Korean J. Org. Agric.

Volume 31, Number 4: 381-394, November 2023
http://dx.doi.org/10.11625/KJOA.2023.31.4.381

Lee, Sung-Hee - Do, Jiwon - Kim, Seong Kyeom - Oh, Kwang Kyo - Park, Jae-Ho

T3 9 EuntE A3 9 Az o)A 2

QI GallAFe YA AA o)

*% EETY ok Eakk EETY

olMds - =X -ZMH 23w -

Evaluation of Antibiotics Resistance for Human-harmful
Bacteria Isolated from Eco-friendly and Practical Cultivation

Farms of Hot Pepper and Tomato

This study was conducted to monitor the antibiotics resistance of human-harmful
bacteria isolated in the agricultural environment for hot peppers (Capsicum annuum)
and tomato (Lycopersicon esculentum). As a result, we isolated 120 bacterial
species (34 on fruits, 48 in soil, 21 in water, and 17 in manure), identified them
with the 16S rRNA sequence, analyzed minimum inhibitory concentration (MIC)
for 26 antibiotics using Sensititre ARIS Hi-Q system and then evaluated whether
each bacterial genus acquired resistance for the tested antibiotics or not, according
to the CLSI criteria. From difference in MIC between eco-friendly (EFM) and
practical (PFM) cultivation farms, Klebsiella spp. isolated from EFM was resistant
to ampicillin (AMP) and nalidixic acid (NAL), and that isolated from PFM was
resistant to streptomycin (STR) and tetracycline (TET). Enterobacter spp. isolated
from EFM was resistant to AMP and azithromycin (AZI), and that isolated from
PFM was resistant to AMP, AZI, and STR. Meanwhile, Pseudomonas spp. isolated
from EFM and PFM were all resistant to AMP, AZI, cefotaxime (FOT), cefoxitin
(FOX), ceftriaxone (AXO), CHL, NAL, and STR. Staphylococcus spp. isolated
from EFM and PFM were resistant to gentamycin (GEN), STR, and kanamycin
(KAN), and in particular, that from EFM showed resistance for erythromycin
(ERY). In conclusion, our study suggested that EFM lead STR antibiotics resistance
for human-harmful bacteria to decrease, because only the bacteria isolated from hot
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pepper and tomato crop with PFM have showed resistance against STR antibiotics,
regardless of bacterial genus.

Key words : antibiotics resistance, hot pepper, human-harmful bacteria, tomato
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20223 -2yl 313(Capsicum annuum)®} EVFE(Lycopersicon esculentum) A3 78] A
A2 A47F 3,758 B 6,111 haolal SHEAHL 29 3 375 ha®Z A= tin] W2 st
(KOSIS, https:/kosis.kr/index/index.do). =3, A= X7 ANul HZH-2 7k2} 5542 L 412.7 ha
o|al FHAYG L 46.7 F 80.4 hao|tHXI 37 <Q1FHE] HRA 2=, hitps://www.enviagro.go.
kr/portal/main/main.do). =145 /43 A7} el tigh B0l AXHA o] dFo} vvE
o] FH3 i T AdEAEY Fa7F SUFEAL o] R ESHA R b #el o) 9 X
FAFAES = AHAE] £718kal YTHKim et al., 2019a; Seo et al., 2019; Cho et al.,
2020; Lee, 2021). 53], 27/ & vI7IE A4S AFH 2 7HAA- S E oA ¥ vt
2 AAste A5 FIAE 299 71 o] AA A Al = Jth(Jung et al., 2012; Kim
et al., 2019b; Park et al., 2021). AAZ, 2008} 20101 H 20161 vz A HA|ZA A4
A52] Salmonella spp. LACE RIFF AF= Apdo] WAYSIH T FDAE H sttt
(Ministry of Food and Drug Safety, 2017). Centers for Disease Control and Prevention (2021)
B o)atd = A, A4, I AR L, 2EQ) Aol A Salmonella spp. 2 E.
colidl R FEHRIJIL o] 2 Il A F= Atart TASAT Y RuHATE 159 FZoAE
E. coli7} LFFH AT BRI EJATHKim et al., 2017; Jeong et al., 2018).

