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ABSTRACT

Bacterial blight of carrot caused by Xanthomonas hortorum pv. carotae (Xhc) is one of the
serious diseases of carrot, of which control measures has not been still established in the
domestic farm. In this study, in order to select effective sterilizer for bacterial blight of carrots,
three antibiotics such as streptomycin, oxolinic acid, kasugamycin, two copper compounds
like copper hydroxide and copper sulfate basic and three rhizobacteria Burkholderia gladioli
MRL408-3, Pseudomonas fluorescens TRH415-2 and Bacillus cereus KRY505-3 were
selected to investigate their direct antibacterial effects using artificial media, aiming to identify
effective pesticides against Xhc. Among them, treated medium with antibiotics such as
streptomycin, oxolinic acid, and the antagonistic rhizobacteria MRL408-3 were formed
inhibition zone. The agrochemicals and the rhizobacteria MRL408-3, which showed
antibacterial effects on carrot leaves, pre-treated on the carrot leaves and then inoculated with
Xhc. High control effects were shown on the carrot leaves pre-treated with both streptomycin
and oxolinic acid. Scanning electron microscopy images of the carrot leaf surfaces showed
that the population of bacteria decreased significantly on leaves pre-treated with streptomycin
and oxolinic acid. To control bacterial leaf blight, a seed-borne disease the agrochemicals which
showed antibacterial effects on carrot leaves, pre-treated on the carrot seeds, and then inoculated
with Xhc. Among them, high control effects were shown on the carrot seeds pre-treated with in
order oxolinic acid and streptomycin. From these results, it can be inferred that antibiotics like
streptomycin and oxolinic acid exhibit superior control effects compared to other agents and
antibiotics like streptomycin and oxolinic acid exhibit superior control effects on carrot seeds
compared to other agents. This study provides valuable insights towards establishing an

effective control system for bacterial blight of carrot.



LA &

F<(Daucus carota L. subsp. sativus)<> % M Al 4 0.7 5 Q5+ A A&~ 2HE F skt

2,2021 7] & ) 2 A A A S 0k 2 976 hasl ABAMEE 112,105 E 0 % B 315 9t}

¢

(KOSIS, 2021). AlAIA oz el EA7F Hi Sl T2 Alels onkE4
(Xanthomonas hortorum pv. carotae), -+ '8 (Dickeya Dadantii, Pectobacterium
carotovorum subsp. carotovorum, Pectobacterium atrosepticum), 2% 51 (Pseudomonas
viridiflava), <%+ (Rhizobium radiobacter), & 2] ¥ (Rhizobium rhizogenes), -3}

(Bacillus popilliae var. rhopaea), T = ©]¥ (Streptomyces scabies)©] X i1¥ o] Slth
(Kendrick, 1934; Janse, 1988; Gardan ‘5, 2003; Effantin ‘5, 2011; Almeida -s, 2013; Bastas
‘&, 2021; Tekiner<} Kotan, 2022). =7 ujoll A 2ol WA= 58 W all= Ao 2 3
<= (Cucumber mosaic virus, Carrot red leaf virus, Carrot mottle virus), 32] &4 31 4%
(Meloidogyne), Al¥FH <l FE5% 3% (Pectobacterium, Pseudomonas 2%), U ®o]H
(Streptomyces scabiei) 12|31 Fo]® 73 (Altermaria dauci, Alternaria radicine,

Cercospora carotae, Erysiphe heracleid, Fusarium sp., Rhizoctonia solani, Sclerotinia

sclerotiorum)©] X 31 %] 1 TH(KSPP, 2009).

FH L ol A A ol Al 9l wkE & 9 ©.7]3= Xanthomonas hortorum
pv. carotaes= T|=8] I YoloA A5 HuEOM o]Fo] ejxFe}
Addeuts 22l A9, B7], A& 5 ofg] dEkelA W, M e
2012 129 o] A5 X115 3 th(Kendrick, 1934; Pfleger -, 1974; Nishiyama -, 1979; Du

Toit 5, 2014; Myung 5, 2014; Christianson -, 2015; Bastas &, 2021; Palomo -, 2021).



T 1 Jdl= F7Fstrhal skl th(Kendrick, 1934; Davis, 2004;
Sharma -, 2022). B3t G F8 Aak A ol A D2 Al SlnkE 0 =2 Q1 gk 9] aff of 2
AZF 800k EEfollA 11009+ EEle] o] Ethal 43 THUSDA, 2021). <ol A]
ZAHE 5071 ] RE Fol A 40%2] wrol A i Al ke o]l B E o o] %
G Al drEE o]l Fuol L vkdAstA Arhd o] Ao g Qg Bt T SR
AA A I &7 F H 07 oA AFE T (Myung 5, 2014).

X. hortorum pv. carotae:= 19783 X. campestris pv. carotae = -+ %] $1 A 7k F-=}
AEZ8rAd F4 02 Q13 19951 ol X. hortorum pv. carotae = A #2] & ¢ th(Kimbrel 5,

2011; Dia, 2022; Dupas 5, 2023). X. hortorum pv. carotae®l] &3+ SAH-2 23} = 7]

¥ th(Kendrick, 1934; Pfleger 5, 1974; Nishiyama 5, 1979).

AR e 23 ¥l Z o Ak A 5 Qw 4gE T4 AgE

oft
rl

A AW B4 s 13 A9 Do) B S gov], ZAdH Y Pelel A

i)
)
|

WE A ghek o e A 9l eh(Nishiyama 5+, 1979; Kuan -, 1985; Bastas 5, 2021).
TAAD ol9elx= 757 Ha F8 Al 3UIY Wl & S Ay
7}-s 3k tH(Gugino -, 2004; Du Toit 5, 2005; Christianson -, 2015).

T U] g FAMAE AFEelH @ FA7F Wol AujE o 9l

FEL 4] AF Dream 70 th(Kim 5, 2013; Kim 5, 2019). & B a1of w2 2022d



U AR 0% Tl F AL QLo TR F el A] = = AL Sl Th(Park 7
2014; Korean Seed Association, 2022). Tt Ml dvts¥ A SAANA FAE
A= TR, A or HEae ol AdH o= o] & F4
315 ¥l th(Kendrick, 1934; Arke} Gardner, 1944).
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TH(Umesha, 2006; Gitaitis 2}

Walcott, 2007). < A dvutEH I 2k 10,0008 T 10° cfulseed G+

oFal A7) 3 BAA D] MR STl A4 LA %
1985; Umesh 5, 1998; Kimbrel -, 2011; Scott2} Dung, 2020).

AIE G FAE YA 98 nBHOE FA 2% AFHE 27

2021). SPA R o] & W 2 W vl g0l 5 A o] Eols ¥ dw s €19

whgE 4= gl7) wj&-of WAl A7} 2l oh(Strandberg e} White, 1989; Scott$} Dung,
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Saks W o7 A7
o] Foj A 3 QAT o] W3] @Al WA= B Aot (Umesh 5, 1998; Du
Toit 5, 2005; Christianson -, 2015).

