RN T Arctium lappa (fFE o CHN)IIBRAET ), VL ¥ R Lactuca sativa (i
f . ‘= AT w7 2317 ), ¥ ¥ Y Brassica oleracea capitata group
(fnFE . & B’ ), 7 v v 3V —B. oleracea italica group (fnfl : ‘&7
'), U 7 T YU —B. oleracea botrytis group (it fli : ‘31 v 7 7)),
/N7 % A B.rapa pekinensis group (fufll : ‘T T A 757 ), 2~V F
B. rapa perviridis group (it ff : ‘I H A7 ), B 7 B. rapa rapifera
group (fbfl : ‘K H’ ), ¥ A 3 Raphanus sativus daikon group (/i
fi: “HEonx’ ), AU LY U Spinacia oleracea (5hF : 7 7 A4 |
¥ ), AA 71 Citrullus lanatus (fh fl: 551X L 7777), A & Cucumis

melo (b FE : V¥ T L > R’ ), B AR F ¥ Cucurbita maxima (‘i Ff :
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“Z T ), ¥ Perilla ocymoides (fnfl 1 ‘FHKIE ), X~ 3 F
Allium cepa (5 : “FLOEEE ), = X AL fistulosum (fhfE : S’ ),
=7 Al. tuberosum (?hfE . XU TN T Y — L _)L R, T ANRT A
A Asparagus officinalis (‘i FE @ U =V L7 ), F 27 T Abelmoschus
esculentus (i : ‘¥ — 2 774 77 ), MUET I Zea mays (i
fi: b a—r’), ¥—~< 2 Capsicum annuum (fa Fi: “H & D),
N~ K Lycopersicon esculentum (fhffE : “BKKES 7 7 A4 K7 ), T R
Solanum melongena (/b F : < Az 7). %, EHLICT T AT v
R (74 x 44 x 35 cm) B L CI1HEHEDL, BT I7 2EENIC
BLio. Bt 1 ARBEREFERIRN 2B L.

AKAWEY & LT, 7 A Prunus mume var. bungo (% FE : B % 5 ),
E & Pr. persica var. vulgaris ('mfE : “HBE ) BX =y v~ 7 F
Pr. sargentii 1% 30cm R v b 2-34FELEOE A 1 B2 LT, ZEHl
BRI LD 3 AR I Lo, #MRIEEICITENT,
H T AE=E (K 20-30°C) NTEHL, | »A#%EN (dblEEER
BT : 43°05N, 141°76E) 2B L7=. 2013 4 6 H 2> 5 9 H £ ThfFF i %
DEEABE L. ZORRIIT 1B ORIT- =,

2) iR

AR B RE BE % Table 3-3-2 I2/8 L 72

i3 L7 BSRA DHEME T W TN OB LTIEICEBNTHT XFIZ
KHLTORFEEZRL, ZOMOEHIZX L TITWT o ik
WZEBWTbHHEEZ RS RN T
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Table 3-3-2 Results of host range tests of BSRA isolates after either

puncture (Takikawa et al. 1989) or spray inoculation (inoculation test 2)

No. diseased plants / No. inoculated plants

Isolate AZK-11

Isolate 09Psa273

Plant name ( Species) Cultivar Puncture  Spray Puncture Spray
Fabaceae

Adzuki bean ( Vigna angularis ) Erimo-shozu 3/3 3/3 3/3 3/3
Apiaceae

Celery ( Apium graveolens) Top seller 0/3 0/3 0/3 0/3

Japanese honeywort ( Cryptotaenia japonica ) Yanagawa-2 nt 0/3 0/3 0/3

Carrot ( Daucus carota subsp. sativus) Koyo-2 0/1 0/3 0/1 0/3

Parsley ( Petroselinum crispum ) Curly paramount 0/3 0/3 0/3 0/3
Asteraceae

Edible burdock ( Arctium lappa ) Yanagawa-riso 0/3 0/3 0/3 0/3

Lettuce ( Lactuca sativa) M-rap 231 0/3 0/3 0/3 0/3
Brassicaceae

Cabbage ( Brassica oleracea capitata group) Fuyukoma 0/3 0/3 0/3 0/3

Broccoli ( B. oleracea ftalica group) Pixel 0/3 0/3 0/3 0/3

Cauliflower ( B. oleracea botrytis group) Baroque 0/3 0/3 0/3 0/3

Chinese cabbage ( B. rapa pekinensis group) Kigokoro 75 0/3 0/3 0/3 0/3

( B. rapa perviridis group) Hama-chan 0/3 0/3 0/3 0/3

Turnip ( B. rapa rapifera group) Tamasato 0/3 0/3 0/3 0/3

Japanese radish ( Raphanus sativus daikon group) Natsu-tsukasa 0/3 0/3 0/3 0/3
Chenopodiaceae

Spinach ( Spinacia oleracea ) Brighton 0/3 0/3 0/3 0/3
Cucurbitaceae

Watermelon ( Citrullus lanatus ) Matsuri-bayashi 777 0/1 0/1 0/1 0/1

Netted melon ( Cucumis melo') Rupia red 0/1 0/1 0/1 0/1

Pumpkin ( Cucurbita maxima) Ebisu 0/1 0/1 0/1 0/1
Lamiaceae

Perilla ( Perilla ocymoides’) Ao-oba 0/1 0/3 0/1 0/3
Liliaceae

Onion ( Allium cepa) Sapporo-ki 0/3 0/3 0/3 0/3

Welsh onion (AL fistulosum ) Motokura 0/3 0/3 0/3 0/3

Chinese chive ( AL tuberosum) Powerful green belt nt 0/3 0/3 0/3

Asparagus ( Asparagus officinalis)) Welcome nt 0/3 nt 0/3
Malvaceae

Okra ( Abelmoschus esculentus) Peak five 0/3 0/3 0/3 0/3
Poaceae

Maize ( Zea mays ) Yume-no-corn 0/3 0/3 0/3 0/3
Rosaceae

Bungo Japanese apricot ( Prunus mume var. bungo) Bungo-ume 0/1 nt 0/1 nt

Peach ( Pr. persica var. vulgaris) Hakuho 0/1 nt 0/1 nt

Sargent's cherry ( Pr. sargentii) Ezo-yama-sakura 0/1 nt 0/1 nt
Solanaceae

Sweet pepper ( Capsicum annuum ) Akino 0/1 0/1 0/1 0/1

Tomato ( Lycopersicon esculentum ) Momotaro-fight 0/1 0/3 0/1 0/3

Eggplant ( Solanum melongena ) Kurobe 0/1 0/2 0/1 0/2

nt: Not tested
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4. HWHER O 7 XX 5 m M (AR 3)
1) J7ik

BSRA 45 Bl B 1Z AZK-11 E Rk L Y 09Psa273 HRE D 2 H#E,
KO, HEE B FR X Table 3-2-2 @ 9 b, P amygdali, P. savastanoi pv.
savastanoi ¥ X N P. tremae < 15 Wk 2l Lz, R EK O
I BRI I K& 10% cfu/ml IZFHEE L, SDW 2Rt E L.

TAFX (W ‘= VEvarv X’ ) &2 105ecm AU Ry MIZ 3K
BREL, MI3IEMATRKSBNCHRE LERCHER L. BEEIE
| B2 8 15 (Takikawaetal. 1989) IZ L VAT o7z, M L 727 X % (% 48
R EICHRD, Ok 25 °C, 16 RIS 8 FEMBFICRE L -
ANLRRH#HICH L, Sk 3 HEBRR®E B2 L7, BEREEAE
& DI % % KRR B L OVBE R AL JE 0 D B 0 BEE K PH o 8,
e —BRICoELEHELEZ., ZoRBRIT 2 BT 2.

2) iR

B AE R & Table 3-3-3 127 L 7.

BSRA 7 EEAME (AZK-11 EHEF L O 09Psa273 EHHE) B L O P
savastanoi pv. phaseolicola (PP8172 [ ¥, SUPP191 M # & L O
SUPP1139), P. syringae pv. syringae 1-1 B ERIL 7 X ¥ 12 %5 L R
Zoan Lo, ZRAIEFEEIC X 2WBUTHEMERER 11281 2 ZEHEMEIC
X DWEEIFIE B L. £7-,P syringae pv. coronafaciens SUPP196
WK (2o N7 SR OWIEME) I3 KO P osyringae pv. tabaci
SUPP278 Bk (Z N =B KIR O M E) 1, £ 3-4 H#&ZIZITK
RIKOWHZ DR ONDOITE Db b3, BEREAOE D 2B
N —&H 7= L (Fig. 3-3-2). WP L EHO ISR EA O E Y
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TR LR ADER 2 2 L7,
ZOMDEBEKIZOWTIZT AXICHTHHEMHIZRD SR
o T
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Table 3-3-3 Pathogenicity of BSRA isolates and reference strains on

adzuki bean plants (inoculation test 3)

Taxon Strains Symptom
BSRA isolate AZK-11 LN, SN, WS
BSRA isolate 09Psa273 LN, SN, WS
Pseudomonas ficuserectae SUPP1391 -

P. savastanoi pv. glycinea CHUK -

P. savastanoi pv. glycinea SUpP211 -

P. savastanoi pv. phaseolicola PP8172 SN, WS

P. savastanoi pv. phaseolicola SUPP191 SN, WS

P. savastanoi pv. phaseolicola SUPP1139 SN, WS

P. syringae pv. coronafaciens SUPP196  H, SN

P. syringae pv. maculicola SUPP1331 -

P. syringae pv. mori SUPP582 -

P. syringae pv. morsprunorum SUPP408 -

P. syringae pv. myricae SUPP166 -

P. syringae pv. pisi SUPP1662 -

P. syringae pv. syringae 1-1 SN

P. syringae pv. tabaci SUPP278  H, SN

P. viridiflava SUPP113 -

H, halo formation; LN, large area of necrosis; SN, small area of

necrosis; WS, water-soaked lesion; -, no symptoms except for pinpoint

necrosis
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|

Fig. 3-3-2 Halo formation on adzuki bean plant inoculated with

Pseudomonas syringae pv. coronafaciens and P. syringae pv. tabaci. a
Halo formations around inoculation sites on adzuki bean leaflet at 4 days
post-inoculation with P. syringae pv. coronafaciens strain SUPP196. b
Necroses with halo formations around inoculation sites on adzuki bean
leaflet at 4 days post-inoculation with P. syringae pv. tabaci strain

SUPP278
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5. TAXXBMERDBEME & P savastanoi pv. phaseolicola ® ¥
ooERE (MR 4)
1) 77k

BSRA 7y BEfI B AZK-11 E R B X Y P. savastanoi pv. phaseolicola
SUPP1139 W #E 2 3 L, MWK 24 10° cfu/ml IZFHH L, #efE
WRELE., 7XF%F (FE: ‘=) a v X’ ) BIXOA VF o~ A
(W FE : “RIEAFE ) ORMFKEZKBEKTESRL, KIERWEZ
10%T % J — )V ERE DT A== F L TROEXTE - 7.
1 ZElext L 3—4 AT iC R EEEEIC IV E#EREL, SEKENLEH 3
KPR L7, SDW [t & L. R L7 1E Ny N SDW
THLELER—"N=Z2F NV EIZHBEL, Ny FPEEKEZRY = F L~
THE, 25 CHITCEHELEZ. WBOREIEEIABZBIOT

H&ICIT»7=. ZoRRIT 2 FIT- -,

2) iR

PEFE 3 H1%, BSRA I HEME AZK-11 BHHEZHERE L 7= 7 X% K2
¥} L Y P savastanoi pv. phaseolicola SUPP1139 [ Kk & 820 L 7= A
YU ARRAKICENRNENRFAKRROBHR LR D b L
(Fig. 3-3-3a,d). TN HDORAFKOFEMIZEG CERERINIHME —
Bl 2L, TAXFOERNFE TRV AT, BSRA 7 HEME
CRD2KBROWEDNHER 7 HRICHBAICEAT LI LRbo
(7 — X AM). HEkIZ, 45 v~ XKD P savastanoi pv.
phaseolicola ORI O EFH LR 7 HRICERLAICEAT H Z
Ebbholm (T— XA, —J, BSRADEiMEZ A > 7 v~ A 3K
CHEMET L, TAIKICHEME LGS ERRIC, B3 A %ICE
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PR AKIZIROIFE DR D B 722y, KR OB XK E IR 2K
VY, B 7 BRICITEEBA OB R EICEE L (Fig. 3-3-
3b). W XFIZ, P savastanoi pv. phaseolicola % 7 X X HI\ZHEF T 5 &

3HRICEMEMOBHOBENRD bivle (Fig. 3-3-3¢).
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BSRA isolate Pseudontonas savastanoi pv. phaseolicola

Adzuki bean

Kidney bean

Fig. 3-3-3 Symptoms on immature pods of adzuki bean cv. Erimo-shozu
and kidney bean cv. Taisho-kintoki inoculated with BSRA isolate and
Pseudomonas savastanoi pv. phaseolicola. Adzuki bean (a) at 3 days
post-inoculation (dpi) and kidney bean (b) at 7 dpi with BSRA isolate
AZK-11. Adzuki bean (c¢) and kidney bean (d)at 3 dpi with P. savastanoi

pv. phaseolicola strain SUPP1139
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6. mEHEMMBLOWHEMEICET 25 %

BSRA 7 BEANE O fif E#iPAIS L OVREMEIC B T 2 M E & o %
BHERONICT D20, —#HOBEMRREZITH- -,

A2 m L CBSRADHEM A 27 AFICHEM ST 22 L1128
Tanii and Baba (1979) 2350 @ L 7= 7 X 3 X & # 5 9% O JF 5 #40A° 7 53
S H, 2000 IS/ B X AL7- BSRA 2 BiEM B A3 7 X & 2K 8 M B 9\ O
WRIRME & L THY THL I ERUD THRERINL., EERR 1B
KX OEERERER 2 O3 2 5, Tanii and Baba (1979) D it # & R LI
BSRA HEEME LT XAFx oM, Y47, 7V ABIOA T~
AWHIFEHEA L, A4 XZEHEEZ RSBV LWL N LR
o, NLERBIZXY, A7y~ ANSHBEOHBEME P
savastanoi pv. phaseolicola b 7 A X \ZHEEMHE 2 A L, EICHEHMBL -
WHEZ TR Ly, BEICES Z Lidh<, X EL0WEFKIZRE
HTdolz. —J, BSRA DHEMEITIAWNOKR RORHEE L WVZD
XMOBHZEZT AFIZHTEH6 L, EBLOCEMORBE LI LI LI
FHRMBESNTE. LER> T, 7T AXICHTHHRBOERICLY,
7T AXEXBEME R & P osavastanoi pv. phaseolicola 1 X % JE WK 1% 3% Bl
ARETHDH. I, HwERB 4 TiX, BSRA DEEMEIXZT X% 0
KAFKICEROKRBROBEE A 72 b LA, P savastanoi pv.
phaseolicola % %8 L o 5 & XL O AN ESL N ICBHE L.
BSRA 7 Bl #E A #2FE 1T K 2 KRR OIFEEIL R Ol & & b I
LIZBAICRD 2 ERNHDIHLOD, T AXRKEDORKIE KD =R
BWTbHLT7T XX XBMEROHIEME L P savastanoi pv.
phaseolicola %M T2 Z LN AIEETH L. 2k, B TITEREA

DT XXM B P osavastanoi pv. phaseolicola @ 43 B X 11 7= (Taylor et
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al. 1996) FHI N H L0, HARENTIEZDO XS 2FHITHRE ST
WZRW . RIS, TRETA AU~ ADDT XXX E RO R
JFME B2 2MEIN NI E VI BE D RV, FAERIC,
7 AN BE M E I ORI A E P osyringae pv. syringae b 7 A ¥ (IR
JF 292505, FEAEMY OKERZIRORHEZ RV T, 7 X% XM
FIHRORMET AXBUMEIRORM (&I B 1971) 1ZH & 7
WCHERZ2Y, BBINAETHD. ToOZ LI EERRIOERENDL D
KHEHENTW5D., BEERR I ICBWT, =237 0 SHE o 9% 5
P. syringae pv. coronafaciens £ L X /N2 B KJF O JF M E P
syringae pv. tabaci \ X7 A X IZHE R "m —B L OEEEREZ 725
L7, MMEIZY 7T hF bW WM HEREZEET DL ENHAD
AL T 5 (Bender et al. 1999). #fE % £ R S EME O D TR
e —NAECTEOX, MMENELETLIZX T MR i s
Y ANAELTZLDOEHE IS, P osyringae pv. coronafaciens ¥
X O P. syringae pv. tabaci [ X D57 AXOREFEIIFIBHED & Z AHE
SN TWARWR, WS TIE P osyringae pv. tabaci XA > 7 v~ A
(Ribeiro et al. 1979) B X W% A X (Allington 1945) @ Wildfire ® J5i
JRME E LThbEmMbALTEY, 5% T AFICEVWTHLAREAT D
AIREMEN H DH. —TJ7, BSRA ZBEMEZ M L7727 X% Tik, #HE
HEC LT, MR n—zoHEIBEIL2n. ULo
b, BSRA DHfMEZ EZ 07 AXICMOLOERE S5
TSOOHWBFEMEIL, 7TAFICHETREISNDIERIZLEN
B0, TAFIIHTLHREEBLOTZEORMBITLY, 7 X*
2 6% M B P oD 9 A B I At oD RE 4 9 R B & 0 R PR LS d8 W TR B AT

BBCThD. £, ¥4 XEAME R OWEME P savastanoi pv.
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glycinea 1Z 7 R ¥ T IFMEN 72 <, K% BSRA & HEME X4 14 X
T IR RMEITR O b Lo T,

BLIF AL T, 7 XX XM E R OBIFME O 8 REEILT XFIC
BRE S, EBRMIC, 7TXAXF2EF 00, vARBEHO 7V~ A, A
VLU ABYONY Y FICOLIERERENRL D I ENERINS.

49



%4 BIWEE

1. B
TAXFEIFMEROBREME O S HEFOMNEEZRET D20, &
TAEYMFR PRIV BLUEEEZHLNCT 5.

3

2. DNA i iy
1) Jiik

BSRA 7 BEAH B 4 12 WAk X OV R4 18 W RE, & 5F 30 Bk
#t3 L 7= (Table 3-1, Table 3-2-2).

FERF X R - XT b (YP:BERE=F X, 5g;, X7 M2, 10g; 7
K, 1000 ml; pH 6.8) i IKE5H Sml T2 HMFFEREEL-EHKZ
mO Ay BE (18700 Xg, 1R kv ERE L, HKL v b % Tris—
EDTA #% & % (TE : 50 mM Tris—HCIl, 40 mM EDTA, pH 8.0) |Z % ¥
L. BibkeF L U XAF LT =7 L (CTAB)# (Ausubel et al.
1987) (2 XV 7 A DNA ZHIHH L, 1 %7 e —AF7 L2 LD EX
kB 24T - 7. I L7 DNAEHIZ TE T 1/100 iIZ&H R L, BLFED

PCR7 7L — k& LTHWE.

2) iR

730 BB LY DNA ZHH L, 7 % 0 — 2 4 L # 5k B T DNA

PHHIATWL Z 2R L (T —2HK).
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3. hrpZ Bin FBLANZEE S W 5%
1) J5ik

BSRA 7y BEAMN B 4 12 B R X VLB i Bk 4 18 B Ak, & 5F 30 B i
f#t3 L 7= (Table 3-1, Table 3-2-2).

Inoue and Takikawa (2006) & £ U &5t S L7 P. syringae Bl & O
hrp group (Group IA, IB, II, IIT and 1V) Z i B9 5 % 7 v — 7 1Z fF 5
W7 74 ~—ty hZ2HAWVWEPCRZEZ2ITo7. 774 ~—DFEHRIE
f §% Table Al 27k L 72. DNA /K U X 7 — ¥ X HotStar Taq Plus DNA
polymerase (Qiagen, Hilden, KA ) & %\ IL Gene Taq (H K —
Y, HIE) ZH W7, PCR OIS DML L TV PCR 41X Table
3-4-1 B L N Table 3-4-2 [Z/R L7z, BWEEDIT 1%T7 Ha—RXAFLVE
K[UKEL, NTUVAALANIRX—HX TN FOHFEEHB L. 7
B, WEED OYMIX, 7 V% GelRed (Biotium, Fremont, CA, X [H)

RV EREEDTEN, HH5WIE, BTV IRKRICE DV ZERED LT,

2) R

MHSNEERFEN RNV FIZES T, REHKE L -V 7
L 72 # & % Table 3-4-3 IT/” L 7=

T X T D BSRA 7y BEAE 12 H Ak, P. amygdali 1CMP3918T [ #£,
P. savastanoi pv. glycinea CHUK H#k, SUPP211 E#k, P. savastanoi
pv. phaseolicola PP8172 W £, SUPP191 B #k, SUPP1139 &k, P
savastanoi pv. savastanoi  1CMP4352T PT ¥, P. syringae pv.
morsprunorum SUPP408 B £, P. syringae pv. myricae SUPP166 B £,
B LW P tremae SUPP449T EHRIX, hrp group IA IZRF R 727 7 A

~—t vy FEHWZ PCR IZXV 880 bp OHIEWr i 2258 ® b vz
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(Fig. 3-4-1, /=72 L, P amygdali, P. savastanoi pv. savastanoi 3 X O}
P. syrignae pv. tremae \Z DO\ TILT — X EW). —F, hrp group IA
MR T7I9 4 ~—ky hEaHWEIZHW ST, P syringae pv.
tabaci SUPP278 H £k TIX A 550 bp O HIME W i 58 & A 7= (Fig. 3-
4-1). Z X P. syringae pv. tabaci ® hrpZ Bia FIZREPH BH Z &
\Z#& K4 % (Inoue and Takikawa 2006, Taguchi et al. 2001) 7= TH

W, P syringae pv. tabaci SUPP278 & hrp groupIA 2/ FH L 7=, £ 72,
BSRA 4y Bt 4l & 13 @ hrp group (Group IB, II, III B X Y 1V) 4F R
K774 ~—%2HWIEPCRTHIEMANBOON Lo (T —4
B ).

7 A Xt B M E W P osyringae pv. syringae 1-1 B EEIE, hrp group
NIRRT T4 ~—Fy FEH W PCRIZK Y P syringae pv.
pisi SUPP1662 H £k & R AR IZ 750 bp @ HAHE Wi 7 A58 & 7= (Fig. 3-
4-2).

