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Abstract: [ Objective ] Nowadays, more attention should be paid to the situation of agricultural environment and the quality and

safety issues of agricultural produces because more and more various pollutants are entering into the agricultural soil. Among the
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pollutants, heavy metals and antibiotics are two of the most important types of pollutants in the farmland soil. In this study, soil
microorganisms are used as indicators to illustrate impacts of combined pollution of heavy metals and antibiotics on soil
environment. [ Method ] An in-lab analogue incubation experiment was conducted in this study, with the soil spiked with
doxycycline (DOX, 0, 8 and 15 mg-kg "and copper (Cu, 0, 100 and 400 mg-kg™"), singly or combinedly, at a varying rate as the
representative pollutants of antibiotic and heavy metal, respectively. Effects of the pollutants on respiration of soil microbes,
activities of soil enzymes, like urease, sucrase and catalase, and abundance of fer ARGs (tetracycline-resistance genes) were
investigated. [ Result ] Results show that throughout the whole incubation period (30 days), the pollution of DOX and Cu, either
singly or combinedly, inhibited significantly respiration of soil microbes in intensity, and activities of sucrase and catalase, but
stimulated that of urease, and the effect was apparently catalase than on sucrase. To sum up, the effects of combined pollutions is
much higher than that of singe pollutions and the addition of DOX stimulated the initial effect of Cu on respiration of soil
microbes or activities of soil enzymes. Correlation analysis shows that the activity of catalase/urease was significantly and
negatively related to Cu concentration and urease activity significantly and negatively correlated with sucrase activity. Besides, it
was also found that the total relative abundance of four types of antibiotic resistance genes (ARGs) decreased first and then turned
backwards, which was probably owing to the tie lag of about 7-15 days the soil system needs to adapt and age after the addition of
the pollutants. Compared with other treatments, the addition of high concentrations of Cu and DOX significantly increased the
abundance of ARGs at the mid- and late-stages of the incubation, especially the relative abundance of fefA and tetW. The addition
of a high concentration (400 mg-kg™") of Cu improved the ability of DOX to induce high relative abundance of tet ARGs.
[ Conclusion ] All the findings in this study indicate that combined pollution of Cu and DOX has dramatic impacts on functions of
the soil microbial system.

Key words: Doxycycline; Copper; Soil microbial respiration; Enzyme activity; Antibiotic resistance genes
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Table 1 Concentration of exogenous pollutants added and labeling of the treatments

ps:E RS AEBARIC TS Pollutants concentration / ( mgkg™)
Treatment Label of the treatment Label of treatment i Cu & ZE DOX
CK Cu0+DOXO0 0 0
A-1 Cu0+DOX8 0 8
A-2 Cu0+DOX15 0 15
B-0 100
Cul00+DOX0 0
400
B-1 Cul00+DOX8 100 8
B-2 Cul00+DOX15 100 15
C-0 Cu400+DOX0 400 0
C-1 Cu400+DOX8 400 8
C-2 Cu400+DOX15 400 15
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Fig. 1 Impacts of Cu and/or DOX pollution on respiration of soil
microbes
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Fig. 2 Impacts of Cu and/or DOX pollution on activities of urease, sucrase and catalase in the soil
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Fig. 3 Impacts of Cu and/or DOX pollution on relative abundance of tetracycline resistance genes
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HIFEMEVE R, AR AR Y B BEE Cul00/400 AR
TINTFRAR, BRI EE RS Cu MG K. 53 A A
KMRFEN TR BRI AE . BILEIES Cu B4
FEIH AN S A0 TR . FLIA RS R, BRI
A Cu VRIS IEHTRD, ReARCCHE LIRS
ZERLRA gp AN . Cud00+DOX8 & A 75 Yek) + 1k 55
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=