Al Al el = 7 A s wEA WA = Q= stekA HAlE FE A

33} Wo] Abg-% 11 QlvH(Saxena %, 2016). 3FA| Bk 3184 WA= g3k A$ A3

o]

i

B etstr] 98l shelaeke] thAl Al A& AN W A =LA TS o] &5

0] A A A 9} 2 &2 WA S o] §-317] & S} (Montesinos, 2003).
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1. A

TS AT 3ol A wol Al E Ll Wt EAHev. Dream 7)E A F ol

2 30 711 & A 935l WB-22 water

1o

AFE-3FS Th(Jeon &, 2021). AT G TAHE
bath(Daihan scientific, Wonju, Korea)ll 50°C, 30 -3+ B 7} A A~ 55 3} th(Nega &,

1 8l =9 o84 E (Gungon Geotec, Jincheon, Korea) S

)
S
S

N/
R
of\
_>|~1_,
it
>,

4,
i

A ZekAE LEEF A 8 ecm)oll 1 ecm 2o 2 3538k al 28+1°C, 12 A1ZF g7
25 okl o A vjokalit 14D T L E(F A 8 cm)oll AZFE A5G Agld] o}

A7) skl o 21 o] ek d] A g A &S Aol AFE-s3I T

I Al A vkE Y 7?1 Xanthomonas hortorum pv. carotae(JJ2001)E =55



e 5 v A =23 (Korean Agricultural Culture Collection) ©. % F-E] &-oFwko} A&
3} T, 5+ tryptic soy broth(TSB; KisanBio, Seoul, Korea)©l| = 2] Al ® (glycerin)< 30%

(w/v) F7F8to] 28°Cel| A 2 Y &<t B3kst 3 80°Cell 543ty A3 e g wnirt
Hjj &k &Fod AL-2-3F At o Bl 2 tryptic soy agar(TSA; BD Difco, Franklin Lakes, NJ, USA)

A A] o] =k sF & 28°C LMI-3004PL incubator(Daihan Labtech, Namyangju, Korea)®l|

[K
i

72 F3t vl sttt wto] wiFE TSA v Aol 235~ 10 ml & ¥ 31 Haf g
o] &3 = FojFo] HH NS W= T Optizen Pop Spectrophotometer(Mecasys,
Daejeon, Korea) S ©]-8-310] Al 55 2.2 x 10° cfu/ml & 227 5lo] T A0 2 AL

B

ek

3.3 AT dvtEE Tl e FTEA AR

g Al

e

nhE Al okAlR SHEl AR FQl 559 WAl oFA
streptomycin <=3} 41| (20% active), kasugamycin <=3}41](10% active), oxolinic acid <=3} A
(20% active), copper hydroxide <=3}A|(77% active)$} copper sulfate basic 5= 3}#)|(58%

active) ] P A oAvkE Y ol NS A9 Pt AekE Sobn A 7t et

Ay
M

] Al
a

S

A

5= 1,000 ppm&i z4 O]_o:] ﬂ-(Tab|e 1) ISk ]—% ;q]o H Oﬂ ]’Z‘ﬂ §J+% 14—]3]—

< A+ Burkholderia gladioli MRL408-3 2} Pseudomonas fluorescens TRH415-2(Yang

m{n

=, 2014) 9} 7= 9w o o Al & 37} 91+ Bacillus cereus KRY505-3(Kang 2} Jeun, 2010)
E o R G AlgdntE ol et e a3E At 72 Al e v EE

spectrophotometer & ©]-2-3l 2.5 x 108 cfu/mlZ & &} AFE-5F 9 th(Table 2). &+ &3}



IS TSAH] A o]

=
=]

w7 o) Fof F-of v

% 2] 3t paper disk (217 8 mm)Z

A
Al

£l ©] A B(Inhibition zone) <]



Table 1. Agrochemicals used in this study.

Active Concentration Application
Agrochemical ) )
ingredient % (ppm) rate

Streptomycin 20%, WP? 1,000 20g/20L

Antibiotic .
Kasugamycin 10%, WP 1,000 20g/20L
Oxolinic acid 20%, WP 1,000 20g/20L
Copper Copper hydroxide 77%, WP 1,000 20g/20L

compound

Copper sulfate basic 58%, WP 1,000 409/20L

dWettable powder



Table 2. Rhizobacteria used in this study.

Scientific name Strains Concentration (cfu/ml)
Burkholderia gladioli MRL408-3 2.5x 108
Pseudomonas fluorescens TRH415-2 25 %108
Bacillus cereus KRY505-3 2.5 %108

-10 -



4.3 AddvrEs BA 23 37}

001'
FH
',
X,
4
o
=
=
=
=
=3
o
I
-
)
<«
o
=
=k
<
P
—
>
o
&
w
flo
[-'O

9} 28°CE 4| 8= DA-DC dew chamber(DONG-A, Siheung, Korea) ol 4| 24171 &-QF K.
T Th5 28£1°C, F = 90%+10% 18] 3L 12A]7Fe] gzl o ® {2 5= A E ek
Aol mjekstHA B A of 5 Azt o] Aol A o] W E = A
T T 28AA N EY A= A o A= 0. A RS, 1Y E ol - 1-25%
W, 20 912 26~50% N = w3 91 €] 51~75% W AV rhE = S, 40919
76~100% Y 3191 0 b AR S-S T, gk Uh I (disease severity) & Y {(%
WA x ST (4 x ARG ) x 100, WA 7= {(FA =1 TR B A7E - A 2 ]

WA 7} [ 2] 2 7] WA 71 x 100 O % AFE et
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SFATE AE T Sls ASS W AE AR 2 x 2 mm? A 7] 2 P} 2% glutaraldehyde
£ 2331 0.05 M sodium phosphate buffer(pH 7.2)¢l B 7} 4°C ol A 2 A1 7 <k 1 2 114
(primary fixation) ¥+ - 5 3t buffer o] 10 =3+ 4°C ol 4| 3 3] washing 3} TF. 1 2} 1273
< "R A= Al2E 1% osmium tetroxide & 333t 0.05 M sodium phosphate buffer(pH
7.2)% 4°Coll A 2 A1 7F 59k 2 2} 314 (post-fixation) 3 F- Ao ¥ 3 2} S HFE A L0 A
10 &31 3 3] washing 331 TE 1 § Al 5 ¢] ©<*(dehydration)+= 30, 50, 70, 80, 90, 100%
ethanol series = 2} 10 :&3F 1 3] A A 8F31 #H F 100% ethanol & 2 3] F71= &5}t

Al

b

o] TS EAN T A A AxE7] YA AAA AZ7]¢1 EM CPD300 critical

ke

2]

pasd

mlru

piont dryer(Leica Mikrosusteme, Vienna, Austria) & ©]-238}0] Z1F A1 & A5

OH

=
o
Z}+7] ion sputter coater(Quorum Technologies, East Sussex, England) = platinum < ©]-8-3}]

AMZS #AdsHA FHEH T Alg5+= A2 7 (Silicagel Blue, Daejung chemicals &

DRESRETS LEOEEE R SR

3
aQ
=R
2]
%
=3
(¢}
b=
=
aa
~
o
=
(€]
o
N
o
b
lo
N

Z0| MG 2= MAIA3 E5A1¢ v 7 (Tescan, Brno, Czechia) S ©]-83}4] 5.0 kV ]l

A sl om o] Aot 571z 3,000 vl el o] v Aol o2 A=t A4
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%= Dream 7 #& ol = FAF 7l o] H=A Flahr] 98 HE Ade AAskdvt A
st G A5 L8 A 51o] A58 S filter paperol] 112 Al A A =2 74 petri dish
off Eokt) It TAE -2 petri dishol] 7] 2] vl A+ spectrophotometerS- ©]-&
& 5 2.2 x 106, 107, 108 cfu/mlZ 3] 23131 0. 10 mI¥ A 3o 28°Cof| A 24417+
FRb vkttt TRkl M ATS HE Fol filter paperoll AAZXA| A FEE A &
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EHE G AFdnEE o R i E e S| UEhd @ S 3714 A Esto]
1% *}o} A4 E F(sodium hypochloride), 70% &3 -8, AHot<=of] 2} 3024 @7} &
At atgl om At 1 mlE ¥ 15 mltube] Al 55 a1 193 E3ke] detol

& WhEo] FoUTh A NS TsAu Aol B sk F2 5 o] &38he] 100 pls =2t o

O

] 28°Coll 24 7+ vl oF&FS T, vl oF & v %] AFof 4] X. hortorum pv. carotae = 2] 4 &= =
HA AL E56ta TR JEHe FEYE St 45t Ads Agsiit &
A= Mg TSAHA o] Aekelsto] AitS FElsigleor S8 9 F24E
TSAH| A o] M A 2] 0 7 = ka}o] 28°Ce] 2 71 vl okl tf. wl k3t -2 TSBH A] o] &