DM OB EKRIZOW T, hrp group IB, 11 5 X OV IV T4 B 1Y
w77 A~ —ZHWT PCR 3% L&A, P ficuserectae
SUPP1391T E #k 35 K OV P. syringae pv. mori SUPP582 B ¥k 1% hrp group
IB, P. syringae pv. maculicola SUPP1331 & ¥k 1% hrp group 11, P. syringae
pv. coronafaciens SUPP196 W ¥k 1% hrp group IV Th 5 EMFF I N 5
A XOEEW 23 & 6. P oviridiflava SUPP133 FEEE X W37 1L

LRAEN T IA4A~v—y P HOWTHLHEIEBA DG LR N - T
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Table 3-4-1 PCR mixture for Arp grouping

Component Volume

PCR grade water 20.1 pl
10X PCR buffer 1 ul
2.5mM dNTP mixture 0.8 ul
DNA polymerase 0.1 ul
5 uM Forward primer 1 ul
5 uM Reverse primer 1 ul
DNA template 1l

(Total 25 pl)
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Table 3-4-2 PCR condition for Arp grouping

Step Temperature Time
Initial denaturation 95 C 5 min
3-step cycling:

Denaturation 94°C 30 s
Annealing 60°C 30 s
Extension 72 C 2 min
Following 30 cycles

Final extension 72°C 10 min
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Table 3-4-3 Results of PCR analysis with group-specific primers based

on hrpZ gene sequences

Taxon Strain hrp group
BSRA isolate AZK-11 IA
BSRA isolate AZB-21 IA
BSRA isolate 09Psa251 IA
BSRA isolate 09Psa258 1A
BSRA isolate 09Psa263 IA
BSRA isolate 09Psa273 1A
BSRA isolate 09Psa275 IA
BSRA isolate 09Psa279 1A
BSRA isolate 09Psa289 IA
BSRA isolate 09Psa351 1A
BSRA isolate 09Psa355 1A
BSRA isolate 09Psa361 1A
Pseudomonas amygdali ICMP3918" IA
P. ficuserectae SUPP1391" IB
P. savastanoi pv. savastanoi ICMP4352" "1 1A
P. savastanoi pv. phaseolicola  PP8172 IA
P. savastanoi pv. phaseolicola  SUPP191 IA
P. savastanoi pv. phaseolicola ~ SUPP1139 IA
P. savastanoi pv. glycinea CHUK IA
P. savastanoi pv. glycinea SUPP211 IA
P. syringae pv. coronafaciens ~ SUPP196 v
P. syringae pv. maculicola SUPP1331 I
P. syringae pv. mori SUPP582 IB
P. syringae pv. morsprunorum  SUPP408 IA
P. syringae pv. myricae SUPP166 IA
P. syringae pv. pisi SUPP1662 I
P. syringae pv. syringae 1-1 I
P. syringae pv. tabaci SUPP278 IA
P. tremae SUPP449" IA
P. viridiflava SUPP113 -

T and PT indicate the type strain of the species and pathotype strain of

the pathovars, respectively
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BSRA isolates Reference strains

1012 14 16918 20
g9 L 1315 17 19

'...-"0--'.'-.--- -

Fig. 3-4-1 Detection of hrpZ amplified by PCR with primer set for Arp
group IA. Lane M, Hi-Lo DNA Marker (Bionexus); 1, AZK-11; 2, AZB-
21; 3, 09Psa251; 4, 09Psa258; 5, 09Psa263; 6, 09Psa273; 7, 09Psa275; 8,
09Psa279; 9, 09Psa289; 10, 09Psa351; 11, 09Psa355; 12, 09Psa361; 13,
Pseudomonas savastanoi pv. glycinea SUPP211; 14, P. savastanoi pv.
glycinea CHUK; 15, P. savastanoi pv. phaseolicola SUPP1139; 16, P.
savastanoi pv. phaseolicola SUPP191; 17, P. savastanoi pv. phaseolicola
PP8172; 18, P. syringae pv. morsprunorum SUPP408; 19, P. syringae pv.
tabaci SUPP278; 20, P. syringae pv. myricae SUPP166. One microliter

of each sample was electrophoresed in 1% agarose gel at 100 V
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BSRA isolates

34 56078 B0 101112 1314

Fig. 3-4-2 Detection of hrpZ amplified by PCR with primer set for Arp
group III. Lane M, Hi-Lo DNA Marker (Bionexus); 1, AZK-11; 2, AZB-
21; 3, 09Psa251; 4, 09Psa258; 5, 09Psa263; 6, 09Psa273; 7, 09Psa275; 8,
09Psa279; 9, 09Psa289; 10, 09Psa351; 11, 09Psa355; 12, 09Psa361; 13,
P. syringae pv. syringae 1-1; 14, P. syringae pv. pisi SUPP1662. One
microliter of each sample was electrophoresed in 1% agarose gel at 100

v
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4. 1ep-PCRIZC LD 7 4o =TV T 47

1) Jiik

BSRA 7y BfEAI B 4 12 E KR (Table 3-1) B X N EEKD 9 B hrp
group IA IZJ& 9 5 11 HE £k (Table 3-2-2), & rF 23 EHEZHRA L 7-.
rep-PCR (X, BOX (Streptococcus pneumoniae @ BOX = L XA ' K D
box A% 7 == F® X1 DNA I 41), ERIC (enterobacterial repetitive
intergenic consensus) ¥ X U8 REP (repetitive extragenic palindromic
sequence) (2% L T, £ £ BOXAIR (Versalovic et al. 1994),
ERICIR /ERIC2 (Versalovic et al. 1991) ¥ X O REPIR-I/REP2-I
(Versalovic et al. 1991) ® 7 Z 4 ~v—+& v F Z H V>, Rademaker et al.
(2004) O FNEICHE T CTHEM L7=. PCR 77 A4 ~— DI #H X Table Al
IZ/k L7=. DNA KR Y X T —¥IL TaKaRa Ex Tag (¥ 51 7 XA F, K
) ZHH W7z . PCR O KIS OB F L Y PCR S 41X Table 3-4-4 %5
KX ¥ Table 3-4-5 (278 L7z, HEEDIT 1.5%H 5 W0 IE 2%7 v — A
FOLVBEBRIKE L, UV h 7 VAL VI Fx—F—ZX0 v ROFIE
R L. 2k, MEEYOREBIT, 7% GelRed 12KV R
T2, 5V, BE=FAVERICL YV &ERD L. 2 OFERIT

2 |47 - 7=,

2) i R

rep-PCRIC X 2N R AXZ — U X HHMENFE D 517z, ERICIR/2,
BOXAIR ¥ X OY REPIR-1/2-1 7 J A ~—% fl\ 72 rep-PCR IZ L o T
BHLI AN RN — 0%, ZZE 1 BSRA S BEME M CTRaIC—
L, D hrp group IA DB EKD N RN Z — 0 LT8R - T2

(€ L # Fig. 3-4-3, Fig. 3-4-4 I X O® Fig. 3-4-5, /=72 L, P. amygdali,
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P. savastanoi pv. savastanoi 33 & N P. tremae © T — % H I%).
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Table 3-4-4 Reaction mixture for rep-PCR

Component Volume
BOX ERIC or REP

PCR grade water 13.65 ul 12.65 pul
5X Gitschier buffer S5ul S5ul
2% BSA 0.2 ul 0.2 ul
DMSO 25ul 25l
2.5mM dNTP mixture 1.25 ul 1.25 ul
DNA polymerase 0.4 ul 0.4 ul
50 uM BOX A1R primer 1 ul
50 uM ERICIR or REP IR-I primer 1 ul
50 uM ERIC2 or REP2-I primer 1 ul
DNA template 1 ul 1 ul

(Total 25l 25 ul)

Component of 5X Gitschier buffer is shown in Table A2 in Appendix
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Table 3-4-5 PCR conditions for rep-PCR

Step Temperature Time
BOX or ERIC REP

Initial denaturation 95 C 95 C 2 min

3-step cycling:

Denaturation step 1 94 °C 94 °C 3s

Denaturation step 2 92 C 2°C 30 s

Annealing 50 C 40 C 1 min

Extension 65 C 65 C 8 min

Following 35 cycles

Final extension 65 C 65 C 8 min
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BSRA 1solates Reference strains
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2000bp

{f g

1000bp

500bp

Fig. 3-4-3 DNA fragment bands after rep-PCR using ERIC primers and
DNA from BSRA isolates and reference strains of Pseudomonas species
and pathovars. Lanes M, Hi-Lo DNA Marker (Bionexus); 1, AZK-11; 2,
AZB-21; 3, 09Psa251; 4, 09Psa258; 5, 09Psa263; 6, 09Psa273; 7,
09Psa275; 8, 09Psa279; 9, 09Psa289; 10, 09Psa351; 11, 09Psa355; 12,
09Psa361; 13, Pseudomonas savastanoi pv. glycinea SUPP211; 14, P
savastanoi pv. glycinea CHUK; 15, P. savastanoi pv. phaseolicola
SUPP1139; 16, P. savastanoi pv. phaseolicola SUPP191; 17, P
savastanoi pv. phaseolicola PP8172; 18, P. syringae pv. morsprunorum
SUPP408; 19, P. syringae pv. tabaci SUPP278; 20, P. syringae pV.
myricae  SUPP166. Three microliters of each sample were

electrophoresed in 2% agarose gel at 50 V
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BSRA isolates Reference strains

15 16 17 18 19 20

Fig. 3-4-4 DNA fragment bands after rep-PCR using BOX primer and
DNA from BSRA isolates and reference strains of Pseudomonas species
and pathovars. Lanes M, Hi-Lo DNA Marker (Bionexus); 1, AZK-11; 2,
AZB-21; 3, 09Psa251; 4, 09Psa258; 5, 09Psa263; 6, 09Psa273; 7,
09Psa275; 8, 09Psa279; 9, 09Psa289; 10, 09Psa351; 11, 09Psa355; 12,
09Psa361; 13, Pseudomonas savastanoi pv. glycinea SUPP211; 14, P.
savastanoi pv. glycinea CHUK; 15, P. savastanoi pv. phaseolicola
SUPPI1139; 16, P. savastanoi pv. phaseolicola SUPP191; 17, P.
savastanoi pv. phaseolicola PP8172; 18, P. syringae pv. morsprunorum
SUPP408; 19, P. syringae pv. tabaci SUPP278; 20, P. syringae pv.
myricae SUPP166. One microliters of each sample were electrophoresed

in 2% agarose gel at 50 V
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BSRA isolates Reference strains

10 11 12 13 14 15 16 17 18 19 20

L ]

Fig. 3-4-5 DNA fragment bands after rep-PCR using REP primers and
DNA from BSRA isolates and reference strains of Pseudomonas species
and pathovars. Lanes M, Hi-Lo DNA Marker (Bionexus); 1, AZK-11; 2,
AZB-21; 3, 09Psa251; 4, 09Psa258; 5, 09Psa263; 6, 09Psa273; 7,
09Psa275; 8, 09Psa279; 9, 09Psa289; 10, 09Psa351; 11, 09Psa355; 12,
09Psa361; 13, Pseudomonas savastanoi pv. glycinea SUPP211; 14, P.
savastanoi pv. glycinea CHUK; 15, P. savastanoi pv. phaseolicola
SUPP1139; 16, P. savastanoi pv. phaseolicola SUPP191; 17, P
savastanoi pv. phaseolicola PP8172; 18, P. syringae pv. morsprunorum
SUPP408; 19, P. syringae pv. tabaci SUPP278; 20, P. syringae pV.
myricae  SUPP166. Seven microliters of each sample were

electrophoresed in 1.5% agarose gel at 50 V
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5. 16S rDNA O 5 K fi 41| fi
1) J5ik

BSRA 7y Bl #l i 4 12 B £ (Table 3-1) B L O P. syringae pv.
syringae 1-1 Bk D 16S rDNA O Hif§ & PCR PEY @ k5 43, Takahashi
et al. (2013) ® FHICWE > CTiT-o7=. EH L7 PCR 774 ~— DI
B HIX Table Al 1T R L. MR LEEEEDOX A LI Fv—7
T A& AZK-11 B R, 09Psa273 EHK I L O P syringae pv. syringae
-1 BRI st~y 7 2 GRRE) 12, 20 o E KX E > X
TAY A ARA S (LR T) ICRFEL 2. 1567 KA S
%, BEIBEHRLE Y 7 87 =7 GENETYX ver. 10 (M X &t ¥ 37
47 A, HIR) ZHWT, " RT 74 A MEATo 70, HAER
5| ® 7 — % % DDBJ/EMBL/GenBank 7 — # X — X |2 &L, 77 &
v ¥va & GF A7 (Table 3-4-6). BSRA B E & Lk D P
syringae FEME & OBHZ AR T O NI T D720, AZK-11 HEEK,
09Psa273 H KB K Y P. syringae pv. syringae 1-1 HFE D 16S rDNA O
B Y &2 R EATICH L. 72, & D P osyringae BEAHE 28
B R IZ 2T 16S rDNA @ M 5L i 1 % DDBJ/EMBL/GenBank 7 — %
NR—2 K VE&EL, Y 7 b7 =7 MEGA X (Kumar et al. 2018)
AV, BN 21T o 7=. P. viridiflava CFBP2107" (= ICMP2848T")
B AR O B A & A BE & L, Jukes—Cantor £ /L CIlFBERE A AT &
D SRR A AER L T

$al

2) iR
BSRA 47 B HIE 4= 12 K @ 16S rDNA O 5 FE B4 (1336 bp) 1T 58

B —F L. AZK-11 BB X O 09Psa273 HE Rk & T ic ik L 7=
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P. syringae BEFA T @ hrp group 1A #HE @ 16S rDNA D ELF (1371 bp)
EDFFRMEIX 99.6-99.9%TdH - 7-. 16S rDNA O Hi K E 5|2 & -5 <
RFMIZIBN T, BSRA S HEME (X, P syringae BERIE & [F— D 2

7 AL —% LT (Fig. 3-4-6).
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Table 3-4-6 Accession numbers of 16S rDNA

Taxon Strains Accession Nos.
BSRA isolates AZK-11 LC651953
BSRA isolates AZB-21 LC651954
BSRA isolates 09Psa251 LC651955
BSRA isolates 09Psa258 LC651956
BSRA isolates 09Psa263 LC651957
BSRA isolates 09Psa273 LC651958
BSRA isolates 09Psa275 LC651959
BSRA isolates 09Psa279 LC651960
BSRA isolates 09Psa289 LC651961
BSRA isolates 09Psa351 LC651962
BSRA isolates 09Psa355 LC651963
BSRA isolates 09Psa361 LC651964
P. syringae pv. syringae 1-1 LC651965
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P. savastanoi pv. savastanoi ICMP4352T-PT (IIM190226)

hrp-group
P. syringae pv. myricae ICMP7118"T (NZ LIQV010000347) 1A

P. savastanoi pv. savastanoi NCPPB3335 (CP008742)
P. tremae CFBP61117 (AJ492826)
P. amygdali CFBP3205 (NZ JYHB01000005)
P. syringae pv. mori ICMP43317T (NZ LIQU01000420) B
P. savastanoi pv. phaseolicola Y5 2 (NZ LGKV01000009)
P. savastanoi pv. phaseolicola NP$3121 (NZ LGKW01000012)
P. savastanoi pv. phaseolicola ICMP2740°T (NZ LIQZ010000147)
P. savastanoi pv. phaseolicola HB10Y (NZ LGKX01000030)
P. savastanoi pv. phaseolicola 1448A (CP000058)
P. savastanoi pv. phaseolicolal302A (NZ LGKY01000087)
P. savastanoi pv. glycinea B076 (NZ AEGG01000050)
P. savastanoi pv. glycinea BR1 (NZ LGLO01000082) 1A
P. savastanoi pv. glycinea ICMP2189°T (NZ LIQL01000034)
P. savastanoi pv. glycinea KN44 (NZ LGLP01000192)
P. savastanoi pv. glycinea LN10 (NZ LGLMO01000025)

| P. savastanoi pv. glycinea race4 (NZ AEGH01000001)

P. syringae pv. tabaci ICMP2835*T (NZ LIRL01000126)
P. savastanoi pv. glycinea UnB647 (NZ LGLL01000120)

BSRA AZK-11 (LC651953)

99 4|
80 IBSRA 09Psa273 (LC651958)

P. syringae pv. syringae B728a (MG722805)

L P. syringae pv. syringae B301D (NZ CP005969)

P. syringae pv. pisi PP105 (AB109218) 1

L_—P. syringae pv. syringae 1-1 (LC651965)

P. syringae pv. acthinidiae Kw11¥T (AB001439)

P. syringae pv. theae PT1'T(AB001450)
P. syringae pv. porri ICMPS961°T (NZ LIRA010000241)
4| v
99 | P. syringae pv. coronafuciens NCPPB60OPT (MF662828)

P. viridiflava CFBP2107" (HM190229)

Fig. 3-4-6 Neighbor-joining tree constructed using the Jukes—Cantor
model based on 16S rDNA sequences (1371 bp) from the present isolates
and related bacterial species and pathovars. T, type strain of the species;
PT, pathotype strain of the pathovars. Accession numbers for the
sequences from the DDBJ, EMBL, and GenBank databases are in
parentheses. The vertical lines and roman numerals on the right in the
figure indicate hrp groups of Pseudomonas syringae group bacteria.
Numbers at nodes are bootstrap values (=50%) expressed as percentages

of 1000 replicates. Bar: 0.02 substitutions per nucleotide position
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6. NUAX—VE VBT IZLDEZER TR ET
1) J5ik

il T A4 BH X BSRA 4y B B AZK-11 B AR F X O° 09Psa273 #kk & L
7o, N AX—VY VBT gapl, gltA, gyrB B L O rpoD EI5 T
D WE X, 4L < 4 Tsuji and Takikawa (2018) , Sarkar and Guttman
(2004), Yamamoto et al. (1999) ¥ X O Maeda et al. (2006) D FL#k O
FIEIZHE > TITo 2. A L7 PCR 77 4 ~— DML Table Al I
L. WEEDORE L 7 o —=1" 7% Tsujietal. (2017) O L
D IFIEIZHE > TIT o 1=, gapl, gltd, gyrB B X O rpoD Wi v & & 10 7
7 A RO H X Ausubel et al. (1987) @ FiEIWICH#E L TIrvy, ¥ —
gz ARSIy 72 RR) WL L. HERYOT —
% X DDBJ/EMBL/GenBank 7 — % X — X |[Z& gk L=, WMBLET 7
v va &EEIL Table3-4-7 IZ/R L7=. Itk D P. syringae BERH &
DEBGEBREBHODICT 5720, 28 WHRIZOWT gapl, gltd, gyrB
B L rpoD Eis 1 OIS %2 DDBJ/EMBL/GenBank 7 — & X —
ARV L. B LEEERIOT 7ty a FSIX Table
3-4-7 R LTz, HEATAXF—V U T #EEORBEHREIL, AITHEO
16S tDNA O fig#T & [AERICFEhE L, P viridiflava ICMP2848" i # o
ERHZAREE L, BB EER L. S5, FHEHKD gapl, gltA,
gyrB B X W rpoD BB T OWERIN 2 /A LT, LBE T EE S F
BT (Multilocus sequence analysis: MLSA) (Zfit58 L, [RIARIC R %2

ERK L 7= .

2) iR

BSRA 7y HfE A AZK-11 E#E & 09Psa273 HE L D gapl (860 bp) ¥
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X O gltd 151 (573 bp) O EE I XL —F LN, gyrB &
=¥ (910 bp) IE 3 bp, rpoD EfxF (804 bp) % 1 bp ¥ 72 - 7= . BSRA
SEEMEE I ND 400NN T AXF - U T ERSFOMEBEYNE D E
o 7= P osyringae BEFE X, P. savastanoi pv. glycinea @ 71 HH £k
(ICMP2198" [ #k, BO76 E Kk, BRI F Ak, KN44 FEEE, LN10 HER,

raced @K I X OV UnB647 H#E) TH - 7=. P. savastanoi pv. glycinea
THHKE DO 4 SONT RAX—V 0 7 BInFOHEERINTEREIZ &K
L 7-.BSRA Bt # & & P. savastanoi pv. glycinea ® gapl & fx+ (860
bp) B LW gltd EinF (573 bp) O IELEF I RIC —FH L =R,

gvrB B Ax 1 TIlL P. savastanoi pv. glycinea & AZK-11 H 2 1 bp,

09Psa273 FEREAY 2 bp 72 572, rpoD #Eix ¥ TIix AZK-11 HEE & P
savastanoi pv. glycinea (X5 212 —E L 7272, 09Psa273 W HK & (X 1 bp
Hip ol gapl B X rpoD B s+ O F BT 3 S W 72 R AEMHIZ

BT, M BSRA 7 BEME X W34 b P osavastanoi pv. glycinea & [Fl
— DY T AKX —%K L7 (Fig. 3-4-7, Fig. 3-4-10). gltd Bz 1+ O
HIEE A S W R BB W T, W BSRA 4y BEME XM o hrp
group A IZPT BT % P syringae M L Al —D 7 7 XA Z —% B L
72 (Fig. 3-4-8). gyrB Bz T+ OHEEINIZE S W2 RHFEM T W T,
] BSRA 47 Bff #l (6 1% P. savastanoi pv. glycinea 33 X WY P. savastanoi pv.
phaseolicola & & HITMNE DV 7 A% — % LT (Fig. 3-4-9). —
5, 4 OONTAX -V U T ERTERE LTEERS] (3147 bp)
WSS FMBIIZTHB W T, W BSRA HEME X P savastanoi pv.

glycinea & & HLIZMIN LT7m7 9 A X —% Tk L7 (Fig. 3-4-11).
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Table 3-4-7 DDBJ/EMBL/GenBank accession numbers for housekeeping

gene sequences used in this study

Taxon Strain’ gapl gltA gyrB rpoD

BSRA isolate AZK-11 LC652531 LC662832 LC652527 LC652529

BSRA isolate 09Psa273 LC652532 LC662833 LC652528 LC652530

P. amygdali ICMP3918" NZ_LKBW01000331 NZ LKBWO01000235 NZ LKBW01000287 NZ LKBW01000268
P. cannabina pv. alisalensis ICMP15200°"  AB794998 AB795004 AB781098 AB795009

P. savastanoi pv. glycinea B076 NZ AEGG01000047 NZ AEGG01000028 NZ AEGG01000055 NZ AEGG01000014
P. savastanoi pv. glycinea BRI NZ_LGLO01000036 NZ LGLO01000094 NZ LGLO01000035 NZ LGLO01000054
P. savastanoi pv. glycinea ICMP2189°" NZ LJQL01000105 NZ LJQL01000223 NZ LJQL01000215 NZ LJQL01000285
P. savastanoi pv. glycinea KN44 NA_LGLP01000185 NA_LGLP01000157 NA_LGLP01000063 NA_LGLP01000093
P. savastanoi pv. glycinea LN10 NZ LGLMO01000095 NZ LGLM01000002 NZ LGLM01000103 NZ LGLMO01000073
P. savastanoi pv. glycinea race4 NZ AEGHO0100053 NZ AEGH01000062 NZ AEGH01000036 NZ AEGH01000001
P. savastanoi pv. glycinea Unb647 NZ LGLL01000125 NZ LGLL01000121 NZ LGLL01000143 NZ LGLL01000007
P. savastanoi pv. phaseolicola  1302A NZ_LGKY01000075 NZ LGKY01000094 NZ LGKY01000085 NZ LGKY01000065
P. savastanoi pv. phaseolicola 1448A CP000058° CP000058 CP000058 CP000058

P. savastanoi pv. phaseolicola HB10Y NZ_LGKX01000039 NZ LGKX01000017 NZ LGKX01000031 NZ LGKX01000009
P. savastanoi pv. phaseolicola ICMP2740"" NZ_LJQZ01000118 NZ LJQZ01000122 NZ LJQZ01000044 NZ LJQZ01000287
P. savastanoi pv. phaseolicola  NPS3121 NZ_LGKW01000046 NZ_LGKW01000028 NZ LGKW01000029 NZ LGKW01000053
P. savastanoi pv. phaseolicola Y5-2 NZ LGKV01000030 NZ LGKV01000009 NZ LGKV01000005 NZ LGKV01000042
P. savastanoi pv. savastanoi  ICMP4352"°"T  NZ_LIJRJ01000148 ~ NZ_LJRJ01000043  NZ_LJRJ01000054 NZ_LJRJ01000196
P. savastanoi pv. savastanoi ~ NCPPB3335 NZ_CP0008742b NZ_CP0008742 NZ _CP0008742 NZ_CP0008742

P. syringae pv. actinidiae NCPPB3739"" NZ_AFTH01000356 NZ_AFTH01000103 NZ AFTH01000501 NZ AFTH01000502
P. syringae pv. alliifistulosi ICMP3414"T LC164067 LC164055 LC164030 LC164043

P. syringae pv. coronafaciens SUPP196 LC164072 LC164060 LC164036 LC164048

P. syringae pv. mori ICMP4331°T NZ LJQUO01000289 NZ LIQU01000360 NZ LJQU01000231 NZ LJQU01000049
P. syringae pv. myricae ICMP7118"T NZ_LJQV01000096 NZ LJQV01000359 NZ LJQV01000142 NZ LIJQV01000225
P. syringae pv. oryzae SUPP541°" LC164071 LC164059 LC164035 LC164047

P. syringae pv. porri ICMP89611°"  LC164068 LC164056 LC164032 LC164044

P. syringae pv. syringae B301D NZﬁCP005959b NZ_CP005959 NZ_CP005959 NZ_CP005959

P. syringae pv. syringae B728a CP000075° CP000075 CP000075 CP000075

P. syringae pv. tabaci ICMP28351°" NZ_LJRL01000143 NZ LJRL01000146 NZ LJRL01000006 NZ LJRL01000004
P. viridiflava ICMP2848" NZ LKEH01000019 NZ LKEH01000015 NZ LKEH01000023 NZ LKEH01000048

The gapl, glt4, gyrB, and rpoD gene sequences from BSRA strains AZK-

11 and 09Psa273 were sequenced in this study and deposited.