58 &

0 ) S5 G2 P R ) 41 ) 2500 K T Cud00+DOX 15,
XAl 2 i T Cud00 FI DOX15 A i ik B & fin 2 1l sk
Az PR A A 2 R I P P DA T AR v =
ol AN e B A T e B,
3.2 $EFEANEEX L EREEENER
AWK, Cu, DOX BL—5 Yeqe 15 35 10] o Xof
FUR S 1 AR VR T, Cu W8 e B 45 R e
e 3 IEAI5E (P<0.01), ZEHEBHPY Jiti FH & DOX 2%
JE B R 398 % B0 DOX BB U R 384 vm , o DR 04
L PR Cd. Pb RPIREETE YA 2,
— R E S FRSE R . Cu, DOX B —{5 et i
WG . o Sk S M RO SIE R, IR
W i ) ok 559 5 28 e TR VR, Cu BRI B 5 3 4
b SUBE . ERE TE MY W S oG (P<0.05,
P<0.01), X 5EE%PVR B R R 90864 Cd X
TR Rt T ) 400 S SRR B ] SRS RS N, L Cu
Cd. Zn J Pb X REMERG | 13 S 10 SRS 1 2 R BRI
HVEH BIEE FARWICT, pesh, HRFR A OTC,
SNR. SM2 K ENR 541 2 — 5 Ye X pEvsAG . i
S SRS VR X B I VR T Y SRy T AR
7% DOX V5 YL REAM i M B i A fb S TG M 2516 .
AR S, A T5 Y YXT T B G 1 75 G
RN R —T5 e () 2), XATfiES DOX figi
EAERS Cu R AR AN, HAR A
AR, MM DOX. Cu & A iHREXT 1 e %
M7= 2 U R A VR RO 58 & B Cu. DOX
AT Y ok JUR e 95 P 22 3R R e S R i, (H
Cu400+DOX15 & A Wi %o IR 36 14 4y 2¢ 22 U 1
RIERT, AT BEI B Sk P 2 i vk B B i 2 P -
HeREE LR E D R . AR S RS, SRR
i EME LI B . Cu. DOX & A75 Ye X meA |
1 A UG R R B IR, X S Er s+
B R EMEHRYS Cd EE51544 L0 OTC., SNR,
SM2 5 Cu B A15 Y X RERENG . o S AL S Y
FILEANEIER, EAmEEEAR TR R Ry
P KA BFFT A5 220 {H DOX il Cu X 41
it 5 PR (R 2505 e, AN R PRI VE F I 2 44T
YER, #RFAE# s —T5 e B tEVE A R, 1 2
ST YW RAEEE A HAEH, WIKE A5
Yy A A A FF 58 55348 1 5 3 9 58 AR S
AR, BARBSEmbLGA feE—2D R SR

33 FENBRSEEGTLEREYITE

Y B 3E R

AW RI, HIEHAEYERN X DOX, Cu
— 58 GSMEME AT RETEE 7~15 d BB
A ek FIEHE YA S PR RE ), (R 4
Pkt ARGs SFH X 3 B R R B2 SR R AR T o 1
#O(E4), WA, WFFH tet ARGs o i = E H
PAE CK-1d (& 4), XAl B2 F =41 DOX 5
Cu [ER IS SR Y IR P T ) 2 e E M 8
RIS |2 e R O 1 e S R Y e =0T A
T E05 LA B4 ARGs Y =5 B 78 5% 3500 391 1 91
R REAR

TEE AT, Cud00+DOX15 H A X tet ARGs
F R T R TR (B 4), SWE Cu
WINERE SRR R A% DOX 554 ARGs
DIAR g A E T ERE ), X T BB THE 4
JEAERE IR R WIS N A I, T DA HE 4 JE s
RZ M ERMEERe, R DA E e FRE
8507 KBRARSMEDTAE R AR R MR, FFa%
ARG 3 HN® 4 de la Iglesia 25 ST &K I As .,
Cu %5 &8 MPTERWE A 15 YLl LIS nsr s v
ARGs MFHE, skAEA PR R E S8 15 Y
X [ ARGs =F i B %5 5 4 J& V5 Y K P-4 i 38 Jin .
Wang U2 9T 36 W B VD B A Cd 2475 Yext
FAEACANTE amoA FE& RIE 0 400 1 25 B I A7 A i [R]—
ROV FR, HE A TS Y HA T & A H %, Lin )
FKOMEAL 3P ARGs FJE EFFATRES Cu. Zn 11
TR B YA o DL BRI A B A S R gs L.

WHITIE KB, tetA F1 75 = Fp tet FEIH (tetC . tetG
H terW O AHXT 3 BE A7 A 1 3 IE AH DG E &R (P<0.05 ),
T tetA FREAAAE— BB L] DLRAEIL AR = Fh
Ptk AR RS tetC FJERN tetW EJE | tetG F
JEM ter ARGs il 7 A7 7E M b 35 3 1E A G OC &R
( P<0.01), HAHSCHERES 0 0.985 F10.999, F
AR BE R S A AR E R R 0] DL AH SR AA
FEAKE, (HIX SR 2 B B AR VI8 AAOC R
AT o 22 BB SE R UE B .

4 4 i

THER SR AT, Cu 'y DOX H— KB G5 Y
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S E A SRR YR (P<0.05 ), IR
PEEZON PRI, X REORENG . o A S 1

FERBUAMHIAE R o A TR —i5 g,

AT YRT

S A MO TS R B R 2 A R A
FEE R, Hih Cud00+DOXS8 & 4 % il 1 1 1) 5 0
BTN R . HAh, SME DOX. Cu #HNH KW
IRBE AR TE 5 7200 0 25 0 - il A W P4 4
AR, RO A RS b, NI BUOE
FEOVNPUTESE D E B 2 B BT A, HLUS N ik
& Cu &L/ DOX 7E5; FR 4% % 7" 4 ARGs
BIRE IR, R ter FERAYAIXT F
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