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Abstract Bacterial leaf spot, caused by Pseudomonas syringae pv. syrinage, is a very damaging disease to
green pumpkin in Gong-ju and Non-san nursery. However, there is no good method to control the disease in
Korea. Growth inhibition of pathogen on medium, control efficacy on seedling stage, and seed treatment
effect of 6 anti-bacterial pesticides were investigated for selection of the best pesticide for seed treatment and
control of the disease. Growth inhibition zone on King’s B medium were the largest by oxytetracycline
170 ppm and oxytetracycline 15 ppm + streptomycin sulfate 188 ppm, oxolinic acid 200 ppm, streptomycin
200 ppm were next respectively. Control efficacy of oxytetracycline 1.5% + streptomycin sulfate 18.8% WP
and oxytetracycline 17% WP on seedling stage were 71.4% and 49.4%, respectively. Seed treatment of
oxytetracycline 15 ppm + streptomycin sulfate 188 ppm on the artificially inoculated seeds inhibits pathogen
growth completely from the treated seeds and 96% control efficacy on grow-out test of the treated seeds.
Seed treatment of streptomycin 100 ppm (2,000 dilution of streptomycin 20%) on the artificially inoculated
seeds allow 280 cfu/g of pathogen growth from the treated seeds and 60% control efficacy on grow-out test
of the treated seeds. Seed treatment of oxytetracycline 85 ppm (2000 dilution of oxytetracycline 17% WP) on
the artificially inoculated seeds allow 80 cfu/g of pathogen growth from the treated seeds and 90% control
efficacy on grow-out test of the treated seeds. These results suggested that oxytetracycline 1.5% +
streptomycin sulfate 18.8% WP was the best pesticide for seed treatment to control of the bacterial spot
disease by Pseudomonas syringae pv. syringae.
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AEFOR 7HF B glon S8, A% 5o 7HAEe] €
F2% gy o853 ATHRDA, 2013).

Sl AF7HA] 2Hks Hellske Wddo® RuH
AE 43502, 3rg0] 235, vlolglL &%, At 2%°lth
o] & zHte)] A= Al &g ¥ Pseudomonas
syringae pv. lachrymansl| ]t AldAF-HE 3} Pectobac-
terium carotovorum subsp. carotovorum®)| ]t F-EH o]t}
(The Korean Society of Plant Pathology, 2009). Pseudo-
monas < WU F HHRl WS do7e HUdAL =2
P. syringae pv. lachrimans®l €13+ Q0] BHEWo] )14
ol oz %A UTHElwakil et al., 2001). P syringae
pv. lachrimans®l| 1§+ Q0] ZEHH S FAAAS 53k A
Hro] 7hsdk AL delA JoH, dA1F, Hivkes Sl
L Hulo] o]FojWtk(Shila et al, 2013). F<]olA P
syringae pv. syringae FTF] £ (Park et al., 2007)
F HE A IS doTle HdHoE 44 3
TH(Cazorla et al., 1998).

20139 T T} watel A ol sur SRS
EHE AT S BAEIAL, o] HALETH

o
AL Epresy, Hage el 2 g

ok flo of [H

o2 YEPTHE 5, 2015 =%, 22l P osyringae
pv. syringaedl] 93t THFRO] Alg AP FHHe WAo] =
olofA] B bl Qltk(Balaz et al., 2014).

=Ulol|A skl TAEE W A 9wk Het A
= AFEY 58 e R WA o= 428 5]9]3 (Chang
et al., 2001, Moon et al,, 2010), AAFEHA] F 5o 27
A3t A7t 3 HA 2 (Lee et al., 2009, Jeong et al.,
2012), Altgol thet 54 2AF 2 BA A7 s A
Aot} A7 8t ¥ WA SR SEE AtAlE 18
FEoE TN darked 5 FEeNE R
ataL lom, Al A AT FEH UA ¥
THKCPA, 2014)

