0000 ooooooddodot(@é4)
0000000000

00 000000000 =Annals of the Phytopathological Society of Japan
ISSN 00319473
ooo oo,.00
oo,o
ooo oooooogo
0/0 590 60
oooo
ooooo p. 694-701
oood 19930 120

00000 00000000000000000000000 gA°
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oIM\Jrinnowiedge
Secretariat



BAERRE 59 : 694-701 (1993)
Ann. Phytopath. Soc. Japan 59 : 694-701 (1993)

FIATN—VWEDIEORELRE
4. FREIC BT 2 FEEE

FEORIRT T

Setsuo SERIZAWA* and Takeshi ICHIKAWA** . Epidemiology of Bacterial Canker of Kiwifruit
4. Optimum Temperature for Disease Development on New Canes

Abstract

Optimum temperature for growth of Pseudomonas syringae pv. actinidiae and for developments of
bacterial canker on new canes of kiwifruit were examined with growth chamber. Three years old potted
vines of “Hayward” were used. Two to eight tender canes per plant were punctured with a sterile needle.
Pieces of absorbent cotton dipped in bacterial suspensions containing 107 CFU/ml were applied to the
wounded sites. The plants were kept at constant day-night temperatures of 15-10°C, 18-13°C, 23-18°
C and 28-23°C after inoculation. At 15-10°C and 18-13°C, exudation of bacterial ooze began in a few days
after inoculation. Oozing were also observed in the early stage at 23-18°C. However, the localization was
restricted to the inoculation sites and began to collapse ca. 20 days after inoculation. Qozing scarcely
occurred at 28-23°C, and wound-healing tissue were produced as time passed. The bacterial population
in the affected tissue 45 days after inoculation decreased remarkably at 23-18°C and at 28-23°C compared
with those at 15-10°C and at 18-13°C. When the test plants were kept at constant temperatures of 10, 15,
20 and 25°C, oozing occurred earlier at 15 and 20°C than at 10°C. However, recovery of the disease was
observed at 20°C as time passed. On the other hand, the disease developed severely at 10 and 15°C.
Exudation of bacterial ooze did not occur at 25°C, and wound-healing tissue began to appear 20 days after
treatment. Such a relation between temperature and development of the disease was also observed on the
leaves inoculated by spraying a bacterial suspension. These results suggested that the bptimum tempera-
ture for growth of the bacterium on new canes was in the range from 10 to 20°C. However, growth of the
bacterium was suppressed gradually as the temperature rose probably because of the increase of
resistance of new canes. Resistance was promoted remarkably as the temperature rose than 20°C. The
most optimum temperature for development of the disease on new canes of kiwifruit was concluded to
be in the range from 10 to 18°C. i

(Received February 16, 1993)

Key words : kiwifruit, Pseudomonas syvingae pv. actinidiae, bacterial canker, optimum temperature
for disease development.
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B/ RCEB LI A TLRRENORE X HREE
(AR TS | NWR-9003E) THIE L7z, 5tk
DERBEEIZISHIN HETHEL, RKFHAEERICHE
FRER 2 & R F B 0 538 % 4T - 120 156~10°C, 18~ 13°
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Table 1. Relation between temperature and development of bacterial canker on new canes of kiwifruit
inoculated with Pseudomonas syringae pv. actinidiae

Test 1 Test 2
Temp. (°C) o Disease Disease
Day Night Days after development® Days af_ter development
inoculation inoculation
- + o+ A+t - + 4+ttt
5 3 1
10 2 10 4
20 2 20 4
15 10 30 2 30 3 1
40 1 1 40 3 1
45 2 50 2 1 1
5 3 1
10 2 10 4
20 20 4
18 13 30 1 1 30 4
40 1 1 40 3 1
45 1 1 50 3 1
5 3 1
10 1 1 10 4
20 1 1 20 2 2
23 18 30 2 30 3 1
40 2 40 4
45 2 50 4
5 3
10 2 10 3
20 2 20 3
28 23 30 2 30 3
40 2 40 3
45 2 50 3
5 3
10 2 10 3
Natural 20 2 20 3
condition® 30 2 30 2 1
40 2 40 3
45 2 50 3

