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Analysis of Control Efficacy of Bacterial Fruit Blotch Caused
by Acidovorax avenae subsp. citrulli in Recent Issues
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Abstract Bacterial fruit blotch (BFB) caused by Acidovorax avenae subsp. citrulli is defective disease to
watermelon cultivated areas. To control of BFB, we investigated control efficiency to use commercial anti-
bacterial pesticides. Growth inhibition zone on medium were formed as oxolinic acid WP and oxytetracycline
WP. Control efficacy of four anti-bacterial pesticides on seed and seedling stage were performed. As a
results, oxytetracyclin WP is shown over 90% control efficiency on seed and acibenzolar-S-methyl +
mancozeb WP shown over 90% control efficiency on seedling stage Hot-water treatment method could be
possible to reduced infection rate on seed. The conditions of hot-water treatments are 50~55°C on 20~30
minutes. These results suggested that the methods were helpful watermelon seedling nursery to control of the
bacterial fruit blotch by A. avenae subsp. citrulli.

Key words Anti-bacterial pesticides, Bacterial fruit blotch, Control, Hot-water treatment

M E olF & atelA] Faws|E Ql24E3 9lom(Song et al,
1991), A B, WA 9] AEAN] F7tM = A8t

71}k 34 K-8 W (bacterial fruit blotchyS Acidovorax avenae ATH(Seo et al., 2006). A AAHOE FHAHSH st
subsp. cirrulliell o3 W= WOE, 1980 H|= A wREel WAshs HA RIS X Tl
Indiana ‘g% A|f o] ut AR el titdst] 44l F2= Y= Ak(Ha et al, 2009; Latin and Hopkins, 1995;
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w2l7}h, 3, ofrlol Folli WE, b, Qo] F wuhatl= WellMe HAH S Al&etal A3t AE5S 98 nested
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et al,, 1997, Martin and O'Brien 1999; Shirakawa et al., Kim et al., 2015). =} a8 WA 2 98] B3 7
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HMZHE 0|88 HAYSHET YA S HE

FEF AR SHS U OT)= A avenae subsp. citrulli®] W
A AAFAE Aslr] s Aldes] AAEAl 3755
dow At EAs HyhAex sl LB A4
HIA] (Tryptone 10 g, Yeast extract 5 g, Sodium chloride 10 g,
Agar 15g)0 FHlolAM  Heldh FANSHFA  avenae
subsp. citrulli)®] @5 @EH (1x10° cfwml)yS 50 ul
WA el 37%] Al 344 (1,0000) 314)yE &3
paper disk (3173 5mm)E Z}7F A%daih. & A1@2 38k
o= s, 28°C wiF7IoA 48A17F St wi g &
paper disk Tlﬂ:]oﬂ HAE A A AL =

muE,

QH g el that AbAEAE A B3E 2AHA
HE FUSXE 0/SE +Y HAYSY YD A

SAA A T ee] ARAEAE e
FES) BAA(SERN 787, SAHER |2 55}
A, SAHER O FALED Erfol NG A, of
Az}l 2 YA S3hA)E 1000902 3]
Hate] WE FUEAS 1A7E B9 AASGT. ol St
FAE AZAZ 3 507+ iEoﬂ 14-—7"—0}37_ =5 25+3°C,

9 B34 A st
A A The S SHIE S o
o 53} 3% 102 Fo) 2AbHL, 28 sl
2 PAEE ARt

WA 7H%) = (FA 27+ S g 7] dHE)/ T4
Z7¢] wE x 100

SEE 0|88 2 UMY WHED Y
P AFER 4F0) WAS AHTA ©EAN S5, &

e o s
-z olgs - uiEst

AEHEZA | EY 34|, SAJH EgtAlo]SU+Ef] v}
l 218549 A, oAl EE}-of| - D +TkEA| B 31 )
7ol FAR SIS AFHFTs ] dE 2T A

-&Zﬂe Axste] A ERE ARSI FUEAES

2IEEYE XE oj2se] 477 AR & HUR S

HAES 1 x 100cfuml 352 FE3la, 5 25+3°C, A

EE 80% o]FoA] A2A0Z 24A7F SR 81T Ak

A

[¢]