A, A Aol o3 AdF ARE 2l AR E A S - H8o
A Staphylococcus aureus| A WE] A TS v 525 of 2] FAYA| ol diste] A

vt ke obrt 38T SElvete] 739, Yt Satoll A el E S aureus
o] 86%7} WEl A Holl A4S 7EA 2 JTHKim et al., 2006). £33+ 200213 v]= ] AIZE F
e WEAY AY #FE A5F 5H 07 AHLH = wravto]iled AFE Hole
7o Zdad AL B 5 A W8 FFol g B AbEZE Sokska
(Chang et al., 2003).

SAE S S8l SUelA SEE AEEHI v Y8 A= SEU4E Ty
thufolil, 2EZErto]Ll JtaTutel Ll SAH EtAto]E™ 5ol th(Korea Crop Pro-
tection Association, https://www.koreacpa.org). &-8&AA Aol gk A= BA %A
o, Jo e Al LT Pseudomonas syringae pv. actinidiae 387N 571 2EZ Enjo]| 4o
giste] Agdoletal B E I th(Lee et al, 2020). F4HEY #AASt] S7) oA EEsh
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S. aureus®] FAA A EAAAE 54 FA2 R3] wet 3A4A §Ego] A
g2m oy FAA gk A HlEo] w¢ ot RaHATKKim et al., 2015).

A B dAge 159t EnfES AujE g AN A & APAiA 2 FESEL

zyzro] A (A4, EY, &, HHholA AA| FeiAlde] LGHEE AT

gh ol FAtE Aol A A el A Al e AR HEA

= iR o] bk wejel A el FAA WA HASLE S

#e o B a3 7|2ARE AFstaA TPkt

tlo

r

I.xz % &Y

L Alg A3 2 &5 24

B ATE 20219 HE 2023744 15 2 EnE A E g o R ARG (FHEAE
FAAYY M3 AFHE] ARA|2H https://www.enviagro.go.kr/portal/main/main.do) =
HFPA A 2 FESE uld ZEE 1271 &0A 96 AEE AHSALE 7 FITA
A4, B, & 2 HY] AEE AFHIAL w98 FAA 8 A vl ot 2z
Zre] AeujA & o] &ste S 2 e WS & the, &TEEE SFATHRDA, 2022).
=423 Al LB ¥ A|(Difco, Becton, Dickinson and Company, MD, USA)%lA 25T,
12~16A17F vl F3t 3 v FH-S Cryovial (SPL Life Science, KR)o| 22 T, -80C ZA-2
W5 1(Wisd, Daihan Scientific Co. Ltd, KR)oll A5t A& A&-3} T

32

ofr

E3 A2 ErlaZ A (CMacrogen, Inc.)oll 21531 16S rRNA §71A4EE& E43}
31 BLAST WS 2 Genebank (http:/www.ncbinlm.nih.gov/) A2} Hlu HAsle] 543}
_]

Aot a3 SAAITFR] Escherichia coli, Klebsiella, Entrerobacter, Salmonella, Campylobacter,

ol

ol

Acinetobacter 2 Pseudomonans spp.2} 13 ¥+ Staphylococcus®} Enterococcus spp.=

548 AFwe Agstel A ALY Aol A,

FAT A flAlzol ol 1% LA PHROT TR

)| S(RDA, 2022), = 8%
Frafj A E ol £ st AR AAE 2652
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Amikacin (abbr., AMI), Ampicillin (AMP), Azithromycin (AZI), Cefotaxime (FOT), Cefoxitin
(FOX), Ceftazidime (TAZ), Cefiriaxone (AXO), Chloramphenicol (CHL), Ciprofloxacin (CIP),
Colistin (COL), Gentamicin (GEN), Imipenem (IMI), Nalidixic Acid (NAL), Streptomycin
(STR), Tetracycline (TET) 2 Trimethoprim/sulfamethoxazole (SXT) & 16%52] FAAE A&
SHE T g, O3 kAol sl A Ampicillin (AMP), Chloramphenicol (CHL), Ciprofloxacin
(CIP), Gentamicin (GEN), Streptomycin (STR), Tetracycline (TET), Tylosin tartrate (TYLT),
Vancomycin (VAN), Daptomycin (DAP), Erythromycin (ERY), Florfenicol (FFN), Kanamycin
(KAN), Linezolid (LZD), Quinupristin/dalfopristin (SYN), Salinomycin (SAL) % Tigecycline
(TGC) & 1652 IAAE A8 Eelst Aol tig FAA| H2GAE S+ Sensititre
ARIS Hi-Q (Thermo Fisher Scientific Inc., Kr)2} A} & 34 21 (Sensititre Optiread)ol] 2]3]
EX 500 (Jones et al., 2015; Kim et al., 2021) &AA A&A o F= CLSI (2020) 7=
F3te] BA AT