B AFAME P syringae pv. syringae®l ©|gt AldHTF-
HY WAIE 99 At A oE Addelr] Sl s
S 5 65 Ao HdF A G} FAAE
2 F857] Aol ogh Al aE AT

paa|

hE 2wy

ZE]

Tl

MoiR A
1

o &8} NFHFHYE S OJ= P syringae pv. syringae
o] A a3t w2 WA E Asl] flsted Al
<9 AdAl 55 (Streptomycin 20% WP, oxtetracycline
17% WP, oxolinic acid 20% WP, streptomycin 5% +
validamycin-A 15% WP, oxytetracycline 1.5% + strepto-

mycin 18.8% WP<} dimethyl benzyl ammonium chlorides
10% + dimethyl ethylbenzyl ammonium chlorides 10% SL
< o H S-S BIhiA oA A7 a3t

King’s BHlIA] (Peptone 20 g, K,HPO, 1.5 g, MgSO, 7H,0
1.5g, Glycerol 15ml, Agar 15g)¥9l P syringae pv.
syringae NWSC 131 &E(10° cfw/ml) 100 s =83},
Heato] BTE wiA] FYol 319 EHE Smm ZEIR
#(cork borer)Z ©]-8-3}4 agar plugE A ASIATE £ A
off ARESE kAl ZF 1,000819-S 50 uiE ¥ T2 agar
plugdll ¥& 5 28°C, 48r7F vlY3IAL, agar plug FHol
A7 A7 AR (clear zone)e] A7AS ZA ko] WAl
gk Al a3E 2Rk

2700 oM WM AH

e AAA Aol g ARgAaAE Bl
oxytetracycline 1.5% + streptomycin sulfate 18.8% WPS}
oxytetracycline 17% WPE o2 2400A fE7]o] |
Aol et oA WA RAE AT vt FAE
507 EEO| BEsH 25+3°C Az Aol ol
ko] 3 WA B Qo] ZNE & WA P Syringae pv.
syringae NWB SC131& 10° cfu/ml L2 B5 HE5
o e HE 5 18R Fe 424, AUEE 80%=
FAAZ WAE HE 24407F Foll Ak F8A 1,000
wjole 18] 5 Axaty 79 & Aldyy wHEd W

A aAE AT

CEAE 7o) W E-HE 7o) W E)
R EETE T !

%100

WA 7HY%) =

Helzd AUSX =M d SXHE S

ol 38} F2}F 500 g& 1% sodium hypochlorite 2 Lol 30
w7k A FALES & § TR 103] AFsta,
FAAhA 2447F o) AXRAFT AxE FAE
e A7F Zek239 30 g WAL, 1 x 108 cfu/ml F=2
P. Syringae pv. syringae NWB SCI131 &5 d& 150 ml
£ F7letod Aajd71olA 200rpmeE 4A7F S9F Mg
SHATE 4A7F X" $ o 3} FAE 35°C X704 24
AZF A zste] Bt AEAE 2AE

WA SR gk oA A 235 2Abe7] flet
o] Streptomycin 20%, oxytetracycline 17% WP} oxytetracy-
clin 1.5% + streptomycin 18.8% WP 2,0008]<, 1,0001] <},
500uf ol k7] QIFFASA; 308 N7 B RA
g+ % King’s BifA|ol] =ste] Hedte] A EE A
AL, 2425 +3°CplA 507 FEEO HFe] 27 5

PHFEES 0, 1, 3, 5, M WrRlen, Wz el WA 7t
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TxZEAG

Y (%) =

Ag 0: IHE 1 HHHEAE 1~10%, 3: A E
11~25%, 5: WHPHAE 26~50%, 7: BHPHAE 51% o4

(SFA F-A- 2o e -
kA A B o HHET)  x100
OFA| A 2] -] I T

A 7H%) =

SAHAe|

BE AP MR R SO, AAES FAtS
2 FAATh A Bk HaLE flete] SAS Ze
(SAS Institute, Inc., Cary, NC, USA)S ©]&3] ANOVA &
41 9 Ducan T4 (P < 0.05)S F3Y3HA T
dn 3 nF
Halzd AN 2