Three years old potted “Hayward” were kept at constant temperatures in the growth chambers after wound-
inoculation to stem. Two and 3 to 4 canes per treatment were used in Test 1 and 2, respectively. a) Plant was put
in the field. The mean temperature per 10 days during the examined period was from 24.8 to 26.7°C for Test 1 (Jul.
to Aug.), and from 26.5 to 17.5°C for Test 2 (Sep. to Oct.). b) — : Exudation of bacterial ooze was not observed. + :
Qozing was observed at the inoculated sites. ++ : Development of the disease was observed from base to apex on
the canes. +++ : Wilting or withering of the canes as the disease developed.

D¥ERZE% Table 1 127w L7z, 15~10°C, 18~13°C
OWX T, BESICEHRBORHNSEI 5%k, KH
DI/EEELEROAKRRECL A SN, FIKITIAH
Bz SR LT, COBBET, 5 1~ 5 E D
OB - THERRHESTED Sh, Iho ORKE
FRNTEIROBICH > THER L, RIROEREE
13 15~10°C R A DL 2o 72,

FEROTMKIZEN, 23~I8CKBL PR LD b E
BXTCREEMEH L CHEEEHCE Y, a0

PRIz EuRRTRBBRE I SR RoT, £k, ¥
FELS A H O HRRICIE 5 mm BTEE, $ECRE & 13~30 mm
ORBEOEBND 5N, 2ORBIIEEKIZE
BT L, 3Rl DEAR TIREE 56 mm &k
HHTILF o7, RO PBTHRICERRD SR %
AU, 28~23°C KT, 1 40 HiRIC 2 ZE O AN
BREBOFRED & iz, 58, ERRICHKED
(BB E M2 - RER-2 ORINX D &, BEEIRIMEMC
RABMICEMT 55, H50IEHES»RFHESERD S
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Table 2. Numbers of bacteria in cortex tissues of new
canes affected by bacterial canker

Numbers of bacteria

Temp. (‘C) (CFU/ml)
Day Night
0 1012 1031 1078
15 10 20
18 13 2
23 18 2
28 23 Zb)
Field 22

The bacterium was isolated 45 days after inoculation
from each cane of the treatments on Test 1 in Table 1.
a) About 10 1 ooze drops produced on the canes were
suspended in 10m! of sterile distilled water. b)
Affected parts inclusive of the dark-brown wound-
healing tissue were cut out 1cm long with a sterile
razor. Each section was homogenized in 10 ml sterile
distilled water after sterilization by the usual method.

N o Tz, L RICERSED 548, TR %
D, FRIFLEED 2BEOMBTH-> 72, HBR-1 D%
PR B % 358 45 BB OBREBTOMEEE
% Table 2 KR LTz, BENEWIEXIE CHERE
WETSED 5h, BARTEME S ol
TE IR EE

RIRDOERIZBE% Table 312R L7, BROBHIX
20C KTHIZESED 5N, 15°C K3 Zh & iZizER
B, 10C KR THMRKIZHERPREN 72, L LES
510, 15°C DWEXTIE, %D, EEHAEO 5~20
mm OEEHBHEICARRIZERBL, BEFTIFLAY
PR L nE 2 LEHO KB B & UBERELRD & Hie
DB@HIFZ 5 12 IR DOER X 10C RO 558 L o>
o7z, THIIXTL 20°C K TIE, LEOMX & BRI IH
RAERT 2R L, BHORBZHOEROREH
EMT AR LB a SN, £, 25°C KTIREROB
HBBZ shholk, IRNHOWMETIE, ATEOLE

Table 3. Relation between temperature and development of bacterial canker on new canes of kiwifruit
inoculated with Pseudomonas syringae pv. actinidiae

