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Chemical Control of Bacterial Canker of Kiwifruit
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Chemical control of bacterial canker of kiwifruit caused by Pseudomonas syringae pv. actinidiae was
attempted by spraying of streptomycin sulfate - oxytetracycline WP, streptomycin WP, streptomycin
- copper hydroxide WP, kasugamycin SL, kasugamycin - copper oxychloride WP and copper hydroxide
WP. The control efficacies of the bactericides were variable depending upon the spraying schedule.
Application of streptomycin WP and streptomycin sulfate - oxytetracycline WP from middle April to
early May was found to be the most effective in controlling the bacterial canker. For copper hydroxide
WP, the spraying from middle January to early February showed the highest control efficacy. Kasugamycin
SL was the most effective in controlling the disease by spraying from middle April to early May, but
it was still relatively effective during other spray periods. Foliar application of copper hydroxide WP
and copper-antibiotic formulations after middle April caused severe phytotoxicity. Kasugamycin SL,
streptomycin WP, streptomycin - copper hydroxide WP and copper hydroxide WP were potential
bactericides which could substitute streptomycin sulfate - oxytetracycline WP. Selective applications of
the bactericides according to their optimum spray time can enhance the control efficacies against
bacterial canker of kiwifruit and retard the emergency of resistant strains of P. syringae pv. actinidiae
to the bactericides. The optimum spray number of streptomycin sulfate - oxytetracycline WP was 3
times with 15-day-intervals or 4 times with 10-day-intervals. The result suggested that the potential
bactericides to bacterial canker of kiwifruit should be also used according to their optimum spray
schedules in order to get their highest control efficacies.
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AEANAM HE&OF HIH Pseudomonas syringae pv.
actinidiaedl] ]3] WA= %‘:LE}EH Fokge 1980 d) St
AFTAMFEE BAE7] AFste Ag Fokl AuiA] A
oz FgaFe] FalE F 2 Yok (I 5, 1994; Serizawa 5,
1989; Takikawa &, 1989).
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% FoR) APgel A PsAe BIsgont 99 v
2l SlH7A okl WAle) T FAR AP A2
A ekl W7 92 JgllA= streptomycin sulfate -
oxytetracycline WP (e} L2je}o]2) $81)7k £ 23 kel
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Q7o WA S} b T A okl Aol B4
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AT HlQHET A K| 3 AL Al tale &
7} e Ao g 47 streptomycin sulfate - oxytetracycline
WP, streptomycin WP, kasugamycin SL, copper hydroxide WP,
streptomycin - copper hydroxide WP, kasugamycin - copper
oxychloride WPE- A1-8-3}] Peptone-sucrose-agar (PSA, peptone
20 g, sucrose 20 g, agar 15 g, distilled water 1,000 ml, pH
6.8) YAl P. syringae pv. actinidiaes =23 T 7} A E
274 8 mm paper discell HA wjA] Sl HET F A=
AP 25 WA AN A7 HFO2A ) A
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ATk Al 2 gat 3 A &) AL FU3 A
5 Ad g S AAE I gl A=
o gl& 81094 Frie ZAF Folds F5o AEslo
o) AP g A 234E ZAReH, 79 154
G SutEo g AI@S s ALE A 5N
A X AZIE 3AVIZ TSkl 2 9RIE 10d A
o2 33 dxstd Aoy APl e A Tt A
Zk epAle] AX H71E A 13F oA 2= 19979
1€ 20, 14 30 3 2¢ 1099, 23 &&= 34 214, 3
431 3 49 10900, 33 2XF A7 49 159, 44 259
359 6%l Zhzt 3318 AXgon, ofE Brk= 19973
59 15900 +F AA 7HA th 7RIS BT
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ATl H2HE 2 ®E Sl AL Ag A HEE
o fRIg FAriel el A= e 11-1694 ot
AAF FolYE F5S AMEsd 7 1574 Iy 3wk
o2 FJop Ak HAE g JA AR JTE 2L
stk 8 U=eilA okl A RE 555 e
streptomycin sulfate - oxytetracycline WP (o} 1z]r}o|Al 423}
A, 13 g20L)E 19973 1€ 1449 18] Axsty 1 F 10
A 744 2 159 744 23] AR, 33] X, 43 dxA 8