Pseudomonas syringae pv. syringae2] et o o8} Al
HY HAE S FAA YL A E AEsl] flste] A
= Qs 650 Aol Wl tiek A a
£ AAsATE AYZ T oxytetracycline 170 ppm *12] Al
AR 2717} 205 mmE 7P Z12H, oxytetracy-
cline 15 ppm + streptomycin 188 ppm, oxolinic acid 20 ppm,
streptomycin 200 ppm 2] o2 A x| Fke] 7|7}k
FRI=UT}. Streptomycin 50 ppm + validamycin-A 150 ppm
Aol AAAANLE 40mmE FAEACH, dimethyl
benzyl ammonium chlorides 100 ppm + dimethyl ethylbenzyl
ammonium chlorides 100 ppm A 2l= g4 a7} ¢l
£ A0 & YePttH(Table 1, Fig. 1). ol4e] 23S 24

AR HH AZAASe] F7)7F 7HE E oxytetracycline
17% WP2} oxytetracycline 1.5% + streptomycin 18.8% WP
B oxytetracyclines 7HA3L e AFAR ofsut Al
AR WYAHF P syringae pv. syringae®] 7G| &
F= oxytetracycline®] 7P £2 Zo2 AZtEH, valida-
mycin-AS o] X33 streptomycin 5% + validamycin-A
15% WP AR EL 4.0 mm= 1|0} ofuk Al
AR WA P syringae pv. syringae®] validamycin-
AS] A E = A e Ao Azt

Control

Fig. 1. Growth inhibition of the anti-bacterial pesticides against
P Syringae pv. syringae NWB SC131. Control : no pesticide.
A: Oxytetracycline 170 ppm, B: Streptomycin 200 ppm, C:
Streptomycin 50 ppm + Validamycin-A 150 ppm, D: Oxolinic
acid 200 ppm, E: Dimethyl benzyl ammonium chlorides 100
ppm + Dimethyl ethylbenzyl ammonium chlorides 100 ppm, F:
Oxytetracycline 15 ppm + Streptomycin sulfate 188 ppm.

Table 1. Growth inhibition of the anti-bacterial pesticides against Pseudomonas syringae pv. syringae on King’s medium B

Treatment pesticide, active ingredient %

Dilution rate Growth inhibition zone (mm)

Control

Streptomycin 20%, WP

Oxytetracycline 17%, WP

Oxolinic acid 20%, WP

Streptomycin 5% + Validamycin-A 15%, WP
Oxytetracycline 1.5% + Streptomycin 15%, WP

Dimethyl benzyl ammonium chlorides 10% + dimethyl ethylbenzyl ammonium

chlorides 10%, SL

1,000 11.0 + 0b®
1,000 20.5+0.7a
1,000 12.0 £ 0b
1,000 4.0£0c
1,000 16 £1.4a
1,000 -

“Values denoted by the same letter are not significantly different by Duncan’s multiple range test (P < 0.05). WP: Wettable powder, SL:

Soluble concentrate.
PWP: Wettable powder, SL: Soluble concentrate.
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Table 2. Control efficacy of Agrimycin and sungbo-cyclin of the bacterial leaf spot disease on seedling stage of green pumpkin

(Cucurbita moschata)

Treatment Pesticide, active ingredient %

Disease severity (%)

Control value (%)

control®
Oxytetracycline 1.5% + Streptomyin 15%, WP
Oxytetracycline 17%, WP

87.4 +4.4a" 0.0
25.0+23c 71.4
442 +3.5b 494

“Values denoted by the same letter are not significantly different by Duncan’s multiple range test (P < 0.05).

PPositive control: Seedlings of green pumpkin were inoculated by spraying suspension of P Syringae pv. syringae on pots. The plants were
incubated in a incubator at 25 + 1°C for 18 hr with 80% relative humidity and dark condition and then transferred to a greenhouse (25 + 3°C).
One week after antibacterial agent treatment, disease incidence of green pumpkin seedlings was investigated.