g 27k A FafiMltel dal A F-EF F FrlE 23hHH AR E F
B39 Ag 1+ BAEA-S Microsoft Exel 2019 (Microsoft, Redmond, WA, USA) X271
AL o] &3] FoA 5% FEANA T-test FSHPES 3HATH

2
o AldS =ity 543 2, AA F3lAlT 120%50] —rﬂﬂ‘iiU}(Table 1). a3
A BEd 7o 74F 02 Ao A 215(A21), EFA 29F(B29), &l 13F(C13) 1
23 FHlo A 11FDI11)e] =Tk 53], 15 3HA XHHHXIOH/H gk 72 31%
(A8, Bl1, C8, D4)°| 3. FA3PAuf Aol A HE|gt F2 43F(A13, BIS, C5, D7)°|AT} Ev}
EollA B3 #& 46522 Fao A 13F(A13), EFOIA 19F(B19), &4 8F(C8)
aga HuloA 6F(D6)°] wEE A=, A AA A 2l 72 26F(All, BS,
C4, D3)o|AaL B3P AQuf Ao A &3 7S 20F(A2, Bll, C4, D3)°|Ac}h. B H Q1A F-3)
Ao F7FE B, 28 AT Kiebsiella spp. 165(A2, B7, C3, D4)S 115 X874 2
Al A A A ZH2E 6F(Al, B3, Cl1, D1) 2 8F(Al, B4, D3)°| o, EntEE 313

A At 2F0] B2 = ATt Enterobacter spp. 415(A16, B19, C3, D3)2 115 %13}
YA A A A Z+2F 7E(A3, B2, C1, D1) 2 13F(A3, B8, Cl, DI)°|a ErtE 13
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TP A u) 2| ol A= 2+ 15F(A9, B3, DI) 2 65(Al, B4, C1)°I AT Pseudomonas spp. 43%
(All, B15, C13, D4)& 13 3137 2 A3 uh=| ol A ZHzh 145(A3, B3, C6, D2) 2 145
(A7, B3, C2, D2)°] &85 EnfE 134 2 AR o A= 2+t 5%(Al, B2, C2)
2 10E(B7, C3)°] Ee AT A, T3 A< Staphylococcus spp. 105(A4, B2, D4)2
F X387 9 P AR A A 2 2F (AL Bl) 2 4F(A2, Bl, D)°] EEHUL EnlE
1317 2 FaAuj Aol A= Z2F 25 (A1, DI) 2 2F(D2)°] B ATt 92 A2 HH,
2B AL o] gste gl EntEe] dujollA FEd Al 34FToE A T
283% A =oAL B EE A 40%, &FollA BEd AL 17.5%0102m, H
Hlo A E2dk 21 14.2%010 0k E=3, 159 EntE IS A A Z2] 3 Al
47.5%°1 Q3L A A AN A BB g AT 52.5%F Z ZolE Bo|A = &Edth g, 1
Fof EntE dujo A A fFafiAld EElgo] FHHoRE ke, ol EY, &5 9
HH 5& Fall AR 2dE Aol Azt AAE, AAdFAES] AA FelAld .
< U3 AEE FAA o] FAIL BEA, pH, &% 5 8l Y-S ] w1
A A= AEH BT A oA WAlste] #A#HF ATV BEATHHora et al.,
2005; Franz et al., 2007; Klerks et al., 2007; Sharma et al., 2009; Wright et al., 2017). 7}A 3}
ZHEo] Auj7Izt EF & Ve S5 A ECIY STl ZEE JhsAde]l w1 3y
o & AROE Qe Rl mAAES T2 TheAol EoH, YA A A AH
o e} wxte el 7Hs4do] Erh(Park and Kwon, 2015; Jeong et al., 2018). Staphylococcus
awreus= ANEI FE, F7], 1A, 3, QLT T U FPo EA%T= B i(Yeni
et al,, 2016)4 |, Th&3 AA FaiAldol A, EY, & Z HuldA ZHAT. =3
AR FAEY M E BEE 4 AFodA fr1sbEd BesitEdA e Aded 4
E+= Aol7F A9 ¢, HYA nAEe] SdsFERE Hnd okASt = Bl (Park et al,
201429, w2ld A AT =
Salmonella 2 Acinetobacter spp.7} 15 W EnLE JISFAHA AN A B A F He
5 whshA| Rl o] & SISy fEiAE v B AEAH P 540 d8T ZloR
= AT

