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Abstract and 6 genera 7species in the soils received CM, PM, and
NPK, respectively. The dominant resistant bacteria with the
BACKGROUND: Large amount of veterinary antibiotics CM and PM application were Ochrobactrum and

have been used in the livestock industry to prevent diseases Rhodococcus.

and promote growth. These antibiotics are excreted through CONCLUSION: The application of livestock manure
feces and urine in unchanged form and reach to agricultural compost in the agricultural field is likely to contribute the
fields via application of the livestock manure based occurrence of antibiotic resistance bacteria in the
composts. The purpose of this study was to evaluate the agricultural environment.

occurrence of tetracyclines-resistant bacteria in the soil

received livestock manure compost for a long term. Key words: Livestock manure compost, Soil, Tetracyclines

METHODS AND RESULTS: Tetracyclines (tetracycline
TC, chlortetracycline CTC, and oxytetracycline OTC)

resistance bacteria in the soil of rice-onion field applied pig M2

manure compost (PM), in the soil of grass-rye field received

cow manure compost (CM), and in the soil of rice field FAAR QB Tmel W AR FHOE JPEEC o]
applied inorganic fertilizer (NPK) were determined. The ¥ Sl 53] —1*1‘ rofellA] 3 ‘ﬁ% A2 7159 AW Am
soil received livestock manure composts clearly showed =4 o]glol = SRS flel v ARSEO] SttKSeo et
higher number of TC, CTC, and OTC resistance bacteria al, 2007; Lee et al, 2009). =}°] =2 ALDE A
compared with the soil treated with inorganic fertilizer. The & TetracyclineZ|€o] 3t 7009] =0 Al AR
antibiotic resistant bacteria recovered appeared at 80 mg/L 1368:=2] °F 50%5 AHAskaL 9lo], 7 Bo] AR Al
of tetracyclines was identified 1 specie, 6 genera 7 species, 2 Yehtar, o]¢le] Sulfonamide ¥ PenicillinZ|%o] o]

AREE AL QlTt Tetracycline A9 FollX+ Oxytetracycline
3} Chlortetracycline©] 7 @Wo] ARg¥E= Z107 Haly]
L SITHAE2]oRERF, 2005).

el Fol He A= B ol &HA Xk A
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o] ¥x:9 HelZ wiFE T Seo 5(2007)°l 2JskH FEo
Fol¥l Penicillins 3 Tetracyclines &Y€) 30-60% %
70-80%7} A= vlEH = AoE BHusigith. @Al Suel
A ANEE VR B A E o 3 6UREES
E olF °F 85%7F At A& AXA FBA e FYEH L
UTHRDA, 2007). 71&ieell 23R A= 2k} 27ge]
A A AAEE Aoz dA YA 7] et
AR} 27100 wheba] Aolst Avkg Kol Qltk olE 9
0] - 4297 5714 Eulsh 27004 Chlortetracycline
(CTO) 92.6%7F AAHL, YL ZANAN =R 3¢
27.3%7} AA Dot B3kt (Bao ef al, 2009). 2010
d =) 75 HRlE 233 §714 sAA AR 3,908
AESZ eyt r] & 22 Mg/ha 7} AHEE Z102 3
A Y (5, 2012). WA vt 3A 0 7

2 I Be 9959 oI5 PR o) 58 A

10

\

H FBEA 57 olgdell Qg Wdate] Edel of
| ok 534 A=A Wi =
A& ESs T 2 xS Ao ddiAE
2 Gao et al, 2012), A=A WA+
FARRE QR W o Mol d 7hsAo] 7] wiel &
AAE M2 LH9=dE TSI (Pruden et al, 2006;
Shah et al, 2012). EZ4A &l Het A= FA
49 % T8a AEdo] ol sk A9t A T3
oAthXuede et al, 2013). “1ev} F3AU SAEA ] U4
ol Bk At o FAA| FakaL Qlrk ole] ¥ A =
dlellA 7H @ol AREEJAAL 9l Tetracycline (TC),
Chlortetracycline (CTC), Oxytetracycline (OTC)< oy
O JVEREH] Z719E 5EA9} AR B FHER
Ude #X SAS vl 4 8otk
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Table 1. Brief description of soils used in this study

NN
PABA W BE 5 AR A3 2P SR
H)9] FFol el ukeby 3wl AHste] Mgt
°*WTable 1). 71558 5012 48] A g8 3L Uz BY
2 A 4567 714 vl ERkE AJE)E =E9F (NPK)S A
Astolck el RIS oF 5t A gl grassaye
A EHCM) o] £ NS oF 1063F Al
of ol WE &R EHPM)E ATt E AR
Sl e £k o]88H E4JE Table 28} 2oM] &
oko] o)3lata EALS kxR EX I HXH| Fsio] A
A BFATHNIAST, 2000).