=)

87| oM WM&t
W] AR o] =9A oxytetracycline 17%
WP2} oxytetracycline 1.5% + streptomycin sulfate 18.8%
WPE ol &4} 5719 %2]3te] P syringae pv. syringae®|
g Al FEH A 835 AT Bt S HE
atal oHAlE AHEeHA] ¥ oAl FAE TN wHES
87.4%= LEIOH, s HEshA &2 T Telle
B o] ERIEA] At WS FE F oxytetracycline
1.5% + streptomycin sulfate 18.8% WPS} oxytetracycline
17% WP 27} 1,00001 2 & A2 S Aol B &2 25%
o} 44.2% YISO H, o] WAIZFE SIS W oxyte-
tracycline 1.5% + streptomycin sulfate 18.8% WP 71.4%,
oxytetracycline 17% WPE 49.4%C2 95% A Z|450l|A]
I8k &pol7t Qe Ao FRIEYTH(Table 2). WS
HEstL HAlE AEehA] 42 tixTo] W Eol 87.4%
2§ £ HS 798P oxytetracycline 1.5% + strep-
tomycin sulfate 18.8% WPS] 71.4% A7} vi$- =2 A
o2 FAEH oxytetracycline 17% WP A% o] W9
WAl A Ao g A7ZHET

W] ARG &4 oxytetracycline 17% WP7F
oxytetracyclin 1.5% + streptomycin sulfate 18.8% WP X.t}
=], oladtre] f-1o A2l 98 BAla = oxyte-
tracycline 1.5% + streptomycin 18.8% WP &3}7} oxyte-
tracycline 17% WP Xt} 4T}, Streptomycin T2 g}
A GAAZ 195090 FHHEE] A=W HAE 9lste
streptomycin 5 FAYAE AR-EH7] AlAF g $ Pssol] thEk
streptomycin A %@4J©] 2.3 (Sundin and Bender, 1993)%%1
on, FoM e FohEASH S U oT)= Pseudomonas
syringae pv. syringaelA streptomycin®] Aol EQly]
SATH(Park, 2007). oxolinic acide F=24 YA Z HY
2] o] A 2g3ste] DNAEA| 715S Adlste] ¥
#o] e JAske ZAE 7L 30o] streptomycin®]
Agde 7H AL Sl Al Ao ARE AL Lot 2000
W z8F ¥ oxolinic acidoll thg Ao HEo] gtk
(Hikichi et al., 2001; Kleitman et al., 2005). Oxytetracy-
cline tetracycline Al YA Z B HE] AgS AAAA

A S At Ao 24 AAlske Aor &
A oFs Algs Al o]g-Fo] ghom(McManus et
al.,, 2002), =X oxytetracycline 1.5% + streptomyin sulfate
18.8% WP7} P. syrinage pv. syringaedl 93¢t Jtdl] £&
Aol WA SR SFE 0] AREE o] YTHKCPA, 2014).
2 AHA FY oA P syringae pv. syringae®l &3 )
? ZEHSH BAIHIZE 555 o] = oxytetracycline
1.5% + streptomycin sulfate 18.8% WP7} P syringae pv.
syringae®l €3+ oj &8} Al Aol s = WAl g
7F e AR RlHo] 5 FoF FE HLIYUE AT
FGAE F Aol Bt FThH of vt AT
WA A 2 ALE 7FsE AS R 7| Er

o

EXtxE 2

olzul FAAEE {3l gk 37EK] <A (oxytetracy-
cline 17% WP, Oxytetracycline 1.5% + streptomycin sulfate
18.8% WP, Streptomycin 20% WP)2] 500812 = 2]of| x|
A F2Y7F A=A £} Streptomycin 20% WP
2,00080 X2l A= 280 cfw/g, oxytetracycline 17%
WP 2,00081< Hz]FollME 80 cfg 27t AEEHUL
Oxytetracycline 1.5% + streptomycin sulfate 18.8% WP
2,000819) Azl A= W dte] FRUrE As] AA] X
SIATHFig. 2). TR gk FAkel edd Wte]
WA E7H=  oxytetracycline 1.5% + streptomycin  sulfate
18.8% WP7} 7P &3ttt