B A FAAT 12052 FABA 265 S HxATE HAA A= Table 29}
Z9kt}. CLSI 7150l &3, 13 2421 Enterobacterales= E. coli, Klebsiella, Enterobacter
2 Salmonella spp.= EZF=HI(RDA, 2022), 4 E. colic A4S Zr7re] Aol djst
o Zr H MIC #ol A Ee 55 FAHoE BYEHUI Kilebsiella spp.= AMP2}:
NAL® ti3te] A4S BHT. Enterobacter spp.= AMP2} STRoY| tsl] A S BT
Salmonella spp.= W= 2] #F F7F ZAARE, FOXANAMT AFHoz AU
Acinetobacter spp. = V15 8] ¥ 7} AAAIR, AMP, FOX, CHL ¥ STRol| A9 A 3}4
& BRI YA FAAC el S BAT Pseudomonas spp.s= AMP, NAL 2
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STRoA A& Btk & 2 d21 Staphylococcus spp.(RDA, 2022)= GEN,
STR, ERY % KANOIA A& HQl WHH, Enterococcus spp.= GEN, STR, DAP, ERY,
KAN % SYNo|A A3 g o2 AP E= MIC k= BATh oA 8 &g AA Fafl M9
& ZHoll & 7} g Ao ek MIC FFHA7F A Yl ol 7He, 35 & Aus
7 2Ed 2, §312 Aol 2 F4A AFAHES 7 Fean|Ee] g5 Tl 70T
ZAolgl FHHTE Poole (2012)2 3737 2EH 27} FAYA WA IS Foha B3}
23 Kim 5(2021)2 #8& FEHAM o] F@AEANA AHEsHA] v A el o
&3 S Rt skt 53], DNA &4 Asish=d B2l Quinolone Al E 2
EH%J T2 MIC7} 4-128 pg/mL B E OhFshA Yebgtta shgar =3
AZI, CHL ¥ STRe| tis|= MIC ztol7F Atk B3t Th
e i ?_lxﬂTrOH At 5 3% 3473 FA4ol thall DA A< A u)=] 1+
247k e] A MICE Wl st A3 Table 3 2 49} 2UTh I3 3472 Klebsiella®}
Enterobacter spp.©ll TgF iR 2k MIC zkol= AR A ANA BF Foido] A
ok XA K ol A B2 3+ Kiebsiella spp. AMPQ‘r NALol o3 AgHS B #3)
AujAl A EE7 A T TS BTk TR BEAuiR A 27 Kiebsiella
spp.<= STR¥} TET®] thal A& o= AAH v, sG]l A 23 A 3
Adoldtt. I&AA A AN A EE|3E Enterobacter spp.= AMP2} AZION A A 3A3-E&
dFA A AN A E27E A AMP, AZI B STROIA APz AHHA. 34,
ARl A B2t Pseudomonas spp.= AMP, AZI, CHL, NAL 2 SXTol| th3l sy=]uj
ANA 23 ARG MIC7F frolstAl =8k = AujAlelA E2dk A2 =5 AMP, AZI,
FOT, FOX, AXO, CHL, NAL % STRel tfal] AgAdS HATHTable 3). IF FA+H<
Staphylococcus spp.= TP A A A F2|gk Z o] CIPol| thate] FolskA MIC #hol =8k
A 25 g oz A EId Mg Bl A AR oA 223k A2 GEN, STR 2
KANO| thafl A&Ad& BA 53], ISAAQMA A &2 & 2] ERYl thafl A 34
o2 Ao, APA A odA ZEg A Hlast FoldS glATHTable 4). 3
H, 3% 54+ Pseudomonas spp.<= P. aeruginosa, P. putida, P. fulva, P. oryzihabitans =
FiE SAEJD AW FHol wek oy FAA A o7 AolE HYA=H, o+
Pseudomonas spp.7} 1%}, =, EY, A& oA FHSsHA HdEHE 18 SAMATE
21 53e] [§-3l 4 F5-(P. putida, P. syringae, P. fluorescens, etc.) % EHT A& i
o] WESH BHASKP. putida, P. stutzeri, P. alcaligenes, etc) EAE 7M1 A= $&
st7] W& ZAolegt FAFHUT 53], AA FMHE] S5 P aeruginosa= A5 7HA]
FAA Aol sl 7 Bol A7E FE3 TE, Lupo 5(2018)9] Hire] ofstH p.
aeruginosa= =N GAYA CIP AgAdo] HU 63%°] T enrofloxacin A &4d ] 81%°]
Rom, GEN 2 AMI A &/do] Z+2F A 56.5% B 15.2%C1ATHaL 3kt o] 23 A&
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352 WEg = H(efflux pump) 9] 2] AFF B H =AWl e AYA #
2 5L 53| o]FoFth(Hancock, 1998; Breidenstein et al., 2011). I3 FAH<I
Staphylococcus spp.<= S. xylosus, S. saprophyticus, S. sciuri, S. condimenti 5|3 EE/F
A S awreus= T HA LAUTE S aureuss T2 AlFET A O] O wE 1
A Kspsk=dl, A A 712 EdWel, FAA olF, e &
3l EAE ol &ste] FAAE BZAASANTIAY A B WHE e A
A 717] w&o] A th(Pantosti et al., 2007). ©]&} Zo] /A frafAlto] A AaA &
A LG8 e e E8o = FA A thek Aol i 107t vizkA] W
A F7Fste A7 &% B A3 AP ol Hal Ath(Kurenbach et al., 2018; Dixit et
al., 2019; Serwecinska, 2020; Srichamnong et al., 2021). =3+ FFEZE dg] ALREHE o)
2 AMEAAZE At 42 A A o AdEes FEsta RuEdo
(Louvado et al., 2012; Zhou and Wang, 2020). ©]= Kim 5(2023)2] A7} vlS=sHAl, £ Al
ol A= FAE Qo rEo e 7Ier SHAREAA, A4, Bx2A|, SHA )l 9
A FAA ] gk Al FXEe] AFA zkel7F YES Ao ® AdE A

