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Setsuo SERIZAWA**, Takeshi ICHIKAWA*** and Hiroshi SUZUKI" :
Epidemiology of Bacterial Canker of Kiwifruit.
5. Effect of Infection in Fall to Early Winter on the Disease
Development in Branches and Trunk after Winter

Abstract

Bacterial canker of kiwifruit caused by Pseudomonas syringae pv. actinidiae is a cyclic
disease in which a spring to early summer phase in leaves and other green tissues alternates
with a late winter to early spring phase in branches and trunk. A close association between the
number of diseased leaves on vines of kiwifruit cv. “Hayward” in spring and the severity of
disease development on those branches and trunk after winter was confirmed by investigation
in the field, although some exceptions to this trend were observed. The host resistant reaction
in fall to early winter to growth of the bacterium varied equally in spring to early summer when
the mean temperature per 10 days was approximately 20°C. When the temperature was higher
than 22°C, growth of the bacterium was abruptry inhibited by the appearance of wound-healing
tissue surrounding the infected area, and the bacterial population declined rapidly. A few
bacteria remained alive during the summer in diseased tissue. In many cases, however,
recurrence of the disease on these branches after winter was prevented by wound-healing tissue
surrounding the affected parts. Formation of wound-healing tissue on the affected parts gradu-
ally ceased when the temperature dropped gradually from 22 to 20°C. No healing of the affected
tissue was observed after the temperature dropped to 15°C or below. When pieces of absorbent
cotton saturated with bacterial suspensions were applied to the axillary buds and lenticells on
branches from summer to winter, disease development in these specimens did not occur in the
following early spring. The branches were attacked through damaged areas by bacteria
dispersed from lesions formed in the spring on leaves from fall to early winter. The bacterium
was latent in the cortex tissue of the branches, and grew and moved in the tissue from winter
to early spring. It was clarified from the above results that the disease development in branches
and trunk which appeard in late winter to early spring depends primarily on the degree of
infection in fall to early winter.

(Received April 5, 1993)
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FUATN—=Y WL SFIRIEKBE~HEH L E
F~PIE L D 2SS LN, BIEEE TIHRBRAK
BEQOFH L BEOHRLEH L ORFOBEM L5 &
NTER, RFERES~WECRFE L%, ENCHE
FEED SN TWLRWY 38, FECBRRIC I 28
ZBOFEEOBRED 2, FEORUNNEEEIES
WETULKECEUVEET 29 2k, BXUKTIH
WZATBERE L 1256 W IR AMER I 2B REBR O
A SNV Z X Eh SIRFME O RBREEBAN T
OBE, BL, BIUKBWCBERTIILNRBEA
720 RIER, FHOMEBEBICBY 2 BFRIEICD
LD BHEAEBIC BT AREMEOEES L UK
~HIEDBRF IOV THER L, B~
| BUAEPBRORRERERF LD TH S,

e L URE

BER 1984 EXBEMARTY VA 70— (&
fE . ~AT—F) OBFRRD 528 L7z Pseudomonas
syvingae pv. actinidiae (B BREBRBSREEE
B-1) 2L, B EFEUAETHES L UBRL
72 4.1X10°~5.4X 10" CFU/ml DB # L EF & L
2o

HEEE SMEZ O 3FEEANA V-V EBLUESED
5~9 AR R HEAL 2.

EREAE NEEREIZ, L ERELURWIRD AR
$TIRLD 1 AFRERIL, IEBREOEKIZEL
7X 7 mm OBFEME % FRER W AE T L Tz, ISR,
B U< 10x15 mm ORHERE % B3 & & UK B 2 HE
T BROEREICHT LTz, BHEHET VI =y AET
Bo1HEEECR- T,