Test 1 Test 2
Temp. Disease Disease
cC) pays afFer development® pays afFer development
inoculation inoculation
- + 4 4+ - + 4+ 44+
5 8 5 3 1
10 8 10 4
16 7 1 16 4
10 21 4 4 22 4
37 3 2 3 32 1 3
49 3 2 3 40 1 3
5 4 2 5 4
10 6 10 4
16 6 16 4
15 21 3 3 22 4
37 3 1 2 32 3 1
49 3 3 40 1 2 1
5 7 5 4
10 1 6 10 4
20 16 2 5 16 3 1
21 3 4 22 2 1 1
37 5 1 1 32 1 2 1
49 6 1 40 1 2 1
5 7 5 3
10 7 10 3
16 7 16 3
25 21 7 22 3
37 7 32 3
49 7 40 3

An examination was carried out in the same way as Table 1. In Test 1 and 2, each 6 to 8 and 3 to 4 canes per
treatment were used, respectively. a) as in the legend in Table 1.
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Table 4. Relation between temperature and latent
periods on the leaves inoculated with
Pseudomonas syringae pv. actinidiae

Test Temperature (°C)
no. 10 15 20 25
1 7™ 3 3 5
2 8 4 4 8
3 4 3 3 5

Tests were done 3 times from April to August.
Inoculum of 1.1-1.8Xx107 CFU/ml was sprayed onto
the new canes of “Hayward” with a sprayer. Immedi-
ately after inoculation, the plants were kept at con-
stant temperatures in the growth chambers. a) Latent
period.

Fig. 1.

Table 5. Enlargement of the lesions on the leaves after
spray-inoculation
Size of lesions (mm)®
Temp.
. Test 1 Test 2
O

10® 16 21 162 22 32

10 1.0 2.2 2.9 1.0 1.4 2.0
15 1.2 2.2 3.2 1.2 1.8 2.1
20 0.6 0.9 1.0 1.2 1.5 1.5
25 0.1 0.2 0.3 0.1 0.2 0.2

Data on lesion enlargement were taken in the same
tests as in Table 4. a) Average diameter of 30 lesions

30
per treatment . Z‘.IJLength (mm) X Width (mm)/30. b)

Days after inoculation.

Brown minute spots with yellow halo produced on summer leaves of “Hayward” under high tempera-

ture conditions. Nutural infection : Early July (left). Artificial infection at a constant temperature of

25°C (right).

ALEEERER & [E] U < BEREE % L SISO EARR
DEEBH 5N, 25°C KT, R 20 ABRUBET T
ORI R FE LAY Iz, 200C XTIE, #ER-1
BT D A, HEE 37 Hik 1 A IR OB 0378
oIz,

EORKBEFEHOAMLKIIREZTEENKE
BRI 381 2 HERER OB R % Table 4
WwiRl, ¥, R 2BV THE L LYFERRD
FREE O AN % Table 5 12 Lz, 15, 20°C ORX
B BRI 3~4 AT, 10, 25°C DMK I~
B E ok, 10, 15°C DMK TiE, BRERET
THREOEEACHRORHEO I Z D, FHH kG
WK L7z, 20C X CHEM 10 HR E CRAOBDH
BB L2, ZOBEBO SR KD, HFHOW
KOO TEIL UT,25°C KT, 7 B EMICIFB TR
BHoNbDERIU S EE T —CE B S
ERBPR X, 1EE ALK L 2h o7z (Fig. 1),

BRER BT 2EORKEOHR L, 3HKED
FkTH o7, 3 RBROIFEEOVHEDHR % Fig.
2R LTz, 238, SABRBHLAIIELNE < % 51 K2l
WHREMETL, WM o7, Thik, A
TEARENPH[BOBER R EEP—E RN
WK A5ZE, BIXUBSIHE VFMOTENR
FHZLRXEBDOLEZ SN, PIFKFETOHK
Do Tz 16, 200C O X T, FRE I3 HE 10 H
BB LA 20w L, 10°C KRR 15 H
BETERESENCEET D, Z0O%LLENEOICH
BLiz, 2Ok, B 15 A%MUE20C K E 10CK
DOFFE R HE LIz, TS D 3 MR HA 25°C K
B B RIEE IR EBE» - T2, BB, 25°C X THME
20 BIZA S NIz FIREOET i, JRELEB OB @\
T —DHEIND B WIZTHEDSHES, ZHIZFELTBRGERE
WH 0 I UNS IR DR biElk LIz 2 &ic & B,

