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Abstract: Over the past several decades, the long-term misuse and abuse of antibiotics in human health and livestock production
have significantly contributed to the widespread dissemination of antibiotic resistance. Antibiotic resistance has been regarded as
the top of the six emerging environmental issues and global challenges humans face in this century. Antibiotic-resistant bacteria
(ARB) and antibiotic resistance genes (ARGs) in natural and agricultural environments such as soil may have a substantial impact
on the spread of resistance determinants to the human microbiome. Research on the distribution, source, diffusion and elimination
techniques of ARGs in soil has become a hot topic.

ARGs have been widely identified in diverse environments affected or unaffected by human activities, including soil, water
sources, and atmosphere. Soil undoubtedly contains a complex natural resistome and also acts as a key reservoir for ARB and
ARGs in the environment. The ARGs in soil primarily originate from internal resistance and external input. The internal
resistance in microorganisms mainly indicates the presence of ARGs in the genomes of microbes. However, the antibiotic
resistance in microbial can also be ascribed to the random mutation of genes under special conditions. In addition, with the
widespread use of antibiotics in clinical care, livestock and agricultural production, more ARB and ARGs are introduced into the
soil, resulting in an increased enrichment of ARGs.

The transfer of ARGs often occurs via environmental media. However, recent studies have shown that they may also be
transmitted between parents and offspring or among different species of bacteria by vertical and horizontal gene transfer (HGT),
respectively. ARGs in the soil can be transferred to surface/groundwater, atmosphere and the phytosphere. Both natural factors
and human activities play vital roles in ARGs transmission in soils. For example, soil physicochemical properties (pH, organic
matter, water content, etc.), agronomic regulations (cropping patterns, reclaimed water irrigation, organic fertilization, etc.), and
environmental contaminants (heavy metals, nanoparticles, microplastics, etc.) can significantly affect the structural diversity and
function of soil microbial communities. They have been identified as important environmental pressures that induce the evolution
and spread of antibiotic resistance.

ARGs are also identified in human clinical pathogens conveyed by soil microbes. When comparing the multidrug-resistant
resistome of soil bacteria with those in clinical human pathogens, the functional metagenomic analysis indicated a high nucleotide
identity (>99%). This inferred possible HGT among bacteria from various environments. To reduce the threat posed by ARGs,
treatment measures (aerobic composting, anaerobic digestion, and wastewater treatment technologies) have been examined to
alleviate the selective pressure and reduce the import of ARGs into the soil. Generally, the reduction of ARGs in the environment
is mainly related to extracellular DNA and cell transport, death of the host, and attenuation of extracellular ARGs.

Although the threat of ARB and ARGs to humans is generally recognized, it is difficult to determine threshold values for the
maximum admissible levels of ARB and ARGs in diverse environments highly related to human activities. Furthermore, there is
insufficient information to quantitatively evaluate the associated human health risks. Considering the urgency of the problem, it is
necessary to establish a global systematic and publicly available monitoring network, for consecutively measuring antibiotic
usage and the diversity of antibiotic resistance from clinical and agricultural practices. Continuous surveillance of antibiotic
resistance can contribute to disease therapy, effective antimicrobial management and policy formulating. Thus, the “One Health”
theory was proposed to manage the development and spread of ARGs in an interdisciplinary manner, and holistically reduce
human risk to the lowest level. More attention should be paid to ARGs pollution with investment in both fundamental and applied
research, to provide a strong scientific basis for formulating effective alleviation actions and a standardized assessment system.
This will serve as a baseline for preventing, reducing, and removing these environmental contaminants.