REMEOIE T2y IV ) 2Hv, BEER
LR OERET I lem OE I CHRTID i
L, &5 RERNICELBEIN3cm ETlcmERT
BRI D 2 L7z SRS 2~3 EERIC RA TV BB A
1%, FIRROMREZMOCHI V-T2 2RO DOHH
0%y /) — VB, (R\T0.5%KREEER S b
U AW CRERE LBEATHRSE, 10 ml O
BATTHBEBEER L, ZOEREI0u 22
VI—VEERRAVI Y AYNVE2 pg/ml FINR T b
Ve R 70— AFERFARBEHY B HIEEL, Ju=—
PR L THIE S 2 R 7 ST 10°4,10%, 1007,
BXU0 (MHEEBEARLUT) K4RFLIRRLTZ,

EFOELBELBOBS LS UREDRBOBEM

BENEE (AT, BERLEYT) 030ad~f7—F
B 86 2R L7, XX 846 27 H, KB &
VBI85 FE4H IR, FA—BicowTZhZnT
HOREE LV RFEELPHE L, EEORKFEE
(B OW L 81) 2 BREOSH) | AL 2FKs
£, B! &R0 1/2 546, C: —HOBEHICEFTS
fi, BLUD: RESBEKRED SND, KB L UBOD
RREE (HROBHSED > N3RS L UE»S
ODRI[OERBRCIZ2BTORERRBORHE EA
B s +++ 1B B, ++ 1 4~10,+ 1 1~3, B &
U= 10,

EREEB ST 2 REMENET & ABRABT
ALEED 2V EARARREI L BRI, K
FHE DS BERIT> 12,

M O4AF | AT (UUT, Bk Ligd) T,
SRR 2 208, BBEO~NAV—F, TNv—/, EVT
ABLIUVYF 27 OEREE 2T OHE L85 F
NHIIHEBEIAIHIE, 1BY)HET TR
1~2 &K, BBORRETIE 5~10 &0 1 48 (BE
L7z&EL, BR) wfHEBEEL 7z, s OEEI
BARE T N7 AR TITW 86 4F 2~3 BICE B OB
LD FReERE, 4B 1 BCEHERN TR LT,
M OBE ORHANZE (L 2 BHRE T 5720, 5 5, 8
ABIU L2 A0S TAEEBERBEOZhZh5ED
SRR R 1672, MBoSRETIE5 A, 6 AB &
CRBEOETARKIGEY Y 2~6KXF > A
12~20 ZOBRR I L 72,

B OB AITEAT | B TS 2 10 BHiER L,
864F 4 B 22 Hie ZHBOERROER 1 Ko fHEEE
Uiz, EROEHI &Y FEEERBEMCREL,
12 B 25 HiZ 5 RO 2 FEfERICERIN L 72, %72, BiED
MEDOEFE) LRI~ TV—F, 7N—/BIU~F
27 EWBORBEOANA T—F, T— BHHAL,
BRBRIC LV BRL-ENE B TCIX12A25HE
KL b 3XRTO, BEHTIRSTELA 14 Bzl
EEDLE TS ARFR Lz, 1 4R BER) K> T
2, HOANA V— FET,87E1 B 14 Hic 2825
AHE DA BB ORI % 5 AR L, Al W04
) O 12 ATAOSHMRER L &b e TR L7,

MENBREBRTOBLELLSTSRIANELE &
BOBET, FTE MEOHBRNET) tRUELE
1R OMR LIz, 786 4 2~3 AT FER L BER
X% 3H30BE, A~5BEBRLICER228% 7
B 10 Hic® T, 8742 B 1 H~4 B 10 Bz HiEDR
REER BT 2EBOFH - cBHOEEZHEL
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120 &7z, BT 4 3~4 RHEHEDO~A 7 — FET, #IE
#* R

DRI B 2#7 ek 28, AEL

BHNEREORBOBRH L BLEORFER Bk
DOEBT, ~ATI—F, IVv—BIUOEVT 4 D&
R 1~2 8O L7, 844ET7 H 16 A~'85 4
2B 13HIC8 HEkkEHEH 1E, 17~58 ROFEK DK
FE T AHMEERE L 72, FRFI 25~55 A FTOEZES &
ORI EEEETo72. 85 F1H1I6HKK 12 A %
TRAMBER LR 3RTOHL, 21V VT
KERPGE L, KEEB*ARTEE, AZT2
CRBRICT B E 9 ACERELULEOBETM> S RE
WEOSBERT- 1o, BERKORFE, 2A1H~3A
20 HICHPE & AR AR L 12,