Other

housekeeping

genes

DDBJ/EMBL/GenBank databases.

sequences

wWCEere

obtained

from

T, Type strain of the species; PT, Pathotype strain of the pathovar

® Complete genome sequence
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P. savastanoi pv. phaseolicola 1448 A (CP000058)
P. savastanoi pv. phaseolicola 1302A (NZ LGKY01000075)
o4 | P. savastanoi pv. phaseolicola HB10Y (NZ LGKX01000039)
P. savastanoi pv. phaseolicola ICMP2740°T (NZ LIQZ01000118)
73 P. savastanoi pv. phaseolicola NPS3121 (NZ LGKW01000046)
P. savastanoi pv. phaseolicola Y5-2 (NZ LGKV01000030)
P. syringae pv. mori ICMP4331°T (NZ LIQU01000289)
P. amygdali ICMP3918T (NZ LKBW01000331)
P. savastanoi pv. savastanoi NCPPB3335 (NZ CP008742)
oo | P. savastanoi pv. savastanoi ICMP4352%: T (NZ LIRJ01000148)
.I:P. syringae pv. tabaci ICMP2835PT (NZ LJRL01000143)
100

P. syringae pv. myricae ICMP7118"T (NZ LIQV01000096)
BSRA AZK-11 (LC652531)
BSRA 09Psa273 (LC652532)
P. savastanoi pv. glycinea B076 (NZ AEGG01000047)
P. savastanoi pv. glycinea UnB647 (NZ LGLL01000125)

81 savastanoi pv. glycinea race4 (NZ AEGH01000053)

savastanoi pv. glycinea LN10 (NZ LGLM01000095)

savastanoi pv. glycinea ICMP2189%T (NZ LIQL01000105)
91

P.
P.
P. savastanoi pv. glycinea KN44 (NZ LGLP010000185)
P.
P.

savastanoi pv. glycinea BR1 (NZ LGL0O01000036)

— P. syringae pv. syringae B728a (CP000075)

o LP syringae pv. syringae B301D (NZ CP005969)

I—P. syringae pv. alliifistulosi ICMP3414PT (LC164067)

P. syringae pv. oryzae SUPP541FT (LC164071)
100
60

P. syringae pv. porri ICMP8961FT (LC164068)
84 | P. syringae pv. coronafaciens SUPP196 (LC164072)

P. syringae pv. actinidiae NCPPB373%T (NZ AFTH01000356)

53_1 P. cannabina pv. dlisalensis ICMP15200°T (AB794998)

P. viridiflava ICMP2848T (LKEH01000019)

Fig. 3-4-7 Neighbor-joining tree constructed using the Jukes—Cantor
model based on gapl sequences (860 bp) from the present isolates and
related bacterial species and pathovars. T, type strain of the species; PT,
pathotype strain of the pathovars. Accession numbers of the sequences
from the DDBJ, EMBL, and GenBank databases are in parentheses.
Numbers at nodes are bootstrap values (=50%) expressed as percentages

of 1000 replicates. Bar: 0.01 substitutions per nucleotide position

72



BSRA 09Psa273 (LC662833)
BSRA AZK-11 (LC662832)

P. savastanoi pv. glycinea B076 (NZ AEGG01000028)

P, savastanoi pv. glycinea BR1 (NZ LGLO01000094)

P. savastanoi pv. glycinea ICMP2189°T (NZ LIQL01000223)
P. savastanoi pv. glycinea KN44 (NZ LGLP01000157)

P. savastanoi pv. glycinea LN10 (NZ LGLM01000002)

P. savastanoi pv. glycinea race4 (NZ AEGH01000062)

P. savastanoi pv. glycinea UnB647 (NZ LGLL01000121)

P. savastanoi pv. phaseolicola 1302A (NZ LGKY01000094)

P. savastanoi pv. phaseolicola 1448A (CP000058)

P, savastanoi pv. phaseolicola HB10Y (NZ LGKX01000017)
P. savastanoi pv. phaseolicola ICMP2740°T (NZ LIQZ01000122)
|P. savastanoi pv. phaseolicola NPS3121 (NZ LGKW01000028)
P, savastanoi pv. phaseolicola Y5-2 (NZ LGKV01000009)

P. savastanoi pv. savastanoi ICMP4352T-PT (NZ LIJRI01000043)
P, savastanoi pv. savastanoi NCPPB3335 (NZ CP008742)

P amygdali ICMP3918T (NZ LKBW01000235)

P. syringae pv. mori ICMP4331°T (NZ LJQU01000360)

P. syringae pv. tabaci ICMP2835°T (NZ LIRL01000146)
P. syringae pv. myricae ICMP7118°T (NZ LIQV01000359)

r P. syringae pv. syringae B728a (CP000075)

97 I—P. syringae pv. syringae B301D (NZ CP005969)

P. syringae pv. actinidiae NCPPB3739FT (NZ AFTH01000103)

81_I— P. syringae pv. porri ICMP8961PT (LC164056)
P. syringae pv. oryzae SUPP541PT (LC164059)

P. syringae pv. coronafaciens SUPP196 (LC164060)
99 | P. syringae pv. alliifistulosi ICMP3414°T (LC164055)

P. viridiflava ICMP2848T (NZ LKEH01000015)
P. cannabinapv. alisalensis ICMP15200°T (AB795004)

63
100
78
80
55
99
—

0.010

Fig. 3-4-8 Neighbor-joining tree constructed using the Jukes—Cantor
model based on glt4 sequences (573 bp) from the present isolates and
related bacterial species and pathovars. T, type strain of the species; PT,
pathotype strain of the pathovars. Accession numbers of the sequences
from the DDBJ, EMBL, and GenBank databases are in parentheses.

Numbers at nodes are bootstrap values (=50%) expressed as percentages

of 1000 replicates. Bar: 0.01 substitutions per nucleotide position
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P. savastanoi pv. glycinea KN44 (NZ LGLP01000063)
|- BSRA 09Psa273 (LC652528)

P. savastanoi pv. glycinea raced (NZ AEGH01000036)

P. savastanoi  pv. phaseolicola 1448 A (CP000058)

P. savastanoi  pv. phaseolicola NPS3121 (NZ LGKW01000029)
P, savastanoi pv. phaseolicola HB10Y (NZ LGKX01000031)

99 | Psavastanoi pv. glycinea UnB647 (NZ LGLL01000143)
BSRA AZK-11 (LC652527)

P. savastanoi pv. phaseolicola ICMP2740FT (NZ LIQZ01000044)
P. savastanoi pv. phaseolicola 1302A (NZ LGKY01000085)

03 P. savastanoi pv. glycinea LN10 (NZ LGLM01000103)

1 P. savastanoi pv. glycinea ICMP2189PT (NZ LIQL01000215)

P. savastanoi pv. glycinea BR1 (NZ LGLO01000035)

96 P. savastanoi pv. glycinea B076 (NZ AEGG01000055)
P. savastanoi pv. phaseolicola Y5-2 (NZ LGKV01000005)

P. syringae pv. mori ICMP4331PT (NZ LIQU01000231)

87

P. savastanoi pv. savastanoi NCPPB3335 (NZ CP0008742)

98 100 P savastanoi pv. savastanoi ICMP4352%PT (NZ LIRJ01000054)

P. syringae pv.tabaci ICMP2835°T (NZ LIRL01000006)

95 | P. syringae pv.myricae ICMP7118*T (NZ LIQV01000142)
Lr amygdali ICMP3918T (LKBW01000287)

100

53 P. syringae pv.syringae B728a (CP000075)
‘: P. syringae pv.syringae B301D (NZ CP005969)

100

P. cannabina pv.alisalensis ICMP15200°T (AB781098)

P. syringae pv.actinidiae NCPPB3739°T (NZ AFTH01000501)

|— P. syringae pv.alliffistulosi ICMP3414FT (LC164030)
P. syringae pv.oryzaec SUPP541PT (LC164035)

100
P. syringae pv.porri ICMP8961°T (LC164032)

P P. syringae pv. coronafaciens SUPP196 (LC164036)

P. viridiflava ICMP2848T (NZ LKEH01000023)

0.010

Fig. 3-4-9 Neighbor-joining tree constructed using the Jukes—Cantor
model based on gyrB sequences (910 bp) from the present isolates and
related bacterial species and pathovars. T, type strain of the species; PT,
pathotype strain of the pathovars. Accession numbers of the sequences
from the DDBJ, EMBL, and GenBank databases are in parentheses.
Numbers at nodes are bootstrap values (=50%) expressed as percentages

of 1000 replicates. Bar: 0.01 substitutions per nucleotide position
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BSRA AZK-11 (LC652529)

l_BSRA 09Psa273 (LC652530)

P, savastanoi pv. glycinea BR1 (NZ LGLO01000054)

7 P, savastanoi pv. glycinea ICMP2189°T (NZ LIQL01000285)
—P. savastanoi pv. glycinea KN44 (NZ LGLP01000093)
P. savastanoi pv. glycinea LN10 (NZ LGLM01000073)
P. savastanoi pv. glycinea race4 (NZ AEGH01000001)

IP. savastanoi pv. glycinea UnB647 (NZ LGLL01000007)
95

P, savastanoi pv. glycinea B076 (NZ AEGG01000014)
P. savastanoi pv. phaseolicola Y5-2 (NZ LGKV01000042)

P. savastanoi pv. phaseolicola ICMP2740PT (NZ LJQZ01000287)

P. savastanoi pv. phaseolicola NPS3121 (NZ LGKW01000053)
63

P. savastanoi pv. phaseolicola HB10Y (NZ LGKX01000009)
& P. savastanoi pv. phaseolicola 1448A (CP000058)
P. savastanoi pv. phaseolicola 1302A (NZ LGKY01000065)

84 | P savastanoipv. savastanoi NCPPB3335 (NA CP008742)

'P. savastanoi pv. savastanoi ICMP43527 PT (NZ LIRJ01000196)

98 08 . syringae pv. myricae ICMP7118T (NZ LIQV01000225)
75 = P am y2dali ICMP3918T (NZ LKBW01000268)
53 P. syringae pv. mori ICMP4331PT (NZ LIQU01000049)
P. syringae pv. tabaci ICMP2835°T (NZ LIRL01000004)
— P. syringae pv. syringaec B728a (CP000075)
100 L P. syringae pv. syringae B301D (NZ CP005969)
P. ¢ bina pv. alisalensis ICMP15200FT (AB795009)
-1 P. syringae pv. coronafaciens SUPP196 (L.C164048)
P. syringae pv. porri ICMP8961°T (LC164044)
100 P. syringae pv. oryzae SUPP541°T (LC164047)
* 51 = P syringaepv. alliifistulosi ICMP3414°T (LC164043)
P. syringae pv. actinidiae NCPPB373%°T (NZ AFTH01000502)

-I P. viridiflavaICMP2848" (NZ LKEH01000048)

0.010

Fig. 3-4-10 Neighbor-joining tree constructed using the Jukes—Cantor
model based on rpoD sequences (804 bp) from the present isolates and
related bacterial species and pathovars. T, type strain of the species; PT,
pathotype strain of the pathovars. Accession numbers of the sequences
from the DDBJ, EMBL, and GenBank databases are in parentheses.
Numbers at nodes are bootstrap values (=50%) expressed as percentages

of 1000 replicates. Bar: 0.01 substitutions per nucleotide position
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P. savastanoi pv. glycinea LN10
[~ BSRA 09Psa273

P. savastanoi pv. glycinea UnB647
 BSRA AZK-11
100 . .
—| P. savastanoi pv. glycinea race4
P. savastanoi pv. glycinea KN44
P. savastanoi pv. glycinea ICMP2189°T

98 P. savastanoi pv. glycinea BR1

P. savastanoi pv. glycinea BO76
P. savastanoi pv. phaseolicola Y5-2

P. savastanoi pv. phaseolicola ICMP2740PT

88 100 P. savastanof pv. phaseolicolaNPS3121

P. savastanoi pv. phaseoficola HB10Y
65 | P. savastanoi pv. phaseolicola 1448A

P. savastanoi pv. phaseolicola 1302A

P. syringae pv. mori ICMP4331PT
P. savastanoi pv. savastanof NCPPB3335

100 100 | p. savastanoi pv. savastanoi ICMP43527-PT

P. syringae pv. tabaci ICMP2835PT
9 P. syringae pv. myricae ICMP7118FT
100 [P_ amygdali ICMP3918T

P. syringae pv. syringae B728a
 — YIIgac py. Syrng:

62

00 L P. syringae pv. syringae B301D

P. syringae pv. alliifistulosi [ICMP3414FT

100 P. syringae pv. oryzae SUPP541PT
61EP. syringae pv. porr ICMP8961PT
P. syringae pv. coronafaciens SUPP196

P. syringae pv. actinidiae NCPPB3739°T

P.c binapv. alisalensis ICMP15200PT

P. viridiflava ICMP2848T

0.010

Fig. 3-4-11 Neighbor-joining tree constructed using the Jukes—Cantor
model based on concatenated sequences of the gapl, gltA, gyrB, and rpoD
(3147 bp) from the representative BSRA isolates and related bacterial
species and pathovars. T, type strain of the species; PT, pathotype strain
of the pathovars. Accession numbers of the sequences from the DDBJ,
EMBL, and GenBank databases are in parentheses. Numbers at nodes are
bootstrap values (=50%) expressed as percentages of 1000 replicates.

Bar: 0.01 substitutions per nucleotide position

76



7. BEMBEICET 55 5

MEF O EFKRIT, DNA-DNA N T U HX A E—2a it roT' A
Ptk DNA O E &1 7 DNA-DNA FEHRZKE N 70%L EH Y, o
A7V Yy FOBLZFEENSCUNIZINELIWHKOEED LT
W% (Wayne et al. 1987). Gardan et al. (1999) %, P. syringae BEHHi
% DNA OB M ICH 3T 9 5D genomospecies (CH L, 9 H 2
> @ genomospecies & P. tremae 3 £ O\ P. cannabina & L T H M2 FF
S LT, —J7, DNA-DNA "M 7 U XA =T a %, BEHES
EEMRICREBHY, £, MOoBHAKIFERAARMTHLXETH
L1280, EERFEEAY SRR Y2 B2 (International Committee on
Systematics of Prokaryotes: ICSP) @ ¢ 5] Z& B & 1Z, DNA-DNA /~ A 7
VHEA R —va vy 2EOGBEOERENLRFIELELSDDSL, SRS HET
R A FRER PIEORELZEL T, LV FE~OBITEZRED TV
% (Stackebrandt et al. 2002). ICSP @ 55 % B & 1X DNA-DNA /~ A
TIVEAE—varEfied b FiEE LT, 16S rDNA M K fid 51 fig
MRBELEONTZAF - BB 72 8 OHE IR S O g5, rep-PCR
MEWZELDDNATu 7y AU S, DNAT LA ZHERLTWD —
T, MEORBMEROCLHE L EBHETH DL LML TWVD
(Stackebrandt et al. 2002). A i Tix BSRA 4 Bt #ll [ o 43 B W9 &
EWRET HIWD, HFx Bl 5 BSRA D HEEME O BB E % M
L7z,

Inoue and Takikawa (2006) (X, 35 ® P. syringae REMIE % hrpZ &
o O FEB AN HE S W T, 52D hrp group IZFE L (Group IA B
XOVIB, II, 111, IV), TN ZEND TV — TR PCR 774~

— % FF L. 2B O 7 v—71% Gardan et al. (1999) 242 L 7=
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P. syringae FEFH B @ genomospecies (ZHf A%ty L TWv % (Inoue and
Takikawa 2006).

BSRA 57 Bl i % hrp group FF 7 7 4 ~—% 7= PCR (2 fit
A L7mE A, BSRA B E 4 12 EHEED, P amygdali 3 X O P.
savastanoi pv. glycinea 72 £ Gardan et al. (1999) @ genomospecies 2
WCEFENLME & RIS hrp group IA IZ 3 S V7=, hrp group IA B
L OV IB 1X genomospecies 2 (A 3% (Inoue and Takikawa 2006).
Lo T, 7 XAXXBEHEROWFEMEAIX Gardan et al. (1999) @
genomospecies2 ICH EN D T LML IND. —F, P syringaepv.
syringae 1-1 WK 1X hrp grouplll Th o7 Z &b, 7T XAXITBIT 5
2 DO, Thbb, TAXFXFMERB LOT X X185 M E IR
DIE R E X Z I ZE I hrp group TA B X O hrp group 1T IZJE L, 2
7% hrpgroup I INDZ EXRH NN ER ST, 2O L%, X
RTINS K DB s N EE e S A, R E 2 S ISR T D
DIZHEMTE D,

REP, ERIC ¥ & O BOX R RS IZMIE K 7 2 LWICHRAE L,

DANTHER DT 7 AEEEZ KL TW 5 & S (Louws et al.
1994), rep-PCRICE W A SNy /) 27 4 —7 Y Mk,
B LU, HHERL XL THDBD AR THL DAL TND
(Rademaker et al. 2004). P. syringae pv. syringae ¥ X O P. syringae pv.
tomato % tb#g U 72 Tl TlX, rep-PCR IC XK B /N RXF — 3R A
TECTHMBIZRE 272D, ARFCHEEBATLZHRE O L
(Louws et al. 1994).

ERIC1R/2, BOXAIR ¥ & OY REPIR-1/2-1 7 A ~— % H W\ 7= rep-

PCR (2 & %5 BSRA pHftMiE DN R XEZ — 3 e2<FA—ThsH I &
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D, T AXEXBEME R ORI MEILERNICE —TH Y, rep-PCR
(2R 27 R 22 M BRSO il B[R E O RTREPE R R &
7. 72, hrpgrouplA OB T B AL, Wb BSRA
DEEHE O N R — v bl 2 LG, TR K X R
D JF A 1T P.osyringae BEFIE O hrp group 1A W Tl 5 B9 (2 Hh 37 D
EHTHDEEZ BT, L2 L, Marquesetal. (2008) O E T
X, P. savastanoi pv. phaseolicola 41 Wk % & T P. syringae #f#ll 1 12
XL TIrT>7 BOX-PCR IZ ko ThHRbLNTEANY FNZ =X, P
savastanoi pv. phaseolicola W TZ M N AL T\, KFRICE
WTh, BEEID hrp group IA NMIEEHNOZEZ R ZHRH L T s
WO ATHEMEIZ A E TER . rep-PCR IC X 2GR EDAHEMN LS
DT, ORI DRAFAEEKERES HNTHNT T OILERH D,

B O Iy T AL F R LIS - TH T 5 Rk 0 8 7 1k
MMLETHY (KA - LI 2009), RESHEOBELE L THWOR
Db HEREWIT, 16S tDNA O EEIIEHR TH D (HEI
2006). KA - {LIE (2009) 2 Xk 5 &, 16SrDNA (THIE B L OV @ &£
Py lc il L CEIE L, AR oL A i 5 ol L
THBY, ELEHENELBOE WD, JEMITICE Y, Ko EKE
N EDOHM L HEBARICH D NHENATETH LS. £/, 16SrDNA
OIFFEBERS ZRE L, HUED 98.7%L LOWMEN 2 W&
THLWVWEBORTEENE W E SO TWD (KA - LI 2009).

BSRA 7 EE# E @ 16S rDNA O LB ] & L D hrp group 1A O
P& OFMEIMHEIX 99.6-99.9% TH D, /-, T 206 & P syringae
HMEICOEINDZEETEHLMNE R ST, 16S IDNA O

FELH D I T, BEEN D P syringae FEME O o 23 FRE & DR AT
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T&X /Mo 7-. Young (2010) %, 16S rDNA L& 17 28 FE 5 12 & W
72®, 16S rDNA OMMEMICE S THE N7 P amygdali, P
avellanae, P. caricapapayae, P. cichorii, P. ficuserectae, P. meliae, P.
savastanoi, P. syringae B X O P. viridiflava » 5 ik & h 5
‘ Pseudomonas syringae group’  (Anzai et al. 2000) N O k5l 1% T &
MWELTWD., 7TAXXEME R ORIEME &Lk O P syringae
BEANE N O o3 BHEH & 2 WARICKNT 5, &2k, fosH
HLEOFEMARAEZEREZWHLNCT 57010, ol s FEEic
KO NLETH D .

16S rDNA O M FEd 51 T X Bl T & 722 W 43 B O Hl B 12D v T,
BEONDZAF -V 7B FZ MWV MLSAERHRE I LT WD
(Stackebrandt et al. 2002). BSRA 77 BEM & (X, gapl, gltd, gyrB B &
W rpoD DZE N AX—VE VT ERTOHEEEIICE S RFEB B
s 450" 2AF =V T EInF & vz MLSA (1
R BT BT, P savastanoi pv. glycinea & Rl — OML L= 7 7 A
B—% B LIz, ZoZEnb, 7XAXEBEMERORFEMEIX P
savastanoi pv. glycinea & BAsWIZ L& T&H Y, P savastanoi pv.
glycinea R BEAMO A L ITEGRICMY L TWD EHLE SN

—J7, A E O R 6, BSRA 53 B B & P osavastanoi pv. glycinea

T, 7AXFBLIOF A XK TLDWIEHEPHAMEICR LD, S HIZ
rep-PCR ® 7 4 > H— 71U v X BSRA 0 BE# i & P. savastanoi pv.
glycinea DWEMKEE TH L MICRR Y, BEMICLERDD D L E 2
bNDZ e, TAXFXBEMENOHILMEA L P savastanoi pv.
glycinea ZHRMHITITLHE TH LN, TNENMN LI EA & T
LI ENZHTHD.
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1. B®Y
TAXEBMEROBEMEOYEPNMNEZREST DD,

BSRA HEME ORREL L OVAER - AlbFmMEEZH NI L, &

mEEZEXONLBEMORFEME & LT 5.

1) ik

BSRA 7 BEAME AZK-11 HRE 2 3k L 7=,

an=—FREIIMERAEKEL YPEREH LICHAR L, 27°C THEE
L, 3 HBICBE L. ZBMEFHMEICX 2881, BEFHK
B2%NH T AT U UEBIRW TTYeta L, JEM-1011 EM837513 (H A
BT, MET) #HW T To 7. fMlaodflix, PPGA LT 27°C24
R E LEEHRERE 025% 7=/ V7 9=V RBR (7 =/ V7 7=
> 25 mg & 95% ==X — /b1 ml CHML, AE/AKIml THWN) T
L, RFBHMWE T TITo7-. B OFHHIL, Tsuji and Takikawa
(2018) O FiEIZHE » Tir»7=. T 7 b, PPGA LT 27 °C24 F[H
B LR E 1/2 BIEICHE L YP (12YP) AR HIcE k%
10°~107 cfu/ml (22D X OB L, 10ul 20 /3—27 F R F &
AT 1/2YP AR ERHE 10 pl I2#24 25 X 9 ITfii F L7z, 20 °C24 FFfH
&%, ML, B\EELEZSH 0% Ryu (1937) OBWIK I (5% 7 = /
— VKW, 10 ml; ¥ > =2, 2 gfdafIa v N, 10 ml) &
Wik 11 (12% 7 U AZ NV ANRA F Ly h-m & ) — VIEKR) @ 20 : 1 &

AW LD =EE T 10-15 e L. 2 5MAREKTEEY, SFEE
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W T CTHEL-.