Key words: Antibiotic resistance genes; Antibiotic-resistance bacteria; Soil; Horizontal gene transfer; One Health
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Fig. 1 The spread of antibiotic-resistant bacteria and antibiotic resistance genes in the environment

http://pedologica.issas.ac.cn



42 + b1

=

60 %

AU, B P AL KR R B A KR
PR, BR—ENHREE S, SRE s
WTESTME, A Wi D9 ZE ST R 2 AT B
o+ IEREE TR ARGs 1Y R ZORIE

20 tHhadwr, FEdiA BB Z 0T, ARGs
FEE S AT PR AR i s A i
M) F) BT 7 0T TR 285 g, 2 F0Br B- P Ik e Tl D 4
B RBPUEREFE ORI, I8 AR 2 Ee B-H
WER R DTS, R PRI I RRAE H AR A e T
a2, FE 3 JHAERTI A K AR 9, T
A=A N DNA H AR = B 2 FE MR ARGs, X
B-MIMERE DS . DUIR R ASFIME IR Kb A B A2l
PR 7 B AR B4 X] BT 40 K i 9F 55 3 Al Jang
Bogo 7% i JAG I 21 8 4~ E 2 ARGs 2851, 1§56 73
A~ ARGs fil MGEs (#4561, H g+ . FUbL A5
&) WL LR MRS, P B A
HZHI, ARGs SLC & rfE T HIEREE T, ES
AR v A AR AR AR By S A
RALI 3 S5 P AR Y & R, AATTRERS 5 n 41w HL
HERA MR /R AR FREE T ARGs LA &5 ARGs /K F-5%
& AH e 11 35 R T 4 14 43 A K- o
1.2 HMERKRIE

o T ANZETE SR, ok B ST B P B
TSR B AP R A TR Ok A FR
Biy5 g U TR ARGs 7E R B )32 144,
Horp 5 AZIE S E M ARGs 15 - EER B v 1
%%[15-16]0

b % & POl — R fb i &, BB & & S5
SESNYIEE N EEORIE . B BRI sl b i 3
&4 B ARB FIl ARGs, ZE{H Hi AL it 7T fig
JESIWIR N ARGs A +HEREE ) B Aal T,
ZENE e HHEAE  ARGs MR 2R 2, X IU3R
FH B-INEEREZE . AL AER . MR
P A 2R 25 BAT BTk 200 s Ao it A AR e
FIEPIF L ARGs ¥ BUR s & F 447, ARGs
5 MGEs H:AERE I #E ARGs BB R FIAEHERY, 2
JE 5 ARGs MR A: Pk A+ 3R EMELL S
T EHAEY RN, HREIAE T ARGs 1
A 8 38 3o 7K P 6 PR B 0 A = 25 A 9 4k o o o L
AR R Y. SRR A LT IR S BE NS A 1
fAEw A K, T8 ARGs 1 IR h R w4212,
UEAh, FEARHEHT (BT A Bk B R E Y i T

FREE IR Ty, SEUAEMIAN ARGs #5F
Lk, (R [E A B WA AT BE 2 A L BRI 9 8 7 A
B ARGs, A feff A= A Wy R I G AR ) 22 ) 1Y
FEINAZ e, MG AN ARGs Al MGEs MZEAE ] + 3%
IRSEALA (1 KU 123,

JEIK I FER T2 Al Dok 8 5 ffe ] 70 (1) — o
SRR T 5, T SRR IR ) . U
FEg A= Y5Ok Gs K AN BT A ER I B EHEA
W B T HERE . SR, BT R KRBl ¥y 37 5
YK i ARGs #E A T5 KBRS, A Kk
HEARANREMINE EBRPIAZ R S ARGs, 15/KALH# T
A K PATIR B S BT R R IR Y RS SR
PEALIE ARGs HeBE RIS 14 ey JRUR: B ki 7 IX 3P4,
(7] B 2 A K (R PR SR ARGs e 2R IR Z
—o TEFRE R ERERVL = AN X, SR ]t E K
- 5 b g% B B O PR ZR R il FE mE e K HCRH D Y
ARGs % & T AWK . BEBK P dt A R e H
ARGs FYKEZ 035 m THEME 8, XRIIE K 1
HERBE A 3 & ARGs By FEDRIEP. AR L
AR5 KAE I REEK IR, T3 ARGs BY4aX)F
JE A o 45 S BCR S (BR tetQ . aadA . intll |
gacE+qacE AT 1 IncP-1 Gk ) PO, 78K H W 4k
Z RN HIX, 28 4b B PR 7K HE W A T 2 el - 3
HIL ST 40 MRFA Y ARGs, Hib - BRI BT
35 PR 35 ik 7