B SR H T aHE L UBROBRE B i
DA T —NET, BRLEEELSHEEDOS>NS 3
R FNPNBCELEE LTOREERET L,
NoOOWTIWZ, B2 AR T 20582 10 K35
YRS CHBRLULHER2E S, —EHRRE%R
VIBRID B 2 7z ORI, Bl T 874
9H1HA~10H16H, I0H16A~11A6H, 1186
H~I12EB10H ¥ X U''88&E1H11H~3H28A &
L, BEETIRIA29H~10 831 H, 10 A 31 B~12
A1H, 2A1A~88EIALRABSLIUV1IAI2H
~3H2 AL, BREXED ~16 8 E2HRL, FE
OB OMRBRBSN I b 28BS HEBL
720 FROBESROMAKRIITKENET (EHTESR
) 2 HWHEL:, [BIR, RSHENEEES (£
ESHEEE8  AURORA-90-ID) 2 AW '87&# 12 H 1 H
75 885 11 A 30 HE THIE L 7z, SABRHARIF D '87
£9H1H~11 A 30 BOFHKE I, 88 £ R
B HEE EHOAFHRBEOLE D L2 87 F
DR DBE, SHEEBERD T, BHEAHICBITS
B oOFREIZ 88 E 2 B 1 H~3 A 30 HICHE & [k
FELI,

Table 1.
following early spring

EF0ELHEXBEORB L UR L ORBORBE
BEOFRFEREDE L W TRIBLRCEPHICD
BERIZFHREN A SN, WREAO SRR I EE 2B
Stz ys, HTFLE—HLRWEELALSNL
(Table1),

BRI 5 2 REME D& & HBABIT
B DL | BT OREME O HESE % Table
2WR L7, BRI LB L OBERTCIIR/EED
BEAR L ZIZABOBESHERE PEVWIZAYHEAT
Ao, FEOBICHEMEA L, REMEII,
EBARE G N Y ANIZB W EHOBRR L S bl
Te MBI DEE L 7 B UBEKIEITET L2, $hfE T
X 12 ATFAI 60% D THBES Nz, BHOERAT
F17% L&D o 7208, 2R 18 ROWEEK D > B
R[S 2~3 AR E THER LI 0 RDHT, 3T
HELBRE SN ok 2 L2 X B, fREME I 5~8
RIS B> & DA EES WY, 12 ATAIR
IhEET 24ENcBeERB» > bABS
726

M OREARANFEAT © BBk & P CHRER U 7o R T
OFRFEME OSSR % Table 3127 LTz, MBS
FHf» o DRI N AK, EREER» SEEN S
ONTHEEENERS 2R EET T 2 HE08ED
o, MEOEFETMS S CBEER—RTE b7
B3, R S 2~3 cm BN T2 38R T lE R A
IR B 1, &S 10° CRU/10 ]l OBETH
272,

HENBER TOBLRIIS I3 BRNHER
BEROBHIZ 2 B 14 BRBIZERD S h, WK% 72
WHER LB EETH -7 (Tabled), FHHEDEFH
B35 TIE, BB & U 1~3 EERORIED BRI D 5
Wi Z OABER/OFHER 2R TEES £ VK86

Relation between disease severity on spring leaves and on branches and trunk of vines in the

Disease severity on leaves®

Disease severity® and no. of correspsonding vines (%)