3L
i

SMEE g7 Y R SF

A=A W] e AR B 4S04l
th E9k 1 g& 9 mL Eatrel "8l TC, CTC, OTC
FAAZY 247+ 0, 20, 40, 80 mg/L ©] X Lysogeny
Broth(LB) #1#]¢] 10-10° 714 4] =@agict. =2k 5 v
Z]’C AxE Hc}x] a7 flate] Wgsto] 28°C oA 244131

T WAITE AR O, BE A 3ukR o R 8st
93‘:}- A=A W] ARAES FAYA wiAell A Ak
& CFU/gol ozt A7k A 2H2e] sioelld At
CFU/g®] WE&= AXISIT (Gao et al, 2012).

Al 7HA] A=Atk WAL 8 Al 7] A
7} 242} 40 mg/L 3 LB iAo FAH F2UE 507)
AE F49] AdEste] MALDI-TOF (Bio Typer, Bruker,
Germany)E ©]€-3l%ltt. MALDI-TOFE ©]-8-st 344 o
A 5749 S eokshd vkt gtk WA FAskaAt
ah= Wdetel 22UE Ea 300 uL ek 37 E-tubecl ¥
vortexing ¥ U5 = ©l§hE 900uLE o #
7}ate] 3-51 vortexing ¢t 13 E-tubeE 13000rpm S
2 583 94 Besto] A5 AS AAE F vk Hd
5 AR 3EA L Wt AREeh=, oke] S AF
FES Fol7] S18f 3w wHEgit) o] A fofxl AlEe] 20u

aL 13 ol

Identification Soil collection location Crop Agricultural Practice

NPK Paddy soil Rice Only chemical fertilizer application during last 45 years

M Upland soil Grass-Rye 30 Mg/ ha/year of cow manure compost application
during last 5 years

PM Paddy soil Rice - Onion 20-30 Mg/ha/year of pig manure compost application

during last 10 years

Table 2. Chemical and physical properties of the soil selected for study

Site pH T-C T-N Av.P,0; Ex.-cations (cmol*/kg) Soil

(1:5) (g/kg) (g/kg) (mg/kg) K Ca Mg Texture
NPK 5.6 17.8 35 31.7 0.1 55 12 SiCL
M 5.7 14.8 2.8 77.2 0.4 39 14  SCL
PM 6.7 39.8 8.7 199.9 1.2 9.9 27  SL
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Fig. 1. Resistance rates of bacteria at different concentration of tetracycline, oxytetracycline, and chlortetracycline in soil
sample. Antibiotics resistance rates calculated as the CFU/g of bacteria that grew on antibiotic plates divided by the
CFU/g of bacteria that grew on plate containing no antibiotics.

L9] 70% formic acidE F7Fsto] vortexing $+ - THA| 20
uL acetonitriles F7F5le] vortexing@tth. WXl A&
< 13,000rpmollA] 2+ 2t Aiie] g & AE EFEolE
o 1 uLE g3l F-itol] &3] Hojreg] Frt. npx|eto R
AZAZ] AZ ZY0lE Yol matrix solutions 1 pL @]
w5 AFAIA AREETE MALDI-TOFS o83 mAg &
&7 score ghe ol8stol FH3HH score gto] 2.0 o
< A e F(species) 70| 7Fs3lH, score #kol
1.70-1.90 A4 9l % (genus) $740°] 71edltHvan
Veen et al, 2010)

ot ¥ o
7Vt B A8l st FAEL U B SAEY
AF A Z 755 NPK, CM, PMellA 242t 2.20 x 10°
CFU/g, 8.20 x 10° CFU/g, 2.21 x 10° CFU/g w22 1}
Bl 2 Aol w84 BEFY FAEL U S

R TR

R0 Eiel Wb ARE Aol

S Hoth (Fig 1.). 4717K45d o)) F714 vlExt Alg-gt
NPKe4 TC, OTC, CTCS] 20 mg/L “skxelA Wt &
&2 2174 0.19, 1.03, 0.08% 2 LFERLOH, 40, 80 mg/L
SR E W E3o] ERlEA] skt o= T 54
7 Eo¥2l TC 20 mg/L °IA WA 38 1.0-10% Rt
w2 g==foln] (Chen et al, 2014), 227 HHEL TC =
AFE 01% olstHts ¥ FFo|v (Gao et al,
2012). 715 ] Fiel e e WiEd FdES
EEpllA -TEM R 57 UEpsiTh 53], 2EH] <]
735 Al 7 3E4 80 mg/L sEAAE FEE A
o Fdo] A9 BHHA APANE =EEHMY A5 80
mg/L oIA%E Wit Edo] ERlESITh Teja Al 7HA &
AEA Fold OTCE Wdat Ed&o] TC 9} CTCell Hl3|
s] o Ao SRIFGIE o5 59, =iEY] A8
°] TC, CTC, ¥ OTC 20 mg/L sxolA Ui 8 &S
717} 4.4, 32 9 59.5%, “12]al SEH|C] F9- 1.6, 1.4 Y
12.2% ©]31th. Chen 5(2014)> #A2]gde] w5 74 &
7dAe] OTC ¢} TC Wd+t ol E§80] 21, 35% O%
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Table 3. Species composition of tetracyclines resistance bacteria (recovered from 80 mg/L plates) in soil samples