B AAFAE 1,008 2 817 5 7Y 7hHo = 33 A
¥, HF LAt B 74 F PSS A8k,
FAE ek v wste] WAl aHE A48

HE X0l SHAXHYES 0S8 4 HAMSY
R k= RS

Sub e ge] 219E AAYL vE] %‘H Sl
AHEE b

sodium hypochlorlteoﬂf\i 3047 HA SR, ”é&—ri 33] Al
2 5 2447 Az AxE =
ol Y37, 1 x phosphate bufferell 41L°1 HEH TS
cfuml ¥=2 NS A|zate] 7o} 8:} ] 150 rpm
o2 3087k RS Al AHsAE 2407 F
QF AAAZA AL, 0|5 ARGate] 2RFA Aol e F
A gIE RAFSIAT 28R MEEs 45, 50,
55, 60°CE AAstal FAAIZR 2002 At 3
AAEE vzl FEEAbs 509 ZE| 3Es8kal 25+3°C
&4 AR ENA FaEAte] Wols-& ARSI ol
% 50, 55°C 7 7FA Al thel] 283A 713"]”% 20
&, 30802 A oHEES ARSI Tk HAH
1 oHESES I T 7Y, 17¢ 289 AAH AV

Az
2 Ao £33 mE AYTE o AAEg,
olE At tlsl Hdpoz BAISIATE ZF AlE oA
=25 22 Fa7he] vliEs SAS T2 (SAS Institute,
Inc., Cary, NC, USA)2.Z ANOVA #4153} Ducan U7
AP <0052 A3t

HMZHE o[B8 UAHFHT HEAN S

S (Acidovorax avenae subsp. citrulli)l]l )t
AAlA e Q8 AltEE 3759 AAlHAE o83t
of JAEfA] AdellA A7 Qixﬂﬁ:qg— ARt 2 A3 4
Z9o| Al SEU T, SAHEs oS- st

A, %A]EHEWM—@%&E%JEHM T3, oprllE
ghol| 2+ A| B A AR AAUE FAd Tt
(Table 1). |5 2MHA| T 7P G237t L AL &
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Table 1. Growth inhibition zone of the 37 anti-bacterial pesticides against Acidovorax citrulli on LB medium

Growth inhibition zone

Active ingredient

No. Fungicides and formulation® %) Dilution rate (mm)
1 Acibenzolar-S-methyl + Chlorothalonil SC 1.42+44.5 -
2 Acibenzolar-S-methyl + Mancozeb WP 1+48 1.420.0d”
3 Azoxystrobin WP 10 -
4 Azoxystrobin + Propiconazole EC 5.7+9.5 -
5 Bordeaux mixture WG 76.2 -
6 Carbendazim + Kasugamycin WP 40+3.45 -
7 Carpropamid SC 30 -
8 Carpropamid + Iminoctadine triacetate SC 7+5 -
9 Chlorothalonil + KasugamycinSC 30+5 -
10 Copper hydroxide WP 77 -
11 Copper hydroxide + Oxadixyl WP 62+8 -
12 Copper oxychloride + Dithianon WP 42+13 -
13 Copper oxychloride + Kasugamycin WP 45+5.75 -
14 Copper sulfate basic WP 58 -
15 Cuprous oxide + Streptomycin WP 30+8 -
16 Dithianon WP 75 -
17 Dithianon + Kasugamycin WG 30+7.5 -
18 Fenoxanil WG 20 -
19 Ferimzone + Fthalide WG 15+15 1,000 -
20 Ferimzone + Isoprothiolane WP 30+15 -
21 Ferimzone + Tricyclazole WP 30+10 -
22 Ferimzone + Validamycin-A WP 30+5 -
23 Kasugamycin SL 2.3 -
24 Kasugamycin + Polyoxin D WG 9+4 -
25 Kasugamycin + Thiophanate-methyl SC 4.35+45 -
26 Kasugamycin + Tricyclazole WP 2+20 -
27 Oxolinic acid WP 20 3.7+0.1 a
28 Oxytetracyclin WP 17 1.9+0.1 b
29 Oxytetracycline + Streptomycin (sulfate salt) WP 1.5+18.8 1.3£0.1 ¢
30 Probenazole GR 6 -
31 Propiconazole + Tricyclazole SE 10+32 -
32 Streptomycin WP 20 -
33 Streptomycin + Validamycin-A WP 5+15 -
34 Tribasic copper sulfate SC 15 -
35 Tricyclazole WP 75 -
36 Tricyclazole + Validamycin-A SC 20+5 -
37 Validamycin-A WG 20 -