No. of vines

and no. of corresponding vines — + ++ +++. diseased (%)
Whole area 23 2(9 3(13) 7(30) 11(48) 21(91)
Half area 14 1N 1(n 7(50) 5(36) 13(93)
Some canes 26 14(54) 6(23) 4(15) 2( 8) 12(46)
Few leaves 23 19(83) 3(13) 0( 0 1( 4) 4(17)

a) Distribution of the diseased leaves over pergolas in June, 1984. b) Data were taken in April, 1985. Disease severity
of each vine was assigned to one of 4 categories based on the number of branches which exhibited exudation of
bacterial ooze; ++ +: more than 11, ++: 4 to 10, +: 1 to 3, and —: 0.
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Table 2. Survival of the bacterium in the diseased tissue of 1-year-old shoots which exhibited exudation of
bacterial ooze from late winter to early spring

Date of No. of shoot. Bacterial population (CFU/10 x1)® o of sh
Plant tested isolation ) 0.0 .S oots and no. of corresponding shoots /’_O shoots
investigated isolated
(1986) 0» 100! 102 1034
May 25-30 10 0 0 0 10 100
Young vine Aug. 20-25 10 2 6 2 0 80
Dec. 28 10 4 5 1 0 60
May 25-30 20 0 0 0 20 100
Mature vine Jun. 25-30 12 0 7 4 1 100
Dec. 20-25 18 15 0 3 0 17

Wound-inoculation® (inoculum: 2.8~2.9%x107 CFU/ml) was done to 1-year-old shoots in November, 1985 and in
March, 1986. Inoculated sites were kept moist overnight by covering of aluminium foil. Reisolation of the bacterium
was done from diseased tissue and the surrounding healthy tissue. The shoots were cut into pieces 1 cm long from
border of diseased tissues until 3 cm with a sterile razor. Each piece was surface-sterilized with 709 ethanol and
0.5% sodium hypochlorite, and homogenized in 10 ml of sterile distilled water. 10 1 of the suspension were applied
to plates of peptone-sucrose-agar, and incubated for 24 hr at 25°C. Colonies which appeared on the plates were
counted. In May to August, the bacterium was not isolated in pieces 2 and 3 cm distant from the border of diseased
tissues. Table shows the results of first 1 cm long. a) Population of the bacterium in each piece. b) Lower than

detectable population by this technique.

Table 3. Movement of the bacterium from diseased tissue to healthy tissue in shoots®

Distance from border of diseased tissues (cm) Total no.
Age of shoots NO' Of.ShOOtS and no. of shoots isolated (%) of shoots
investigated .
1 2 3 isolated (%)
One-year- 33 5 2 5 12
old shoot (15.2) (6.1) (15.2) (36.4)
Spring 22 5 3 8 16
shoot (22.7) (13.6) (36.4) (72.7)

a) Shoots which had been developed the disease in late winter to spring and in spring, 1986, respectively. Isolation
of the bacterium was done in December, 1986 and in January, 1987 in the same way as in Table 2.

B OBRENEEZ AN (Plate I -1~4),
ErHRERE O ERBORB L BEX B ORKBE
HREWI P OAEYTE R Table 512, BERMAEO

BEHRRIERER IC B 1T 2 1 APAOREROBREER %

Plate I -5,6 12 R U720 7 A5 10 Bic b0 TR

'L % B IZDON, EESI BB BRREROER,

BRSO BB OBIROFE, B L URREK

BROZAEEBEORHPIERRD SN2, TH, 98

DERER T b BESHEED S REHE s h

28, MEEEE ZhEh 100, 10°-2 CFU/10 xl X 1&

ol 11 R OBER CREZEO AR OERIIFREE

HRBR, % DRI D KB L I BRI

L, BEOE FTOEAB EEERICERL TW3E

EME OFESRD e, 7o, EBO KT 12

B 7 BLKE, SETALOKEB L UEOELH» S H

MM L7z, 12 BOEEKTY 11 BOEERK LR

MOEBOZEESED SN, K% 15°C DEE T THE
BEICIRD & 1~3 BRI BB DR L 2. BE ORI
i, BEEELLETRED s ol, [TEERE
U7z i 9 HRARE 11 B & CHEEREISEL k21
DN THRENIEREEL D (Table6), #DEoERE
HHEEHEERCFKB LY, 2ARERLLET
137 LIBNIC LERPRE T A58 0 & iz,

