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Agricultural antibiotics are widely used to inhibit the growth of phytopathogenic bacteria involved in plant
diseases. However, continuous antibiotic overuse in crop production may lead to the development of anti-
biotic resistance in phytopathogenic bacteria. This study was conducted to evaluate the resistance to three
different agricultural antibiotics (oxytetracycline+streptomycin, streptomycin, and validamycin A) in 91 strains
of phytopathogenic bacteria including Pectobacterium carotovorum, Pseudomonas syringae pv. actinidiae,
Clavibacter michiganensis subsp. michiganensis, C. michiganensis subsp. capsici, and Xanthomonas arboricola
pv. pruni. Bacterial growth in the presence of various concentrations of validamycin A was also assessed spec-
trophotometrically by analyzing the optical density. All strains did not grow when the cells were exposed to
oxytetracycline+streptomycin or 100x of streptomycin. However, among the 91 strains, 4% and 2% strains
showed bacterial growth at the concentrations of 1x and 10x of streptomycin, respectively. Furthermore,
97%, 93%, and 73% strains were resistant to the 1x, 10x, and 100x of validamycin A, respectively, and espe-
cially, P. carotovorum contained the highest resistance to the validamycin A. Minimum bactericidal concentra-
tion values of validamycin A did not correlate with the patterns of agricultural antibiotic resistance. Further
studies are needed to understand the incidence and development of antibiotic resistance in phytopathogenic
bacteria.
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Table 1. The list of strains of phytopathogenic bacteria used in this study

L i f
Scientific name KACC No. t.)catlo.n o
isolation
Pectobacterium carotovorum 10225-10231, 10342-10347, 10401, 10402, 10416-10419, 10421, 10458, Korea

10602, 11130, 11131, 13953, 13965, 13968, 14868-14870, 14873-14880,
14883-14885, 14887, 14888, 14890, 14891, 14893, 14894, 16999, 17004,
18385, 18387, 18645, 21701

Pseudomonas syringae pv. actinidiae

10582-10584, 10586-10588, 10593-10595, 16841-16843, 16847-16849,

19139-19141, 19289, 19525, 19526

Clavibacter michiganensis subsp. michiganensis
Clavibacter michiganensis subsp. capsici 18448

Xanthomonas arboricola pv. pruni

16995, 16996, 17003, 18386

18153-18157, 19495, 19497, 19949-19953

1,0008k ol o] 2 Aolahis @ Azt © vl 9lo] <l
o] 35 HAlof e Aol HaL JES & 4= AhDixit 5,
2019).

FRAA At B 7 T3 AR A 2
ggoz g aA 9o, AlA X A7 F(World Health
Organization, WHO)o| =1 5554k o] A o] 283
A AFgo] A B A wAle] Fa Ul % s
2ly 2 78t (Lee 5, 2019, 2022). A¢ 24 W7k &=
&ofl vlsl oJoFE, SAtE EokollA A9 AHE-o] 53]
=& AL E ey 25 A It AR A= 1Tt
7HE, FAY BopollA T2 diFEe] gtou, 2 w4
HE A7 AdelA Thoh AFSE T o YraA
EoA T A A Tl gk 27t A5k 9l
tH(Mann <, 2021).

A AAH 2 AAZ 2= AHEEHA e FEAY
oFo] 2]z Bof & 71% Rofo] ula| AYHoz M7
2 A3f FEE EAst= A=A 5 A HE
W7ol Aol 44 $= glrhs $ei7t AVl glo
o, FAAE thE soFa A AHEE 75 Al gt A
/o] o 109 v 7HA] w2 A 74 4= Qloke A7 2
31 Eoj(Kurenbach 5, 2018; Srichamnong 5, 2021) 54|
el Brush g7 ALgol st AR Bast Aoz
B,

b BRI QAo 2 QY] S B4 AR &
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2137] 918} AHEE] 11 9IehYoo 5, 2022). 71 % 2B S| 22
= WAs] flste] 5§ AT AHEEHIL 9o, O FF
ol = dtg|thuo]Al(validamycin), 2~ E#] Enfo|Xl(streptomy-

cin), ZAJg| Egtrlo] 3 (oxytetracycline), 24 AHoxolinic
acid), 7} 7}afo] Al(kasugamycin)o] 9thKoh 5, 2017). &
PR AFE0 2 Qla) A4 BT B wA ETE A
2 5 glovk @A IFE RGO R 3 5 FA] o
3 ol A7 Eo] S Wt gk B oA A AT
O Aol thgt A3 5oF AHEQ] At & FFS v
ERaliad