2] A1 2L 30% (wiv) 3 715ke] -80°C W5 1o B 3HakglTh,

3. £ A& DNAFZ

A FojH M-S <152 A DNeasy blood & tissue kit(Qiagen, Hilden,
Germany)E ©]-§-3to] 18 S Al: 2] DNAS FZ3 T} -80°C W& Lol B #3+3]
d 2 55 9mle] TSBell 200 plE &0 28°C, 80 rpme] 27191 & w k7] (HB-
201SL, Hanbaek Scienrific, Bucheon, Korea) | A 2 71 wl &5} S oF. vl &F ¥ - 2 ml tube

o] &} 5,000 x goll A 103+ ¥ %2] 7](1730MR, Gyrozen, Kimpo, Korea)E ©]-&3}¢]
A wi A &} Alets ettt o] AEW, AlEur @S =ol7] 98 ATL

buffer 180 pl<} proteinase K 20 pl& ¥ 5 vertexing sto] 56°Cell A F1g a2 w71

-14 -



water bathol| 4] vl} 23151 o, vl 2Fo] 14 vertexing 3 % AL buffer 200 ul 2} ethanol(96-
100%) 200 ul ¥ 37 vertexings} St ©]5 2 ml DNeasy Mini spin column placedll 71
6,000 x gofl 18 141 22] 3to] DNAZ % [ A 71 & AW1 buffer 500 pl g AW2 buffer 500
uIE A2 283t 56,000 x goll A 327 AR 3] AFA T AE

buffer 50 pl& A 71 $ A 4HE2] aFo] At total DNAFZE 331 T

4. PCR

ofN
I

S 3 A2 350 bp =171 2] X. hortorum pv. carotaeS EFZl © 2 3} specific
primer 3Sf(5-CATTCCAAGAAGCAGCCA-3)' 2} 3Sr(5'-TCGCTCTTAACACCGTCA-3")
£ Al4-3}o] PCR 5352 18313 th(Meng 5, 2004). PCR mixture:= A+ <] total DNA
2 ul, primer set Z} 1 pl, 10x buffer 5 pl, dNTP 2 pl, MgClI 4 ul, Teq polymerase(iNtRON
Biotechnologdy, Seoul, Korea) 0.25 pl 2} 3%} A5 3£ 3Fako] 50 ul €] total volume-s 2t
Ad3skgltr. 2/ ¥ PCR mixture= SimpliAmp Thermal Cycler(Thermo Fisher Scientific,

Waltham, USA)S- AFE-3}o] 95°Col| 4] 53 Z13] & DNA *H7J ©A|(Denaturation step) <!
94°Col| 4 15%, primer 2] annealing™ 7| (Annealing step) ol 4] = 58°C¢l| 15%, DNA7} &
) &)= <A (Extension step) ¢! 72°Coll A 30% 5-¢F & 359 WkE 3 72°Col| A 54 FQF
A 2]kl DNAE <5 3FS th(Bastas 5, 2021). %% DNA+ 1.0% agarose gel ¥} 1 x

TAEZS Z3310] gelS W59l 01 80 Vol 60%-7F A7) %S £319] DNA 5% 5

= 239t
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5. 32 FAb] A 2337

Gt A drtEE S FAAGHOE T AHA R Fos A st
WA g35 ol 7] g T oA it I E YA streptomycin, oxolinic

acid & 7] 2] sfof Wopg 3} wofdt A ol v A= o F= F ek @ FAE 50°C,

w
=)
M
)
rfo
oft
jeh)
)
ol
i)
2
of\

A} A= St F filter paper o] Z1Z8kaL A=l AxE FAE
ot petri dish o ©3kth A 2= Aol wieFek3l oW streptomycin ¥ oxolinic
acid & 1,000 ppm ©. % 3|4 3}o] FAE ©- petri dish o] 15 ml & 2o I A7 H
28°C, 80 rpm 2] HB-201SL shaking incubator | 4] 24 A|ZF vl Fs}SlTh wl S & $AHE
filter paper °f] 71Z3F & A2 AZ=o) Fo} petri dish ol AT ATt A FAt

o] 7}A W) E=9ke 22 x 108 cfw/ml FER

mlo

=R gdds Adsgl
5141 ko] kol 10ml 5519105 28°C, 80 rpm A1 W]o37] ] 4] 24 A1 ¥ ek
A5 ¥ T A= filter paper ol 71 23t F v] 2] 50 ml tube ©f] WH=9] & 1.5% water agar(WA;
BD Difco, Franklin Lakes, NJ, USA) <] of] X} 2] F2+5 vl #] <] 39 3 H of ¢ 7} A
HolFAom Wol et axC WalolA 7 Az ksto] wolnel ol
S48 th A3 of] AFE-% B = filter paper 9F A 1= A3 A E| 2 AFE5FS ©. ™ petri
dish = FAE §71% Wk A7 vhpol ALEEIT. ol Aol F4E AT

dholy BRETES 761 © v #rol-&(germination rate)~ (Holst TR} /A A FAF
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iii. S A1 E4

ol A AR

FaL 5 A}l A

S

2 A%

CEREIEEEY

o] EAMHLA(ANOVA)# Duncan®] ThE7 743 SAS 9.4(SAS

—_
fite)

il
e

ol
j=!
o

=
=

Institute Inc., Cary, NC, USA)
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n.z 3

i 3T AEdrtEE A 23 3%

LA s A EITAATY 2 AT LrEE ol 3 FaE4

Al FQ1 5719 ekt 7l e AIdZAAA FolA dE wiA oA T

AltelnlE8 el et & m23rh 3l

rlr

712 streptomycin, oxolinic acid$}
28 A A+ B. gladioli MRL408-3¢! 71 © 2 U EFSTH(Fig. 1). 53] oxolinic acid®]] 2] 3
FAE A AAFL Ft 22 emE UE ATl vle) 7P A vEhd Ao w
XoKFig. 1E), &< Al dvtE ol theh 244 & a3t 7HE =2 Fle s
e T

b3S = B. gladioli MRL408-3> 2.0 cm, streptomycin< 1.4 cm =7]¢]

AA kS FASIATH(Fig. 1E). olgdt AAE EFa IFAAIQ oxolinic acidet

streptomycin “22] 3 2 &7 4 3F B. gladioli MRL408-3> &< Al o A w51 ool o 3¢
A% A Tt AUt A= AS & 5= A Ak 221 kasugamycin, copper hydroxide £}

copper sulfate basic Z#]3 3@ Al B. cereus KRY505-3¢} P. fluorescens
TRH415-2¢] oA &= AAg-& A A bk o = &2 At elntE ol st

4449

odk

o 37 fle A o' A AT AR v ).
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Fig. 1. Growth inhibitory effect by water (A), streptomycin (B), oxolinic acid (C) and
rhizobacterial strain B. gladioli MRL408-3 (D) against X. hortorum pv. carotae. The
concentration of the agrochemicals was 1,000 ppm each. The diameter of the inhibition zone

by streptomycin, oxolinic acid and B. gladioli MRL408-3 were presented (E).

-19 -



2. BA 43S T AR G A ETAATY B2 AT LdvrE Pl tE B

A5 obA ool G Al SletE vt JF e FA oAM= e
ool G AedvtEH e AF A WAL EoAFE HAAFOE wpEAL
SO, ofFE A9 T4 dElen, tifiEe] SlelA 926%nE F
I =5 B 3ok(Fig. 2A, 3).

721} streptomycine AA 2] gE Qs ol EXFFo] FMoR W}

rir

%ol

AAA N Q1] gifto]l Ade FEE FA 8 THFig. 2B, 3). Oxolinic acid<
At deAMe FrHoz ZAWshs 0] YEREAINE 37%2] wl-§- oFst

Y =S B 3lUH(Fig. 2C, 3).