TEVG KA B R b, 5 leRets K s i E R
Ml ARGs. {EMEIGIET ARGs & A Tk K AE
A G T 947 A%, XA REJE th TR M B A I NS
S REY, L, HIREMAEY ARGs Fl MGEs
A TR I, HEAE I F R T e A R AR
i A B2y 20, AR R rh 5 RS 2 B R T i
IG5 4 2 AR W ol KT i PR R A
BAEEE, )2 ARGs [a]4 [ 3 b4 HitH) S it i
BT AR R 8, 25 RS RS 1 g,
SR ARGs HUAHXS FBETTC U] B8k, (HZ %) F B AE
20 d PIA S I B

2 eGP AL R AR M A R
21 LR EE

THEPE AR ARGs eI T 2 AR 1L 1% 5
K RAEANT, JHWE ARGs AR T 44

http://pedologica.issas.ac.cn



14 ABAANAE . IR R YU RE R A BRSOy S BRI ST 0T 43

T K H R e R 2 A SO R ARGs 194
BRI R EEL,

FEWEFBUEVERT , 4% ARB 1 ARGs
REMEEERE MK . R AR KRBT, SFHUKIH
B HETEZ RS & & IR0 5 NS0 3 B VIR G
ARGs, " @ NARfERE . HET, KRS KK AE
YIRS ARGs {53 E 240 . AR A
JK HR RS 3 DO B F S A B R BT B, TR K
TR H 4> B ) Enterobacteriaceae AR A 4 F
ARGs Bk H P23 Koike 5BV % B, F258 37 /T
ORI N N Rl [ R e S A B2 7k e B~ 9
(tetM . tetO. tetQ. tetW. tetC. tetH Fl tetZ) , H:
rh b T 7K Y R 81 8 R 4 v R —
B, B KPR & BT R S0 kY
PUrEFE R P

+ 3 ) ARGs fig g LUAE Y B IO TE kA
IR, FERT) L RRSEERHT, 23T H ARGs
FEAN ) () 1 X PR B AL 4%, 2 ) i T/ DT FAL 4
552 NISRE MR /N i 228 1 X+ 3, AT S50 ARG
FEA BRI BEAEDY 15 g 5 ) 23 S R )R B
1, A ARB Il ARGs 245t T 5 £ (it 2 5P, 4l
m, EEEIME SIS R, R
75 YWl ARB R 5 K AE 5540, S BUbIREZ N
ARGs HZMRARFMELLE, MM ARGs 7E1
BE KRR 2 LA,

T HRE AU A ARGs 1Y H EOR I,
FERRPRIA S, K 538 IR % 50 S A T DLt
A AR DL R N R B B RS, (R E BT AN T
A A AR E AT RS, AR PR AR
BT A ) P PR DR R 1< A X AR5
REZWTR LI, HYNATE HRERA A BRI BRI
TR ) e i 2 R aR AR it i FEAE ) 18 v 3RS
Pra: Rpubk, EPorEI R 4 Mg shIL R ook £
WARAERRF D, SRS, LT H) ARGs
BATHRS B SR AR N I RS, LR 2 B R
BRI TR EE SR B, &3 s n T
T8 NZGULHJE AN R ARGs (19 2B, B HTRT
25 Hz R AR AR IXURS: (0 AT ROR s 2, Ak,
YR s A A R SR B S 1 UG, B
B R T MERY S T R XA T Y R
MBI, WARBRIAE Y B (FE . AL
R M LR S ) HES T ARGs M 3% i AE # 7k P