SEA|TE oFAI7HA] F-& YA E A E E Y] A A%
ol thigt Bl A7 o R 53 Aotk mhabA & A
A= Alsoll Ful=Il = 359 YA AT 5ol o
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AA ] A A S/l thisto] AT
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carotovorum (852} A5 F-5%4t), Clavibacter michi-
ganensis subsp. michiganensis (15 HQo|H+, EnlE
ok t), C. michiganensis subsp. capsici (13 H|FH ),
Xanthomonas arboricola pv. pruni (35 Al -4 ¥ )
of 145 A< 719l It 98 S 5= Pseudomonas
syringae pv. actinidiae ot HAFEH)E AR ATE
T T9sded HnYE-23Y(Korean Agricultural
Culture Collection, KACC, http://genebank.rda.go.kr/mi-
crobeMain.do)ol| 4| st HE-FshtE £gH F 6%
9] 917 # 55 AH&sHEem(Table 1), 2= o5& -70°C
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Table 2. The resistance of phytopathogenic bacteria to commercial agricultural antibiotics at various concentrations

Agricultural antibiotics

Oxytetracycline

Phytopathogenic bacteria +streptomycin Streptomycin Validamycin A
0.01% 0.1% 1% 0.025% 0.25%  2.5% 0.01% 0.1% 1%
(1x) (10x) (100x) (1x) (10x) (100x) (1x) (10x)  (100x)
Pectobacterium carotovorum 0/53° 0/53 0/53 2/53 0/53 0/53 52/53  51/53  49/53
Pseudomonas syringae pv. actinidiae 0/21  0/21 0/21 0/21 0/21 0/21 21/21 21/21 16/21
Clavibacter michiganensis subsp. michiganensis ~ 0/4 0/4 0/4 0/4 0/4 0/4 4/4 1/4 1/4
C. michiganensis subsp. capsici 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
Xanthomonas arboricola pv. pruni 0/12  0/12  0/12 2/12 2/12 0/12 12/12 12/12 1712
Total, n (%) 0/91  0/91  0/91 4/91 2/91 0/91 89/91  85/91  67/91
(0) (0) (0) (4) ) (0) (97) (93) (73)

*Number of growth strains in the presence of antibiotics/total number of strains.

Z A2 Y50 A stock culturedto] sttt Al
3=+ nutrient broth (NB; Difco, Becton Dickinson, Sparks,
MD, USA) 5.2 o] §-5}of 28°Coll 4 24-48X17F 5t 2= 2
3] o] Al ujFsto] Aol AH&-5HlTh

MEE SE UM ER. Ao AuEHI = =
A &2F 352l Sungbo Chemical Co. (Seoul, Korea), Dong-
bang Agro Co. (Seoul, Korea), Syngenta Co. (Seoul, Korea)A}
o) AE-S gAte 2 5] Zizke] ZAdto] SAERpAolS
2 2EAErtolAl, AEYEntoll, Helchtolilofo] 2
A7gstsict A A9 oFAl 5 7H Eol AH&-E= A
7} ~EREntol A3t S AJE Eatito] Zdo]s, Wejrhulo]4l
oflo] B3t HZ A4 S| F2HL u] 3 de] AHgEo]
skt drejthatollofo] TEXlE]of &%t A4S &
Qlsl7] figt EejohmtolAlofo] EEE2-2 Sigma-Aldrich Co.
(St. Louis, MO, USA)A}S] A& AF85H4th

=zx]8
‘T'AéTE

A

S& dn(of chet M "ol 58 A AL
T 21 AIFZ il E 917119 A e At ol-8-5te] AA
3}tk Nutrient agar (NA; Difco, Detroit, MI, USA)E 1-well
cell culture plate] 23l & vjofr 7] ZF #F32 E2US 3
FE HEO 2 Aol A3t 5§ AR BS o
AAHET|E =9 22 1Hj(1x) E= 7]5<] 108(10x), 100
Hj(100x)7} B == A7}% 0.75% soft agaro]] B+% replica
plater for 96-well plateE 0]-&3}o] F2YUE AL 5 28°Co|
A 24-483F e ste] 22U B4 52 F3) A o)
& APAS stk