4

Table 1. The number of human-harmful bacteria isolated from each cultivation environment

Hot pepper Tomato
Human-harmful Total
bacteria EFM PFM EFM PFM (n=120)
(n=31) (n=43) (n=26) (n=20)
Total A34 B48
A8B11C8D4 |A13B18C5D7| A11 B8 C4 D3 | A2B11 C4 D3
(n=120) C21 D17
E. coli B1 B2 C1 - - B3 Cl
Klebsiella spp. A1 B3 DIC1 Al B4 D3 C2 - A2 B7 C3 D4
Enterobacter spp. A3B2C1DI | A3B8CIDI A9B5 DI A1B4Cl1 |[Al16B19C3 D3
Salmonella spp. - Cl1 - - Cl
Campylobacter spp. - - - - -
Acinetobacter spp. - - - Al Al
Al1BI15
Pseudomonas spp. A3B3C6D2 | A7B3C2D2 Al B2 C2 B7C3
C13 D4
Staphylococcus spp. Al B1 A2 B1 D1 Al D1 D2 A4 B2 D4
Enterococcus spp. B1 - B1 D1 D1 B2 D2

Note: Abbreviation: EFM, an eco-friendly farming method; PFM, a practice farming method; A, fruit; B, soil; C,
agricultural water; D, isolated from manure.
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Table 2. Analysis on MIC between 120 human-harmful bacteria isolated and 26 antibiotics