Mo ML 281 s L UBomR

BROH T B 72 8t O Fafikit & Table 712
mUTz, RIRDBIESFET 2 PG TIIETBRIC LE_RR
BEE»o fod, HEE L b IZIRE CRBHOMREE
RS 5Nz, HBREL B0 ESRE
(Table 5 : '87~88 £F) I3BIE TI¥ 20~8°C &, WHT
X 16~5C BT, 12 BN IR M D 7o MBS D
BARIEMCREL, ZOBREVZE TSR
B ozl
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Table 4. Recurrence of the disease in the following
spring on diseased shoots in the preceding

year
Age of No. of shoots No. of shoots
shoots investigated recurred (%)
One-year-
old shoot 10 4 Q10)
Spring 22 4 (18)

shoot

Mature vines of cv. “Hayward”, “Bruno” and “Monty”
in the field were used. Both shoots were marked on
March 30 and July 10 in 1986, respectively. Disease
development in both shoots had been observed from
February to March and from April to May in 1986,
respectively. a) Disease development were investigat-
ed by exudation of bacterial ooze from shoots from
February to April, 1987.

% -3

Pseudomonas syringae pv. actinidiae X 5 ¥ 7 4

TN—InE SR EREDOEBEIET WS Pseudo-

monas syringae < & R OEMRKR T, BFEED
FEIEHIE O FBRA RSN COME L EOFHIEY,
KE» SEXFTWX BT 2ERRELKE» S OBRY, B
X UREHIE N & B EBYU T B O RZ S EIRK H

SHRIKICBRA KB E B2 J EENREINTWVL S, D
WEIBIKDWTINS DHELAERET 2720, 27
BHOBES CEROE L BELBORRBORFEE R
I L7z b 23, WREEAOFIRTRE I I S o i B
HEHERD NIz, FRIC 2RI L Wil b EX
BRSED NI, BN TREORED S EWERET
EADFQOERBALNDL ZENSY, IO D
RIBREEBATCORBAROME L 8%, 8LV
BEELS ORI S B 5 WEEM 2 FE L,
ERICARRBIC L VRSN,

P75 U B 1 TR A D R RS & B U & OISR
TEFEL, TOEERERTELLIET LY, $
TEEE CRATA 1EER (BER) L EEO W Thyr s
bERCSEE NN L, BATIH 1FEEETO
DERBED T, ZOBEAELT, < OBEHE
SOFEEHPERICETEREL, IThoDRETIIH
BEE & OERICHERICHREBIER I NS 1D
FRBEOEFFESEC LD EEL SN 5, Ll
5, ARER T K ERBOERED 10 pl HOME %
HBELTWwALOEEEOHBRBH I LRV &
R, KT WERD & 5 RSP HIK
T3 e pREER D, BEPNCEEL T2 HIEIR

Table 5. The mean of temperature per 10 days
during the experiments

Temperature (°C)

Month 1984-1985 1987-1988
Field 1# Field 1¥  Field 29
Jul.  Mid. 27.0 — -
Late 274 — -
Aug. Early 28.3 — —
Mid. 279 — —
Late 26.6 — -
Sep. Early 25.9 25.9 20.7
Mid. 23.4 24.5 20.4
Late 22.4 21.6 16.7
Oct. Early 20.1 22.3 15.6
Mid. 19.2 20.3 13.5
Late 17.1 17.8 12.2
Nov. Early 15.7 15.8 10.7
Mid. 15.2 15.3 9.6
Late 11.3 13.3 7.8
Dec. Early 10.3 8.4 5.0
Mid. 10.8 10.0 5.8
Late 4.7 11.8 7.9
Jan. Early 5.1 9.5 5.6
Mid. 5.3 9.0 2.1
Late 4.7 8.5 2.2
Feb. Early 9.4 6.5 0.5
Mid. 6.3 5.4 —14
Late 4.9 7.7 —04
Mar. Early 10.5 7.5 2.0
Mid. 8.7 11.7 4.9
Late 11.5 11.0 24

a) Komagoe, Shimizu, Shizuoka Prefecture.

b) Nishiura, Numazu, Shizuoka Prefecture.
Temperature in Nishiura was observed from De-
cember 1, 1987 to November 30, 1988. The tempera-
ture in Nishiura from September to November,
1987 is the estimated values based on the ratio of
temperature in Nishiura to temperature in Koma-
goe in 1988.