it Tetracycline Chlortetracycline Oxytetracycline
e Closest species Score’ Closest species Score Closest species Score
NPK Arthrobacter Oxydans 1.98
Solibacillus silvestris ~ 2.11 Ochrobactrum tritia  2.124 Acidovorax temperans 2.341
Streptomyces 1.85 Ochrobactrum tritia  2.356 Lysinibacillus fusiformis 1.788
violaceoruber Ochrobactrum tritia 2295 Ochrobactrum sp. 2.184
oM Ochrobactrum  sp. 2.349 Ochrobactrum tritici 2.063
Ochrobactrum  sp. 2.208
Ochrobactrum  sp. 2.078
Ochrobactrum  sp. 2.180
Serratia marcescens 2511
Lysinibacillus 2.14 Ochrobactrum 2.135 Bacillius cereus 1.844
fusiformis 2.35 intermedium 2.258 Acidovorax temperans 1.754
Ochrobactrum tritia 2.36 Nocardia nova
Rhodococcus 2.30
PM  rhodochrous 2.37
Rhodococcus
rhodochrous
Rhodococcus
rhodochrous

Score of = 2.0 indicated species identification; 1.7-1.9 indicated genus identification; <1.7 indicated no reliable

identification (van Veen et al, 2010).

ERstom, Negreanu 5(2012)2 d F94 5784 TC W
T FAES 5%E Bl o}oﬂu} Gao 5(2012)2 ¥4 =
HEoJM TC 20 mg/L FxolM WAT Ed8&E 0.1% vl
7kl ¥ Sulfamethoxazole 50 mg/LollA U/d+ Ed&
< F 60% % Bl 8}glom, o]eh g Aol kAPl
AMEEE A o] TC (7.5 g/1000kg feed) H.UR=
Sulfamethoxazole (60-100g/1000kg feed) ©] &% o}
Aol thigh GAEHY] wE3N I} F7 el 2o A

sttt webd B ATelM Z1EE Bnle] Fiel dAol

Ochrobactrum 4-&- pyrethroids 9 22 %2 714 24
A9 AT nAER Baso] A=A Bt v
o] = AOR oSHr}. (Zhang et al, 2006; Yuan et al,
2007; Wang et al, 2011). ¥ A7lA 54%¥ Lnibacillus,
Bacillius %2 ¥4 HAES] TC Wid oz BuH3ltt
(Gao et al, 2012). 5=9] ;% HHES TC U/de]
Az AW a1k FAY oA, e A=A
AR Ujdel] wel 2 2jolE Beltkal B ustal 3/t (Dang
et al, 2007). AIH 0 2 AFelA 715 HH] AlE
9} 715e] Eel Wb vEA| Uehd Wdee] S

EL, o:]

OTCol| thst W £38o] TC, CTCo| Hr} =g AL
2011'd OTC IS F =& 3], 2012)°] 201E<! vt S J1EEER] £ st dEA FRI9Y FR2
W CTCE of 95 02 A= AREo] whe mz W Aolofld 7|elel Jlo= A7t

Apolefaf 71Rle o FHH

7158 EHIAZ0 28t %é M7 SE
TEREH]) AL 9F = ] Y tetracycline #A|¥ &
A Wi 54 A= Table 204 R wkel ok
453 71 HRlE e AR 9 NPK oA
OTC YWt Arthrobacter Oxydans Rro] E74¥ 3l oH,
ol i 9 =REH] AlE AR A= HEEA] Forh
I3 EEH] AlG FEA(CM) A Al 71 tetracycline
of gt W 6 & 7 Fo] FH=HN, %PFE] | A& s
ZAAPM)IM= 6% 7 Fo] s UTE ] AlE 57
A 4 WA Ochrobactrum tritici ©13 W, =%
ul AE-sAEAe 93 WS Rhodococcus
rhodochrous % 4% 0, o] &2 HEH] A% 5744
M= FEERA| ). Ochrobactrum tritici & 89 <4
Ao A5 KAl Hol s4A e Wol Hastal glom,
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