2) iR
BSRA S BEAME AZK-11 EHkIZ YP ERNEEH FCAA®, AFE, F

BrbbIhickiEZELZ, ER£ 12 mm O an=—%Fk L

o

R ER O MM IX, FRAe <, ERRKAS DT nicdhn ok
FEIR T, 1§ 0.4-1.0 pm X £ & 0.8-4.3 um (°F¥ 0.6X2.0 um) TH o
-, HmAE MR % Fig. 3-5-1 I LE. BAOWEE %2 A
TOREOBNG LN . EHEOH D 1-6 KOWENRD LT,
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Fig. 3-5-1 Electron micrograph of BSRA isolate AZK-11
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3. AR - AR E
1) J7ik

BSRA 4y Bl B 1L 4> 12 B L (Table 3-1) & X OVH @ & #k 1% Table
3-22 IR L I8 WHROAGEF 30 WK EZMA L. 1%<7 F v KIZ
BT HABFTREITI0°CH LW 33°C, 34°C, 35°C THAELEZ. &
M O RBRIL, 1%X7 h > KIZ NaCl % 0.1%, 0.3%, 0.5%3 L ¥
1%DWEL L, WMBOABEEBRA L. X7 F BT NI ULADIRK
{b LB 1L Hildebrand (1971) @ SIEIZHE - 7. B —RFE W L L TOH
Az >WT, 37 0RAKEY, 250FHBRBLO 2207 I/ B%E
% 0.1%EEEAHT 5K Ayers et al. D 5 Ht (Society of American
Bacteriologists 1957) # W TCHAE L7=. T O o AR « AL FHME
%, % AE - W)l (1984a, 1984Db, 1984c, 1984d), Takikawa et al. (1989)
B & OV Suzuki et al. (2003) - THELL. B F Uikl B O
F 20°C TITV, TOMORRIT 25°C TEBE L. 2, 4, 7, 145
FO 21 BREICHEL, BHTZL2EFRROONTSLEG O B
s L.

2) iR

BSRA 77 BEM B 1X, 77 LM, XM T Vv a— R x5 LT,
KB B H# ETi, AEFEHO a0 =—%2K L, KiEMEEGO®E
MEFErbEEAEA L. LOPAT RERICB W T, LRV EA (L)B X
W N BRI (TR, A% % —8BiEME (0), Yy A
EHWEBWAE P) BLOT7TAX=0 P FI—FiEMH (A) BEME
T, BSRA 77 M #H B8 13w Ot 4 3 PE AEME Pseudomonas FE ) 9% IR M & D

LOPAT Ia #£ (Lelliott et al. 1966) IZ B N7, A7 B —ANHOD
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BILME O ERIZEM, v a oo X Tween 80 D 1K %y
fig (VU X—EIEME), MHEREOETTIZRMET, MBI EEIC X 5 E
t LOPATIa#ECThH H Z &L & LFF L T2,

BSRA ZrBEM B 0 £ B e M IR 1L 33-34 °C Th - 72. NaCl B JE
03% CT_XTORHMKICEFTARD . 12 HEH 8 WKL 0.5%NaCl
TEBFBLEDR, TOH5b 4 HHEDOH 1%NaCl THEBLEZ. FVU-B-
b RFefx Upig (PHB) A IIERH Lo, N—=7 LI N7 Z
BWTTAD Y EERLE., Py I AEREORICE D FF o
RO DN nosTe. BET7—BEMEB LT LT —BIEEN
BtE. LFoMEIZBEECh-7m, =227 Vv, TATFUBLOY
TS OMKGRE, Fr T —EBEE, LY TFF—BIEMN, R
FrBYVT—BEM, 2= T T =20 T T I —FBIEM; pH S,
pH7 B X O pHS.SIZBIF DX F o pfikie ; ¥ 7 F kL EE ; R
M (B R); A~ K=, 3-7 b-F 7 b =28 L OH{KFED
PEE WA D LEE s ARFEKRNE. BH-RBWOFMHMETH
MTholm0iX, -/ Va2 —RX, D-7 VI b—A, D-HTF V7 b—2RA
D-¥v2 /) — A, L- 7T 7E /) —X, p-Fa—A, p-VUAR—RX, X7 n
— 2., D-F7 4 /) —RA, ZYUtur—), D- T T F—J), D-¥v2 = |
— v, BEfRHE, 7 = UM, T, Jva i, L-) v 3@
W, ¥, aIBE, NI TEBFL, L-TARNTX L, L-T AN
FXUME, L-ZAVE IV, L-OAEICBLRNY)IRY UTH
o7 myo-A /¥ = VT 12EFKT 11 EELBHETH-TZ. F
TryBIXO~n U, p- Y UBEIESHVEETH o2 RN
VA7 7y rBECIEIVEDEFTZROZN, BHAETFEFELEL R
Mmool FIAMERBEETCH DL, D-T 78/ —ABXOL-7 4
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J— AR, L-YJIAR—A, p-kEuob At —R, 77 b=, ¥ )b F— R,
AJYEA4A—AX, D-Pb "B —R, D- ALV h—RA, =X ) —)L, =T
FLro 7 Ua—i, meso-= Y U h—J, T R=hr—J, L-T 7 E
k=, AVF h—J, D-YVE L=/, TFALNT LV, TILFV
feth, 7 Va—4 2, o7y, a-AF)-p-Z7YVavk, U
v, n-BEERYEE, W7V R, X, S —nlgilE, 7V kD »
B, 7V a— vigl, MREBE, pL-ABiE, ~ LV A B, A%
oV, Tuev A romE, BNV U, D-IEAMRE, L-TBEAEE, meso-
WA, pDL-a-7 7=V, B-T 7=V, L-T /¥ =", DL-FE LY
vV, DL-7 =z = )VT7 T =V, YT, L-ERATF TV, L4V aA YV
v, L-a A4 >y, -V, L-Av=Fr, vrar, L-kU v,
L-Frvy, L-FY T hT7 572, L-NY v, REZ A Thol.
BSRA 77 HEAIE O EE R ME FHOMHEE, 88XV, hrp group IA IT5
I ol Eks L OBEITEDSL Th D P adzukicola” @

FL#X (Tanii and Baba 1979) & ¥ 72 % " 'E % Table 3-5-1 IZ £ & O T-.
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Table 3-5-1 Comparison of bacteriological characteristics among the

b

examined BSRA isolates, “Pseudomonas adzukicola,” and hrp group 1A

strains of P. syringae bacteria

Characteristics BSRA  Pad Pa  Psag Psapb Psapk Psas Psymo Psymy Psyt Pt
isolates (1 5y (n=2) (n=2)
(n=12)
Fluorescent pigment + + - + + + + - + + -
production
Levan production + + + + + + - + + + -

Oxidase activity - - - - - - - - - - -
Potato soft rot - - - - - - - - - - R

Arginine dihydrase

activity - - - - - - - - - - -

Tobacco hypersensitive + + nt + + + nt + + + nt
reaction

Esculin hydrolysis - - - - - - - - - + -

Arbutin hydrolysis - - - - - - - - - + -

Tween 80 hydrolysis - - + - + - w+ - + + +

Litmus milk K K K K K K K K K KD K

Tyrosinase - - - - - - - - + . .

Utilization of
myo -Inositol +(11/12) nt + + - - + - + + —
D-Mannitol + + w+ o+ - + + + + + -
D-Sorbitol - - + - - - - + + + -
D-Trehalose - + - - - - - - - - -
D-Tartaric acid - + wi® - - - - - + ; 4+b
L-Tartaric acid - - - - - - + n + + -
meso - Tartaric acid - nt - - - - - wt o+ + .
DL-0-Alanine - nt - + + + + + + + +
f3- Alanine - + - - - - - - - + .
L-Histidine - nt - + - - - + + wt -
L-Serine - nt - - + + + - + + }

+: Positive; w+: weakly positive, weak reaction or later reaction than
positive strain; -: negative; nt: not tested; D: digestion; K: alkalinization
? Results from Tanii and Baba (1979)

® Growth but no color change to blue in media

Results did not vary among the examined BSRA isolates except for myo-
inositol utilization, for which 09Psa351 was negative.

Reference strains: Pad, “P. adzukicola” (now invalid); Pa, P. amygdali

ICMP3918"; Psag, P. savastanoi pv. glycinea CHUK and SUPP211; Psapb,
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P. savastanoi pv. phaseolicola PP8172 and SUPP1139 (isolated from
kidney bean); Psapk, P. savastanoi pv. phaseolicola SUPP191 (kudzu);
Psas, P. savastanoi pv. savastanoi ICMP4352T: ?T: Psymo, P. syringae pv.
morsprunorum SUPP408; Psymy, P. syringae pv. myricae SUPP166; Psyt,
P. syringae pv. tabaci SUPP278; Pt, P. tremae SUPP449"T; T, type strain

of the species; PT, pathotype strain of the pathovar
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ﬁ

4. MIEFRMEEICET 2 B8

BSRA 7y BEME X, 77 2@ oK TH S . AZK-11 WK D
RRERNE#»S, BEELZATLI2HET, AEDOan=—%2 KT
52 &EMb, T AXEXEME IR ORI MR X Pseudomonas J& HE T
5. 51T, BSRA B E X, KBE;H CHtMEARE D BESE

PR

L, LOPAT kB (Lelliott et al. 1966) DOFE Fn b, 7 X FXJE 4

?aa
i

O FE M E X P.osyringae BHEME CTHDHZ & bR I LT,

BSRA S HEMIE & & &2 P syringae BEMIE @ hrp group 1A 124 %8
ShchhmEk e ME>OMEE 2 KT 5 &, P amygdali, P.
syringae pv. morsprunorum ¥ £ OV P. tremae & 1%, KB HH#IZEBIT 5
W FEFELEM TR AR Y, P savastanoi pv. savastanoi & X LN BE
ERE TR 72 o 7. P syringae pv. myricae 33 X OV P. syringae pv. tabaci
I Tween 80 D ANK RN BEME T, pD-Y v E b —bE L0 L-1H A R,
meso-MMAMEEZIZILOE L TEZ OAEMERFZLR L L THHAT
L C BSRA D HEMIEE & B & 22T ¥ 72 % . P.savastanoi pv. phaseolicola
I pL-a-T 7=BLRL-v U &2HAT D0, myo-14 /¥ F— b
ZFH L 72\, P savastanoi pv. glycinea IX BSRA 4y B #ll B & M B =~
FMHEICB T2 BEBRNIEKDEZN >N, DL-a-T 7 =& L-b X
FCORAEN RS, Db Z ENnD, TAXXGEMHERO
i R AN B X, hrp group la I I DM D P syringae B E & A
HPHHEEICB W TH#MNAETH 5.

7> T, Tanii and Baba (1979) (%, ME FHOMHE, B E&HHAR L O

EFHIMEE O, 7 A X XM E W O W R M E X Posavastanoi pv.
glycinea, P.savastanoipv. phaseolicola 3 X O P. syringae pv. syringae

ERBDELT, TAXEIEME R OB IFRME % “P adzukicola” (Bl
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TETEN4) sk L. ABFZRICEH T 5 BSRA 43 HEfl & o 1 %
B MEZ X, Tanii and Baba (1979) & & % “P. adzukicola”® it # &
LT, BEmgE, BXO, p-Flbm—2BXWN B-T T =2, D-
WA OFAMZBRWT—EL7~. Tanii and Baba (1979) (2 Xk % &
“P. adzukicola” ® £ Hi it 1% 0.2-0.5% & BSRA ZHEHI 1 L 0 O IK
W OO, BSRA SHEME O EHEMMENERNZ LIZED D TR0,
“P. adzukicola” DRAFEKPAHFIEL R \W72D, BSRA /B E & B
BT 52 LR ETH LD, HESOWIEMELE A D L, BSRA &
BEMI B & “P adzukicola”l X7 XX ZJEME W O R ME & L TR —
ThdreEZLNLD.
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E, mHB L Om4

3
(@)
=
\d
N
Ay
v
=
=
BB
S
)
S
S
=
BB
S
=)

AREIZBIT L2 - EOZHW LM IZ LY, 3 L 72 BSRA 77 B
WL AR A D P osyringae FEME & Rp o7z, 7 XX XM E N O
iR L, MEFRMEE RS X O MLSA I2 XY P savastanoi pv.
glycinea L ik biIEZE THH EF XN T, WEMED Z®E, rep-PCR
WCED2EBEBEHRER, BXLY, —HORZBFROFHAMEDAZRIZ LY,
P. syringae BEME O R/ TN LI CTOHODLI Z ENHH LN E 2
Sflc. Tbb, TAXEXEMERORBEMEIL, P syringae #f Al
HOFERFFEME L THRBEEINDIRETHLLI LWV I FmIZE > o,

Gardan et al. (1992) (X, DNA-DNA A 7 U X 4 ¥ — 3 VAR
DFEREMEFZHMEEIZH ST, P syringae subsp. savastanoi % P.
savastanoi L L TR L XL~ LF 2 ®RE L. TOEKIZ, P
savastanoi \Z L P. savastanoi pv. glycinea, P. savastanoi pv. phaseolicola
B L W P savastanoi pv. savastanoi W& EN5H & L, O ERITETE
b ZITANLGATWS ., £D%#%, Gardanetal. (1999) I£, DNA-
DNA NA 7V Z A=y arelnicr / gk T P
syringae BEFM B Z 9 > D genomospecies W FH L, T D H 5
genomospecies 2 (& P. savastanoi % & & , P savastanoi £ P.
ficuserectae 3 X O P. meliae & & &2 P. amygdali D> /) =5 TdH 5
EkE L. £72, P syringae BEAE O 72 22T, P savastanoi @ ¥ Ji
W™ & F D hrp group 1A B X O hrp group 1B @ Ml & 13,
genomospecies 2 (ZFH % 9% (Inoue and Takikawa 2006). rpoD & 1x T
O FEELHNIZ K D R MM (Parkinson et al. 2011) ¥ K ONE#g 7

L EHNT (Gomilaetal. 2017) IZ2EB W T, P.amygdali, P. ficuserectae,
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P. meliae 3 £ O P. savastanoi 13 & $ 1T genomospecies 2 (2 Y% 7T 5,
Z VE v, phylogroup 3 ¥ £ U phylogenomic branch VI ® A > /X — T
bHZ ERERINTWVWSD. & 512, Gomila et al. (2017) & P.
ficuserectae, P.meliae 33 & OV P. savastanoi I% P. amygdali X 0 % O
J =L THhDHZ EZRDO T WD, P amygdali 7% genomospecies 2 (Z
GENOIMEORLEVWESEOH D54 ThH 579, Harmon et al.
(2018) X genomospecies 2 IZ&H FNHME O IE L WELIT P
amygdali T& ¥, genomospecies 2 (T & F 5 M E R L OH 7= 7295w i
W OFELIT Poamygdali & 3T 5 XX ThH Lk~
ARMFZE DR RAL, T X F XM N O M E X Poamygdali 783
FND hrp groups [A D X 8 — F 725, Gardan et al. (1999) ©
genomospecies 2 DA U NX—THYV, TN 6D 5 H P savastanoi pv.
glycinea Wik biig ThHhdH T L Lz, HHIZE 2 nIX, 7T X*
X E B R O R E X P savastanoi D 77 mR M E 55 L 2 A
TIxH %D, P savastanoi 73 P. savastanoi pv. glycinea, P. savastanoi
pv. phaseolicola 35 X " P. savastanoi pv. savastanoi T S 5 Z &
BERAEBYE TCHDLEEZD., TOHBITIUTOEBYTHS : D
P. syringae pv. myricae =° P. syringae pv. cerasicola 73 & AR A Wl ¥ 12 ¥
JESCZ SE2 KT 5% < O P syringae BE M E 2% P. savastanoi \Z & £
Ty ; @ik X 512, < OHIHE D P savastanoi 1% P.
amygdali D> ) =L ThHhHZ LB LTHY (Gardan et al. 1999,
Gomila et al. 2017, Harmon et al. 2018), Z A 5 O FH I AL — &
NHZXEThL;QHED LBV, P syringae # Ml B D genomospecies
20 b E S EYHEDH DT T P.osavastanoi TIid 72 < P. amygdali

ThHbdH. ZNHOEENG P savastanoi D F4H X RA@EY TH Y, B
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fE P. savastanoi D JFJRE & L TR S L TW D P savastanoi pv.
glycinea 3 X OV P. savastanoi pv. phaseolicola & & ¥ P. amygdali \Z %
TRETHDL. L2rLAans, KR E-EIL, 7 X% X0 M6
DFREME O pEFHRMEL ELLGL#KT S22 THLLH DT, =
Z Tl P savastanoi D F4H OEFITEL 2 W, fwme LT, 7X
FEEMEROWIFMEIX P amygdali OF =720 & L TR
SNAHERXTTHY, Z 21T Pseudomonas amygdali (syn. Pseudomonas
savastanoi) pv. adzukicola pv. nov.E A4 T 52 xR EL, ¥4 7
BEA L LT, AZK-11 (= SUPP2776, MAFF212478, ICMP24382)% f&

ET 5. WBIZULTOEEY THS.

Description of Pseudomonas amygdali (syn. Pseudomonas savastanoi)
pv. adzukicola pv. nov.

Pseudomonas amygdali (syn. Pseudomonas savastanoi) pv. adzukicola pv.
nov. (adzukicola, inhabiting adzuki bean [Vigna angularis]). Gram-—
negative aerobic bacteria. Cells are non-sporulating, straight to slightly
curved rods, 0.4—1.0 um wide, 0.8—4.3 um long (average: 0.6 x 2.0 um),
and motile, with 1-6 polar flagella. Colonies on yeast peptone agar plates
are creamy-white in color, circular, with smooth surfaces, flat or slightly
convex, and 1-2 mm in diameter, with an entire margin. Translucent white
colonies form on King’s medium B agar plates, and produce small
amounts of fluorescent pigment. Strains are negative for oxidase activity,
potato soft rot, and arginine dihydrolase activity, and positive for levan
production and tobacco hypersensitive reaction. The maximum growth

temperature is 33-34 °C. Polyhydroxybutyrate granules are not
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accumulated. The strains metabolize glucose oxidatively and exhibit
alkali production in purple milk. The strains exhibit positivity for the
reduction of substances from sucrose; and catalase and urease activity;
as well as negativity for gluconate oxidation; Tween 80, esculin, arbutin,
and starch hydrolysis; nitrate reduction; lecithinase, pectate lyase,
phenylalanine deaminase, and tyrosinase activity; pectolysis at pH 5, 7,
and 8.5; gelatin liquefaction; nitrate respiration; indole, 3-keto-lactose
and H>S production; casein decomposition; and growth factor
requirement. Coronatine-like activity is not observed on potato slices.
NaCl tolerance is low, with a maximum at 0.3—-1.0% concentration in 1%
peptone water. Strains exhibit positivity for the utilization of D-glucose,
D-fructose, D-galactose, D-mannose, L-arabinose, D-xylose, D-ribose,
sucrose, D-raffinose, glycerol, D-arabitol, D-mannitol, acetate, citrate,
fumarate, gluconate, L-malate, quinic acid, succinate, triacetin, L-
asparagine, L-aspartate, L-glutamate, L-glutamine, and trigonelline. Myo-
inositol wutilization differs among strains. Xylan, malonate, and D-
saccharate utilization are weekly positive. Little strains growth occurs
on media containing poly-galacturonate, and with no color change.
Strains exhibit negativity for the utilization of D-arabinose, L-rhamnose,
L-sorbose, D-cellobiose, lactose, maltose, melibiose, D-trehalose, D-
melezitose, ethanol, ethylene glycol, meso-erythritol, adonitol, L-arabitol
dulcitol, D-sorbitol, dextrin, alginate, glycogen, starch, a-methyl-D-
glucoside, salicin, n-butyrate, capric acid, formate, glutarate, glycerate,
glycolate, hippurate, DL-lactate, maleate, mesaconic acid, propionate,

sebacic acid, D-tartaric acid, L-tartaric acid, meso-tartaric acid, DL-a-
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alanine, B-alanine, L-arginine, DL-homoserine, DL-phenylalanine, glycine,
L-histidine, L-isoleucine, L-leucine, L-lysine, L-ornithine, sarcosine, L-
serine, L-tyrosine, L-tryptophan, L-valine, and betaine. Pathogenic to
Vigna angularis from natural infection and to V. unguiculata, Phaseolus

vulgaris, and Lablab purpureus after inoculation. The pathotype strain is

AZK-11 (SUPP2776, MAFF212478, ICMP24382).
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HAE T AXEIEE IR O R A RE

. PRI LD WMEB KO EHEE

TAXZFMERIT 1980 FERUBEBE L - BANR R, BINE
L7 2000 FARYKEL, AEEZT ORI THFHEEES X O E#%
BB W THLARBICHTI2RBHMENRLS oz, SHI1C, TAXX
A ER I EICO MR T 2720, LIZLIET XX EEH LR
Al ehbole., TAXFIZBUL2MEZHIEE T 5% EICIT
Pseudomonas syringae pv. syringae \2 £ 5 7 A ¥ 1B M @R (B H -
B 1971) vV, REAZE# T L0, BERBIEIZLY T XX
XEMAEBOWRBEEATLILEND - 72,

£/, KIFIIFEF Y+ 5 (Tanii and Baba 1979) Z & & 5N T
WS, B0 BERBRFT L2720, BB koREHEL IV
R 2B ISN OB R BIERME 2 60T 52 & BPRARZ
HELDIOAXATHM THDL EERIZ.

1) BHW
T AXREBHEROME -l XL 22 EEMmiciesgkL, BAEMN
EZHOLMNIT 5.

2) ik

AR IE 2009 4FF6 L ON 2010 4R 12 JE TR B N7 R A B IE B A R ZE AT ZE K
ORI ER B (b 437 867 AR 142° 487 . JbifFiAE AR HT IS
e, LLBE, “BJNEET L) BARBRICR W THEML . K
P O ALY A Table4-1 O X D ITED, BHHKE L L OFREIHEE
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ARERREICHA L, BREERS L ORI X0 RHE (DS % HH
L.
JE 9 B (DSI) = T(F8 9% 72 BL )/ (A< & R 450) <100

2009 FF L HETAERABMBGEO 7 AFxmfE = £ a v X"HF (L
FEWF 260 2 - %) 8.3) & 5 H 26 HICHRFE L 7=. 2010 4 1 Al 4= 58 /&
BmEDO ‘"L 0" ff (IWNHERFREIFHAEEEE 1.9%) #6 H2H
BERL7-. JWBEE U 2 B T CTHBE L, Mk o oME O
AR T H LIV T AXTXEMER Ch D&MW LziER % B
2 eFEk L. 1 XS0 EEE 2009 23 23 m?, 2010 41X 21 m?
L, T ZEn3IXANoeKEZzRMENSRE L., MEWRICKT 50
BRIZ T 2o 70

kg, MEITXRESLEa2kRE, FRUBROLLOFT A FFH LT
07 OV EMECEE kgl L 4ml BEHROAE L. ECP- h AN~
ATy - FUITLLHMAELTHEFHKRTLI25E8F, ETF7AMXH
L7 7 TNV EWHRLE L, RERICHRLEZITo 2. BGRR
D FE B FE T, BER] 60 cm R 20ecm D 3K FE X DK 2 AR T L L,
KIEDORAIZAT Do, IEIZEIEDO AT 10a H 72V N:P:K=3
kg:12 kg:7 kg & L7=. FBHiZ/ B4 BEME 2 H v, /A PR B (2 3E
ke nE o T o PR REEAR T L)IERKEITE L.