Table 1. Growth inhibition of Pseudomonas syringae pv. actinidiae by bactericides on peptone sucrose agar

Zone of inhibitionb

. a o . Concentration
Bactericides Active ingredient (ppm) (mm)
Streptomycin sulfate + Streptomycin sulfate 18.8% +
Oxytetracycline WP Oxytetracycline 1.5% 650 332
Streptomycin WPC Streptomycin 20% 1,000 22,6
Streptomycin + Streptomycin 20% -+
Copper hydroxide WP Copper hydroxide 50% 1,000 21.8
Kasugamycin SL Kasugamycin 2.3% 1,000 20.2
Kasugamycin + Kasugamycin 2.3% +
Copper oxychloride WP Copper oxychloride 45% 1,000 19.6
Copper hydroxide WP Copper hydroxide 50% 1,000 -©
Untreated - - 0

*WP; Wettable powder, SL; Soluble concentrate, SC; Suspension concentrate.
"Zone of inhibition formed on PSA medium plate. One ml of bacterial suspension of P. syringae pv. actinidiae was spread on the plate, 8
mm paper disks containing designated reagents were placed at the center of the plate. The size of inhibition zone was measured 48 hr after

incubation at 20°C.
“No clear inhibition zone formed.
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Table 2. Control efficacies of bactericides on baterial canker of kiwifruit naturally infected by Pseudomonas syringae pv. actinidiae according

to different spray schedules

Ist Spray” 2nd Spray 3rd Spray
., a Amount Deseased Control Deseased Control Deseased Control
Bactericides c Remark
of spray canes value canes value canes value
(%) (%) (%) (%) (%)
Streptomycin
sulfate + 13g/20L 10.6 B¢ 36.9 5.5 BC 17.9 9.8 D 70.5 -
Oxytetracycline
WP
%rlfp“’mycm 20g/20L 94 BC 44.0 55 BC 17.9 83D 75.0 -
gisugamy‘““ 20g/20L 6.8 DE 59.5 13D 80.6 13.9 CD 58.1 -
Copper L .oe
20L .6 DE . . . 2 AB . Ph
hydroxide WP 20g/20 5.6 66.7 5.0 BC 254 292 A 12.1 ytotoxicity
Kasugamycin +
Copper 20g/20L 8.0 CD 524 38 C 433 173 C 479 Phytotoxicity
oxychloride WP
Streptomycin +
Copper 20g/20L 46 E 72.6 98 A - 252 B 317 Phytotoxicity
hydroxide WP
Untreated - 16.8 A - 6.7 B - 332 A - -

*WP; Wettable powder, SL; Soluble concentrate, SC; Suspension concentrate.

*Ist spray; spray on January 20, January 30, and February 10, 1997,

2nd spray; spray on March 21, March 31, and April 10, 1997,
3rd spray; spray on April 15, April 25, and May 6, 1997,

‘Disease severity was determined as the percentage of diseased canes on May 15, 1997.
The values followed by the same letter within a culumn are not significantly different (P=0.05) according to Duncan’ s multiple range test.
“Yellowing and dwarfing were observed in the leaves treated with bactericides.

53] AEFE Fol 747t °k7~‘ﬂ—§— Atk kel Aol
o oFg Hrhe 49 29, F7 FUEA 2 7RG wE E
g Frleisie, A °w-4 AL uhg} F7hlA Al
o] FAFH A, F7HX 9] & 7HA] o)A AltfiE
o] FAT A B, 2 7EEANAT AldREYe] #2EH
C, AFFEAE 2EA] oM 2T + glod DE 7+
2 g FHd sty EHEE ALEHA
[(Sna+3ns+nc)/S(na+np+nc+np)] X 100. ©] ) na, ng, nc9} np
© 7} A B, C3 D 9AE Uehl= dode) 24 748
et (I 5, 1996; Ushiyama, 1993).
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ATl Mt ML oM gah Al AM-R 659 ok
A o)A EA|Q copper hydroxide WPE A &)t 8A8A)