Alo

O 1o

&} 9k kasugamycing A 28t Qe A= Tt A

=
o

yobg

3

of\
2
T
Mo

r\r

A Ha mtEAY eagtEs dA4o] ofskAl YR or 67.6%% THEE
e A ThH(Fig. 2D, 3). 7HE =& W &= 2] Al Q1 copper hydroxide 2} copper sulfate

basice A e]et oA “ERg=H Xhewt AP o3 FAFSHA A E A <

oft
rH

A ArFEY S-S 19101 80.6%, 85.290°] 2 W =5 1.9 th(Figs. 2, 3). 3,

A A7 B. gladioli MRLA08-3-& %] 2] 3F 9l o A 9] Wk §-& 75% 2 L}ERt o.M,

AZ WA M AFAQ 7 A2 8 A T2 gt Yo A= <l
WA & TR whe 7 o 2 Jebskth(Fig. 2G, 3).
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Fig. 2. Disease severity on carrot leaves untreated (A), pre-treated with streptomycin (B),

oxolinic acid (C), kasugamycin (D), copper hydroxide (E), copper sulfate basic (F) and B.
gladioli MRL408-3 (G) after inoculation with X. hortorum pv. carotae suspension of 2.2
cfu/ml. The photographs have been taken at 4 weeks after the inoculation with X. hortorum pv.

carotae.
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Fig. 3. The level of disease severity on carrot leaves untreated and pre-treated with
agrochemicals and rhizobacterial strain B. gladioli MRL408-3 after inoculation with X

hortorum pv. carotae suspension of 2.2 cfu/ml.
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2= QU Th(Fig. 4A, 4B, Table 3). ©]

L4

—

0

¢+

B

0
o
o

%
Mo

e

ol

=
oA

BA
o

!

Streptomycing % ] ]

o

3 A <

ol A

Sy

A2

%7} A & oxolinic acid= &

7+ 2434 th(Fig. 4C, Table 3). v}

oH

L
L

o] WA tHFig. 4D, Table 3). ©]$} o] @

,mo
Wr

o

=
MJ
e

o}
e

T
=

)

ol A o] Al

v
ar

L EFA THFigs. 3, 4).

A

=
=

134 kasugamycin®} copper hydroxide

—_
file)

B

AddvtE8 < 7k FA 2 el v

2 X TH(Fig. 4E, 4F, Table 3). ©]&

Z1 0 2 H QIth(Figs. 3, 4).

o] =
PN

27} Aol

A
xS

Aol A

L
Eas:

AA 2

7
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B

Fol= {131 th(Table 3).
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Fig. 4. Photographs of scanning electron microscopy on healthy carrot leaves without bacterial
inoculation (A) and untreated (B), pre-treated with streptomycin (C), oxolinic acid (D),
kasugamycin (E) and copper hydroxide (F) after inoculation with X. hortorum pv. carotae at

3 days. Scale bar was 20 um.
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Table 3. Number of bacterial cells on the carrot leaves pre-treated with various agrochemicals

after inoculated with X. hortorum pv. carotae.

Number of bacterial cells

Days after
; ; Non-treated Oxolinic Copper
inoculation Streptomycin _ Kasugamycin PP _
control acid hydroxide
3 163.7+11.4a* 7.6+£2.2d 12.5+3.1c 81.2+9.5b  85.5+10.5b
7 127.3+8.8a 5.7+1.6e 11.3+3.2d 58.2+5.1¢c 65.5+8.7b

* Means + SD. Different letters indicate significant differences (p<0.05) according to

Duncan’s multiple range test.
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ii. TR A A a9 AA

BH
g

P

K
e
,_Wo
2

T

of

TSA Hj

T—

T

53 T}, Xanthomonas sp.

<]

1

™ (Dupas 5, 2023), X.

)

0

A

k)
gl

FA L ERSA]

°©

=

—
ok
£l

T

=

o

#HfA] o A

o]

2015). A1 & ol A

[e)
e
=
O

EluA] 29k © ™ (Fig. 5A), B 2ol

(Fig. 6A).

hortorum
(Rainey

T AWME IR
2T Foll A 40.7%= 7HE oF ot iy = 5 YR th(Fig. 5B, SE). 3t QoA ]

O

)

A}

o
T

X. hortorum pv. carotae °| =1 2}

T
i

7ol A

1 9l th(Fig. 5C, 5E).
oFol X. hortorum

=

=

HE

u)-

=
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25| 9l h(Fig. 6B).

TS 107 cfu/ml 2 &

ool 2wt ugro ol g 4
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pv. carotae 2} F+AFSE ZF 2 U7} 106 cfu/ml 5 =2 * 2] $F o] Bt} th= e TH(Fig. 6C,
Table 4).

5Q110° cfw/ml = A 2] 3F el A= A2 o2 b} 224
o Zogo] ek 9 ER-R5E k] Algske] ;AFek7] Al 4E 9] th(Fig. SD). &
3k o] FxoA 7Hd Jairt 7o 100%S] W EE B ATHFig. SE). 183l X

hortorum pv. carotae = F7 ¥ i= 2 YL 7H Wol WA & ¢l th(Fig. 6D, Table 4).
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Concentraion of Xhc

Fig. 5. Disease symptom on carrot leaves pre-treated on the seeds by water (A) and inoculated
with suspension of X. hortorum pv. carotae of 2.2 x 10¢ (B), 2.2 x 107 (C), and 2.2 x 10® (D).
The level of disease severity was shown (E) from the carrot seeds with different concentration
of X. hortorum pv. carotae. The photographs have been taken at 5 weeks after the inoculation

with X. hortorum pv. carotae.
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Fig. 6. Colonies on the TSA medium isolated form the carrot leaves of which seeds were pre-
treated with water (A), pre-inoculated with suspension of X. hortorum pv. carotae of 2.2 x 10°
(B), 2.2 x 107 (C), and 2.2 x 10® (D). The photographs have been taken at 2 days after the

inoculation with X. hortorum pv. carotae.
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Table 4. Number of bacterial colonies on the TSA medium inoculated with different
concentration of X. hortorum pv. carotae on carrot seeds at 35 days after

planting.

Concentration of Xhc

No. bacterial colony
2.2 x 106 2.2 x107 2.2 %108

Yellow mucoid convex 78+3.8a* 362+30.2b 5570+438.4c

* Means £ SD. Different letters indicate significant differences (p<0.05) according to

Duncan’s multiple range test.
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2. 28 Ald S EAE=E 54

It QoA F2] S Aol X hortorum pv. carotae 9+ & LS Q1A Lolr 7|

b

$13l X hortorum pv. carotae &} A FE Y E = H E sk A B35S O 1 specific

primer 1 3S primer set & ©] &3l PCR 5% & X183 th 5P 78t wQqu| =

flo
o
-
>,
M
ol
43
flo
>
>
Q
~
)
N
<
S
=
<
Q
QL
3
)
Q
il
N
AN
|o
il
)
32
|o
=2
o
=N
flo
g
@
=g
ofN
|
>,

ry
ko,
=2
>,
M
A
ro

350 bp &] 7]l &= A th(Fig. 7). vk A = & 2.2 x10¢, 107, 10
cfu/ml &L ol A U2 oA B = 2= Aol 350 bp 7] A &1 S0 ™ X hortorum

pv. carotae °. = 57 3} TH(Fig. 7).
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Fig. 7. PCR amplification product with specific primer 3S targeting X. hortorum pv. carotae.
Lanes: 1-kb DNA ladder (BIOFACT, Co. Ltd.) (M), X. hortorum pv. carotae (Xhc), bacterial
strains suspected of being X. hortorum pv. carotae (1: 2.2 x 10% 2: 2.2 x 107; 3: 2.2 x 108).

The arrow indicates 350-bp.
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3. AT B AW Soke] B2 AZYetE ] oe B4 &3

it

T DA a7t A YA streptomycin - oxolinic acid S F ARl
AA gl ste] A EeoA aaprt | FAA Q] 3+t a5 AT TS A g
ohA] @ ar &t Al ek ot A 2 st Qs W) olate] Aot 0.4 em B 7HE F
Zdolg Bl own 7pg vk wholg-& H QI tH(Fig. 8A, 8D, 8E). & Ate] streptomycin &
AA e stelS wf Hope] dol7t 0.4 em 2 F A TF =2 Wrol&-S W 9 th(Fig. 8B,
8D, 8E). Oxolinic acid & 3 2] ¢t T2} A] Wrolk2 1.3 em = Wrol3t o] Aol 7} 714

29 0 =& ol K 3 th(Fig. 8C, 8D, SE).
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Fig. 8. Carrot seeds that pre-treated with water (A) and pre-treated with streptomycin (B), and
oxolinic acid (C) after inoculation with X. hortorum pv. carotae suspension of 2.2 x 108 cfu/ml.
The length of germ tube (D) and germination rate (E) of the seeds pre-treated with water and

pre-treated with streptomycin, and oxolinic acid were presented. Bar is 5 mm.
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fd
P

IV.