SO, FRICBITDRBEOMEBERE» /LN D DA ZE
HIET D720, BEEO 1BEZ 2009 4F1X 6 3 L2010 41% 5 BRI
XL, TREN32BIOV400Da R — k& LT, Iz (Morisita
1962) #H ML, £PEOMIT 21T o7, B, LITZEMNITEKIT
HZEEOEPTEEZRTIEEL L CMbND I; (Morisita 1959) % —
HOoMICE - >MESGICHBEINTLRFHT, DFTolXTraIns.
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I = qil x,(x; -1)/[N(N-1)]

Is = I5(N-1/q)/(N-1)

A G BR T,

g: 2 K7 — %

N: & 2 i A& FF O #7895 R E

xii i TFH O3 R T — NN O3 K
L. Fh, B ESHOBBKRIL, Is<l TOHNIE DA, I5=1 T
HIIET v Z Lo (KT Y U5 4i), I >1 ThZE T 54 & H
Wr & 4% (Morisita 1962). S B IZE LN Is DBAEN T ¥ L4 A
(Ig=1) DO HEFFMICHBIZHEENL TV 5 0O E % Morisita (1962)
DHELH ST FREICEVIToT. T2bb, UFTORXITEY Is
 FEICEBRL, o FMZ B BE ni=g-1, no=o® F i & g
L.

F=[ I *+ (N-1)+¢-N1/(g-1)

3) il F

MR I N7 XX XEHME N O % Fig. 4-1, Fig. 4-2, Fig. 4-3
BELOFig. 4412, BREWHEBLOHABERKEDOHRE & Fig. 4-6 B &
W Fig. 4-7 - L. F70, ABRXAN ORI O HEBY 725K O B
% Fig. 4-8 B X O Fig. 4-10 TR L 7=.

(1) 413 iy 3

2009 UL HEERE 27 H &2 (HZFEHW 14 H&) @ 6 A 22 H, 2010 1%

B I9H% (WEMTE%) 6 H21 BIZHEEZRED=Z. Wi h
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DERS EIFMBE T AEENERICERL, B -AE X HEH DV
ITREB L Tz,
(2) )% Bt
MBEEORBEIINTNLOERAALEICRD N, T2bb,
ERICIH S TZHEPLRBEDOLRKBRO KB N % < (Fig. 4-1a),
EOROFHBEHIIME A CTHERZKERZ 2L TV (Fig. 4-1b).
EPRB VS D WVIZERMB I IZBE~RBE 1-2 mm KO BE A O
BEZ TR L, JWBEOJE 0 RO BRT DG AN b o 72 h, HEZRA
0 — It o 7= (Fig. 4-1c). BN L WS, 9 B2 k(2
EREL, BRI i, —J, U UILEEO R O IR BE D A B B
BRGaENH o, BEOKRKWIIIHET, 2o, HBIHIEITH
RIZCHEDPPDOLOLTHALTWDLIGAEREhoTe (AU RAAELE’
4-la DM R, — 7, BEH O R BEH R DT 072 %18 6 0 BH
N4 T (Fig. 4-5a), 7 X % 18 Bl 69 O ) %6 98 B (Fig. 4-5b) (2 U
ToHG bbb o7, WP, FIAEEHHICIERRGA D D VIR A K
RIROHBENBDOOND I &N H -7 (Fig. 4-1d) 28, FEITH I %= 78

™)

k=

HF, BB ORICIHEBRER T HZ LI TERTH - 7=, FIELE
CRFPRBOOLNT, F-AREIZHRMELPRBOONLLD2HGEG D ENITAE
C 7.
(3) W An Y
MBERZRITEFBRRICLDEZIONDIEPHMKENEML, b
BT HHO EMBHEOZCIC ZREBERICE D EHE SN D HH
BENRD 57 (Fig. 4-8, Fig.4-10). Z O 4, FALE TIZRIHBEN
BOLNRND, HDHWIE, WHELAHB TCH -T2, 0%, #HHE
% 30-50 B2 T, BICBWHEK NI L 72 (Fig. 4-6, Fig. 4-7).
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(4) = WA Gs W 14

AN TITEORME — AEHFE DG E N H o= (Fig. 4-2a),
A3, WP HE O T IS X BB e W Rk A D KRR O BE S iR S Tz
(Fig. 4-2b). JWBLIZ R FICH AL L RBE D 5 WITHHE A L2 & O, A
DRRCRBRELZER 1-2 mm KROBAKROHFE & 722 o 72, B
ponma — LR O b e o 7= (Fig. 4-2¢). EHEBZ WML WA, R
DOJE Y 6 EEHE N AL (Fig. 4-3a), BiA L CHEICEST2. £,
e, A OERANAHERES A 7 ROBEEFRT 2 2
&N B oo (Fig. 4-3b). BAWEICIE, EORBENIL S OHIITY)
AVIATe L9 MBERBZ AR L, N T T HIEIRDBE L -7 (<
SOV EBE T, Fig. 4-3¢c). /NEOK I L EMNEIH T 25 & EOEEH
PEnkbiv, NEPRTHELONDIED XS IZRDIHEFVBEIN
7= (“/hNEOT®E’, Fig. 4-3d). — 7, TEW TIERME 6D EHE G K
RIROSFHEEZEK L, BEICERLEZ. ZCERSNAZHEIIBAO
MmHIEEAKERERZ L, To%, BN REEN (Fig. 4-4a) L 72
ST KERAS EALICHER LA D 0, B D0 IE, B AN E IS
LFoTHkegg &2y, RLAEICMA TN 2> THHEL - (Fig.
4-4b). RAKIZITHE» L RER O KA KIZIR OB % Bk L 7=
23 (Fig. 4-4¢c), KPR ATHEHRHMTITELL, Mo ERIZKDE
B OMBNKNEEL -7, £, ERELL, BHEANNZLEITAR
He, LIFLIE, EoEmbD D WIZEH, RAKIZERK S L7
HroHAPLOAAAAOEENKH L. (Fig. 4-4¢).

(5) R YIT BT D F Ik D 43 Ai fk X

2009 FFRB XN 2010 FORMBEIRNEICK T2 BBILR FEOHR,
BIOHEBI D 3DOHEREZ Z L Fig. 4-9 B8 L O Fig. 4-11 |
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~ L7z,

2009 F DR FEIR KRBT K+ 1T MR 31 B TiX, BHHEKLD
L ENEHENer ol HELISAD BITHARKIZEL > TR
RN, B A9 AUBEO OB O ITIZIER—TdH o 7.
TRbb, W% 49 AR KoM e MBS . % 49 1
UMD FIEOHBLEX LB L TEH Y, HIFHKO SO 5 EMEN &
WEHIBT SN AR Z L OFRWRE O AIL, BRE% 49 BIZHE
WD ERF L ToMm LNl & 2BRWT, RBRXHEIZHE
BT - EOMMITRAWVWEERNo T,

2010 FF DR FEIREICK T2 B IO FEOHE O MM LA X T
LWL TV, T2bb, BEK 19 BIXEBBEEBL R, BBE
I hofoh, HEK 20 HB L33 BIERFBELIATEICES

SAL, U7 v X abbd 0 iE—kkicomLiz. —J, AR
TEDORBFBHEEOSMIZONT, RBEXEICHKET D — & O\ I
RnWiZw 2oz,

4) & 52

2 EZBLCMMERAEBMGEE 2 BHEICL 0N XED
KX OFITEB T 5 EIEL— 5 O AE IR 2 FR £ Tanii and Baba (1979) 2 &
HT AXEBMEROB MO E K L.

2VEDOBE DR R, AERAEBGER - HRO I ITHERERZ 19
Hdb oWk 27 RIZ@E O bR, FFENLLHRE TOHFEHRIR %
L35 &, 2009 4F 1% 14.4 °C (B4 7£-0.7 °C) TR MKIEMEm, —
J5, 2010 4E 1% 18.1°C (CEAE#+2.8°C) I EmiEHEm TH v, BEKEK
X 2009 £ 2% 48 mm (CE A 7-9.8 mm), 2010 42 35 mm (CF4F#-6.2
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mm) CHlHE & LR Thomn, NEDAEFTIZEELZ 5 X
HETIE ol Uk Z &b, B BYICE DAY EE
i, FHEORXELXMERLNTOEBFTICFLEALEASA T, K
20030 H# (HIF 7T-14 AE) ThLHEEBEXA BN,
PIRRBED L IIHMAEEICRHRD NN, FNICKHEHEDO A, &
DV, FIEREICHEERET, B -AEICHERIELR D BND
GaNbol. LER s T, HEARE T ORI AEELEAMIZ
MDORRFICHDE SR EZBET IR LERND L. 7T AXFOEHIC
AHPMERICE 2 EEZADNDIBEANLEILEBEIND. 7 XF
XEMERICLDWBIXEDORMCTAARARLGENH D00, FEHEIC
THABE 2 KZROBHEN/SBLEIND D, MO ERIC XL D88
MR TH L. £z, v ARMEWIE, APICELHE, KEILE
ZHCTCIRZ2EWVWS, WEHEMEY XA /- -ES) (hIRES) 247
5 (EHEB 2002). 7T AXFIZEBWTH MK REIZBE L ICH 2> T
EEZHE, KEASLWRBLOZRBIIES N TEL, EXIMH L ZHE
THRBESND. LL, 7TAXEXEMERICRE L 794 B I
KEETH FEL, MUTWDHANRL W (Fig. 4-1a SR KH) . #t
REEIIESOELMOEMIMICE EN 2 EBMEB P, XM 5
ZETEZD (EHEB 2002 ZEND, BBHLEMAENBALL
FFEICR>TWD DX, Z oEH) MR HIEME SRS, Mo
RN AL RS ol b e HRIND., 20 ‘HUREYELE X
AR PEICE 2V BEROBRICRIARFOEELREH TCHD LE
Zbhd.

WTFHRDOERICEWNTS, % 30205 50 HIZEBIT = Ris B
CRDBREFB/HMULIZ., WTFROFERIZEB TS, #1550 5% H K
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FMN 100%ICETLHETICEFEEoZBENAH Y (Fig. 4-6, Fig. 4-
7), BMRICE > THEHEL, “REFICEIDIBEWDEILEL 2 & HEES
N, M2 T, WMWEOAEFITHE, FEFEK~ O R R80T &
STHREFETHZELRWHEBEMOER O -2 EFZx b, AR T
X, TR ICE B ES RIS RN DT o e, EER O A E
B35 CIHEHEEETOANBLIORBERBICL - TEBEHEITLIZLL T
mIans.
BABREPOORFOEIMLEDHEMAE & B XD, RBIFHK DN
kX % Iz (Morisita 1962) & X o THEHT L 7. KO HE — KB GEIRIX
J5Y«fE - Cd 5 (Tanii and Baba 1979) Z & 5, FIH O BIHEEKIT T
VHELCGMATH LIRS ICEBRTEDL. 0%, ZREEEICE
D IR BN T DY, T OSMmAERIT OV T, R RN R o B
MR FEE TH -7 2009 4 A KX (Fig. 4-8 Plot A) 3 X TV 2010 4
(Fig. 4-10) I BFHEZ P& Lie ZRInYIC X 2 RB o84 £ h
FAAELTEBLRADIENTE., —FH, 2000 F0RABX BB LY
CIIHfE%E 38 HICHBMX AN O RF@IHICIEIRR AN L 7= (Fig. 4-8
Plot B, C) 728, WM FE AWM ORIFHKO S b — koML LT
WS DM FERE o, KR OKBEHE &bz, ABXANZHK
WHEPHORLS T LI RBTEHELLLD, WTNDOERS R
kR Lol ARIWOEBIEDOKM, Thbb, FRWHKOSAm
HREERICE DX DITF, 1| HEOEKNL LD H W RIS G
WZEVIEET L0, HBO50IE, LV EEBETEBFOHEBZHET S
E N B D .
TREBROBENHI THLEORMY - ABFBOBENDH Y, R
AZRBITZEbRBREINTTD, EEOKIRIKOWKKE O 4 fiE
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RITDZENRKEOHMMEE 2D, T2, BR,OELEEEZRV
T, MWEOEMmMITITKRROIFHENHER SN2 D, 825 i
o EIERAIC L D HE (Fig. 4-2d), D\, T ERIC &
LB EDWBBAIEETHLEBZZ N, AFHRBICBLEINTE

KESVEHBEE, BXY, EMPRBH T LI LICE-TAELD /)
o T®E (X, MEATHEZIIERTH D & RIREIC AR O R
RFETHLD, BEBERTI2EOERRLRD.

WAL DHKRERS>TWVWDLEHOBRL L CHEBOEEIL, 7 X
FAZHBT DM OWETIEED DRV, KNGO BB H) 7D R 5 70 95
BThy, RFEDMTIBICRENRFB LD EE2D. — 7,
‘AU MARE BIO® K SOMKH, /NEOTER ICHT S
Ji£ IR 1X Tanii and Baba (1979) D FL# (Z LR 2> o 7225, 2000 IR D AR
W OFAMG TITHEEBENICRD D DEIRT, RKFITHEADORERT
boHLEZONT.

AIEICHEB T 2MEL LT, 7 AXBRME N & 7 X F X E N
&» 5. P syringaepv.syringae \Z L o> CTHI & Z & 2D 7 X X 18 BE Al
E L, EH TIRERRL I WITEBRADO N —E o L RB A S
HRBEDO ML AR O RAFEBE & Bk L, 5B O Je a8 i <,
il AL > 9 W (Fig. 4-5¢). #1318 6 & A OV KR K O i BE 25 B il &
o, SRR 7T AXXEMER &7 XX BBEMER & TR
0, IS E DM ARETH DA, T R XXM R O P %
BED R HE O DOEHE % U 554 (Fig. 4-5a), 7 A X 18 BE#l
R ORI F I BE (Fig. 4-5b) EEERLL TRV, 48 EFkA+ 5 2 &%
WEETH D, T ETNMBWRHBILTRR D20, WK Fz sl 3
DIk, RBEBEL, ERLZKECTHB T2, »D50IE, W
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JFMEE oL, AMETLILERH L. —F, KIRE Phytophthora
vignae f. sp. adzukicola \IZ X » THI S Z SN D7 A XXEWRIX, £
MBS & D W IE T AL B I IRk B KRR OIFHEZ TS 2 720,
TAXFERBMEROXICHB T H50M ORI E LT D (Fig. 4-5d).
FER AR S 2 &, 7 XAFXEFHITHET N O0FM L, KRG 6
SR ERB DL OICK L, 7 2% XEMERORBITE G5
B LR VBRT L. TAXXFHEAROL G, XDORKHOZL I
EWNNPOLOERICEIZ27D, EMBLUOHHORFOAE, =512,
EORM, HREORKHEHOEEIZL VBN TREEZEZLND.
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100 - mmmm Precipitation a day

8 «+<+ ¢ Incidence :
< s
:E; =0 DSI on leaves and stems ¢
O s
E 75 | —=te=DSI on pods N
7 :
o :
X
3} ..'
= 50 4 Onset s
< $
25 -
0 *'<>—'—|—
0 10 20 30 40 50 60 70 80 90 100

Days after sowing

Fig. 4-6 Discase progress of bacterial stem rot of adzuki bean in 2009
when adzuki bean Erimo-shozu seeds, produced in the infested field in

previous year, were sowed, and precipitation a day.

DSI Disease severity index
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Fig. 4-7 Disease progress of bacterial stem rot of adzuki bean in 2010
when adzuki bean Syumari seeds, produced in the infested field in
previous year, were sowed, and precipitation a day.

DSI Disease severity index
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2 7¢ [ I -2 274 ok
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«Q . N % A . *
0.5 1 - 0.5 h 0.5 1
ns
0 0 0
~38 ~49 ~58 31 .
Days after sowing Days after sowing
2 e ns 7, r 2 7 -
15 - ~O=Fvalue | |5
: ) 2 1.5 A
G 1 A * stk sk [ E CRE
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Days after sowing Days after sowmg
Fig.4-9 Morisita’s /3 and F values for diseased plants with bacterial
stem rot of adzuki bean in the test fields which naturally infected seeds
were sown, in 2009.

Based on the data in Fig. 4-8, Iz values were calculated. Asterisks
indicate Iz value differed significantly from 1.0 (*, P<0.05; **, P<0.01;
*Ek% 0 P<0.001; ns, P>0.05) according to Morisita’s F-test method
(Morisita 1962). a,c¢, and e Total number of hills including diseased plants

in the plotA, B and C, respectively. b, d, and f Number of hills including

diseased plants at each observation in the plot A, B, and C, respectively.
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Fig.4-11 Morisita’s /p and F values for diseased plants with bacterial
stem rot of adzuki bean in the test fields which naturally infected seeds
were sown, in 2010.

Based on the data in Fig. 4-9, Iz values were calculated. Asterisks
indicate Iz value differed significantly from 1.0 (*, P<0.05; **, P<0.01;
*Ek% 0 P<0.001; ns, P>0.05) according to Morisita’s F-test method
(Morisita 1962). a,c¢, and e Total number of hills including diseased plants
in the plotA, B and C, respectively. b, d, and f Number of hills including

diseased plants at each observation in the plot A, B, and C, respectively.
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2. “RARBEDYLKR

ATHECRETERICEDEMRMEEEEYEFEE LT, ZREBYRICEY
BWMICEET 22 ARSI, BFEEAEOTFEDKRFEO T DK
DRAEADEZIZHZDEEBENREVWI LR PHINS. BHNTO
HIEICH T ORWMEDO R BEZFHMIBMAT OILERND D .

1) BB
BN TORFOEIEZK T DHEBEEOE G IZOWTHTFTT S
%0, BIFEEENSLBHEANTEDO L HIICHERT AL NICT 5.

2) ik

AR 2009 AE B X O 2010 E I EINERGANBS CEM L. K
3 A3 FE A LT A W AR TE SRS G BIF 20 A R E A R R - I R R
Brym (LT, “tBER LT o7 XxhE "Ly T OFff
FICECP WA AT - FUITLHALELFERD 03% &% H
KL, 2009 4EA% 5 H 26 HIZ, 2010 41X 6 A 2 HICHEM L 7-. H3f
%, MOMBRKX THEAELLE FIoRBEROERKEZ 2009 F£28 6 A
30 H (FFEt% 35 ) IC 28K, 20104E1% 6 H 29 H (IF 27 H#) I
1 B2 B P RBICERFEE L TBMELL. midl X Xl
2009 4F 7% 44.2 m? @ 2 XA, 2010 0% 21 m?> @ 3 Xl & Lz, KIH
(R 2 ZEWAITAT LT, REBXA ORI DV TR I T W
A ZITo. FAAERFIZESEICR X2k oL, Wik
Wi 7o S LR T A AR LT

EHIT, HFRICBITI2ERBEOMEBEEBELLH LN D DA E
HET D70, BMEGO 1A 2009 413 7 B X OV 2010 4F1% 5 BRI
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KT L, ZnNEFn32BLRr400a T — e LT, EEHL,
LR E DM 24T - 72

3) il F
2009 FF B KL 2010 FORBXWNIZEB T 2B WK OEIMOHER &
FNZF I Fig. 4-12 B £ O Fig. 4-14 IZF L 7=
2009 FIXE Y JE M 14 H %, 2010 F XA 8 HRIL, TN Ehis
PRI ET 2B EZRBO . WTROFEICEB N TH, 1T LY,
R &R — W EOBEERL IR L, 0%, HIZH > THAENK
KLU, REICHGEEICIENDHKFPBE I, 2010 £ 13 447
ERAE 22 HEE CICHBXANO RN WKL, [T L 7=
2L, 2009 FITE BRI OB O BEHEKIC T 2 BB MR £ T
14 2L, ZOBOFEAEIL RS LHLBHEERE TH 7. 72, 2009
FITE YR BA 27 BRI REN O mBEEN 2% Tl d 58K T
b AR DRIF N O BT
2009 FIZBIT DM BEIRKEICK T2 I B LT FEOHER TR
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Fig. 4-12 Disease progress pattern of secondary dissemination in 2009.

One cell corresponds to one hill of adzuki bean plants. @ indicates

source of 1

nfection. X

colored cell means hill of diseased plant newly found.
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Fig.4-13 Morisita’s Iz and F values for diseased plants with bacterial
stem rot of adzuki bean in the test fields which diseased plants were
transplanted, in 2009.

Based on the data in Fig. 4-12, Ip values were calculated. Asterisks
indicate /3 value differed significantly from 1.0 (*, P<0.05; **, P<0.01;
k*kx 0 P<0.001; ns, P>0.05) according to Morisita’s F-test method
(Morisita 1962). a and ¢ Total number of hills including diseased plants
in the plot A and B, respectively. b and d Number of hills including

diseased plants at each observation in the plot A and B, respectively.
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Fig.4-15 Morisita’s /g and F values for diseased plants with bacterial
stem rot of adzuki bean in the test fields which diseased plant were
transplanted, in 2010.

Based on the data in Fig. 4-14, Iz values were calculated. Asterisks
indicate /p value differed significantly from 1.0 (*, P<0.05; **, P<0.01;
*Ek% 0 P<0.001; ns, P>0.05) according to Morisita’s F-test method
(Morisita 1962). a,¢, and e Total number of hills including diseased plants
in the plotA, B and C, respectively. b, d, and f Number of hills including

diseased plants at each observation in the plot A, B, and C, respectively.
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3. BRAXICT X D IHIN

AiEE TCORBRELZD, KIHOEIETHEF (=5 Bk o35 [E IR
HEKTHZEIEWETHS. 7 AXHEBEWOBE CIX, NHE%ZOE
BIZBENLIFEBILONE LSNP FEPBESBNICKFL,
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1) BHW
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I DIMRETT B

2) ik

AT 2010 kB LT 2011 FiC BJNERGANEYS CFEME L.
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1% 2009 4F 3 LY 2010 4F 5 i o B B 5 BF (1296 m?, X ZEIE WL 41—
100) RERICALTEBHRAZA T AFZ2HEMY, BWOAEZFA L
oo D9 B, 2010 FIZ K L 72 2009 A MG O & IX, 7 H
14 HIZHTFEZREF N E 31-87 Th o - ABRE G 132.5m?, 7 A 23
HB XL 8 A 2 HICHIFEZEEFREMNE 99-100 TH - 7= ik B H 55 Bh
1296 m* D RAEZ A G & L. 72, 2009 4 F i o R
LAk 43755 m2 &2 8 H 6 HIC7 7 U Tl L% AE LB RAE
XERBITIHSHICHAEL .

MAEEB LV AEHMICHEPBO NG A TR FBERIZED
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B EL,FIARAEILYD EMNMOEFIZOARFIELRBD L NLEEAEIT,
B RAZMBEARMIZE TS “RERICED R E L. 2011 F 0B
T AR KD RO HFEL .

3) il F

B FE B & Table 4-2 35 £ (F Table 4-3, Table 4-4 |28 L 7=

2009 45 B S Tk, B 2010 X E R A X AR O ks g
CEDREBLEENTVEN, 89% L WNIHIENEETHERAEZT X
FICH Y LS N 2RI BO LN, FL2ED 2011 F£0
BRAZDODRERAEN Do), MAILPEHRKROIEHEN 1.6% K H
S M7= (Table 4-3).

2010 4R 38 A 5 BF TIiL, 2011 2, £ 34000 OB R A X T X
FOOIDH 0 4% DHEAETHAIRIHKROBEHNPED L.