T dAIG FAY PAES BT wiAA Hrh A%
WP syringae pv. actinidiae)o| T8 F51gk A7 <A &
#F= YRS, streptomycin sulfate - oxytetracycline WP,
streptomycin - WP, streptomycin - copper hydroxide WP,
kasugamycin SL, kasugamycin - copper oxychloride WP =<

2 2o A% o 533 LeRhSIT (Table 1),

AT A 2w _T—f 2 K H7| AFe] AL oF
AES A4 AF 19 BHE 338 42 12 A 24T A
3Lo| = streptomycin - copper hydroxide WP7} 72.6%2] 7t
A =2 vkA 7S JeRl o, o]ojA copper hydroxide
WP$} kasugamycin SL7} ©F 60% o]’de] ukA| &34 ek
Witk A% 247190 39 TRE 33 AXF 23; oA AX
AlEFl A= kasugamycin SL”PO] 80.6%2] =< HLX-H 27

£ VeSS B YA A ES 50% v W2 A &
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Table 3. Control efficacies of streptomycin sulfate - oxytetracycline WP on bacterial canker of kiwifruit naturally infected by Pseudomonas
syringae pv. actinidiae according to different intervals and frequencies of spraya

Intervals of spray Frequencies of spray

Disease severityb Control value (%)

10-days interval

15-days interval

| B W N R W -

Untreated

5.8 CD° 743
73 BC 67,7
80 B 64.6
4.1 DE 81.9
44 DE 80.5
7.1 BC 68.6
30E 86.7
5.0 DE 77.9
54 CD 76.1
226 A -

“The first spray was done on January 14, 1997.

b, : . . . . . . . .
Disease severity was investigated on April 2, 1997. Disease severity of each tree was assigned to one of 4 categories ; A : Exudation of
bacterial coze was observed at a trunk, B : Oozing was observed at more than one leader but not trunk, C : Oozing was observed at a cane
but leader, and D : Oozing was not observed. Disease severity was calculated as follow ; [(5Sna+3ns+nc)/5(na+np+nc+np)] X 100. na to np

represents the number of trees of category A to D, respectively.

“The values followed by the same letter within a culumn are not significantly different (P=0.05) according to Duncan’ a multiple range test.

HE UepiiTh HE71Q) 49 FeiE 33 Axd 33k o
A AE AlFFoll= streptomycin WP} streptomycin sulfate
- oxytetracycline WP7} 2+t 75.0%9} 70.5%9] HHA| 312
VFERAZL T kasugamycin SLE 58.1%9] WA &3 Jehy
YA, Yol FA £ FAI% PAA YASS BT A
& ol 242 FUGOH YA AHE AUHOE B
t} (Table2).

ATl #Hfd viH| MM 3l Streptomycin sulfate -
oxytetracycline WPS] &X 7v4& 109 7H45) 159 7472
2 gejely, 24X 58 135 537k oAl A st
o HFE HA EHE Frst A, 15Y 244 33] AX A
86.6%2 7P =& WANE B F AUATH 109 74 43
XX 81.9%2] WAZLE AAAT, 1 o)ide] AX 3]
M HESHAY 238l ¥ wA7EE YeER St (Table 3).

LA )

o] AolA AREEE SIS ol HAPHA e A
o= Aol ekl AEd g A 9A adee
YRBHA] F3oH, 7} A EE AX Al7]o whe} o
ol g WA & dE=EA delgth ZeEy FAQ
copper hydroxide WP} EA] 9} sFAA 2] EA| <] streptomycin
- copper hydroxide WP B+ kasugamycin - copper oxychloride
WPE Rt glo] vt sle A7ldlA EF ofE vehd
R BZ o3t S 49 TEHEE Mol BT

Ao g JAHUTE waby, Foi) Al diste 2 U
gho] oA 7R SEH FA = streptomycin sulfate -
oxytetracycline WP 15 ¥o|X]2} o] A]g ZH3} kasugamycin
SL, streptomycin WP, streptomycin - copper hydroxide WP,
copper hydroxide WP+ )] A9 wkAl] & 717} streptomycin
sulfate - oxytetracycline WP&} H|E3}AY A A7) iz}
53 Ao R 150 streptomycin sulfate - oxytetracycline
WPE IS 5 Sl FH HIZ AR 5 A A0 A
et