Zhzol Al Al Fgol B} WASH] ofE- e $83 WA Fao R
A A L 2] A & o] &3 (McManus -5, 2002; Norelli 5, 2003; Vu 2} Oh, 2020).

F=2
Ul ol i= streptomycin, kasugamycin, oxolinic acid 5 ©] &I YA 2 5F o A1

4l

oft

Aol o) g8 3 gl o}, i Awd WA B3] et A7} BEe A ow

A= Ao A EEel 74 7155 Fold o ® Asfste] et At At

il

YUEFATE ol & 59 streptomycin < oFF| =22 FAFO| Ao &3k 2] HE 9] 16S
RNA &} & 2&sto] duld IS A A A At 28-S 3F3L(Sundin 2} Bender,
1993; Chiou %} Jones, 1995; Vianna 5, 2019), &= Th& olv] -2 2] FALo] &= A A A Q]

kasugamycin < 2| K& S-S Aol o]t aminoacyl-tRNA & 23S Wl ste] haz

fl

87

flo
12

Atz Ao E LA Qlom 2 A Al streptomycin 2= TFE 2H8-14 &
7}A] 31 31 tH(Tanaka -, 1966; Copping ¥} Duke, 2007; Adaskaveg ‘s, 2011). %= 3t oxolinic
acid © 1% S Al et &daddS 2= quinolone AlE F=5E0] type I
topoisomerases ©| A3SHA HH DNA HAE A& MELLH S A=
At 2488 SOk (Shungu 5, 1983; Hickichi 5, 2001; Stockwell 2} Duffy, 2012; Ham &,
2022). FAAZE G2 AldvtEE el WA a3r A=A ERlsky] 9@l
2ol A At g aE Al st Aol 28 A streptomycin 2 oxolinic acid &
ML (X. hortorum  pv.  carotae)®ll A A A adrE AL,
ARG ANA T Fom| gt 52 @ Al dnkE WA &35 eb S th(Figs. 1-

3). & Aol A= streptomycin ¥} oxolinic acid 7} Xanthomonas <5 2= YA+
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WA o] 237F Aok a7k QAT Streptomycin <= 27 2] 713} ol Xanthomonas
campestris pv. juglandis ° &IE RSO, v7FA]E oxolinic acid & 719
FH 7] A X fragariae ol ©] gt BH-HH WA o] & & 7HE B th(Polito -5, 2002; Kim
5, 2015). eFA kasugamycin ©] Mt Erwinia amylovora ©l 23t A3} S}y wlA o
F9E YebdtE g2 B 17 QA v H(MceGhee £ Sundin, 2011), ¥ Ao A= &2
At vlE 1ol off 8t kasugamycin &) 2] = WA & 397 5 o U R ¢Sk TH(Figs. 2, 3).

ArA oz Al WAt Ax f iAoy g@aste] S-H 7))
Atsto] el zk-g-ol v & T, A=A ol A2 Al -2 A 7F 9] EH A& oA
B35 285 stoha 4l A Q) 0 W(Whiteside, 1977; Hyun 5, 2005), 1 1 -o)| 4] A] & 3t
2] Al (copper hydroxide, copper sulfate basic)= 7|t 2] T AT AvtEH
A &3 HEh A e Sk TH(Figs. 2, 3).

H A S BAlet= AL AAA - o] &k o] A olghes Bl
7} 1 TH(Cui 5, 2020; Vu 2} Oh, 2020; Choi -5, 2022; Kim 5, 2022; Kim3} Sang, 2023). &
3] B. gladioli- EvFE A FHH S A0 7] X. perforans, 7 ASH S o7& X
citri & o] 2] 7F4] Xanthomonas < 2 =" e Alxtoll thall 274 211 &+t & 7F & A
A tH(Yang 5, 2014; Shantharaj &, 2021). ¥ <o) Alg-¥ Z&u]AE B, gladioli

MRL408-3% &% Al i+ 2 v} 7 (X. hortorum pv. carotae)®ll th 3t 24 2 ¢ &+ & 7}

il

1,910 Uh(Fig. 1), 71 ol vl ghe) A A BN A = f-0)v] g 0] B Al vt

ol

3 A E9HE Ureh A S8 OHFigs. 2, 3). oISk 7ol A A FF web) ol
% 250l A5 S w) Zohvh TEA e 2 AR Fe] $7, 5 vhE vy

B3he] o A wi ABANA BulHE G R B Q5 A% 2 >

o

o1} o] = galdhy] el = o W A7) F Q sl ek (Weller, 1988; Roberts 5, 2005;

x2

Kim =, 2008).
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AYEFAE

ftlo
ftlo

o] -3to] ob

kS A gl gt gt S I Al utEE At

HES 5 s BESAEY(Fig. 4), BA APl A3t wAl a3E yeEbi

streptomycin¥} oxolinic acidE A *] 2] 3+ QoA = T Al UAvlEH 71 91-95%

A%k vbA A g 971 wke kasugamycin} copper hydroxide S 2] 2] 8F &l o A =
S Al e At 577 49-54% 7 & 7 A2 SFSTH(Fig. 2, Table 3). 5 oF2] WAl & =

o)

ol el e WMt RAG e oo AdaA T AThFigs. 3, 4). 1= W

2,

25 YERY] YA e woFs A e oA G Al dntEE e MASE
g o] T2k ol F7FeHA HWHA U E ol e E TAE T8l ddst

™ o|Z
9SS v ulHong 5, 2020). ol FAAAES dore= A
3] olu}EH -2 A © 7]+ Xanthomonas oryzae pv. oryzicola, &3} Al o 7] =

Xanthomonas axonopodis pv. allii s©] $/THEPPO, 2007; Picard -5, 2008; Anonymous,

2012). vizt7HAl 2 S Sl Al @ Al vE A R FAPA AR oln 2.2 x

4

10° cfu/ml ©)7HE Gtoll M sttt Tkl Avt e FEEE HEsIS o
2ol & &l flall =l AlF ol A Eol vl = 3L 9li= Dream 7 w50 = A A5
Ay} 22 x 100 cfuiml ‘5= AF5H S Rt} 2.2 x 108 cfu/ml=E FE3FA S W =&
T2 B3 0w Ao ALgE T F A= X, hortorum pv. carotae®]] thsl] 744 91
7 o 7 &2l ¥ 3 tH(Fig. 5).

Xanthomonas 45l 4 &F= X. hortorum pv. carotae=> YDC, MKM #}j 2] £} XCS
agar Wi X ol A =@M o] §7] Y= B5S F 2 Y E YEFI S 1 (Temple 5, 2013; ISTA,

2014), MPR7HA| 2 A elA s EEE A F S TSAM A A = A ek o] &7]
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o
il

=23 F2YE g3k thHFig. 6). T3 X. hortorum pv. carotae® 2|4 &

rlr

22Ud £2 AFHRL W ¥e FEE 255 AT 7 BopHE 2

f
o

2HQl kI th(Fig. 6, Table 4). o] = kA FAkoll Fsko] W | ¥ = o} AA7E =

_l

N

o7 Holn g Al golvtEH 7o FR YR A Y Al 5 X. hortorum pv.
carotae ©. = 574 ¥ A t}(Fig. 7).