4) & 52
KIRFEAEBGHRICB W T, BE, BREXZTAFIIREBICAED,
ZD I H 89%H DL 0.4% DEKICHE FIoYHKRDERNBE D 5
Nlc. A7~ ANSHEOBYS TOM ARG X5 5miT i
DIMEEMEIC Lo TREL ELAEND, T20bKIER X OE R
TTRENSZLLS DT ERAMOLN TS (dbEE 2 7R E R B G
1972). 7 XX X EMBEH O 54, # AT O R 120 M 5 A iR 8 8
MLTH, TRTHBEFET L2 THERY (B 6wSM). Lo
T, WRAEZ T AXICBT 2RBOERMEL, BEETOHREOD
Rz T, WREAZ o UYFEORRRNE, (Y% hk
DRIFNDAELDEHENEFERICEY Ripo 2 ERHRINT. —F,
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RBROFBAFEDOTHIZAEALEFREZIZBWVWTHLRBEIRD L
ZEND, BAEBFANCHEET 2WEME XD 2 LS 1HED L
HAREMHMTTAEGFEL, BRICHET 2L NE R, A&
Fr=ANSIHEROSGE, BIED (1976) 1, A v o~ AT RE
FOWRIEMEIX 15 °cCEHIE T 1224 AL EAEGFL, HWEMEEZAET
HEERELTWS. A VAo~ A4, dbilEEN THA %Y
BAEZPNELDZ EFIFEALERODE, TAXFD R EHLEHE 3
ELUBLEMBICbE THEAZNAELD. BHNICERFLLEE
FRRIEMEZRE L TWDHE, RHIICORE Y BRIE L 2 6
R H 5.

DEDZ e, KENPEELEBESHICALLIHRAEZT XX
X, 27t 2 EBRETBREEIC/ARD I ERRB I N M
EICH RSN EFREMBEERL, KIMEOT AXHEFICTHE VW TAK
WOMBRIEE R DABERNDL LD, WUICERTLINEND D .
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Table 4-2 Incidence of bacterial stem rot on adzuki bean seedlings
voluntarily developed in 2010 from seeds which were remained in the

field soil since the previous year

Rate of diseased plants %

The number of Secondary
DSI in previous year Date of investigation investigated plants Seed-borne infection
31—87 July 4 1750 4.3 3.4
99—100 July 23 500 14.4 36.4
August 2 1000 19.4 47.3
31—100 September 8 720 1.4 0
Total 8.9 18.0

DSI Disease severity index
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Table 4-3 Incidence of bacterial stem rot on adzuki bean seedlings
voluntarily developed in 2011 from seeds which were remained in the

field soil since 2009

The number of Rate of diseased
Date of investigation investigated plants plants %

June 13 26 0
June 22 23 0
July 28 21 9.5
August 11 3 0
August 22 31 0
September 13 12 0
September 20 5 0
September 26 4 0
October 4 1 0
Total 1.6
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Table 4-4 Incidence of bacterial stem rot on adzuki bean seedlings
voluntarily developed in 2011 from seeds which were remained in the

field soil since the previous year

The number of Rate of diseased
Date of investigation investigated plants plants %

June 13 1316 0.1
June 16 1163 0.0
June 22 4136 0.0
July 12 4582 0.3
July 21 9125 1.0
July 28 536 1.1
August 11 550 0.7
August 22 4983 0.1
August 31 2577 0.7
September 7 2899 0.1
September 13 1555 0.1
September 20 382 0.0
September 26 67 4.5
October 4 364 0.8
Total 0.4
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4. Tz Y

Tanii and Baba (1979) 2L 2 &, AFO EERERFITIE 71
RICE2EFBERTHY, EEERLR2VESRDS. —F, 457
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7). 12 XE&E L.
Q@QOOIRREIC Mz, BFWEEL /AL E 8kg (¥ 2.5t/10a (/YY)
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W EECHEL, MRFAICERRHZRELLZ. " Loxh’ O
BRAZIIMEEE SR, 2k, "Ly 0’ Okl X OER
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3) iR
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16). RZMEERIREZEBML, T AALULLBEX LEO) 2BV T
AR I 2R EEHRBAELPBOONTZ. — T, MR EELZT AL
TR (LBLQ) TEEHRIBDOLNLRN-T.
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WEB LI OKE L FTREBAZEN TV D, HEPICTBIT L7 EM
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Fig. 4-16 Reddish brown and necrotic lesions on primary leaf on cv.
Buchi-shoryu-line-1 seemed to be infected from diseased plant residue in
the soil in the field where bacterial stem rot of adzuki bean occurred in

previous year
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Table 5-5 Pearson's correlation coefficient between weight of harvested

pulses of adzuki bean and incidence or disease severity index of bacterial

stem rot on several treatments on cv. Erimo-shozu in 2009 (Trial I)

Date of Days after | Incidence  DSI on leaves DSI on
investigation sowing of disease  and stems pods
June 22 ( 27 ) -0.76 ®xk2 Q7] F**

July 5 ( 40 ) -0.75 FEF o _0.776 ***

July 14 ( 49 ) -0.79 Fkx (0,94 ***

July 23 ( 58 ) -0.65 Fk* (9] ***

July 29 ( 64 ) -0.58 ** -0.90 ***

August 5 ( 71 ) -0.58 ** -0.86 ***

August 12 ( 78 ) -0.44 * -0.83 #** 0.16
August 19 ( 85 ) -048 * -0.81 *** 0.27
August 24 ( 90 ) -0.40 -(0.73 #** 0.42 *
August 31 ( 97 ) -042* -0.70 *** 0.31
n=23

DSI Disease severity index

* Asterisks *, ** and *** indicate to be significant at the level of 5%, 1%

and 0.1%, respectively
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Table 5-6 Pecarson's correlation coefficient between weight of harvested
pulses of adzuki bean and incidence or disease severity index of bacterial

stem rot on several treatments on cv. Syumari in 2009 (Trial II)

Date of Days after ) Incidence DSI on leaves DSI on
Investigation sowing and stems pods
June 22 ( 27 ) -0.81 #xxa _0.80 ***

July 1 ( 36 ) -0.96 ***  .0.96 ***

July 7 ( 42 ) -0.93 #kk (0,97 **k*

July 14 ( 49 ) -0.79 *Fk* 096 ***

July 23 ( 58 ) -0.71 **  -0.93 ***

July 29 ( 64 ) -0.73 Fkx (0,93 ***

August 5 ( 71 ) -0.72 *F -0.9] ***

August 12 ( 78 ) -0.76 **  -0.88 *** -0.14
August 19 ( 85 ) -0.71 **  -0.86 *** -0.27
August 24 ( 90 ) -0.70 **  .0.8] *** -0.07
August 31 ( 97 ) -0.69 **  _0.80 *** 0.27
n=17

DSI Disease severity index
* Asterisks *, ** and *** indicate to be significant at the level of 5%, 1%

and 0.1%, respectively
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Table 5-7 Pearson's correlation coefficient between weight of harvested
pulses of adzuki bean and incidence or disease severity index of bacterial

stem rot on several treatments in 2010 using infected seeds (Trial III)

Date of Days after | Incidence  DSI on leaves DSI on
investigation ( sowing of disease  and stems pods
June 21 ( 19 ) -0.19 -0.20

June 28 ( 26 ) -0.64 #=x2  _0.65 **

July 5 ( 33 ) -0.75 *  -0.71 **

July 13 ( 41 ) -0.83 *  -0.80 ***

July 20 ( 48 ) -0.68 **  -0.85 ***

July 26 ( 54 ) -0.58 * -0.87 ***

August 2 ( 61 ) -0.33 -0.86 ***

August 9 ( 68 ) -0.21 -0.83 H**
September 2 ( 92 ) N. AP -0.80 *** 0.77 ***
n=15

DSI Disease severity index
* Asterisks *, ** and *** indicate to be significant at the level of 5%, 1%
and 0.1%, respectively

® Not analyzed
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Table 5-8 Pearson's correlation coefficient between weight of harvested
pulses of adzuki bean and incidence or disease severity index by

secondary infection with bacterial stem rot on several treatments in 2010

(Trial 1V)

Date of Days after | Incidence  DSI on leaves DSI on
investigation sowing of disease  and stems pods
July 13 ( 41 ) -0.61 * -0.60 *

July 20 ( 48 ) -0.63 * -0.66 *

July 26 ( 54 ) -0.69 * -0.69 *

August 2 ( 61 ) -0.76 **  -0.88 ***

August 9 ( 68 ) -0.65 * -0.92 Hk*
September 2 ( 92 ) N.AP -0.62 * 0.20
n=11

DSI Disease severity index
* Asterisks *, ** and *** indicate to be significant at the level of 5%, 1%
and 0.1%, respectively

® Not analyzed
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Table 5-9 Analytical data for correlation between yield components or
growth of adzuki bean and disease severity at 49 days after sowing on cv.

Erimo-shozu in 2009 (Trial I)

Weight of Weight per Rate of Height of The

Treatment incidence DSI harvested - one Weight of main stem number of
Yo pulses hundred  imperfect )
cm pods per hill
kg/a pulses g pulses %

A 142 35 29.9 11.2 1.1 40.4 49.6
A 23.0 5.7 27.9 11.4 0.9 46.9 48.3
B 214 6.2 27.7 11.3 2.9 38.8 46.4
B 37.5 94 33.0 10.9 3.7 38.8 55.6
B 327 10.2 28.8 10.7 6.6 38.5 52.3
A 448 12.6 26.9 10.3 1.8 42.6 48.3
C 50.7 13.3 27.0 10.1 2.2 36.5 49.8
D 76.5 21.2 28.0 11.1 1.9 42.5 47.6
E 744 234 20.3 9.6 2.5 31.9 42.2
D 83.1 24.2 26.5 10.5 1.6 46.2 46.1
F 84.0 25.0 23.7 10.7 1.2 44.2 42.5
D 78.9 26.3 22.6 9.9 9.1 43.0 43.8
F 92.7 284 20.9 10.0 8.1 44.3 44.0
F 96.4 289 25.0 10.5 9.0 46.8 45.6
E 97.2 314 19.5 10.1 7.9 37.7 38.2
C 89.6 36.1 19.6 9.8 2.2 37.0 37.3
E 100 44.1 17.2 9.3 7.4 353 36.9
G 100 40.2 20.2 9.8 2.5 N.A*? N. A.
G 98.4 452 13.0 9.4 7.3 N. A. N. A.
G 100 48.0 17.7 9.2 3.9 N. A. N. A.
H 99.5 50.4 12.2 8.7 4.8 N. A. N. A.
H 100 529 12.8 8.5 10.9 N. A. N. A.
H 100 54.3 10.3 7.9 11.1 N. A. N. A.

DSI Disease severity index on leaves and stems

? Not analyzed

150



Table 5-10 Analytical data for correlation between yield components or
growth of adzuki bean and disease severity at 42 days after sowing on cv.

Syumari in 2009 (Trial IT)

Weight of Weight per Rate of v The

Incidence harvested one weight of .
Treatment DSI . main stem number of
Z pulses hundred  imperfect )
pods per hill
kg/a pulses g pulses %

M 0 0.0 27.3 10.7 1.7 62.7 45.3
M 0 0.0 26.5 10.5 5.4 68.0 45.0
L 0 00 29.3 10.2 1.4 63.8 49.6
M 0 00 25.4 10.8 2.9 64.8 43.3
L 28 03 24.0 10.3 2.0 62.6 42.3
L 1.4 03 26.6 10.4 2.9 65.5 45.0
N 85 1.6 28.3 10.4 2.2 58.2 47.1
N 1.3 2.5 26.9 10.7 1.6 66.4 44.1
I 346 263 18.1 9.0 7.9 N. AP N. A.
I 242  28.0 19.4 9.0 3.7 N. A. N. A
I 414 329 20.6 9.2 6.4 N. A. N. A
J 453 34.1 16.8 8.6 8.9 N. A. N. A
J 45.8 37.0 19.0 8.9 5.1 N. A. N. A
J 479 37.1 16.7 8.7 9.0 N. A. N. A
K 522 46.3 11.2 7.7 10.3 N. A. N. A
K 60.6 56.4 10.3 7.9 11.8 N. A. N. A
K 61.3 60.7 7.2 7.3 13.3 N. A. N. A

DSI Disease severity index on leaves and stems

? Not analyzed
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Table 5-11 Analytical data for correlation between yield components or
growth of adzuki bean cv. Syumari and disease severity at 54 days after

sowing on infected seed in 2010 (Trial III)

Weight of Weight per Rate of
eight of Weight per Rate o Height of The number

Treatment inmdence DSI harvested one Welght of main stem of pods per
%o pulses hundred  imperfect .
cm hill
kg/a pulses g  pulses %
e 333 10.0 21.8 10.0 5.2 75.6 45.9
b 67.4 21.3 26.3 9.4 5.3 65.6 45.9
c 64.6 23.7 23.7 9.6 5.3 71.0 41.3
c 71.1 26.4 21.7 10.5 5.9 72.6 44.6
a 86.0 33.8 16.1 8.9 7.4 74.3 37.9
b 99.0 39.3 21.2 9.3 4.5 69.6 42.1
e 96.6 42.9 21.0 8.8 9.8 67.0 43.3
e 98.8 44.4 15.8 9.4 7.9 78.1 41.4
c 99.3 49.1 22.6 9.0 4.4 67.6 45.0
h 100 57.0 19.3 8.8 8.0 65.6 41.5
g 100 76.1 11.5 7.3 8.9 68.0 27.9
g 100 83.3 11.2 7.9 13.0 71.1 353
g 100 92.1 10.2 7.5 14.0 68.4 29.6
i 100 93.0 12.8 7.9 10.0 64.0 31.2
i 100 94.5 12.3 7.6 12.0 66.6 33.6

DSI Disease severity index on leaves and stems
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Table 5-12 Analytical data for correlation between yield components or
growth of adzuki bean cv. Syumari and disease severity by secondary

infection at 68 days after sowing in 2010 (Trial IV)

icht of ight Rate of
Weight of Weight per Rate o Height of The number

Incidence harvested one weight of .
Treatment DSI . main stem of pods per
%o pulses hundred  imperfect hill
kg/a pulses g  pulses %
j 77.9 44.2 32.0 9.0 3.6 50.3 59.6
j 86.1 46.4 34.9 9.7 4.1 69.9 61.6
1 82.3 59.5 21.1 9.8 3.7 66.9 33.8
k 87.2 63.9 22.2 9.6 3.3 70.8 34.0
1 92.6 66.6 18.7 8.9 6.1 67.7 40.6
k 97.4 68.4 18.4 9.2 8.5 73.5 323
1 100 72.2 21.4 9.7 4.9 63.9 34.8
m 100 72.4 16.8 8.5 8.2 68.6 32.5
k 97.5 77.7 17.1 8.5 9.5 66.8 33.7
m 99.0 78.4 16.3 9.0 11.4 66.8 33.5
m 100 89.7 14.0 8.3 9.1 71.1 25.4

DSI Disease severity index on leaves and stems
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Fig. 5-1 Correlations between DSI on leaves and stems at the date near

flowering period and weight of harvested pulses.

I: ¢cv. Erimo-shozu in 2009 (@). II: cv. Syumari in 2009 (). III: cv.

Syumari in 2010 which tested seeds were produced in infested field ().

IV: cv. Syumari which diseased plants as source of infection were

transplanted in the plots (4). DSI indicates disease severity index on

leaves and stem. The numbers in the graphs indicate the numbers of

analyzed plots.

155



2. B OMEL ¥ IEHOBELR

FEHMAIC D=V, Tabled-1 O & BV RHEE L 0-4 O 5 B
E LTz, AW OWREIT, EOBRMBRFHIER NS RIELE, ZXHO
B LT, B fLicE . BRAIEEZHEL D 9 2 T,
itk B, T7hbb, WOoODORATEDS HLWVWDORFREEZFET
LN BEERBRERD. 2T, FFEOKHORBKEE L ZIZ
HRkRT 27 AXFINEICHHALTHITL, BREEOREZH AT,

1) BHW
BFEDORFREREICELZREY O RKFORMINGEELHL T D,

2) Fik

BB TR WT, ZRABEGEH kO FRH ORI &5 RNk E %
BREtd 2720, HDHWVIE, EIEAO BB X DBIINEELZRFTT D
T, ThTh, XERFRERE2HIWVIIXERFRE4ICELE
% IS, BERICSHK BT T L2 NEL, KR
I5%IZMIE L FEREZRDLZ. T2bb, AIHEOKRBR I OWLH E-
H (Table5-1) ¥ L OVEER 1T @ LB 1-K 38 L VLB N (Table5-2) 72 6
FXERFBE 20 IV EWMAEL, RBR1IOWLH E-H B X ORER
HIOMHE g-i NOXERBEE 4O TV EHL. 0, XER
WREE 2 ot & L CHREBR ITIC B W TRV o 38 38 58 95 F2 2 2
0 Cholth 7 zIUiE L. RIS, B IIICB W THEER 77
HICEERBRIBE I ThonV o 7 A 2 MARICINE L, XEXEFRE
FE4ohBag s LA LE, XERFEE 2ICELLZEFEMEELA

¥hkoW o 7L FEEICK LT Kruskal-Wallis O E % FE e L

156



oo —Fh, XERWEEACELEEEZ I B RO T roF

FHEIZ % L T Tukey-Kramer ® HSD f & % S hi L 7=

3) #h R
HERFWEE2WCELEFEZA LB RO Lo +FEEB X
VKA ICEXERFREE O ChH T2V 7T L0+ E%E Fig. 5-2 12,

IF

XERWNEREAZCZELLHFERIZBROY 7L FHEEL LY
2010 FFICHEMERR 77T RICEERMWERE 3 Tholth 7o FRE
 Fig. 5-3 12" Lz, A IBLORAR I, B 11 oBEEME, =
NENREMEEL SO HBLWPS9H, 47H ThHo7z. RFEFERTICE
WT, WTFRORBRICEWTS, XERFEE 2 Z2MA L CHEERZ
Ao FEREICRIFNRAEEIRD O RN, —F, X3
FRBEAICELLFEERIRICH T FERERZERT LS E, WT
NORBRIZEWTHLXERBFEE 4 ICELHEEEZALSEVE,
FTERENBD T OHEM TH 7. Ko, HAEMANIICEERWREE 4
CZELELAOTEEOR AN E L, B DL 2 2 5858 55 2 8
4 I LEGALERLTCTEEPARICHE Do, 2, RE
HIICEBW TR 77 AICXERWEE 3 Tholh 7L+ %E
HIIXERFEE I ThOoT U 7O FEELE LB L THRIFH
CAHABICRE N T2,

3) B %

B FICEWNWT, ZRBRICED2EFRORBO AR E L TXIE
R 2 ICE LR O FEEEZFLZN, FEEICETED DL
Nighole., 61T, RAHMOXERFBEEZ OO T VO FEE

157



EOMICHbAEEZZTRO N oz, Fo, XERBBRE 2O X
INWCHETORBHERIZILE T >TGE, BINEEFEIRB THLD LE X
ENDNR, TOBROREFOMBIRE CRINEEOREITIRLRL EE
AbNHZEnD, XERWRERE 2ZHZIUREELZRET D2
ClIEREECThHD B IO, —F, XERFEE 4ICET LY
MEWRE, bbb, EFX0ORMENEXL L ERV T L5 0 HE
BRpBzE2ET 2B R VWE, FREEOEIDAIRE o7, DL
DML, HMEBEAORBELV S, TOHROWHHEOMEIZLDHE
EAL D BB DR, KFICLD2BMNHEELZRFTTEENRENLEE
bl Fio, AEEMTOLXERWNEE 3 L XERKHEE 4

HRICHKRT D2 FEEOETHE TH Y, AEERRY EiE/AL 2V X
DR FEIH T L LEPHEETHLLEEZXOLND. R, BHAEH
UAMZEERFREAICEZLEZS ORI E LWL, KKFIC

5% LWL E 2 RIS 5720, DA< &b AL aTicXE
HHRBEACZELRVWISCURTLILENDDL LB ZXLDNTL.

158



<

= I

en

~2 30 -

2 A A A A

=]

2.

E 20 A

6

5

=10 -

1S}

=

&b

s 0 A

= 37 47 57 64

(n=3) (n=4) (n=10) (n=4)

Days after sowing
when the disease severity of the plant hills reached to the 2nd degree

= Al

2 A A A A A A A A A A M

s 30 -

=

a.

T 20 -

5

5

o 10 A

S

=

o

6 0 -1 T 1

=

41 49 59 62 69 76 83 90 97 115 115
(n=3) (n=2) (n=3) (n=4) (n=5) (n=12) (n=13) (n=10) (n=7) (n=7) (n=3)
Days after sowing
when the disease severity of the plant hills reached to the 2nd degree

Fig. 5-2 Weight of harvested pulses proceeded from plant hills showed
the 2nd degree of severity on leaves and stems at a certain day after
sowing.

I: cv. Erimo-shozu in 2009. II: cv. Syumari in 2009. White colored bar
indicates the weight of harvested pulses proceeded from the plant hills
showed no symptom at harvesting period. The numbers of sample units
are showed in parentheses. Error bar indicates standard error of the mean.
? There is not significant difference on the weight of harvested pulses
among days after sowing with the same letter, according to the Kruskal-

Wallis test (P=0.05)
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Fig. 5-3 Weight of harvested pulses proceeded from plant hills showed
the 4th degree of severity on leaves and stems at a certain day after
sowing.

I: cv. Erimo-shozu in 2009. III: cv. Syumari in 2010. White colored bar
indicates the weight of harvested pulses proceeded from the plant hills
showed the 3rd degree of disease severity at 77 days after sowing. The
numbers of sample units are showed in parentheses. Error bar indicates
standard error of the mean.

? There is not significant difference on the weight of harvested pulses
among days after sowing with the same letter, according to the Tukey-

Kramer HSD test (P=0.05)
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Fig. 5-4 Changes in the incidence of bacterial stem rot of adzuki bean
after sowing the seeds which were produced in the plots to be different
DSI on pods in previous year, in 2009.

DSI Disease severity index at harvesting period
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Table 5-14 Changes in the incidence of seed transmission and secondary
infection of bacterial stem rot of adzuki bean after sowing the seeds
which produced in the plots to be different status of disease in previous

year, in 2010.

DSI*in Rate of Plots Incidence at the days after sowing %
previous diseased pods in Seed transmission  Secondary infection
year previous year 19 26 26 33 41 48
1 0.0 0.5 1.0 28.0 74.0 100
0 0% b 2 0.0 0.0 0.0 0.0 15.0 4 99.0
Ave. 0.0 0.3 0.5 14.0 44.5 99.5
1 0.5 1.0 7.6 38.2 89.9 100
41.9 L8%c 2 05 25 17 495 990 100
Ave. 0.5 1.8 9.6 43.8 94.5 100
1 0.3 0.4 2.9 21.3 93.4 100
47.9 1.9%° 2 0.4 0.7 5.0 22.3 84.8 100
Ave. 0.4 1.0 6.2 35.0 92.4 100
1 1.7 5.2 20.6 64.5 100 100
5.6 17.6%° 2 10 56175 85 100 100
Ave. 1.4 54 19.1 75.0 100 100

? Disease severity index on leaves and stems at harvesting period

® No application with bactericide after flowering period in previous year
¢ Copper granular wettable powder was applicated from flowering period
to mature period in previous year

4 These diseased plants in this plot seems to be infected with the source

of infection disseminated from the other plots
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Table 5-15 Changes in the incidence of seed transmission and secondary
infection of bacterial stem rot of adzuki bean after sowing the seeds

which produced in affected area or non-affected area in previous year, in

2010
Incidence at the day after sowing %
Seed lot Seed transmission Seed transmission and secondary infection
20 31 40 20 31 40 61 68
Syumari* 0.07 0.14 031 0.07 1.11 382 N.S. ¢ N.S. ¢
Erimo-shozu® 0 0 0 0 0 0 0 0.03 ¢

? Seeds were produced in A town in which bacterial stem rot of adzuki

bean is seemed to be spread

® Seeds were produced in B town in which bacterial stem rot of adzuki
bean has not been occurred
“ Not surveyed but a lot of diseased plants were observed in the field

4 It seems that the source of infection flew into this field from adjacent

field planted Syumari
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Fig.5-6 Morisita’s Ip and F values for diseased plants with bacterial stem
rot of adzuki bean in the natural infested field.