ERS P2 AR M), FE R TR 2R e L PR A X 2 [
FE X} ARGs K V5L R R 1 5 Ml
22 TEDHIMHERGENSMEER

Il P 5 7 FN 38 8 3% 9 16 3h i P A R A K e il
FH PAR A A= 77 v sl g 25 A0 T e i A PR
X ARGs f&4F =14 T R BE . sk, H
fhEREE [ SRR R W mtE Y Pt Rk, g
FRIFEZ | AR I T 3 A R A SR AR R AR ]
o, IR . R AR R RS e A
e ARGs WG B 2 X HEMIEH .

TR T (pH . IR AP . KA )
CIRVRTES A ok LRk GAEE 7 bis A Eay A SR
ifie, TR NiE A Rtk FAE R 1) &
BB RO, fE KA PR L3, ARGs [
FBF 5P Rk 4 S E A v B (pH FIA LT )
WEME, AREE LI, WA RELY
WA ARGs =F Ji 3538 B, Wu SFIHE , 1E
WG AR SR ML ) e, ter R4 %) 45 DL ECAR AL
5 Erh U R R B E B EM K, B2 AL
JRAEIREE N F RS20 . 35 pH 8 5 0 5 40 AT R
PE B AR P AR B PR L A T BRI R T
T, JEXCAE R R 2 AR A R, B
ST ARGs 16 HIEREE R &, HHEAK
AL BE 0% o 5w R O Mk TR E M
ARGs 19 £ Bk, [R5 7K 238 i AR 25 52 ) = 4[] it
B W R AR BORES TR, DA R R 3 ARG
B 5 AP0

WOLRA SRR e, WnAGAe . AhAEARE .
TR 7K R A 2 % it 2 25 R ) - R AT P R
Mo ARRMHAC AR R (I REHAKRE T ) 68
%50 + 3% ARGs Fl MGEs B £ JEKE, AP
MEh S SN AN K FEEmE, A& EYE
. EEE. AR EILEREY T, el
P FPUMELE B I AEHED Y R R+
HEE K Wit AR R rp, 3P ARGs K-
IR B LTk, BRI T 38T ARGs
I+ HERRE LR A KU P, Wang SR, 7
IKRE RN R P Fp R AR 2R rf, KRG ) ARGs 1
SR AR (A Y T R, R R AT
FAXT WA R R R LI E) ARGs BREBCREHA B
=, MACALE Y m T2 R ARGs AR
BE, WK T KRG L ARGs BUAHXTF0E, thah, 2