dz|ciofol2loio]e] EAHAMSE Al>. LA iR 3] 4]
H(agar dilution method) 2 BAul %] 3] 4 H(broth dilution
method)& F35}to] WrEttutolilefo] ] 24 A E5 (mini-
mum inhibitory concentration, MIC) T+= 2| AAF 55 (mini-
mum bactericidal concentration, MBC)E B7}s}9ich dhajch
atol4lofo] & Fal F&=31 1% (ALAHRA]) Ex= 0.5% (HA[uHA])
o M EE] A =<l 0.0313%7}14] 288 3451901 28°C
ol A 24X7F ikt & Al e FAS AAlSH= 7HE W 5
TE MICE A3 o, MBCGE Alte] S48 ¢Hs] A
= 7MY W w2 ARSItk

Zn o o3t
S8 SO et MBS 7). o] ShiALg71Ee 1

X 55 2 10x, 100% 9] FEOA 917 FHE o2 4]
HEehitol2Y B AEFEnto]4, AEYErto]4), Welh
atolilofo] gHAgAo] el A B7HE et A<= Table
2, Supplementary Table 19]] YRt RE A EH AN+
o THaIA A4 Eo] wejrhtoldlofolel okl A 7Hg EL
A S Uetglen, SAJE| Egtatol 2 B AESEn}
o1l0] el kol T 714 W AL el
th 53], SAH EZA o] 29 W AERErto]4lo] o=
HE FEoA Aol dojuA] b= Ao & UEtE 2EF
Enfo]Alo] FAHe] 50Fe] B0l 1x9} x10x FEA
L Z}7} 47)(Pectobacterium carotovorum KACC 10227, 14874,
Xanthomonas arboricola pv. pruni KACC 19951, 19953), 27}(X.

arboricola pv. pruni KACC 19951, 19953)9] w7} AA514.LS
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Table 3. MIC and MBC values of validamycin A against validamycin A-sensitive (S) and validamycin A-resistant (R) strains of phytopatho-

genic bacteria

Phytopathogenic bacteria Broth Agar
MIC (%) MBC (%) MIC (%) Inhibition zone (mm) at MIC

Pectobacterium carotovorum KACC 14885 (S) 0.5 >0.5 >1 -~
P. carotovorum KACC 10230 (R) 0.25 05 >1 -
Pseudomonas syringae pv. actinidiae KACC 10586 (S) 0.5 0.5 >1 -
P. syringae pv. actinidiae KACC 10588 (R) 05 >0.5 >1 -
Clavibacter michiganensis subsp. capsici KACC 18448 (S) 05 05 1 1
C. michiganensis subsp. michiganensis KACC 17003 (R) 0.031 0.25 0.5 16
Xanthomonas arboricola pv. pruni KACC 19950 (S) 0.125 0.5 1 15(4)

0.25 0.5 1 15(A)

X. arboricola pv. pruni KACC 18154 (R)

MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; A, unclear inhibition zone.

*No inhibition zone at 1%.

L 100x FEoAl= 25 Aol dojur] o= Ao = Ue
Wk ol gutd o= AEEutollof vl SAH EStA}
o2l Y As) I} o Le ROR YA gonz
5 358 AR k9] AFA Aol7h Lehd Aoz ekt
(StockwellzZ} Duffy, 2012). 3FA]FE &2 HALo]] AFE-E #3521 7|
ol F¥E& A2 7%= P syringae pv. actinidiaeS LASH ]
Qs St TE5H A= SAH ERAIEY HAl=
SEEO] QA & FAH ESAte|E Y W AEJ|Ento]Alo]
LAE 58 FAAEe] FEH o] Sloj(Kim} Koh, 2018), &
=iolA= dAll ot vt SIstG e B 7 SAJH Ert
Aol 28l =Rl o5 A4 Bt A7t 2rhH 0w B
8 A2 ARHY

Hh, dEohatol4lofo] o] 79 QFAANET|E Fkoll Al 9174
+3 % 2712] #3F(P. carotovorum KACC 14885, Clavibacter
michiganensis subsp. capsici KACC 18448) & A| £]gt 8971 2] o
Z0] AAFo| AT o, 10x ZEo| A% 27019] P, carotovo-
rum w+3(KACC 14885, 16999)2} 17H¢] C. michiganensis sub-
sp. capsici v+ (KACC 18448), 37§2] C. michiganensis subsp.
michiganensis 4-3(KACC 16995, 16996, 18386)= A 2]} 93%
o] w7t wre|thutol4lofoof thsto] A 7HAl= AL
Z U 53], 100x F=oA = 73%7F g ste A=
SholEfo] thar 2 FrolA = A UMY o] 3A|
=] ke