PR 04 FZE % Fig. 3107 L7z, 10, 15°C O
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Fig. 2. Change in disease severity on the leaves of
“Hayward” under different temperature condi-
tions. a) Disease severity was assayed in the
same tests as in Table 4. Data based on 42 to 83
leaves per treatment. Figures show the average
value of disease severity in each test. Tempera-
ture 1 O 10°C, @ 15°C, & 20°C, m 25°C.

TREENED THEETH- 12, ZOM, B TEE
&, BEESEB TN TN 11.5, 20.3°C THEL,
FH16CETALIKRREND 15°C RIIEITHELE L i
28, RO CRIHEBRRERNA ST,

% =

FHOEZLWEIRHEEEER LY A 71—
VT, ATE&RENCBIT 5 15~10°C, 18~13°C
OMERMBER I BOTHLWFRROERS A 51
Too F OFEMIZ, FMEOHBAREIT 2573T DT,
I e DREGHIAMEOMBEITETHD LB
fAlbhtz, 2T, 23~18C U EOFEBMNERX T
BRENEE I ECEBORMIFRI SR, &’
RoMREE, HoRBaEn, ZaMOEHL L
UHERABOERBIERED 5, TOFE S NBEE
ENEFE R ERpo, 20K RBEHOELC
v, HEBPRIEER I b KRR EOBED 5h, 18
C LK, wEOEFICECHEOETENHINEE 5 2
LR AT,

L Lgdd s, FRABHEEBOMERE (Table 3) &4
3 &, 23~18'C DIZIZEHIRE 20°C T, WROBH
BI0CC L HELILZ Y, 2 OBFRSEL D ICHERE
URSET 28 &, iR oS EE I [ 5 WIS 25 5

-
T

o
-

>
T

Growth magnification to length at start®

L

b i

.
5 10 15 20
Days after investigation

Fig. 3. Growth of new canes under different tempera-
ture conditions. a) Average growth of new canes
were measured in the same tests in Table 4.
Three to eight canes per treatment were em-
ployed in each test. The average length of canes
in each treatment at start were 13 to 31 cm. Ten
new canes of 12 to 26 cm long were collected as
control from mature vine in the field. Mean
temperature per 10 days in outdoors during the
examined period was 16°C level. Temperature :
O 10°C, ® 15°C, a 20°C, m 25°C, @ 16°C (Field).

ETAEMHEBAON, ZTHICEEEL T X campes-
tris pv. citri DFI%E H 5 &, PIHAEREIZE EHEEOE
itk o gg s n g, KHHEBA TRBIMEO
RER IS 5 £ D12k D, MERA 72 Rifitk
DRFERRE PIETEEIEICHT 5 L S h B, %72, A
> 5 DEEW X, phaseoli #IERET B &, B TY
TRERRREE DS B 2 BB 5 g o, PlEMS 7 =«
= VEAPERT 2% 2o, BAMEHEERA
%, AR UEFHBROERRESE I3 2 L %R
BT 2bDTHB, FEOHE, HREME O
Wi 10°C X 0 & 15, 20°C O FET 228, 200C D&
BTk, 0%, BIFEABOENKEMEES D
DEeWEING, ZOEFUEH»EE 2 AT DS
R ERE L SRR R Y, RIS
MIZeRTEEL DEEZ SRS, &DIIEED
25°C RT3, HELALOEBIREBCcEEL, &
RPICERMEBNFEE L 2, D LEOERB L ERL
HERBROBRE, ARFEHEOMEY, BEDO R
5 ERHEBOBIRIGC & > T, 53 REHHE 8
ZBEFELLIMEIENE I EERL TV, Thbb,
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HHUE & 10~18°C O HIBH TR HME VT E ST
hruREFEsnT, WROEREZHILLER W,
18~20°C O HIFH C R EIMRIG TR 2 1 # 4, 20°C LA
B, BENEEZIFICHBICLLbDEHESNS,
%8, EERCTIRMET U BANK TR I 8E
&M RIEFIR IEH & & LR o TS, KED SHILI
IIEEIIET LR AR E O BE D 5 h
TV 39, BB W T HRMBE IR T 2 B2
B EEBEES N, Bl TEbo TR
LT,