Ztzke] efAlell A A2d fsHEAS LA et
2E XEO| vgoto] W @Al 43S Al 2 AR
streptomycin  20% WP} oxytetracycline 1.5% + strepto-
mycin sulfate 18.8% WPS] 5008194, 1,00081< A=
100% WA7FE HAFSAL, oxytetracycline 17% WPL]
1,000u0 < AHzlolA] 96%0] =& WAZFE HolFiTh
2,00080 9] HFHE=  streptomycin 20% WP 60%,
oxytetracycline 17% WP 90%, oxytetracycline 1.5% +
streptomycin sulfate 18.8% WP 96%2] WA|71E Ho F
ATH(Table 3). FAFA 2ol o5k WAl axh= Wdte] W
Al 2 ¥ A ZFo|A oxytetracycline 1.5% + streptomycin
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Fig. 2. Effect of seed soaking treatments at each concentration of antibacterial agents against Pseudomonas syringae pv. syringae

artificially infected seed on King’s B media.

Table 3. Control efficacy of seed soaking treatment® of anti-bacterial pesticides against the bacterial leaf spot caused by Pseudomonas

syringae pv. syrinage

. L . Disease incidence (%) Control value (%)
Treatment Pesticide, active ingredient %
500 x 1000 x 2000 x 500 x 1000 x 2000 x
Control” 100 0
Streptomycin 20%, WP 0 0 40 100 100 60
Oxytetracycline 1.5% + Streptomycin 15%, WP 0 0 6 100 100 94
Oxytetracycline 17%, WP 0 4 10 100 96 90

9The artificially inoculated seeds of green pumpkin (Cucurbita moschata) were soaked in the pesticide suspension for 4 hours.
Seeds of green pumpkin were inoculated by drenching suspension with 1.0 x 10® cfu/ml of Pseudomonas syringae pv. syringae on pots.

sulfate 18.8% WP 2|7} 7HY =2 935 Ho] =0,
o2 27HA] A= 1,000809Y o)/ FEolA FARE A
27t a4 Y-S BT
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® ®
Pseudomonas syringae pv. syringae0| 2|5t 0S8} MZHFEH WHZ
¢lek ofN| Mg
S e - A - R -
sgulole FAUAE, BT Aot FYAAT AN A3}

2 o FFo} =i 38N Pseudomonas syringae pv. syringae®l| 213+ Alg AT o] of| sl 41713t 13|

FAL YA, FFHEE WA §13 AR o] dEo] A o

SRR ok A A E Addetr] $ske]

A 655 Adste] W] AgAAE, FEAA W A E, S o Ml B W A HE 7t
7 ZARIAY. King’s BelA[olX Hed AAAA G oxytetracycline 170 ppm, oxytetracycline 15 ppm +
Streptomycin sulfate 188 ppm, oxolinic acid 200 ppm, streptomycin 200 ppm 2] o2 G377} #A] SIS}
Oxytetracycline 1.5% + streptomycin sulfate 18.8% WPS} oxytetracycline 17% WPS] -FEX2] Al WHAI7k= 22t
71.4%, 49.4%°]S1t}. Oxytetracycline 1.5% + streptomycin sulfate 18.8% WPE U0 2 7 Fxloll 223k
S o, HLa BEE 5] AR, FE ol FolA 96% WA ZHE JERAT). Oxytetracycline 17%
WP 2,0008] A 2]7-ellA] Q19] 1+ SARHE] 80 cfu/g®] o] HEEAOH, FrRZoHIHANA 90%2] WA &
= B} Streptomycin 20% WP 2,00001 -5 S2F A 2]sis v Hevto] 280 cfu/gS® AZEHAOH, R
ol gollA 60% WAl EE et o218 A3} oxytetracycline 1.5% + streptomycin sulfate 18.8% WP7t
Pseudomonas syringae pv. syringae | 13 Al FH o] WA o A2 E 915 2 ] A= e

Aolof
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