Based on the data in Fig. 5-5, Ip values were calculated. Asterisks
indicate /3 value differed significantly from 1.0 (*, P<0.05; **, P<0.01;
*Ek% 0 P<0.001; ns, P>0.05) according to Morisita’s F-test method
(Morisita 1962). a Total number of hills including diseased plants. b

Number of hills including diseased plants at each observation.
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Fig. 6-1 Effects of seed dressing agrochemicals for bacterial stem rot of
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adzuki bean.

I: Trial for infected seeds which were obtained from the infested field in
previous year, in 2009. II: Trial for seeds inoculated with the causal
organism in 2009. III: Trial for infected seeds which were obtained from
the infested field in previous year, in 2010. A numerical value above each

bar graph indicates the incidence of bacterial stem rot disease. Bar
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indicates standard error. DKT Diazinon, kasugamycin, and thiuram
powder. EKT ECP, kasugamycin, and thiuram powder.
? An incidence of each at these days after sowing contains the diseased

plants originated from both seed transmissions and secondary infections
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40T ODimethomorph and copper wettable powder
O Untreated

30 F

Incidence %

|
\
Ojﬁ

Trial 1 Trial 11

HH

Fig. 6-2 Effects of bactericide spraying against bacterial stem rot of
adzuki bean in 2008.

A mixture of equal parts of healthy seeds and seeds inoculated with causal
organism was used. Kasugamycin and copper wettable powder was
diluted to 1000 times with tap water. In like manner, Copper granular
wettable power, and, dimethomorph and copper wettable powder were
diluted to 500 times, and, to 600 times, respectively. Trial I and Il were
done in Furano «city and Biei town, Hokkaido, respectively.
Phytotoxicities which reddish pinpoint spots were appeared on the
leaflets applicated with bactericides of all were observed in both trials,
but it does not seem to suppress growth of plants. Bar indicates standard

€rror
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mm KCWP Incidence @ CGWP Incidence

C—3DCWP Incidence C—Untreated Incidence %
—8—KCWP DSI —@— CGWP DSI §
O DCWP DSI —F Untreated DSI g
>
a3
100 --U =
B -
- - o
- 30 °
-
S -7 =
=75t ] £
'S 50 F 0
£ @
&
4 10 &
25 - 2
z
0 0
1 6

At the days after final application

Fig. 6-3 Effects of bactericide spraying against bacterial stem rot of
adzuki bean in 2009

KCWP Kasugamycin and copper wettable powder diluted to 1000 times.
CGWP Copper granular wettable powder diluted to 500 times. DCWP
Dimethomorph and copper wettable powder diluted to 600 times. DSI
Disease severity index on leaves and stems. Eight diseased plants as
source of infection were transplanted at equal intervals in each plot.
Phytotoxicities which reddish pinpoint spots were appeared on the
leaflets applicated with bactericides of all were observed, but it does not

seem to suppress growth of plants
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3. X BEHCA O AN H R 3 X OVR A A O 52 B

Tanii and Baba (1979) I AW (ZxF L, #AKFA O 10 B MR 2-3 [
BACTHoRBBRDIERFELNLD E L TWDR, RIETIL 7 HREE
THRHORKR®BE EHICHRBOEMBARD LN, Lin-T, %
EBMICBT MU M mMEREBEET OLELID L. £/, WA
CEDWEFEIIGRD R PG TE 2 EKANDRS L, — KIS E W
B RAEMAETAZ LY. —F, BEAOMMAICLY, KA
DFNEDRT BT D, HDHWIE, BAMKEZRS L TH B2 ERN
EOLRWEWD FFNRHY (BE 2009), Uiz RambEsE5
AR L. £ 2T, XEMMITBIT D5EH~o0REEAH OIMNH
DERIZONTHEF L.

XEWMAMOBEO R BAEBE L OCEBEROMAD R ZH L ICT

2) FHik

ARUBRIE 2010 4R BRGNP H 5 T1T - 72

Im?> @B ECP B AT ~A >y « FUuIamalzmal =+
W ELE ‘Lo £V’ ZHM 60cm, FEMH 15cm (2 B, 7#) ©
AR E T IR L, BICHEIE L, ROV 2K L L. i
JEIX 10 a 72V N:P:K=9 kg:36 kg:21 kg # 2@ L 7=. #I =] B Ai
FHOTH1ITHZEREKFELE LT, KWICHEHLE "Ly £~ &
FC 1 Kbz 2flEBML 7. RBEWEPEERIZBREL 22
7.
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6 H 30 HIZSHERIAKFIA (40%, B4 KA Y AR/ K—DF )
D 500 fFK A MM L, U7 ARE#ERMmL#E S LT, 7THT7H, 14
A, 21 A, 27THXB X WP H3IAHIZ10adH7/7=b 200 LAY EAEEM
L7z, BAEFITMA LZ2ho7c. FERIZ 10 ARMBEHRMALHE S LT,
7H11H, 2l HBX W31 HIZ, 14 HEMWEAQLELE LT, 7H 14
HB X7 A3 HICHAM L., igeE LT, AT~ A v - dilK
A (5%« 45%, P4 “HAI R F—")1000 {7k %2 10 H [
b CTHAAT L7 ALBE X 232 1 7o, A48 S KERiE LTz,

F, BEFMAOHBRDRICEZD2EEEZRFT D20, §HHE
KK FnAl (40%, PEam4 KA YR K—DE’ ) @ 500 Fi#KICLL T
ODREEMZFEOHARMGHTMAL, L 10 HRERRMALEDH
FRT10ad/ev 200LHHYEABMLL. FLHSKREL L.

P4, ‘7 7 m—FF BI', 2000 %

s, ‘=—X, 2000 %

P4, CE LU, 3333 1%

Pidn, ‘77287, 3333 1%

ETOLEIZONWT, 8 H 10 HIZKNA 14 8O XZEO R E

(Table 4-1) ZFH & L 7=.

3) i R

PRHEFEORK T AXZBME L 10 B% O 7H 11 BICH R Z R
L7z, B XORHEFEN 91 Tholeolzxt L, #lER KA 500
G2 7T HERR (A 7 H#), 10 HER (A 10 H#&) B LW
14 HER (A 10 H %) WA Lo ABE X O ZXERPBEIX, ThLTh,
64, 83 B LW 86 ThH »7= (Fig. 6-4). £7=, B AT~ AT -
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AKFIAI 1000 fi5#K A4 10 H WM CHBAR L 72 QPR IX 0 X FEF N £ 68 T
& o 1= (Fig. 6-4).

i JERL K F A 500 f5 R R GE AN, BAE A T 7 v —F BI2000
B, =— X 2000f%, E<UMN33B3H{BEIOT T I S3333 {54
MLERABRKICE T 2XERFE (&M I0A %) 1L, 2 h,

83, 81, 71, 80 B LN 78 Th o 7= (Fig. 6-5) .

4) B %%

#i JERL K Fn Al 500 fEiR O WA 2 ik Lz & 24, 10 HHR B
LU0 14 BHR LY S 7 H FREBCm LD I b ZIERHEPKS,
FOEVHBRDEEEDIEDICEBAMBEEZELS T5_&FThb &
Exzbzxboile. LaLl, BABKXOXERKFEN 91 LD &
<, LR EDNBO O TEBE R KA O 7 HFRELHE TS
BRAfi 23 30 TH Y, BBRHERLE L TR+ TH - 72, KRB T

L ZzREL 2ol ®, EEENELS, EMEMfEE L TIERL

K CTholtHEREND.

i FERL K RO Al 500 5~ D AR O MAIZ >V TiE, A LR
EROMEEICE D ST, A X O 5 E I EEFENHX & ITIE R
BECThH-77=. BEAMEIMAO 10 BEBEHACTIEE A CBRE
MELNRWE, MEERNE NPT EEZE XL, BEAMA O R
ZOWTIIHKRE Lo T,

WA I EREEHEL, PHARMREZ LZCHLEDLL T, W
THOMBRKXIZBEW TS +0RUBRIRPBTON LN T2 &5,
ARBRO LD RBESHNITERBERGFIEL, o, BIELOT VR
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ICBWT, XEBMCEI - TURDIREGEL LTI MOTHLW D
EEZbNT.
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100

~
(9,
T

D
)
T

[\
(V)]
T

Disease severity index on leaves and stem

0
Intervals 7 days 10 days 14 days 10 days Untreated

Copper granular wettable powder KCWP
Fig. 6-4 Effects by different intervals of spraying with copper granular
wettable powder diluted to 500 times against bacterial stem rot of adzuki
bean.
KCWP Kasugamycin and copper wettable powder diluted to 1000 times.
Two diseased plants as source of infection were transplanted at the center

of furrow in the plot. Bar indicates standard error.
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100

il

Approach®  Needs®  Makupika® Gramin® S Surfactant  Untreated
BI -free

~
W

W
(el

[\
(V)]

=

Disease severity index on leaves and stem

Added to copper granular wettable powder solution

Fig. 6-5 Effects of agricultural surfactants added to the copper granular
wettable powder solution diluted to 500 times against bacterial stem rot
of adzuki bean.

Two diseased plants as source of infection were transplanted at the center

of furrow in the plot. Bar indicates standard error.
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4. FET AR L OVZRERAM, BRHKKESBY OMAEDRICL D
B 2 R

FAEBIOFESELY, 7TAXFXEFMEHRITIBELZANCRAEICE
EL, MENERTHLZERPLNER-T. — T, KIFITHT
LA L OEEEAT L o 72 A BRI — & 0 BRI
HHENDLDOD, FRBRBGERDRITIHAETE T, BENIC S REE R
HAFL, BHEEZFTRBEEMET T, BHOERZIME T 52 &1
WEECThHorEEXDONT., 22T, MrAEOYmMIZB TS24 A4 X
BE S B 5 K OV X S 48 B B R ok OR (b v S b ok R 2R R B G
70—V EBETRADBRE 2009) 2&2FIC LT, BRELE R DR
BT AR wbrEEEABREMAEGDE MBI RO THREL
7.

1) BHW
BHEACIDPE A LIOXERA, BRWEKOHKETERY 2/ 4
AL RERZROARFICH T 2R EEZHLNICT 5.

2) ik

RBRIE 2009 B L O 201041 ENERRGANBEHICE W TIT - 72
W N bRATEREBGER -2 H Wiz, ECP- W AT~ A v -
FUT LA (25% 3% - 47%, b BMKHANT =TI 7))
DFEFHE 03% AW ROAE, BFHKD D WVITHWKE S
BIMAKREMY OFE, XEBMOAED D5 W ITE R 2 8BAMYM,
BABOMAEDLE N R L2 BRAERE L. XEHMII A
H~A T dlKMA (5% 45%, Mt A AI AR/ F—")1000
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Gk, SRERIK RN A (40%, PHand KA YRV R—DF’ ) 500 5K
HHWIETY A MELT KA (15% - 35%, Bt "7 = AT 4
SNV CARFIALT ) 600 5 Z 10 a 7=V 100 LAY AT & L7,
JLEE N R O Gl 1X Table 6-1 38 X OY Table 6-2 (278 L 72. 2009 4F (Xl
EINERFRFEIRE 83 Tholcmfl ‘= U v a v X’ ZflL,
FEfiZ S H20 HIZiT-o72. 1 X 23m?2 & L, &KALHE 3 Xl %E L 7=,
6 H22H (EME%27H),7HA5H (FA39R) BXW7H7TH (H
41 H) IR 2R B - 72, 2010 4= 1 A 4 U0 FE BR800 36 R 1.9%
TholtimfE ‘LwFz’ 24 L, EZ6 H2HIZITo7=Z. 1 K
2l m? &L, KA 3 XEZELLE. BHEEDDL VIR BFEE ST
Atz 3% 6 H 21 H (#EFE%Z19H), 6 H28H (M26H), 74
S5H (F33H) BXU7HI13H (A 41 H) ICHEEI-7. FFHA
BEIRNEKZ X RICRIEOICEREELFEL 2.

3) il F

BAEIZ BT DRI OHERE % Fig. 6-6 8 L O Fig. 6-7 12~ L 7=.
2009 X, BT KOFECH2DLT, N 6 H 22 8
%27 R) RO, MTHRBIORWKOKERY, £F
MO OXEEMOMAEDLYE (LHEABLOB) ITLD, F¥FH
TR L 72y, FIRBREORBER L ORFEICE T 2 #M o
BIZZEICMEI TR TE RN, BAHAKOAHR (WHEH D)
DRFHREFIIR MK L WLHE F) LIZIERUCHERE TH o720,
XERWEOHBITESMA o, EHVBKRZ L2 E, k&
By (WE B) OFIERD O olo. BB KO ENH» O HF
M 41 HE CTHREMD LA LZRMHT, FHER 35 B0 XERM

190



EERBLEGS (WHE ABIOUB), FfE#% 44 BUBRXERMZE
ML= A (LB C) LB L T, BHHEEL L OXEREIL L
HIERSHER L. BEAEN (% 59 B) LIS EEE#m 2 fkfe L
A (LE A, B CEXERMA AT bW oG A (L B)
LT, BAEWILAKE O BBHKEOHER T2 0 K <MWz 723,
FERFE ISR MATRETH - /2.

2010 4R 1%, M KOAFEIZHr»bLOLT, FI%IT 6 A 21 B (4
Mz 19 F) RO, MM RBIOREFRKOKETEIY, £F
MHoOXEBMOMAEDLE L a, bBEL W) 12X, %
TR IZ U L 72 2%, 2009 4 & RIARIZHT 72 2R FE IR Bk 0 F& A2 5 L VI W R
BT L2WBOERITIZRICHME T L LR TEholc. EER
fMoOBAMEEEZ 7 BB LB b) B3X O 10 BREME (LHE ) &L
TAHBEXOREFOHBITIFRE TH-oT2. £, BWH altkB T, #%
Mt 33 HEB LN 41 BRICEMRKZZOHIH% 3 KxhkElio o
RN, FETE 48 HIZ £ CICHWHKABEITHML, Toh RITHARL L
ARl

WTFNOFER SRR ZK I, HONICEER A 2 £ L T
b, TOBARICITHREMoTZEMHOK TRIREZ R D D FH 2% D
- 7= (Fig. 6-8, Fig. 6-9, Fig. 6-10) . F£7=, — THIMREWHMEAKE 0
TR L7ct%, RUMFEHLLLEOKRICEFEPZBDO LN FEH N H o

(Fig. 6-9 @ Plot II) .

4) &5
T ARBBEMERB L OX A XS MER T, B A g AR WY E
FE % ECP W AT~ A T UTLMAN LD B ARALEL,

191



ZTOBECTERFKOKETE]MY E®R ELTO 1 BEFBZICHEHKINAZL L
DHAEDIEAR TEHEBAMT 2 & RBHWERIEM L 20 (A E L R 2
ERBY 7 ) — U RETKBAERE 2009) . 7 X X K5 M E I
DNTY, TAFBHEMEARL LOF A XHELAMER & RIS, &
THBEBLOEFEKOK T, XEBMOMAEDLEIZ L DPR
KREBHTE LM LIS A, MALHE L R L THRBE K<
MA T, Flo 2RO B 225 OIS HR ORI ZmEl+ 2 2 &5
TERhol. KFOLE, REAOREFHAKTHE LEhTi
ALTERKREZREL, XEEBMAZERL TS, TOHARIZITK
EWMoTHHOKICHFEZRDDIGAENEhoTc. Tk, MER
EWIOARBFOME b, BEANC XD XA L ARFOREAEEE
EIZHHEIT A EIEIRENICELN LT, XFEOEAITH -
RBERKERBOLLRERT, T TICHAMOKTHEEL TR, XE
BMICED PR D+RICH/GONR NPTl THDL EHEIN
5. 2010 FEII MR 33 HICR MK EZBLER L 32k E o
e, % 41 B, hE Moo —m: LR (WK
22D DOFERE 40 cm) BEWHW LIZOIX 6 Bk 2K ThH o 72y, il
CHREM TRk OBEOM (FERE 60cm) TER T 2L G1EL<, 5
LR ERDEFRENPOWM T NTZES BT 22 B RENTE
(Fig. 6-9) . W ALIZ L Th, JEIW R O 212 1% R IRF 1T HE s 1808k 9L Bk
WFEET D B2 b, ZREEEZIE T 2 7201C0E, BFkEf
DIC—EREOHMHOKZKEM bR TNLE ROV EEZ XN
2009 £ ORBRIE R B, FEREBAN 2 Mkt T, FEIE OB &
T2 LIRERLOOEL VRN EFIRBCTELLE260
DN, BEARBBREE LTS 2. 7, Taniiand Baba (1979)
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X KRR AEHFEZ LV 10 HRERB T 23 BEAMAT 52 & T
R BRAERE LN ELTWDA, 2000 F0 B ITZT N %
BET DHRRE R ST KO T E R — ARG P10 A B 1275 G
SNTEHEFICELDIFEFBERTHLITED, FHEMEICHERI LTV
WHERTE A MR THER T2 2 L2, BN Tk B
MODOEWAE S, BEMNTREN SR EFEAD. —F, HS5=
TRENEZXEI2IC, BHERNLDIVIFHALTARBELIEAELTEY, &
GIEHRT 2L BRRBNICHENIT, BHHETH-TH, ZOEMEKN
LELNTREFITTCICWEMEICH RSN TWDAREERND D,
R fmdic 2% BEsb TN nH D (Fig. 5-4, Table 5-14,
Table 5-15). flF A PEZ T IZIEH RERE O T TIT 9 22, KIFO
MHEELTHMOD TEETHDIN, 7 AXFBHMERL LT A XK
RAE R 3 2 @2t Ao FiE (dbifE b R RERRYE 7
U—VREETSBRABRE 2009) 1, FEN O ARBICHEH TER
WIZ EBRINT.
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Table 6-1 Tested treatments by combining removing diseased plant, and

seed dressing and spraying with bactericides in 2009

Seed Removing At the days after sowing applicated with bactericides

Treatment dressing’ diseased plants” 35 44 52 59 64 71 80 86 97
A Do Do K K D' ¢ ¢ C Cc C cC

B Do Do K K D x x x x x x

C Do Do X K D C C C C X X

D Do X X X X X X X X X X

E X Do X X X X X X X X X

F X X X X X X X X X X X

* With ECP, kasugamycin, and thiuram powder, 0.3% (w/w) of seed
weight

® Hills containing diseased plants were continuously removed from the
plots until 41 days after sowing

¢ Kasugamycin and copper wettable powder diluted to 1000 times was
applicated

¢ Dimethomorph and copper wettable powder diluted to 600 times was
applicated

¢ Copper granular wettable powder diluted to 500 times was applicated

" Not applicated or not done
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Table 6-2 Tested treatments by combining removing diseased plant, and

seed dressing and spraying with bactericides in 2010

Treatment Seed Removing At the days after sowing applicated with bactericides
dressing”  diseased plants® 14 20 27 30 34 41
a Do Do x€ c? C x C C
b Do Do C C C X C C
c Do Do C C X C X C
d Do Do X X x X X x
f X X X X X X X X

* With ECP, kasugamycin, and thiuram powder, 0.3% (w/w) of seed
weight

® Hills containing diseased plants were continuously removed from the
plots until 41 days after sowing. Bold character means that 3 sequence
hills including diseased plants were removed at 33 and 41 days after
sowing

¢ Not applicated or not done

d Copper granular wettable powder diluted to 500 times was applicated
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At the days after sowing At the days after sowing

Fig. 6-7 Effects by combining removing diseased plant, and seed dressing
and spraying with bactericides for bacterial stem rot in 2010.

Left graph indicates change in incidence of bacterial stem rot on each
treatment, and right indicates disease severity index on leaves and stems.
Treatment a, removing hills containing diseased plants at 20 and 27 days,
and 3 sequence hills including diseased plants at 34 and 41 days, seed
dressing, and spraying from 20 to 41 days after sowing; b, removing hills
containing diseased plants until 41 days, seed dressing, and spraying
from 14 to 62 days after sowing; ¢, removing hills containing diseased
plants, seed dressing, and spraying with a 10 days interval from 44 to 80
days after sowing; d, removing hills containing diseased plant at 20 and
27, seed dressing, and 3 sequence hills including diseased plant at 34 and

41 days; and, f, did nothing
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5. HEEY &R PH O B E

R RIS L OVE O L O B R A B D R O i Tk & IR
BRTIE, EEBMIL - TCZREBELEEZIMHE T2 L AHNETH
LEEZONTL., BRFEKEGZEK 3 KTIEA+9 TH o7 (Fig.
6-7, Fig.6-9) 72, XV JAHIZHEWM D Z LI X - T, BIGWNITH
TR BEWHRERESERLRWFEREZREFT L 2.

1) BMW
BIRENAECT-BIC, XEBRICI> THERBREEL TR
WS EEEBH S M T 5.

2) ik

BRI 2010 4RI BN ERIGWNE S 2B W TIT - 72,
THERELE ‘LwEV ICECP: WAH~YA VY - FUT A
Bl (25% + 3%+ 47%, a4 “BMRAXT7T—HAI 7)) 2T E
BEOO03%ELZFEFHMAL,6 H2HICIKSHZD 21 m? [ZHFF L 7=.
Sl FE R K FO Al (40%, Bdm4 C RA Y AR K—DF’ )500 f5iRICES
Al (FsA 77 287, 10000 F5) 2N L, HEFE#“ O 6 H 13 H
o 7 BT SEXERMA L. 6 429 80 3[EHO#A %I
BREX P RICHMORBRE TRBLE ‘LyvEL’ 2 IEKBHEL, B
6 H#%ED 7 H 5 BICBEEKRD K LR T, BRFEE & T RIE
DHIBESR 5 KEGF 2l kzhk&E -7, TOFEHRO 7 H 6 HIZH
KA O 4B BOHMMEFIEB L., 51, 7THI3HO S HEBEEHD
AR bR EZRELLL. RBEOLE LT ol B 2 3 XX
BLE., KNOFEHRNAERREAICBZ L, 7H 20 8 (&&Emh 7
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H#%) CE2KRIZOWTHEMOAFELH A L.

3) iR

AR ORELEKRBE LOREBKOIAERD % Fig. 6-11 IZ- L
7.

Qi 2 ho & Lic 21 BRERE D, #BER KFn Al 2 oA L7z
BB, IREWM-LJAHOKIZER PR b, BRI Z K& B
S TR AT H KT A Z2 5eAn Lle s, & 6% O F W B Iz 72 F8 W R 0
ZHFEEL, REBAMTHEZOBHKEIL S57.6%E 8o 7.

4) B %2

W Z L e LB AESL 5 KREF 21 Kotk Tik, =
RGN LR BIWOEBRAZ LT 5123 A0 Tho7z. H)
HaeRBOIRRTTTICHEWMY AR OKRICEGE L TLELD L
HZEIhD.
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6. HEFE WG FERE - ORI & ARG U X 7RIS & D e A
E

INETCORRICLY, 7TAFEFEMERIIEELLKTHY,
5N BRI N FEET 256, KO RBRFETH D& HEA
OXERMAIL, KEYPHMEZBEBCTITI ZLITLD, KO KEFRE
C—EDOHMRBHDLEEZLNDN, BFHKOKRELMHAZAEDET
b, KWOBLZHET 52 LI THRETHY, G FE
TlHhweEBEBxbnh., —F, ABE 2T LIcLo TKH
HWORBREZERSIMADZIENARBTOHL I L 2R RBETLHBLH D,
AKFOXFRELT, e FEELZOFNHAPEHORFERETH D
CHIWI L., 2T, EBEABSGEREAERAL, o, KFHOR
BRERLDBNDOH LG OREES L Z Rz Y X7 BERWAE
PERBEIC X DEE2TE FAEDO RN 2 EFEL -,

1) BHY

TAXOFEER, REBERSLOCETAVRBRBESRICEB VT, T XX
XEMEROBBAMBMGERFOFAB L REBERD Y X7 K
XD, TAXEBMEBARELRVBEEFAENATRETH D
L EBREAETD.