G (-) bacteria G (+) bacteria
Antibiotics . | Klebsiella |Enterobacter|Salmonella| Acineto- Staphylo- | Enteroco-
e | Bt | o et s 2om 7 o s, | s s
(n=16) (n=41) (n=1) (n=1) ' (n=10) (n=4)
AMI 4.0+£0 4.0+0 43+1.9 4.0 8.0 4.0£0 - -
AMP | 19.5429.8 |34.8+22.9 R|37.8423.4 R| 16.0 320 R | 5794173 R 1.3+1.0 1.3+0.5
AZl 7.5+6.2 10.6+5.2 17.9+9.6 8.0 8.0 28.6+9.5 - -
FOT 1.0+0 1.0+0 1.8+4.9 1.0 8.0 22.6+11.4 - -
FOX 4.0+0 8.0+9.5 30.0+8.4 320 R | 32.0 R | 31.4+£3.7 - -
TAZ 1.8+1.5 1.0+0 1.1£0.3 1.0 4.0 3.242.7 - -
AXO 1.0+£0 1.0+£0 1.8+4.8 1.0 8.0 20.1£11.7 - -
CHL 7.0+£2.0 8.8+6.4 12.1+8.4 16.0 320 R | 29.6+6.9 7.2+1.7 7.0+2.0
CIP 0.1+0.1 0.2+0.2 0.1£0.1 0.03 0.1 0.3+0.6 0.4+0.1 0.8+0.4
COL 5.5+7.0 2.0+0 4.245.0 2.0 2.0 24+22 - -
GEN 1.0+0 1.0+0 1.1£0.2 1.0 4.0 1.5+0.7 128.0£0 R | 128.0£0 R
IMI 1.0+0 1.0+0 1.2+0.7 1.0 1.0 3.0£2.3 - -
NAL 17.5£31.0 |34.1£56.0 R| 14.9£29.5 4.0 40 |55.5+35.0 R - -
STR 4.0+£2.8 | 11.5#£31.1 |16.6+37.4 R 8.0 320 R |43.8+37.3 R| 128.0+0 R | 128.0+0 R
TET 2.0+0 10.3£31.4 5.0£3.6 2.0 2.0 11.448.7 2.0+0 2.0+0
SXT 1.0+0 1.943.8 1.1£0.2 1.0 1.0 9.2+5.7 - -
TYLT - - - - - - 1.440.5 17.5£31.0
VAN - - - - - - 2.240.6 9.5+15.0
DAP - - - - - - 0.8£0.5 | 94+£152 R
ERY - - - - - - 18.2+26.2 RI16.8+31.5 R
FFN - - - - - - 3.6£0.8 3.5£1.0
KAN - - - - - - 128.0£0 R | 128.0£0 R
LZD - - - - - - 2.240.6 6.0+£6.7
SYN - - - - - - 1.4£1.0 |10.8+14.5 R
SAL - - - - - - 2.0+0 9.5£15.0
TGC - - - - - - 0.2+0.1 0.3£0.1
Note: 1. Abbreviation: AMI, Amikacin; AMP, Ampicillin; AZI, Azithromycin; FOT, Cefotaxime; FOX, Cefoxitin;

TAZ, Ceftazidime; AXO, Ceftriaxone; CHL, Chloramphenicol; CIP, Ciprofloxacin; COL, Colistin; GEN,
Gentamicin; IMI, Imipenem; NAL, Nalidixic Acid; STR, Streptomycin; TET, Tetracycline; SXT,
Trimethoprim / sulfamethoxazole; TYLT, Tylosin tartrate; VAN, Vancomycin; DAP, Daptomycin; ERY,
Erythromycin; FFN, Florfenicol; KAN, Kanamycin; LZD, Linezolid; SYN, Quinupristin / dalfopristin;
SAL, Salinomycin; TGC, Tigecycline.

2. R, resistance decision for the antibiotics by CLSI (2020) criteria.
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Fo FIHHOE ¢ B2 QA FIATS B8 &, 16S rRNA ¥ Multi Locus Sequence
Typing (MLST)S.2 &A3stal A Aol Hod Ao=E AIRFHJUT E3Z, Sensititre
ARIS Hi-Q Al2~El3} 37 disc diffusion @ E-test stripe ®'H-S S3l, 23+ A FalAlo-
ol grintEe A FxolA AAE=AE HASIL CLSI 7| w2t YA A&

4 ofRE A&How va B4 Bast Ak

Table 3. Comparison of MIC between farming methods and 16 antibiotics by the Gram-
negative bacteria isolated