WAool FAAME o] Q= AS gld & Fakel A 2F
streptomycin} oxolinic acid & A x 2] 3t WA a5 Aot A A= F
ALell streptomycing A 23t = o A FollA 7 =2 okEs BN A g
T TolA 7HE Aol =d Zle g Hojn, & AdeH e AdE SFF FAE
streptomycinell F A8k & W F Al ekE ol o st WAl a9 EUAIR =2 F
Lol = ofell & whol FAFe] A 1 o] A el 213 2ol (Taylor 2} Dye, 1976),
streptomycin®] ksl S WH2 71 © 2 W QIT}(Fig. 8B). 2ol Al YFnlEH S Ao 7|
+= Burkholderia glumae+= T2 & 3h, 7H ¥ F =}l oxolinic acidE A 2l 3k31=
u] & 9}2 <l WA E X9 tH(Monira 5, 2020). 7FEH7FA] 2 oxolinic acid S E A}l A 2] €]
st o ol o] S ol B 2 A0 Ve O Gt Al ntE o
o & A &7} 35 S TH(Fig. 8C). S ARl A WAl makel ol o A ] WAl &t A = B
53t A S B A vk streptomycing A A 2] ot Tz G el G FS wgkon g ko

= G Al e ol thall WAl Al F okl thet ofsfl g kel A A el o B
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4
KO,

lukE1 S 2 © 7] Xanthomonas hortorum pv. carota = &= A AFeko] &

W % ehhw FlelA obd wAle] tE A7} mEE Aol &

«
%
i
N
rlr
of\
ol

Aol B A Q1 Fope Aal] 95kl 35 FAA

=
Ko,

R

fol

streptomycin, oxolinic acid, kasugamycin, 2 % 2] 2] A copper hydroxide, copper sulfate
basic 18] 31 A3 LAAM T Burkholderia gladioli MRLA408-3, Pseudomonas fluorescens
TRH415-2, Bacillus cereus KRY505-3 = A7 &}o] Q1w A & o]&3)] o] 52| 24 %<l

S ga3E ZASESITE ©] T AU A streptomycin, oxolinic acid ¢F AU A=

HAW A= MRL408-3 & A2l dt & F Al drtad s AFsAeY

streptomycin 2} oxolinic acid & A * 2] 3t T ol =2 WA a3E5 Bt o5 I

Lo,
ke
a)
lo

AnrEFALen] 7 olu] A of| A streptomycin ¥} oxolinic acid & % ] 2] 3t
oA = At F7F T4 s A3 vlaste] §43] Hasglth ols AHE EEl
streptomycin ¥} oxolinic acid 2} 72 & A #| 7} th2 kA of] v] af) WA & ¥ 7} ¥ o]y k=

o)

A& %5 AT FA GE LY S Bobo] P FANAE 22 % 10° cfuml HE ]

N

o

2.2 % 10% cfu/ml 7hA] EH & ] Al 352 oA A4 Y ES Bl FAIAM =

Wgo] B 2L A Fo

—

T QoA WA a3E B YA streptomycin,

)
=
=N
=)
o
o
Q.
o\
s
ofN
D)
=2
2
N
Au)
ol
ol
2
=
=y
4O,
d
=)
ulli
ok
=2
=
ot
T

Al a35 golrR it
Streptomycin & A 2] 3 @ FAo A = =2 Woka& B34 oxolinic acid & A 2] &

G TR A = wE dol & A GAE Bl o] el st AR E Tl G TR E

-41 -



1
,Dro
)

B!

gl

0

-
2

el

-42 -



k!
i
rﬁ[‘

VL. &

Adaskaveg, J. E., Forster, H., and Wade, M. L. 2011. Effectiveness of kasugamycin against
Erwinia amylovora and its potential use for managing fire blight of pear. Plant Dis, 95(4),

448-454,

Almeida, I. M. G., Maciel, K. W., Neto, J. R., and Beriam, L. O. S. 2013. Pseudomonas

viridiflava in imported carrot seeds. Australas Plant Dis Notes, 8, 17-19.

Anonymous. 2012. Bacterial spot of cucurbits. University of Illinois Extension Report on Plant
Disease No. 949. URL http://extensio.cropsciences.illinois.edu/fruitveg/pdfs/949 [28 July

2020].

Ark, P. A., and Gardner, M. W. 1944, Carrot bacterial blight as it affects the

roots. Phytopathology, 34, 415-420.

Bastas, K. K., Butt, H., and Gur, A. 2021. Seedborne Bacteria of Orange and Black Colour
Carrots in Turkey. Intl. J. Phytopathol, 10(3), 203-214.

Chiou, C. S., and Jones, A. L. 1995. Molecular analysis of high-level streptomycin resistance

-43-



in Erwinia amylovora. Phytopathology, 85(3), 324-328.

Choi, D. H., Choi, H. J., Kim, Y. J., Lim, Y. J., Lee, L., and Park, D. H. 2022. Screening of

bacterial antagonists to develop an effective cocktail against Erwinia amylovora. Res.

Plant Dis., 28(3), 152-161.

Christianson, C. E., Jones, S. S., and Du Toit, L. J. 2015. Screening carrot germplasm for

resistance to Xanthomonas hortorum pv. carotae. HortScience, 50(3), 341-350.

Copping, L. G., and Duke, S. O. 2007. Natural products that have been used commercially as

crop protection agents. Pest Manag Sci: Formerly Pesticide Science, 63(6), 524-554.

Cui, G., Yin, K., Lin, N., Liang, M., Huang, C., Chang, C. et al. 2020. Burkholderia gladioli

CGB10: a novel strain biocontrolling the sugarcane smut disease. Microorganisms, 8(12),

1943.

Davis, R. M. 2004. Carrot diseases and their management. In Diseases of Fruits and Vegetables

Volume I: Diagnosis and Management (pp. 397-439). Dordrecht: Springer Netherlands.

Dia, N. C., Moriniére, L., Cottyn, B., Bernal, E., Jacobs, J. M., Koebnik, R. et al. 2022.

Xanthomonas hortorum—beyond gardens: Current taxonomy, genomics, and virulence

repertoires. Mol Plant Pathol, 23(5), 597-621.

Du Toit, L. J., Crowe, F. J., Derie, M. L., Simmons, R. B., and Pelter, G. Q. 2005. Bacterial

-44 -



blight in carrot seed crops in the Pacific Northwest. Plant Dis, 89(8), 896-907.

Du Toit, L. J., Derie, M. L., Christianson, C. E., Hoagland, L., and Simon, P. 2014. First report

of bacterial blight of carrot in Indiana caused by Xanthomonas hortorum pv.

carotae. Plant Dis, 98(5), 685-685.

Dupas, E., Durand, K., and Jacques, M. A. 2023. Analysis of the worldwide diversity of

Xanthomonas hortorum pv. carotae, the agent of bacterial blight of carrot, reveals two

distinct populations. bioRxiv, 2023-04.

Effantin, G., Rivasseau, C., Gromova, M., Bligny, R., and Hugouvieux-Cotte-Pattat, N. 2011.

Massive production of butanediol during plant infection by phytopathogenic bacteria of

the genera Dickeya and Pectobacterium. Mol Microbiol, 82(4), 988-997.

EPPO (European and Mediterranean Plant Protection Organization). 2007. Xanthomonas

oryzae. Bull OEPP 37: 543-553.

Gardan, L., Gouy, C., Christen, R., and Samson, R. 2003. Elevation of three subspecies of

Pectobacterium carotovorum to species level: Pectobacterium atrosepticum sp. nov.,

Pectobacterium betavasculorum sp. nov. and Pectobacterium wasabiae sp. nov. Int J Syst

Evol Microbiol, 53(2), 381-391.

Gitaitis, R., and Walcott, R. 2007. The epidemiology and management of seedborne bacterial

- 45 -



diseases. Annu Rev Phytopathol., 45, 371-397.

Gugino, B. K., Carroll, J., Chen, J., Ludwig, J. W., and Abawi, G. S. 2004. Carrot leaf blight

diseases and their management in New York.

Ham, H., Oh, G. R., Park, D. S., and Lee, Y. H. 2022. Survey of oxolinic acid-resistant Erwinia

amylovora in Korean apple and pear orchards, and the fitness impact of constructed

mutants. Plant Pathol J. 38(5), 482.

Hickichi, Y., Tsujiguchi, K., Maeda, Y., and Okuno, T. 2001. Development of increased

oxolinic acid resistance in Burkholderia glumae. J gen Plant Pathol. 67:58-62

Hong, Y. S., Choi, H. J., Lee, I, Lim, Y. J,, Park, S. W., Nam, B. W. et al. 2020. Investigation

of Prohibited Seed-Borne Plant Pathogenic Bacteria in Korea. Res. Plant Dis, 26(3), 134-

143.