2-50] W& 97| flof AHE-E = sl thet A& A
o] Aol W A= WA & ABLer, 53] U9
S 719] AFHL L27]%= P syringae pv. actinidiae w52

2 EqEntolilo] et AgHdel et A} P. carotovorum
subsp. carotovorum #-52] AEZEnflojil A g EZMA}o|F
dofl thigt A7t Aol HuEGIo o] Ao w=H
734719] P. syringae pv. actinidiae w5 % 5.18%%1 387l w5
7} AEZEn}o| Al tfdle] AAE B o, P carotovo-
rum subsp. carotovorum®] 739 6.58%21 57| #-57} ~AEFE
atol4lof gt A3t de H3lon, H| EgtAte| 2ol tisiA=
ARAS ekl 237 e spokeha ® ashgleHKim
5+ 2021; Lee 5, 2020). T3, =FollA] £2|H Pectobacterium
FHE F YR FFEC| PHAEINE SEele AEE
oo Ale]| thaf] AdS Hol= RS2 Ve THVU 5, 2022).
F) £ QTR T Ae] Faho} S AP QAL
o] AEEnto]Alo] tjste] F 4%21 47 w+(P. carotovorum
KACC 10227, 14874, X. arboricola pv. pruni KACC 19951, 19953)
oA A e UEtigi e, v Egtrtol 28 A0l &5t HIE
gito|E Y AR 2 B oF g2 T = SAlH E
Aol 2 ¥ THLee 5, 2017) 2 E| Euto]ilo] Sk HA3A o
s A= AR Hol= #57F UEhA] gtk

Ax||uix|& &2|ctotoldlool2] MIC  MBC. 58 FA
Aol =2 Aol soFe] e AdaS Al Tt

ojrloflo] T Aol o7t QIR Blskr] s HAH|A]
gl MICE &75H3ItHTable 3). MIC A2 58 A4
of o8l -2 A4S YebA F5(S) (P. carotovorum KACC
14885, P. syringae pv. actinidiae KACC 10586, C. michiganen-
sis subsp. capsici KACC 18448, X. arboricola pv. pruni KACC
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19950)2} A gHAdo] =2 #F(R) (P. carotovorum KACC 10230,
P. syringae pv. actinidiae KACC 10588, C. michiganensis subsp.
michiganensis KACC 17003, X. arboricola pv. pruni KACC
18154 & A5t F 8719 #FE ez Z3siich =
& wollA 9] EeEriuto]Alofo] MIGE 0.031-0.5%= UEs:
©m, C. michiganensis subsp. michiganensis®l| T34 0.031%
2 7P @& MIGE 18] 3L P. carotovorum (S), P. syringae pv.
actinidiae (S, R), C. michiganensis subsp. capsici®l T34 0.5%
2 7H £ MIGE YERIE: &8 FA8Aol digt A3Hdell
w2 MICS] A3 P carotovorum 35 A9t = s
A kekeh MBCE] 790 = MICO] Axket F-AFSHA| C. michi-
ganensis subsp. michiganensis©l] thall A 0.25% = 7}3 F2
MBCE YERSIoH, U A] E3=0] thafjAl+= 0.5% ©]/d<l A
© 2 ZRIE Yk

O x[Hi x|t w2 Ctaoto|Aloo]e] MIC. LAl R4l 4] 9]
dre|tuto]ilefo] MIC Ziti= Table 3] YERH T WA
o 2 I AERR| oA &] ] chuto]dlofolof TRt A= Ut
9] MIC F=7} 20.5%¢1 Zof vl AA|uf=] | 4 &] MIC 5=
+ 0.031-0.5%%! Ao 2 Yeht IAER] A B &2 MIC
£ 7= AL 2 YEyt ol 33004 £2]% Brachyspira
hyodysenteriae <2] A Zh=/dol| sl ZAFH At agar
dilution methodo]] H]3}] broth dilution methodoj|A] § Y&
MICE E2l Karlsson 5(2002)2] A2 7}e} §-ALs1%th