9EC : Emulsifiable concentrate, GR : Granule, SC : Suspension concentrate, SE : Suspo-emulsion, SL : Soluble liquid, WG : Water
dispersible granule, WP : Wettable powder.
®Values denoted by the same letter are not significantly different by Duncan’s multiple range test (P < 0.05).

b FIANT, SAHEZAOIEYE FIAE TAZE AR W (Pseudomonas syringae pv. syringae)?ll tg+ A
Sk Zlo] FAIR ARE-EF Aol vls) a3t FdTt ol 4 o 4 a3t v AAlAlel HlE] =2 AR e
AlAol] 23+ dA9] FHake] xjo| = wgEn), SEUL Th(Park et al., 2015). =gt 2 =itol| A A2 ARG SA]
Ao} SAE Egtrto] 271 F3AlE off suf Al B Egirto] 21 737 FAR ARSE SAJH ERtAtol S
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Table 2. Control efficacy of seed soaking treatment of 4 anti-bacterial pesticides against the bacterial fruit blotch caused by
Acidovorax citrulli. The control values were investigated as anti-bacterial pesticides spray after 5 days and 10 days

Before spray

Anti-bacterial pesticides Anti-bacterial pesticides

. . . spray after 5 days spray after 10 days

Anti-bacterial pesticides
Rate of Control value Rate of Control value Rate of Control value
diseased plant (%) diseased plant (%) diseased plant (%)

Acibenzolar-S-methyl + .50" - 23¢ 94.9 27¢ 94.8
mancozeb WP
Oxolinic acid WP 3.0a - 6.5bc 85.8 7.8¢c 84.7
Oxytetracyclin WP 2.8a - 10.0bc 78.2 11.0bc 78.5
Oxytetracycline +
streptomycin (sulfate salt) WP 2.5 ) 16.7bc 63.6 21.5b 58
Untreated 3.2a - 45.8a - 51.2a -

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

Table 3. Control efficacy of 4 anti-bacterial pesticides of the bacterial fruit blotch on seedling stage of watermelon. The control values

were investigated as fungicide treat after 5 days and 10 days

. . .. Rate of diseased plant (%) Control value (%)

Anti-bacterial pesticides

After 5 days After 10 days After 5 days After 10 days
Acibenzolar-S-methyl - mancozeb WP 47.1 62.3 25.6=18.4 ¢? 14.7+12.7b
Oxolinic acid WP 20.6 37.6 64.1£16.1 b 4424239b
Oxytetracyclin WP 1 6.8 98.5+2.4 a 90.3£8.1 a
Oxytetracycline - streptomycin (sulfate salt) WP 9.4 32.1 83.5+13.7 ab 51.24252b
Untreated 60.3 68.7 - -

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

A+2EFErtolal 3bAlo) vls) A axt Sl=
Ao Yeiyith. F2 wgol WAlel AR-E= Al
oprlelEet-of L-mE+HEAE FAl oA = AR
7t BAET. ool AAE HiRos HAAEET WA
& WgAzE 452 DAL 7Fedol e AL
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AAA ZA7} BRI E A B9kt

Rl
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=

|
FHRERLE 420 AHA|FA AR A 2] s}

TUEXE 0|38 Fu HAMSY UHF

E Sk S, SIS
HES 2ARIY. o A3, FAETE 3 5Yaket
73 Z42E 60.3%, 68.7%2] o] EES VERNITH
(Table 2). §HH, SAHEgA o] S0 F3Ale o5 5YAt
A= o|HHEEO] 1%= UERt 98% ol/de] =2 wxAlax
2 HY, 3F 10¥E 6.8%2 o|HESS el
90% 7HFe] WAl G S BT T3 SAHEZAfo]Zd
+AEZ EnfolAl 3= 9.4%2] o|HESS Hol, 83%
o] WA AHE Bk ol B ARG 2] A
Agz Ak} wig- FARH SAHEZAO1EH FEA =
AHgshE Aol b HAXSH WAl g9 o=
HEITh SEAIRE IARPG A AR &
S Tl ol EEo] B SRl 20%35L, WA