Klebsiella spp. (n=16) Enterobacter spp. (n=41) Pseudomonas spp. (n=43)
Antibiotics
(ug-ml™" EFM PFM | Signifi- | EFM PFM | Signifi- | EFM PFM | Signifi-
(n=8) (n=8) cance (n=22) | (n=19) cance (n=19) | (n=24) cance
AMI 4.0 4.0 ns’ 4.0 4.6 ns 4.0 4.0 ns
AMP 445 R 25.0 ns 321 R | 443 R ns 640 R | 53.0 R | 0.02"
AZI 11.3 10.0 ns 174 R | 185 R ns 320R | 259 R | 0.02"
FOT 1.0 1.0 ns 1.1 2.6 ns 244 R | 21.1 R ns
FOX 8.0 8.0 ns 28.9 29.1 ns 320 R | 31.0 R ns
TAZ 1.0 1.0 ns 1.2 1.0 ns 3.0 33 ns
AXO 1.0 1.0 ns 1.0 2.6 ns 22.7 R | 180 R ns
CHL 6.5 11.0 ns 14.1 9.7 ns 320R | 277 R | 0.03
CIP 0.2 0.1 ns 0.1 0.1 ns 0.2 0.3 ns
COL 2.0 2.0 ns 4.6 3.6 ns 2.0 2.7 ns
GEN 1.0 1.0 ns 1.0 1.1 ns 1.5 1.5 ns
IMI 1.0 1.0 ns 1.1 1.2 ns 3.7 24 ns
NAL 498 R 18.5 ns 18.5 10.7 ns 674 R | 46.1 R | 0.05
STR 33 19.8 R ns 9.5 248 R ns 371 R | 4991 R ns
TET 23 183 R ns 6.2 3.7 ns 12.4 10.6 ns
SXT 1.0 2.9 ns 1.0 1.1 ns 11.8 7.2 0.01”

Note: 1. Abbreviation: EFM, an eco-friendly farming method; PFM, a practice farming method; AMI, Amikacin;
AMP, Ampicillin; AZI, Azithromycin; FOT, Cefotaxime; FOX, Cefoxitin, TAZ, Ceftazidime; AXO,
Ceftriaxone; CHL, Chloramphenicol; CIP, Ciprofloxacin; COL, Colistin; GEN, Gentamicin; IMI, Imipenem;
NAL, Nalidixic Acid; STR, Streptomycin; TET, Tetracycline; SXT, Trimethoprim / sulfamethoxazole.

2. Tttest: p value for two-tailed test and ns, not significant.
3. R, resistance decision for the antibiotics by CLSI (2020) criteria.
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Table 4. Comparison of MIC between farming methods and 16 antibiotics by the Gram-
positive bacteria isolated

Antibiotics Staphylococcus spp. (n=10)

(ug-ml™) EFM (n=4) PFM (n=6) Significance
AMI 1.8 1.0 ns'
CHL 7.0 7.3 ns
CIP 0.3 0.4 0.025"
GEN 1280 R 1280 R ns
STR 128.0 R 1280 R ns
TET 2.0 2.0 ns
TYLT 1.8 1.2 ns
VAN 25 2.0 ns
DAP 0.6 0.9 ns
ERY 403 R 3.5 ns
FFN 3.5 3.7 ns
KAN 1280 R 1280 R ns
LZD 2.0 2.3 ns
SYN 1.0 1.7 ns
SAL 2.0 2.0 ns
TGC 0.3 0.2 ns

Note: 1. Abbreviation: EFM, an eco-friendly farming method; PFM, a practice farming method; AMI, Amikacin;
CHL, Chloramphenicol; CIP, Ciprofloxacin; GEN, Gentamicin; STR, Streptomycin; TET, Tetracycline;
TYLT, Tylosin tartrate; VAN, Vancomycin; DAP, Daptomycin; ERY, Erythromycin; FFN, Florfenicol;
KAN, Kanamycin; LZD, Linezolid; SYN, Quinupristin / dalfopristin; SAL, Salinomycin, TGC, Tigecycline.
2. Tt-test: p value for two-tailed test and ns, not significant.
3. R, resistance decision for the antibiotics by CLSI (2020) criteria.

V. A (<]

2 AFE gl A= e 159 EvtE AQujx] o] A g AA F3)
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fhad

ot ot

ZAA | K| A A B2t Klebsiella spp.> ampicillin (AMP)2} nalidixic acid (NAL)®l ts|
S BAT AP R A 2] gt Z-2 streptomycin (STR)H tetracycline (TET)®l ti &l
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