AR OURE & EEHROEIRIG & OBRIE, W
ME SRR L - B U 2 HIRFER L 2 0%0
R OILARIR, BLURKEOHE (Fig.2) b8
FEWCERD Tz, £ 77, E. amylovora 12 & 5 fire blight
OBITIE, BELHTHE 1 — 8 1 R HAMEAKE R B
2 72 DA DS 510 L &, RIEDE
BT b BB W IEI S £ 5777, 10, 15°C O
MRz 381 2 SRR ORI, Fl0ERIEE
TEDRMNEN 2 b—H RS hiz, fHRE
U7 1388 DA TIZHTHE DI 2 ER M A 5 Wiz 8,
RRPMEDER W BHHEOTEILEN, EBICZ O
HEDSEBERRRHR L 7 37, 25°C TR THGH 5 Bt H3
ks, B o —sSHEORBIZHVIENN 55
WL L0, BRI 3 EOBENE, BX
UFED RIS RGP M Ic T U7 2 &
rabpLiEgang, INSDRKETE, KWEHE
DEERBE N Z L RSN T LY, f5EOEN
MBIL T, RO fire blight DBE, ERIZHEH
HERBL, 297 LERE D 2 REZOESL
A &S URFERE OBEE A IHE T 5 LHEE ST
Wi, MOESICEEINEFKT2HLRDSNT
VB AR DOV T H IS DRER L O BENEN
MEF S ho0, BHBELERIIBOShTwiznY,

PAE, FHHIC B 2496 S o BEIE R I 10~
20°C oFEHIZ B D, FIHEHETEIEEEA 15~20°C TGS
THbZE, BEORED EFICEHEERBOER
RIGOME & N, 18°C DL E TR IEHIE OB IENH 2358 &
37k, FORE, FRIZ, 10~18C O TRE
B EEBICHERL, 200C 282 3 L BEICED S
ZENHAS R ST, ARERRICLD, BROE
FRARHAD B L RHNMIEEEY L &R & Ok
BRI S iz,

1% =

AISERERAVF YA 70—y OHF BT 25
WX D IRHEONTE, FREE R L. EIORIEH
e GEEg, B-REE 15~10°C, 18~13°C itfgD &
BANKEROBHIEZ D, R L HER LT,
%72, 23~18°C, 28~23°C KB & VI RIRA25~
26C B CHBELIEAR DI, BED ERIZEWE
RBOBHIZEI 5K ko1, Ih6DUIARTIRE
T DRI ER L, BICRRRSSER
ah, ZORBEIESERIEERENS T, BREZNOD
HIEEE L, 18°C IBRESE Z 51 LA L7, 10,
15, 20 B LU 25°C TERANE S 2 &, BRORBRHIE
W0CKEDH 15, 20C DR TR 7228, D
HORIRIZ 10, 155C DX THL S #EREL, 20C X T
WEHE T 20580 5z, 25°C R CREROB NI
I oF, EPICEREBSER SN, BBEE
BRIT->BA W b RFRBRRARE TH -2, MED
Z 5, FIMICB I B AME OBEEER X 10~20°C
DHEEIZH D, BEO EFICHEWETABOETRIG
DIEES NS £, B LU 18°C LA b T Il o0 Bagm
ISR E B 728, Bk id 10~18°C DO EIF T AME W
BEEEBICHERL, 20C 282 5 ERIERAR»S 2 &
DSEHE & Sz Itz

5 B X ®
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