do

B 64%%E S LERTH(Table 2). opAldlEet-of 2-n)
FsAle TR (Xanthomonas
euvesicatoria)llA WA 27T =& oz FRIFHAoL}
(Kim et al., 2012), 54} LN -FHol| A= oA lEe}-of 2=
WA B oAl = 47%9] oJHEBEER 25%°] WAL
I B 450 AAHEA 5 7P wn| kT

do] ¢hid

FEE 0|8 4 HLYFE LM ZH YNE

=
HIH ol AFAAEAE Bl 4Fe] MHAE
v

t} o] F opulETloAmE+TAE FIAE HE
AAEA AELZEE sUxtel 1093l AR A}
94.9%%} 94.8%°] WA EHE HI} o] AAMAE o]
3t A g Aol HE FusAlE o] 83 Ut 7
YN WA G Adpels e A3E Bk ZAEA
oA A FAE HAW LU FIAE sUAe}
103} 85.8%, 84.7%2] WA &3S Ho] UXNSH v
Al 7FsAo] e Aoz A= th(Table 3). ¥, W
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2ol A G} 78%= vhE Aol vl wA] VhEbst
3, SAHEZAL|SH+AER Enfo| gy s =
63%= Tha Sttt 2 A= ofsu AHFHFHY Pseu-
domonas syringae pv. syringae®] S WAL 28 F
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£ ARS A7F T Aol AFE EAoY, & £3d
M= FE7] BAeE SAHEZRA oIS 37t
49%2] WA &3 B o, FxF AA Al E 90% ©]
e =& ARHE U drdde dAEITHKIm
et al., 2015).
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Table 4. Control efficacy of hot-water treatment methods on
seeds which were artificial infected by Acidovorax citrulli
causing bacterial fruit blotch. The control values were
investigated as hot-water treatment after 7 days and 17 days

Treatment Rate of diseased plant (%)
Tem;()?(r:a;tures Time After 7 days After 17 days

25 0 0

50
30 0 0
25 0 0

55
30 0 0

untreated - 100 100

=} gl e e Lnbu)isslet ollgl S A olA

b Al s 7ot B AjSAA] S22
glaoltt. & Atelxe b ALHTE S WAl 9
& $2h, FH 5 DA AR BAEE A ®
A ek Ao 2R Y FrRlEAE Hasl] flsiMe
SAHEZAIEH 3RS o] 8%
2x|u o] 9k, 73@31 WA 0 2 ZulEale oE
5 OS2 50~55°C 25°llA 20~30:27+ A
Mgk Sl U}Xl“‘—é Tt frE7le A et
HARSH I 27)olle SEUN FIAR oAl S
of| 2~ & kA 2 ﬁ}zﬂf— ARgElE Aol maz ot
uebA, pEkEARel Sk R0 WA shs pEk AAAE
WS A A} 2‘5‘7“1] Aol olal Z&HQ WAz}
7hsste gow it A WAl adE A =Y
T g o= AdEr)

e

ZAte 2

B Ate sEHET sEIE71897Hd GSP
AN aZAAAE A (@FAH S 213002-04-4-SU000)2] A
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2 °f Acidovorax avenae subsp. citrullidll °13] WS FH AU kAR ol FAHE ot} sruk
FAH I WA S fJal AldEs AAFAR AR ZARISATE AAAE o] &5 A e TS g A,
SEAN |, SAHEZAL|E29 F3HA| FolA AL AR ZATL e & 450 AAHAE
ARgste] FARIA, R0l AT Fut HAN S iR g 9E AT A, FARA MM = SATH Ertel S
TF3HA|7F 90% oo MAZAE B, fFE7] o] B b RAH S Aol = ol Eet-ofl -m g Rk A|

B 3171 90% o))

MAEIE Stk 2FA AYYORE HE FUEA W S FAN S

Qe FAHoR U & et 2 AYZAE 50-55°CoA 203087 Agjeke Aol ol @ AREE S

5719 SRARS0) AHg /5 RO Sup Sl ggel HEH9 WANol )
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Aolo]  AAlEA, St HQH L, LFHA, WA
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