SHEERNDTEER DD, ThbSERMEL—F
rEZLONDE, BE, Z0LI R TRBRNCES
DOFERNA 5z (Plate I-4) , EAHAB CIEEE T
BE U EE, PR8I 2 0EHERD S A TIER
A2 EBUEEL, BF FEU L EEEE
ERITLIEED 2 b D EHES NS,

Lo L 5E0COESGHRE T, BMEBRHE~H
FHICREBBECER LRI 10%E LIEXRTH -
T2 o B0 B C W RIS 22°C B E ORI
R D IR TR & Nz 28, 22°C 25 20C
FFEANDIE T IR Z DK IEHEL, 15°CHE» 5 &
S5IET T 2RI IR S e o 7z (Plate [-5),
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Table 6. Relation between the time of infection of spring shoots and disease development in the following

early spring

Wound-inoculation®

Plant tested

Cell density

9% of shoots

Date (CFU/ml) No. of shoots diseased”

1984  Jul. 16 5.4 X107 34 0

Sep. 13 4.6X107 55 11

Oct. 15 3.3x107 21 29

Mature vine Nov. 14 1.5x107 39 80
Dec. 24 1.7x107 14 86

1985  Jan. 9 2.0x107 37 89

Feb. 13 4.2x108 23 74

a) The shoots were inoculated at each time in the same way as in Table 2.
b) Data were taken from February to March, 1985 in the same way as in Table 4.

Table 7. Disease development in potted 3-year-old “Hayward” which were placed under the pergolas of

vines in the field

. The times of Rainfall No. of potted vines
Location . ;
inoculation Days (mm) Inoculated  Diseased (%)®

1987 Sep. 1to Oct. 16 4 29 8 0 (0

Komagoe, Oct. 16to Nov. 6 9 105 10 2 (20)
Shimizu Nov. 6 to Dec. 10 9 49 16 3 (19)
1988 Jan. 11 to Mar. 28 17 264 10 0 (0)

1987 Sep. 29 to Oct. 31 13 122 10 4 (40)

Nishiura, Oct. 31to Dec. 1 10 61 10 8 (80)
Numazu Dec. 1to Jan. 12 12 65 10 7 (70)
1988 Jan. 12 to Mar. 24 15 214 10 0 (0

Eight to 9-year-old “Hayward” had a large number of diseased leaves were used as a source of infection. Ten spring
shoots per potted vine were pruned to a suitable length to infect easily with disease. In both fields, defoliation on
vines occurred soon after the first frost in middle December. a) Data were taken from February to March in 1988

in the same way as in Table 4.

ERTH 20°C (HED» & T2 515 EEPLITHEE
HHBAERINBOZ L s, KEDSTELATIED
BT 9 2 B0 AREME ORI T 2 SO
MRISREE~FELERS TV D LEES N, 11
Aok i s RS D, NEORERERE
WEH LR O AEHK[E 1ISCTaEUTIEH 5
ZEERLTW 3, FHJEEROBFEOREDRER
R BHBROBERR EAET 2D TH o7, K
A THE ORSHIE P E LR O A
PHIEE N ZEZ, YRR T —RICASNEH
BTHD, W rFVY LI IR TCRPEEESEET
BEOWE CHIEI N, HEOMIENEB L CBTH
ERL I 298, EIEOFHORETIE NS O
s TR R D, BE, KA S H iz RH
DRI L 539, F 74 TN—Y OERHEBT YR