HAEf Aol A o] MIC Akt FAFSHA LA A] oA & C.
michiganensis subsp. michiganensis©l] )3} 0.25% =% 7}4+
W2 MICE UEHiglem, YmA] o5 tisfiA= B2+ 21%
O] MIC F=5 UEFH T LA A] ol A &= A =] of| A 9]
2ot FUSH -8 A A A= MIC %= 719
7832 HolX| ghokTh A, ThEAdwol| A9 79 HAulR| e}
A AERR] B F-§ YA Aol Aol mls] AgHAdo] F2 Al
2 Ueht 2tol7t gl Al 2 BTk Zhou?t Wang (2020)]]
oot Pt =2 de] AHEE= ol AHBAA7F At
S4E 35 Al A FEetiar Baskglon, A
A A 2A E Al AN = A= ZA
okl H e ol(Louvado 5, 2012), ol= &-& Ao 34
Al &Jofl F-Elo] Sl e AR SAREAEA, M, B 24,
FEA Sl sl Urehd 2ol 4= & AL = Az

de|tatol4lofo] o] 739 QEAARE 7| A = &2 4]
S YAlRto] ARt & A A2 = Qs & =A
ZHEAE o S Ao = AZtE| o] A E=Ad il ot 2
HAQ anplR|of thsl AE st T5/d-2oll thet A

Ae B7FlESI T & A ThE dermtel4l
oflojof| A &) A gHd Aol = 1x FE31 0.01%0] = T+
20 77 A on, e chutol dlofo] T AR oA =
g F=o] LA RN AsHE Ao 2 YEh vkt
olAlofo] /el thal A A= 2= Aol & ZAYS
Shelskeith wetbA drejruto]ilofo]7} trehalase S A3 He
24 AE Fa AUAPE TN 2N FFE S o
= Ao 2 B EQ) 1} (Takahashi®} Igarashi, 2018), & &
ZAito] mhE 25 80 2 2= Flo] BigAsHA] gk A
© 2 gtk I3y Bian $(2020)9] dto] W2 in vitro
AgolA o] Eejoimjo]loflo] A A] AHA = P, syringae,
Fusarium graminearum 2 Botrytis cinerea2] 70| A=
A ket wrejrputolAlofo] & A& A& 74 salicylic
acid®} jasmonic acid/ethylene A S G A A 9} AT A&
T 9SS fr=sto] AE2) HeEls SUAIA Posyringae, F.
graminearum, B. cinerea®l| 23t Ao W& FoF= A
o 2 dhsi3ich wheba] WeEohutol oo} Y d+toll thaf
QgHo 2 FRHeS 20 oA Polehe-g 7
A= F=stH, o] & Fal B WS A=l 714
sl Rlo 2 Az,

SER|RE i EE O] =7} QPAANE- T =l A Aol dojut
= A2 A A EAIL AdEo] ler s 58 A
Al A At Ba7F ] g2 AAo]7] wiol| Wajchuto]
Aloflo] A 53 AlEoA9 A= WY dAutdol o
& 27149 97 Mad o 2 goE:

2 o

2 dFoMe Alsol B EL Sl 359 58 FAE
O 2 Pectobacterium carotovorum, Pseudomonas syringae
pv. actinidiae, Clavibacter michiganensis subsp. michiganensis,
C. michiganensis subsp. capsici & Xanthomonas arboricola pv.
pruniZ Z3sh= AEH Ul 91 w50l i AAS Bt
stpon thFet FEof Wejrutoliloo] Tl 2%t
3= 5SSOl SR o= 7 F A sl &
RO SAHEAo| ST AERErtol4lo] FHAlE 5
8 A 9] A9 FAA-ETIE FE O 10080l A = BE
7F RRSIA] T 2Bu AESEnpoj4lo] 4414 &
A 7 A=t T 108 Fol A 91
T 22} 4%2} 2% A A She Ao = vk Th 3 EEth
afpo]lofo] o] -0l FAAHE- = 2F 11 104, 1008} ¢ &
Eo A 242t 97%, 93%, 73%S] w7 AR S 7= A=
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Il er 1 FolA %= 53| P. carotovorum©] HrEjrhuto]
Alojlofof] 71 =2 A3 S 7H = AL 2 eyt et
afojAloflo] T=AdEs B3t A Sl Ay}, 58 3
A dejthatoldlofolof] X3S 7HA= #F<} 7HKA] Y=
T 1] AL HolR] Y= AL E e 18R g,
A LA A FIA A T olgfishr] Ygt 71
ARl A7t B Ao & AYZHch
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