Hyun, J. W., Ko, S. W., Kim, D. H., Han, S. G., Kim, K. S., Kwon, H. M. et al. 2005. Effective

usage of copper fungicides for environment-friendly control of citrus diseases. Res. Plant

Dis, 11(2), 115-121.

ISTA (International Seed Testing Association). 2014. Detection of Xanthomonas hortorum pv.

carotae on Daucus carota (carrot). International Rules for Seed Testing Annexe to

Chapter 7: Seed Health Testing Methods. Switzerland. EU.

- 46 -



Janse, J. D. 1988. A Streptomyces species identified as the cause of carrot scab. Eur J Plant

Pathol, 94, 303-306.

Jeon, K. W., Kim, M. G., Park, J. H., and Kim, C. S. 2021. Changes of the qualities and active

components of new carrot cultivar ‘Tamnahong’ according to different harvest time. J

Korean Soc Food Sci Nutr. 50(10), 1101-1107.

Kang, S. Y., and Jeun, Y. C. 2010. Suppressive effect of bacterial isolates from plant

rhizosphere against late blight caused by Phytophthora citrophthora on citrus fruits. Res.

Plant Dis. 16(1), 35-40.

Kendrick, J. B. 1934. Bacterial blight of Carrot. J Agric Res, 49(6).

Kim, B. W., Ko, S. B., Moon, A. K., Kim, J. S. 2019. Breeding on high quality and yield to

F1 hybrid ‘Tamnahong’ in carrot. Proceeding of the 110th Annual Meeting of the Korean

Society for Horticulture Science. 2019 May 22-25. Gyeongju, Korea. p 100.

Kim, D. R., Gang, G. H., Myung, I. S., Yoon, H. S., and Kwak, Y. S. 2015. Development of

control method for strawberry bacterial angular spot disease (Xanthomonas

fragariae). Korean J. Pesticide Sci. 19(3), 287-294.

Kim, H. S, Sang, M. K., Jeun, Y. C., Hwang, B. K., and Kim, K. D. 2008. Sequential selection

and efficacy of antagonistic rhizobacteria for controlling Phytophthora blight of pepper.

-47 -



Crop Prot. 27(3-5), 436-443.

Kim, J. and Sang, M. K. 2023. Biocontrol activities of Peribacillus butanolivorans KJ40,

Bacillus zanthoxyli HS1, B. siamensis H30-3 and Pseudomonas sp. BC42 on anthracnose,

bacterial fruit blotch and Fusarium wilt of cucumber plants. Res. Plant Dis. 29(2), 188-

192.

Kim, S. H., Seo, D. C., Park, J. H., Lee, S. T., Lee, S. W., Kim, H. C. et al. 2013. Effects of

green manure crops on growth and yield of carrot for reduction of continuous cropping

injury of carrot through crop rotation. Korean J Environ Agric, 32(4), 279-286.

Kim, Y. S,, Ngo, M. T., Kim, B., Han, J. W., Song, J., Park, M. S. et al. 2022. Biological

control potential of Penicillium brasilianum against fire blight disease. Plant Pathol

J.38(5), 461.

Kimbrel, J. A., Givan, S. A., Temple, T. N., Johnson, K. B., and Chang, J. H. 2011. Genome

sequencing and comparative analysis of the carrot bacterial blight pathogen, Xanthomonas

hortorum pv. carotae M081, for insights into pathogenicity and applications in molecular

diagnostics. Mol Plant Pathol, 12(6), 580-594.

Korean Seed Association. 2022. Import status by vegetable seed crop in 2022. URL

http://kosaseed.or.kr/sub/sub04_03.php?boardid=data3&mode=view&idx=39&sk=1&sw

-48 -



=&offset=&category= [12 January 2023].

KOSIS (Korea Statistical Information Service). 2020. URL http://kosis.kr/index/index.do [10

May 2021].

Kuan, T. L., Minsavage, G. V., and Gabrielson, R. L. 1985. Detection of Xanthomonas

campestris pv. carotae in carrot seed. Plant Dis, 69(9), 758-760.

McGhee, G. C., and Sundin, G. W. 2011. Evaluation of kasugamycin for fire blight

management, effect on nontarget bacteria, and assessment of kasugamycin resistance

potential in Erwinia amylovora. Phytopathology, 101(2), 192-204.

McManus, P. S., Stockwell, V. O., Sundin, G. W., and Jones, A. L. 2002. Antibiotic use in

plant agriculture. Annu Rev Phytopathol. 40(1), 443-465.

Meng, X. Q., Umesh, K. C., Davis, R. M., and Gilbertson, R. L. 2004. Development of PCR-

based assays for detecting Xanthomonas campestris pv. carotae, the carrot bacterial leaf

blight pathogen, from different substrates. Plant Dis, 88(11), 1226-1234.

Myung, I. S., Yoon, M. J., Lee, J. Y., Kim, G. D., Lee, M. H., Hwang, E. Y. et al. 2014. First

report of bacterial leaf blight of carrot caused by Xanthomonas hortorum pv. carotae in

Korea. Plant Dis, 98(2), 275-275.

Monira, U. S., Rashid, M. O., Parvin, R., and Doha, S. 2020. Bacterial Panicle Blight: A New

- 49 -



Challenge of Rice. Bangladesh J, 36(1&2), 61-68.

Montesinos, E. 2003. Development, registration and commercialization of microbial

pesticides for plant protection. Int. Microbiol. 6: 245-252.

Nega, E., Ulrich, R., Werner, S., and Jahn, M. 2003. Hot water treatment of vegetable seed-an

alternative seed treatment method to control seed-borne pathogens in organic

farming/HeilRwasserbehandlung von Gemiisesaatgut-eine alternative

Saatgutbehandlungsmethode zur Bekdmpfung samenbiirtiger Pathogene im 6kologischen

Landbau. J Plant Dis Prot. 220-234.

Nishiyama, K., Fukunishi, T., Terada, T., and Ezuka, A. 1979. Bacterial blight of carrot caused

by Xanthomonas carotae, a bacterial disease new to Japan. Ann. Phytopathol. Soc.

Jpn. 45(5), 683-688.

Norelli, J. L., Jones, A. L., and Aldwinckle, H. S. 2003. Fire blight management in the

twenty-first century: using new technologies that enhance host resistance in apple. Plant

Dis 87:756-765.

Palomo, J. L., Shima, M., Monterde, A., Navarro, |., Barbé, S., and Marco-Noales, E. 2021.

First report of bacterial leaf blight caused by Xanthomonas hortorum pv. carotae on

carrots in Spain. Plant Dis, 105(9), 2712.

-50 -



Park, Y. D., Shim, E. J., Park, J. Y., Oh, G. D., Hwang, E. M., Lee, J. W. et al. 2014.
Development of hairless carrot seed cultivar and molecular markers for export. p. 13-21.
Pfleger, F. L., Harman, G. E., and Marx, G. A. 1974. Bacterial blight of carrots: Interaction of

temperature, light, and inoculation procedures on disease development of various carrot

cultivars. Phytopathology, 64(5), 746-749.

Picard, Y., Roumagnac, P., Legrand, D., Humeau, L., Robene-Soustrade, I., Chiroleu, F. et al.
2008. Polyphasic characterization of Xanthomonas axonopodis pv. allii associated with

outbreaks of bacterial blight on three Allium species in the Mascarene archipelago.
Phytopathology 98: 919-925.

Polito, V. S., Pinney, K., Buchner, R., and Olson, W. 2002. Streptomycin applications to

control walnut blight disease can prevent fertilization and increase fruit

drop. HortScience, 37(6), 940-942.

Rainey, F., Kédmpfer, P., Trujillo, M., Chun, J., DeVos, P., Hedlund, B. et al. 2015. Bergey's

manual of systematics of Archaea and Bacteria (Vol. 410). W. B. Whitman (Ed.).
Hoboken, NJ: Wiley.

Roberts, D. P., Lohrke, S. M., Meyer, S. L., Buyer, J. S., Bowers, J. H., Baker, C. J. etal. 2005.

Biocontrol agents applied individually and in combination for suppression of soilborne

-51-



diseases of cucumber. Crop Prot. 24(2), 141-155.