HEEZON, INRBELLBRE TORIOH:
RERPIIKORBEE LRI BRI E x5 —HE
HEaNnD, \

AR T B R DBZ LK S FILRITRRICE
22013, EHIR L2 5RAROH T e —EHRE
LHORREOERN S bVHSLTH S, Thbb,
AR 22°C B UL E ORI 3B % 1 B I3
Z oo lzhs, 200C B 5 DR DE T ICfw
BRYENEE 5 L BRI N, EE 300 m fIE
T2 EEOMEESE T3, BB AU E~FILDOK
RO 1 A AR ET LEROSERER K28 L W
BESAH SN, B IFIERE L, FEETIIFERBE
BEL, 21, KB ERB L 10 Bt~ 11~12 A0
B DIF S BLF L1203, ORI E DRI
REEFRABICEE DY, RERES L UBREOHBS
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BEL Kol bDEEREENS, 7Y MY OBART
12, BER~LEBRERRDIZNESROF O HE
PO BRBPT B EINDLYY, AROBE R LK
BANOEGEBTIRRL 2o/l L, GREFELR
IROBERCBM T B HIER L P72 Z

£, B & OEZERLRDE A O 7 BB I A SEm L,
TEERITEESNTWED Z s, RE~FIKIT
i, FEORE, S RECT 2ME I & - THOBRBYH
BI32bDLHERINS,

LUk, AREEHE I RRE RSN TRE LBL T 5
Z &, HRMEORIE TS 58 ERBOBETIRG T
BRULATHRE20C 2BrEtTsl L, 8L
BEBOBRBOFHK IIUE~FILOBERYPITAE
KET 22 L ENHs IR,

i =

Pseudomonas syvingae pv. actinidiae \Z £ % ¥ 7 A
TN—=Y &S FOBEBRI~HFRORPBICE
T ARRBERERN Lz, ERMBEOBS TRESRD

EDRIR L OFBF BB ST d, IThicH
HLzwElbb D, BEEHENTORBEMEDOBE
LB, B X UBRZUSOREADR R8O BRHHSRIE
B, FEMEOEE T 28 FABOERRIG
B BBLRAEISRIE 20C 28I kL, 2t b
SURDSE VBRI I3 IBIE O 00 I IR D
ahtc, [RIBOETEEL ZOBKHRL L,
D b IFCUTCRERENEho T, D
R, BEROBREEBNOREMEEE R L,
B S ICHIK DR & [ U < IR & D 25
DREFBKE LT N7z, BHRIF L & 2 R o
TREWETE, KES~ILX BRI OEERCE
RBEDAD 6Nz, BIFMOBEROEHORBEB LUV
BEERELIBEF L EE0 5 DBRBRRVWThIFRD S
NighoT: 2 s, HREE, BEI~%FERCED
FRHED S T 2 HEC X VERRET 2 b0 LHES
e BRYuts, FRIFHE I3 R BB I L, FIX~F
FICHTE L BN TORITHA bR,

3B X B
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Plate 1

1-4: Symptoms in the early spring of the year following the year in which the branches were infected with the
disease in the spring to early summer. 5-6: The conditions of surrounding cortex tissues at the inoculation sites
of spring shoots to which bacterial suspension was applied after being punctured with a sterile needle.
(January)

1. Drops of bacterial ooze produced at the circumference of the affected part (arrow) on spring shoot.

2. A drop of bacterial ooze produced at the border of a spring shoot which withered due to development of the
disease.

3-4. A symptom of recurrence of bacterial canker-dark red sap (arrow) exuded at the circumference of callus on
the affected part.

5. Left: Inoculation in November. No wound-healing tissue is observed, and cortex tissue has changed color to
dark reddish brown. Center: Inoculation in September. Inoculation site is surrounded by wound-healing tissue
(arrow). Right: Not inoculated. Healthy tissue.

6. Inoculation in November. Tissue of the lower part of the axillary bud is filled with growing bacteria.
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