2) Fik

ARUBR T 2011 AFICIEMBESEBIITNICRE S W2 BME A2 A ET D 72
HDOFFERTESER IO EAEET DO ORERE 2 BB
TAT o 7o, 72k, BT 1970 FRLARE T X 2200 M B R 0 38 4
FEEN ARV THICHET DR Vo) AEY v ¥ — THE
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ShERFEEAMB SN TS, —F, 5L U5 ICIEAR
DFRAELEOE N FHHGTEOCFREMA I TWD . 2k, EBE
HTNICB T 2REEBS LORBEBEOXEICEHL T, MHCRET 2
TENEREIND —BKBELGPORBEESNAN TV Z EREMHFLEEINT
WAL A O EIL Table 6-3 I/ r L7l ThHhD. &L X
OV R B, BhBR, Z o EMITREIEITE Lo, HEFEMURK,
A2 MM T 6 BIEGHNERIZOWVWTREKROAFELFEL 2.
F7, 8A3ZHICHMBBOWME ‘AL ITBWT, TXXX
ERHEBORBENBDO OGN, 8H 4 HIZHEWBKE F.OIZ
m M5O &R E B Y (Fig. 6-12), K& B - =48 ORIz oW T,
INHEERTE T, MEAFOBBARILZME L. b1, hExlto
RO B b AMICNALE T D Fig. 6-13 128 L7= 10 K%Z 1 BR3° >
1/5000 a 7 7 p VR MICBE L, BJIERGN THRIEOF EIZD
WTRBABE L. MAT,8H 10 HBELUIA 1 HIZHMBESLIZ
T o EE CTHRE SR TV EE ThArya v X, BIWY,
9H 1 HICHBSOMLE ‘E7AFA” LRA—OFRBEHEREL LI
MG L H MG ICHEEREAR CCMET D T B (—KES)
O CELEAFEALATONT, EREAEKRITH L TARFE O R AR W
AL 2.

SHlc, EFARBRES E LT, EINEREND 10a 0B HIZA
WORALEO R WHFEM G THRESAZME ‘=) £ 3 v X7
ZS5H3IHICHEBELEZ. ok, FEMICT 77 2V HBLUORRKRE
WX DE R REEMIC, FTA NS AT T 7LD
FTBHRLHB IR TV 7 LMAICL BB KLBEEZITS. T X
FRFMEIN 2 G L L BBRIZIT T, BT B

205



AT I BORITo. EREFRICHFRE»DINELY £ T 1
W [E] FH] B T RF 10 Bl AR L 2 A L 72

3) il F

JR R F5 KL OVER B[ 12 B 1 D EAER B AE R & Table 6-4 12, LI 2
R WNIZEB T 2 E T Vi BURS R & Table 6-5 (277 L 72

LB ANOREBB L ORMEBZHE LA, 8 43 HIZ H
OB ‘XA FA ITBWT, BT D 2O RKROREE
W= (Fig. 6-14a, b). EIHKIZ IOGEETAHERELTEBY, F 2 A
DFRFNR LI L <, KRMEEILBE %k L Tz (Fig. 6-14c¢). [ 1%
X5 1 RBER L OV 3 ARYE (HIH), 555 AHE (BEH~BER), F 4K
TS OIEICH L7, 5 6 REXLY EMEICEKBITRD S
nNighodz., i, WEEIC KRB AR OFENR DT NICRD 6
T, EEZ O AER ICTHBEIIRD b o> 7= (Fig. 6-144d).
F70, BT 5 Yahn v a v X HEBB X OR - OFREFE
SNTCAEEZ 1O "TlAFEA, BHPIRBOOLNTEESE H O
XA FEA BEPOMEERZHATRI D WICAET 54
EEIJBSGO —BAEED ‘EAFEAL BHBIZBWTHARFEOIRAE
DO Lo T,

—J, oMok - FEE 8 MY, LV, LINBERGENOET
NVEBBEGICBEWTABORAETRD N0 - T,

o, KFE2BHEA LR HEBES I, RXIU) L (Fig. 6-12) LA
e, KB ORENRDONT, REMY HAR Y MTBM LK (Fig.
6-13) ICHLEBWITROON o7z (T — X EL).
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AKROFENME OO HBESOME ‘EAFEA ITO0V
T, BAREORBEIEDM Lo L, B, WAEIIEKIE
LTBY, HIEETORBOFBIZE» TIERZWD, FIAEEICH
BERRBO Nl , 6 H2TH®H 7H 27T HETO®E 3
BIOFERICBHEPBOLNR T2 D, BT EEEICEDHE
WORREMEIImMO TRWEEx N, SH1IC, FEFHO &
AFEAL BGBEFA—my hOEFRAFEEIALIBEGICEWTHAR
WORAENBDOONR P22 b LA RO AREENE W Z
EREMTEND. F, BBREIPOLOMEIY FAEORRE, 4 H
KRB ROONTEAEEZHOBGZICEWTHEEIZARFP AL Z
ERBEh oD, HBREAZBLOBRFEESBRRE 2o
AREME bRV, Led o T, KABEFEFITEFOEELN L —K
BRTIERL, BHEAPLORPALZR EICK D ZREREIZ L D%
WCThdEHERINZ., L, EHETLI7 AFHEHICE WV TAR
DFRAETRLS, £, RETHETIBEGUNMCEMICY XXES
TEN o727, REHICEBITOI2BERFEOREIZITIEL 2o Tz,
AREFN ZRKEBERICELIDIEHRCTCHDL ERET D&, WERMELZ T X
FICHEEM T D & RIBHD O AT 2R OZEOKZ MR &M
Wohod (T—X7eL) 72, FH 2 RENRLREH»D 52 EMHRIC
B LeEtEEXOND.

—F, ToMmoJE - wEB SEY, BLO, RINERGNDOET
NHABRBEGICEB W TARBROBENRBED NPT b, M
AEGEREFORM, BIY, —RESHOREET D52 E D k5
LUVR7OERBICEIVREEEFEERAR THLDL I ENEIEINT.
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Fo, KWEPBELEAEE HO ‘EAFA ELICBWT,
WEBMSTZHEOH DB X EEWM S ZHRICOVWTRFELRD b
MmoloZ b, BAMRE, BN, BHHEKZPOLIZ 4-5m N
HOHMOMAEKETRSD 2 &0, “REBERICEDHLZ2FEROIE
HEHThdEEZLNT.
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Fig. 6-12 Picture of farmer H’s field after removing adzuki bean plants

cv. Kita-roman around diseased plants
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Fig. 6-13 An extent of removed plants around bacterial stem rot diseased

plants in farmer H’s field

X indicates diseased plant exhibiting symptoms of bacterial stem rot of
adzuki bean. @ indicates the hill of the plant to locate inside the
boundary of an extent of removed plant, and to be transplanted in

Wagner’s pot. O indicates the hill of the plant not to be transplanted in

Wagner’s pot
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Table 6-5 Results of investigation of bacterial stem rot of adzuki bean
(BSRA) in the field, which certified seeds produced in Tokachi region

were sown, in Kamikawa Agricultural Experiment Station in 2011

The numbers of
Date plants exhibiting
symptoms of BSRA

June 22 0
June 30

July 8

July 15

July 23
August 1
August 8
August 15
August 23
September 5

S O O O o oo o o
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201183

Fig. 6-14 Symptoms of bacterial stem rot of adzuki bean observed on cv.
Kita-roman in farmer H’s field. a Wilt and necrosis of leaflet on finding.
b Reddish-brown spot on leaflet on finding. ¢ Necrotic lesions on second
leaves. d No symptom at the node of primary leaf. Arrow indicates

reddish-brown lesion on hypocotyl
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B1E OREEE

TR XK E L, 1971 AF I AVl E R T o K H s U TR
AN THER SN (8 5 1973, Tanii and Baba 1979). A J5 X
e AR KOV, A, HIRM G THIAEL, F 1974 £
evEEE S LR AENEBE SN (B D 1973, Tanii and Baba
1979). T D%, 1987 £ £ Tk L TRAEXNTEHE I N TE Y (deifEE

R - dbvEE ST P e R BR Y 1988) , F O 1981 4 (dbiEiE T
R BRG A RW - doiEE B R W R - bV IE & E B R
T 1982) #BRWTCHIN > TREN 2o T2,
TAXXEAME R ORI M E X, Tanii and Baba (1979) 2%
“Pseudomonas adzukicola” & 4 L=t ® O, FE M &4 5K
L0 1980 FUB LTI ORMKAZ LD, o "HAEYHA R
#k (2021 4F 9 AR (H AWM HE S  2021) TliX, Pseudomonas
sp.& SNTWDH. £ 2T, 2000 FERITH 72T X% X8 M IH D i R
MEICOWT, MEFHEE, BEMOMEEICET 25 M2 E 1T
Uy, RE R AR X, LOPAT #Bh i X Y 16StDNA, gyrB, rpoD O
B H B P osyringae FEME 2@ T 5 &£ B 2 5 1, Inoue and
Takikawa (2006) @ hrp group IA IZ M S 7= (RIS S 2011) . ##
HEHMHEECE T 2RI ANy 2 - 7 HE T
(gapl B X O gltd, gyrB, rpoD) D FEELH Z W 7= R BT > 6
AFFEME L, ¥4 XS MEHROBREME TH D P savastanoi pv.
glycinea LD Tiifg THH EEZEZ NN, WHRMEDOERL IO
rep-PCRICEX 2B RAER, ~HMORFFOMMAMEDAZRIZLD,
Gardan et al. (1999) @ P. syringae Ff# E genomospecies 2 |Z B 5

%A B D 727> T P.savastanoi pv. glycinea & 73 5 ML U 7= /3 FA#E C

215



b5 L HEER ST, genomospecies2 ICFTE T A MEDF4 D 5 H P
amygdali \ZHE LN H D &, X BHIZ, P savastanoi O %4 O K
B2 s, 7TAXXEMER O RME % Pseudomonas amygdali
(syn. P. savastanoi) pv. adzukicola pv.nov. & L. LT DLV H
W ICE o 12,

T ARG ME R IL, BEE O (Tanii and Baba 1979) 38 X VK
WENPLREFABEEOHRETHDL L ITHAETHD. FICTEGAND
BIFRNR A BB YRIR E 72> T, “WEBERICL Y AM» S IEHICE
L, HRARABIRKEEICESL ZLRHLNE R, HRAKREZ
FIRET D72, BEACLDBBRIT—-EOHENS D EEZ DI
H—J7, RFHRFELEL W VWHI CAEINT-EA 2 AV
TIX, MEIED TEL, 2o, TORBLEETIRBRK 50
MOPRARRIZEDREIF ThoT EHELEINT. VXL, WHE
ZHER SN TR WERRE %2 v iuid, K% o5 IR %2 58 412 Bk,
HOHVIE,BEAPEERLZELTH, BENICERREMAFEL,
SRS EEAIC L DX ERMAEITO K0 IE, BHEIRS, RED
CHLHFBAEEMCLMOD TCAMTHDLZ EBRTFHINE., LR
T, ABROFFEL LT, BHREFOMBILEATH Y, 14 KEH

IR OREMEFOAEEITARIEEMBICENTE Mm@ L 2o
7.

AU TAFICBT A2 BRMEOMERE CH ST X X185
WRIL, BREEREMo-EERS I OZ 0 1 HM%OXERAIC
KO BRI LD, B AeENIME S, e A4 PE D A §e
ThHZENTREINTWD (dbiE TP RBERARE Y — B
M AR BEA 2009). —F, TAFEBEMERICOWVTIE, KFE

216



Mo, EEMNHMPLOXEBRMBLIORERRKOK T IT X - T,
WERBPIIHETELIL00, “WIRPEICE DH - 2RE 21T

HZEIFREET, MENBXOCITBEICRERERNFET DHE, o
M AEIIRAETH D EHBr Sz, KxHio, BRFEIEY, &
bbb, IR R S K D15 Y o0 R EE M 2SR 6O TR U 3 AR [ pE
TaHV, HOIZEABMSGHNES, MEIALIZKLDBWRRED R
B A7 DEWAERERE T 272 61E, KFHILT XAF4PE RIT L
A EMBEIZ 6T, et FAEENARTHDL I &, EBITHOD
TAXRE - REBGB L ENERGANOE T LVEERIC W TESE
S, 7o, BREZROTLLEBIZBNTY, BREKELZFTLIZ45m
W OERERSLPICIRERD Z L ICE - T, ZREBYEIZEDH -7
EIRBROONRNoT. ZOZ b, FIFHHEORE WO MK
RHERET 272020, BEEEPFLELE 4-5m WU O#HEO
ek EENARTHDLIEEZDNTZ.

TR, 2001 FF X EBIT O T R CoOFREB L X OBEMEBICE W T L
MOFEFLUANADORIFEOREIREKVICHERILT, Zh b0 T
TR R AEE IR b EHREISND. LL, BT OFEY
RORER) A7 FEE TR W LD, AP TNk |
D OEHFBLBRNP AR TH L. £z, EOL 0O W HRGEIE & 7
DZDHDMWAHTHDLD, BEBMGHICELELEHERAXT XX, BX

J

O, HEPICEAFALERFEENCREE R EPBEIND 2
Emb, MECERAELLEBEBIZBIT DM FAEITET LS ZENEE
LW, &6, THICBT2MOMERT L RRICEMEE (ANPR
WHZ2E) 20 LT T2 LbBEShLILY, BERDORG
BLOEERRLEICHETOLERD D.
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R CHER L7 A BTN O FE 7 AR PE W 1L, BUTE R L R BE T
HIENMEEEINL TSR, BEICHETAEBRLICE W TARR
DEAENBAINDIELDY, KFOFEAEIZIVFERICARGK LR
STHEPNELEZZ E2BEBE»PLOBMETMVAE CH. £z,
JRAEE L/ EE Ch D7D, WEREBE 4-5m) 2R T THRES
NHH|ENLZ V. AFFRICE WV TIX, ZEBAMAICL D% £ L
o TR, K Tm OB CRPALIZEIDEWRNAEL D HEFNH
o, RORBIZKDEIFRNPEEL 250 IENS OBEREIZHL 2
TRWR, BEOREFAEBERICBTIRAEARNEEZET L L, K
FEITREBEND GRBEL CRETOILERNDHD LEIOND.

Eo, MIFEORPFEL XL ORKKEE 0%DEEK, bbb, SEE
WMOEEH RO+ TH, BEICITEA R LHEREINDEHN
ROLATE. ZOZEnb, RFICEBNTH, £ 7w ANt
W (IS 1975) ERARICERBEBICEIVREMEZRE TS
EWMmEmEn. MERVFAEORRE, 2009 F AT LwE
D ORFEE 4EGO D 3G TARBOFEANED BT, FEPK
TR ER L, BRI, RE L2 2009 4F
ARTE “LwwE 0’ ETICEALEONEINT, KT ORRIC
BWTH A BRICIODBERIAEALLLEHEIND.

LLbED Z & aEE 2, 7 R %36 M 3 A Uk o R 7 AR PE [
BT AEAXF—LEEZRL L (Fig. 7). Tbb, %
(A D FE A o HE R B S 2 R E L, DH o — Rl 5 0 5 O RO
AL DRIFRED KRB Y A7 ZKBT 5. X 52, JFHEIMHE
TERFEE 2O bR 2. s Y K D R O Al B O K U 58
ABGERE ARV, SOICETOBHEREYIET D20, A7
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WAL, ERNIS, BREEDTLIC4Sm U FOKEZHR SR, #
LA BH L, WEUICLS TS, INHEE TIZ, EBR oK
P 722 B E A ETIIHREREE L, BHIABOLNDIL AT,
e L THWDLIRE TR,
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HZEEWMMIADHTHD (EHDL 1966) 2, hHFELEMT 5 Z & 1X
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—RESG B W THEFERBNME S, B oFGRBE X ORI
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IR OB ENRBITIR T L, KWPT XX AE LOHEZERKT
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Abstract

1. The isolates, which were obtained from the plants exhibiting bacterial
stem rot of adzuki bean (BSRA) in the 2000s, were compared with related
Pseudomonas spp. The BSRA isolates artificially caused symptoms on
adzuki bean, cowpea, hyacinth bean, and kidney bean. Pseudomonas
savastanoi pv. glycinea did not affect adzuki bean, whereas P. savastanoi
pv. phaseolicola caused distinct symptoms on adzuki bean and had a
different host range from the BSRA isolates. According to their
bacteriological characteristics, the BSRA isolates were like P. savastanoi
pv. glycinea but differed in their utilization of DL-a-alanine and L-
histidine. Phylogenetic analyses based on four housekeeping genes
suggested that the BSRA isolates were closely genetically related to P.
savastanoi pv. glycinea, belonging to P. syringae genomospecies 2 and
hrp group IA. However, the results of rep-PCR distinguished the BSRA
isolates from P. savastanoi pv. glycinea and the other Pseudomonas spp.
These results suggest that the BSRA agent is an independent taxon among
genomospecies 2 bacteria and that the BSRA agent represents a new
pathovar. Because P. amygdali is the oldest legitimate name of the
genomospecies 2 bacteria, P. savastanoi should be treated as synonym of
P. amygdali. Therefore, the name P. amygdali (syn. P. savastanoi) pv.
adzukicola pv. nov. for the BSRA pathogen, as pathotype strain AZK-11

(SUPP2776, MAFF212478, ICMP24382), was proposed.

2. Typical BSRA symptoms: water-soaked reddish-brown lesions and
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necroses on leaves; dark greenish water-soaked lesions on stems and
immature pods; stem rot; stem breakage; and bacterial ooze on their
lesions; were observed in the infested fields. The other distinctive
symptoms: ‘nodding primary leaf’ in early stage; and ‘wedge-shaped
necrotic lesions’ and ‘flag like leaflet’ in later stage; were also
discovered. These symptoms are seemed to be signs when BSRA was
investigated, however, these were not described in the original paper. If
the infected seeds are sown, first BSRA symptom will be appeared at 7—
14 days after emergence. Lesions were observed on upper extending
leaves of adjacent plants to seed-borne diseased plant; these lesions were
seemed to be caused by secondary dissemination. Thereafter, diseased
plants severely increased from 30-50 days after sowing. Wind and rain
splash seems to promote secondary dissemination spreading, but low
temperature seems to inhibit. It was revealed that the adzuki bean
seedlings voluntarily developed from seeds remained in the soil in the
fields which 1 or 2 years had passed since BSRA disease occurred were
source of infection, because the BSRA symptoms were appeared on them.
Moreover, it was suggested that BSRA was also soil-borne disease in

which BSRA pathogen cell or BSRA plant residue in soil involved.

3. Negative correlation between BSRA disease severity index on
stems/leaves and adzuki bean yield is significant (P < 0.05); the
correlation coefficients at the days near flowering period is maximum in
each trial. In most trials, BSRA disease severity index on stems/leaves

are significantly correlated with weights per pulse, the numbers of pods
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per hill, and rates of weight of imperfect pulse (P<0.05). From these
facts, it is inferred that affected adzuki bean plants were caused reduction
of the numbers of pods and suppression to ripen. In yield reduction rate,
clear difference was not appeared between adzuki bean cv. Erimo-shozu
and cv. Syumari, but was done among years. From the above, it is
estimated that BSRA will reduce adzuki bean yield more than 30-50% by,
if disease severity index reaches to more than 50 until near flowering
period. It was not significant difference (P=0.05) among adzuki bean
yield of each plant unit harvested based on the day reaching to second
grade degrees of disease severity on stems/leaves which lesions are easily
found on leaves and a small number of leaflets are dead. On the other
hand, the earlier water-soaked lesion or stem rot surrounds main stem,
namely BSRA symptom reach to fourth grade degree of disease severity
on stems and leaves, the smaller adzuki bean yield is. Especially, if the
BSRA symptom reached to fourth grade degree on stems/leaves before
flowering period, yield loss was the most severe. Because it is considered
to be more important for adzuki bean yield when symptom develops
severe than when disease occurs, it should be controlled to prevent BSRA
symptom from developing to four grade degree on stems/leaves in order
to avoid serious yield loss. When the infection sources exist around
healthy plants in appearance, it will be possible that the seeds sourced
from them were infected or contaminated with BSRA pathogen.
Alternatively, the healthy seeds produced in non-infected regions
developed seedlings not appearing BSRA symptoms by seed infection. It

is considered that the adzuki bean plants developed from healthy seeds
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grow free from BSRA symptoms for long time if BSRA disease does not
occur in the adjacent fields. Therefore, it is the conclusion for yield loss
by BSRA that it seems to be not trouble due to no or a little occurrence
of BSRA with sowing healthy seeds produced in the fields to be free from
BSRA and decreasing risks of secondary dissemination from around the

fields.

4. Seed dressing treatment used with, 3% (w/w) of seed weight, diazinon,
kasugamycin, and thiuram powder suppressed the BSRA occurrences by
seed infection, however, its effect was inadequate, and disease plants
remained as source of infection. It is possible that disease plants severely
increase by secondary dissemination. Foliage application sprayed with
each solution of kasugamycin and copper wettable powder diluted to 1000
times, copper granular wettable powder diluted to 500 times, or
dimethomorph and copper wettable powder diluted to 600 times
suppressed spreading by secondary dissemination, respectively. However,
it is considered to be difficult to completely suppress BSRA spreading,
if the BSRA diseased plants as infection sources exist in the fields. Seven
days interval application should be done in order to obtain a better effect
sprayed with solution of copper granular wettable powder diluted to 500
times. It seemed that any agricultural surfactants added to the copper
granular wettable powder solution diluted to 500 times did not heighten
a control effect against bacterial stem rot of adzuki bean. BSRA severity
was decreased by combination of control method against BSRA to dress

BSRA infected seeds with bactericide, to applicate bactericide for foliage,
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and to remove diseased plants treatment, but the appearance of new
diseased plants and increasing BSRA severity could not be suppressed
completely. Combination of foliage application with bactericide and
removal of twenty-one hills consisted of infection source and plant hills
around infection source also could not suppressed new disease plants
emerging. Therefore, it was concluded that healthy seed production and
its usage were the most effective to control of BSRA. It was demonstrated
that healthy seeds could be produced in the field to be sown with the
seeds produced in BSRA free fields and to be avoided from secondary
dissemination of BSRA. Additionally, it was proved that new diseased
plant was not appeared by removing adzuki bean plants within extent of
4-5 m around disease plant, even if diseased plants were discovered in
seed production fields. Based on these results, the healthy seed providing
scheme in seed production field located in BSRA affected area was

proposed.
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Table A2 Component of 5X Gitschier buffer used for rep-PCR

Component Volume Final concentration

1 M (NH,),SO, 16.6 ml 83 mM (NH,),SO,

1 M Tris-HCI (pH 8.8) 67 ml 335 mM Tris-HCI

1 M MgCl, 6.7 ml 33.5 mM MgCl,

1: 100 dilution of 0.5 M EDTA (pH 8.8) 1.3ml 33.5uMEDTA

14.4 M B-mercapto-ethanol 2.08 ml 150 mM B-mercapto-ethanol
Dnase free water 106 ml

(Total 200 ml )
Store at -20 °C in 1 ml aliquots
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