B 92 Ul 48 Al A oz E=
F o] $l& streptomycin sulfate - oxytetracycline WP7} 714 =
< WA ZARE Ve 7 Ae AF A AX 7 ¢ 3
71 & Ao g =, streptomycin WP, kasugamycin
SL, streptomycin - copper hydroxide WP, copper hydroxide WP
S A AFE FREAESY WA FH7)E Al wet o
EA ZAENCEE AY] FE-E AT 7 JIEE FHh
B AL PAE A X 7] F oA Ax 7HE 2 3
TE %5 w2t gE2A I & Aot

S8 Yol A= streptomycin sulfate - oxytetracycline WP
7t FE F7A A HAE A8 AEHT glody, ¢
vt Ao Aol 97 dAse 2 AsiE 42 d
R A& streptomycin 2 copper sulfated]] th3l ¢kl =314
o] oju] AFe FFoE WA SlE ALE HHHT
(Goto 5, 1994; Nakajima 5, 1995). wje}Al, streptomycin
sulfate - oxytetracycline WP&] d-&-8 N7 o}3 ¢ vt
AM AHEHI A B2 kasugamycin SLS H]Edle] FA|
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Ao} gAY oFH okR| R Al A
FAES LT OE AT ZH oA AeH <]
g AT FoE) A 2§48 S0 +
Zo|t} (Ushiyama, 1993).

1, Akl AR wURe) 2ol EAE o
ol Qe e 47 Azl % A Eah vimA v
mabx Hod G0 oAl HAEE Aokl U oy
AZ HE FUANA HAAHFS Fole Wyd Aot (&
5> 1996; Ushiyama, 1993). 12} okl Aol g 5
7l X5 BPHE AZF 9 H|go] wol E7] wjEof 2}
T ARSI AR Gtk wEbA] oA AFol| A okl A
P A5AA 2 2 AiE Oy 2 A
WAl S S BAHoE AMSE o o Ayl
e A 23 =9 Utk S, 9I7H Al Al
ol s Ao WAl S ARl Aesla, Al 7+
Hx719 4dol o o GAES A7) wsHoZ A
¥, WAe] AF A9 MY AFEE A 75
S Beebd vk AP o 2 N8 E3E FA
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Pseudomonas syringae pv. actinidiae®l] 2]3) ‘2A3H= 2t
2@ AFHol et <A WAl &3E streptomycin sulfate -
oxytetracycline WP, streptomycin WP, streptomycin - copper
hydroxide WP, kasugamycin SL, kasugamycin - copper
oxychloride WP % copper hydroxide WPE A 3led ZA}S}
Atk 7+ S WA AFe INAM AX A7 we}
t2A Vb=, streptomycin WP} streptomycin sulfate -
oxytetracycline WP HHA] Z7)= AF719) 49 ZHEE S
¥4 =) vHH|, copper hydroxide WP2} streptomycin -
copper hydroxide WP2] 4| d7j& A4 F&9] 19 &8
H 2¢€ o2 g5tk I3 kasugamycin SLE= A%
247190 39 SR 49 Zeo] ALE M F 1Y &
& Al Z3E UehiRe 2R e 9% JF 2 B9
719l Zxsi = WA A7 HIRE #A JEs 28,
A1 copper hydroxide WP =& Ea)9} A A= Yo

o) okx) ) 99

Lo} v 49 FEREE Y diE UERAATE Kasuga-
mycin SL, streptomycin WP, streptomycin - copper hydroxide
WP, copper hydroxide WP %2 streptomycin sulfate -
oxytetracycline WPE thA|g & 9= il #okd FHok

A2 Atk o] FAES XA Wt wsHoR
AREE AT FoRE) AYE dig Al 23 FHATIL
AT 282 AGANZ + US Rolth A
streptomycin sulfate - oxytetracycline WP2] 27 k)] okA| 4
E 74 9 See 159 744 33 e 109 744 432 &
A=) o] A= FAohe A FEHEAER Ao WA
IS Q7] FEXE A A 4 2 AFE AREEoF &
= AAREIFA

ZArlel e

o] ATE FEE FU/ISNIAI(E RN ZI1EN LA
A7Rle] sl P, ofdl] ZAF=GUh
Tk
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