Saxena, A., Raghuwanshi, R., Gupta, V. K., and Singh, H. B. 2016. Chilli anthracnose: the

epidemiology and management. Front Microbiol 7: 1527

Scott, J. C., and Dung, J. K. 2020. Distribution of Xanthomonas hortorum pv. carotae

populations in naturally infested carrot seed lots. Plant Dis, 104(8), 2144-2148.

Serwecinska, L. 2020. Antimicrobials and antibiotic-resistant bacteria: a risk to the

environment and to public health. Water 12(12): 3313.

Shantharaj, D., Williams, M. A., Potnis, N. S., and Liles, M. R. 2021. Burkholderia gladioli

C101 metabolites protect tomato plants against Xanthomonas perforans

infection. J Plant Dis Prot. 128, 379-390.

Sharma, A., Abrahamian, P., Carvalho, R., Choudhary, M., Paret, M. L., Vallad, G. E. et al.

2022. Future of bacterial disease management in crop production. Annu Rev Phytopathol,

60, 259-282.

Shungu, D. L., Weinberg, E., and Gadebusch, H. H. 1983. In vitro antibacterial activity of

norfloxacin (MK-0366, AM-715) and other agents against gastrointestinal tract

pathogens. Antimicrob Agents Chemother. 23(1), 86-90.

Stockwell, V. O., and Duffy, B. 2012. Use of antibiotics in plant agriculture. Rev Sci Tech,

-52 -



31(1).

Strandberg, J. O., and White, J. M. 1989. Response of carrot seeds to heat treatments. J Am

Soc Hortic Sci, 114(5), 766-769.

Sundin, G. W., and Bender, C. L. 1993. Ecological and Genetic Analysis of Copper and

Streptomycin Resistance in Pseudomonas syringae pv. syringae. App! Environ Microbiol.

p.1018-1024.

Tanaka, N., Yamaguchi, H., and Umezawa, H. 1966. Mechanism of kasugamycin action on

polypeptide synthesis. J Biochem, 60(4), 429-434.

Taylor, J. D., and Dye, D. W. 1976. Evaluation of streptomycin seed treatments for the control

of bacterial blight of peas (Pseudomonas pisi Sackett 1916). N Z J Agric Res, 19(1), 91-

95.

Tekiner Aydin, N., and Kotan, R. 2022. Pathogenicity of different rhizobium radiobacter

(agrobacterium tumefaciens) isolates and their identification with conventional methods.

Temple, T. N., du Toit, L. J., Derie, M. L., and Johnson, K. B. 2013. Quantitative molecular

detection of Xanthomonas hortorum pv. carotae in carrot seed before and after hot-water

treatment. Plant Dis, 97(12), 1585-1592.

The Korean Society of Plant Pathology (KSPP) List of plant diseases in Korea. 5th ed. KSPP;

-53-



Suwon, Korea: 2009. p. 85-86. (in Korean)

Umesh, K. C., Davis, R. M., and Gilbertson, R. L. 1998. Seed contamination thresholds for

development of carrot bacterial blight caused by Xanthomonas campestris pv.

carotae. Plant Dis, 82(11), 1271-1275.

Umesha, S. 2006. Occurrence of bacterial canker in tomato fields of Karnataka and effect of

biological seed treatment on disease incidence. Crop Prot, 25(4), 375-381.

USDA. 2021. Research, Education & Economics Information System. URL

https://portal.nifa.usda.gov/web/crisprojectpages/1023567-a-systems-approach-for-

managing-bacterial-blight-of-carrot.html [31 August 2021].

Vianna, J. F., Bezerra, K. S., Oliveira, I. N., Albuquerque, E. L., and Fulco, U. L. 2019.

Binding energies of the drugs capreomycin and streptomycin in complex with tuberculosis

bacterial ribosome subunits. Phys Chem Chem Phys. 21;21(35):19192-19200.

Vu, N. T., and Oh, C. S. 2020. Bacteriophage usage for bacterial disease management and

diagnosis in plants. J gen Plant Pathol. 36(3), 204.

Weller, D. M. 1988. Biological control of soilborne plant pathogens in the rhizosphere with

bacteria. Annu Rev Phytopathol. 26(1), 379-407.

Whiteside, J. O. 1977. Sites of action of fungicides in the control of citrus

-54 -


https://portal.nifa.usda.gov/web/crisprojectpages/1023567-a-systems-approach-for-managing-bacterial-blight-of-carrot.html
https://portal.nifa.usda.gov/web/crisprojectpages/1023567-a-systems-approach-for-managing-bacterial-blight-of-carrot.html

melanose. Phytopathology, 67(8), 1067-1072.

Yang, J. S., Kang, S. Y., and Jeun, Y. C. 2014. Suppression of Citrus Canker by Pretreatment

with Rhizobacterial Strains Showing Antibacterial Activity. Res. Plant Dis. 20(2), 101-

106.

-55 -



	Ⅰ. 서     론   
	Ⅱ. 재료 및 방법   
	ⅰ. 당근 잎에서 방제 효과
	1. 당근 식물체 및
	2. 식물병원성 세균 및
	3. 당근 세균잎마름병균에 대한 항균활성
	4. 당근 세균잎마름병 방제 효과
	5. 장방출주사현미경을 이용한 당근 세균잎마름병균을 접종한 당근 잎

	ⅱ. 종자에 병원균 접종 및 방제 효과
	1. 당근 종자에 당근 세균잎마름병균 접종
	2. 당근 종자에 접종한 균 당근 잎에서
	3. 분리세균 DNA
	4. PCR
	5. 당근 종자에 방제 효과

	ⅲ.

	Ⅲ. 결     과   
	ⅰ. 당근 세균잎마름병 방제 효과
	1. 시판 농약과 식물근권세균의 당근 세균잎마름병균에 대한
	2. 생체 실험을 통한 시판 농약과 식물근권세균의 당근 세균잎마름병에 대한 방제
	3. 장방출주사현미경을 이용한 시판 농약에 의한 당근 세균잎마름병 방제 효과

	ⅱ. 종자에서 방제 효과
	1. 당근 종자 접종을 통한 발병도 및 세균
	2. 분리 세균의 분자생물학적
	3. 종자를 통한 시판 농약의 당근 세균잎마름병에 대한 방제


	Ⅳ. 고     찰   
	Ⅴ. 적      요   
	Ⅵ. 참 고 문 헌   


<startpage>10
Ⅰ. 서     론    2
Ⅱ. 재료 및 방법    6
 ⅰ. 당근 잎에서 방제 효과 실험
  1. 당근 식물체 및 재배조건
  2. 식물병원성 세균 및 배양조건
  3. 당근 세균잎마름병균에 대한 항균활성 실험
  4. 당근 세균잎마름병 방제 효과 평가
  5. 장방출주사현미경을 이용한 당근 세균잎마름병균을 접종한 당근 잎 관찰
 ⅱ. 종자에 병원균 접종 및 방제 효과 실험
  1. 당근 종자에 당근 세균잎마름병균 접종 시험
  2. 당근 종자에 접종한 균 당근 잎에서 재분리
  3. 분리세균 DNA 추출
  4. PCR 증폭
  5. 당근 종자에 방제 효과 평가
 ⅲ. 통계분석
Ⅲ. 결     과    18
 ⅰ. 당근 세균잎마름병 방제 효과 검정
  1. 시판 농약과 식물근권세균의 당근 세균잎마름병균에 대한 항균활성
  2. 생체 실험을 통한 시판 농약과 식물근권세균의 당근 세균잎마름병에 대한 방제 효과
  3. 장방출주사현미경을 이용한 시판 농약에 의한 당근 세균잎마름병 방제 효과 검정
 ⅱ. 종자에서 방제 효과 검정
  1. 당근 종자 접종을 통한 발병도 및 세균 분포
  2. 분리 세균의 분자생물학적 동정
  3. 종자를 통한 시판 농약의 당근 세균잎마름병에 대한 방제 효과
Ⅳ. 고     찰    37
Ⅴ. 적      요    41
Ⅵ. 참 고 문 헌    43
</body>