http://pedologica.issas.ac.cn



44 + %

=

60 %

R R T R R 4 A5 IR R ) i [ A RE A
A5+ R RS s 4Lk, R ARGs Al
MGEs + 3 B, BRei R gk it m T 22 btk
JETRL 1) 24 38 37 1 RV I A9 46, {2 F T ARGs 7
(GRS Y A i i WA R 7P L (B S o 13
RACo 2 TR A =, it R
% 0 A= W e b 5 A 98 22 8038 o e B % AR AR
A, 9K 3 4 A B la] ARGs B 5 ol 4t
P A Wy 5 ol L0 3 Bl A A AT S 2 A A e b
+ 4 ARGs (=B, HUEAEHLE T U3 T A 9 ¢
) R BRFAE PR RS AP A R R & @ 3 sl ik, eI AR
Yy 1 (RS TINAE B 4% 52 i) 48 T A % 445 40 19 28 fb Rt
PR g e A 56581
TRy (EEE . WM. 9Kk
5 ) RERS IR ARGs YRR | LT Rt 2,
T3 ARGs TE 75 4L 1 3 v 424 IXURS: 9 AT S0
E IR AL BRI L/ I o & /K AN EcT (YRR
Bith ARGs = rEve#EbEIE 1, MifE +3%H ARGs
FREAAFFR K SH AR AR, EaEER
B KIWIAEAE, T AR 4R R AR R PO AN IR B
HH AT B AR U 5 R AR AL Y B 3 2 0 EE 00 Bkl e
R, WeRPEsR, AT MPRE P ESE . 5t
A F L DU RPN T S e RO R
B AL W A PO R B DX s OO
Pt % e, OBk AR AR R L KR
iR B SRR I ARG, FLRR A% DA [ R v
HZWPER . EERMBIIEEITH, M
BRI ARGSs ORISR BT R 08
X ARGs HY & 825 5 R e B U L, BERS
K\ TR ARGs, Rl 24 ARGs, Mifi
B E R E ARGs IR HE 1Y, R YK ER) 2
FEAET L5 BRAKFIG 5 Z AR, (0 XS
ARB Fil ARGs IR IEELZ 41 T, Zhu 1%
I AgNPs 7 5 B % TP Bk Bz 18 240 T A 7 A 41K
REAG R U B A i ARGs 19 & AR 3R SR,
Qiu R K ALO; Y i FH & 25 4 ¥k T ks
RP4. RK2 F1 pCF10 #5124 55 P i 7K 72k R e
B, XA M T4k ALO; AENSE 5 S A LR
PP AN B AN R, DA B AR A B N R . KA
SR WG R 1T B 2 01 U SR AN T 3R AP A
16PN 7 et iUBZ S NIDNCLN (9 N 508

3 BIEP IR N B TH IR

RT W K RRGEHRTENTH ARGs
MIAEHE , BRI h bl ZPubE g XU, BHIFA B
H R SR ARGs THIBHEAR , GnirA e . JRA
KEEMKAIET 2, HEMZEAEIE ., 15k
75 KR A Al AR 7= aoh A ) - AR R
MAMNEYE ARGs B AR E 4 . Ho, 31589 ARGs
4 I B A0 R S . e R RSB T LL R Ak
ARGs 2 A7 K146 071

G AL B AR B B T & S 2 AS R F
AL B UL R R B BEIAL R T, [R] B e A R0
IE B M ARGs, H, RIESLET 2R
WA HLUEFEYI T ARGs H9FRE . M2 m iR i
Frp, B AR RE Y B RIS M 2 ARGs
A TR Z RS suah, e, I rim
5 R TR I 2K P AN I R A AT AL R BR R B S P Y
ARGs, EHEFNHIILF] 86.5% . 68.6%F1 72.2%!,
AR, AEW R ERZEHERG . mh iR 80 53 v 4 7 1Y)
INIMLREREXT ARGs A BR8] —2 fEAU, sk
M, SRR ARME DL 23 BR BT A 25 ALY ARGs, 4F
SAHERE P S AT 9R & ARGs BT B AL AE R

TR A8 R W H AR A8 B T A 3 3 & 2 RS U
FEANEIRE Y. FEBMAIRAKEEG, AL
WL B ) A FAT ALY U ARB I ARGs 920 I
FRE, I HHARE v E A VLN, ZR %
FEW T ARGs 25 [ RS2 B AT 5 Sk A A 2880
U2, Sun BN i R AN EE . iR . BB
AL . BRI ST E BTF B, IR IR AR
BEXT ARGs M EBRFCE . H, #AESHT ARGs
1R BRACRARE BRCEEEM, BIAnTETs IR A
Ak AR, RN K ER K, ARGs
R Y,

KA T2 AR TRRE U A A5 K . 15Uk
KKK ARGs, TEEKALBLSfd, Sehhsk
AP RN SN B S HOR W R S i s 3
WA RL 2 BRAKR I A ARGs!™ . Uik 40 1Y)
A TR Ao R 5 T R0 A R X T e A A ) (R
AR . PEIE . IR MR ) M FE 2% YA
SO FEASIR] (1 48 AN B G vk B T I P K
ARGs MR A, 25 /R WIS I A E LI 5 g

http://pedologica.issas.ac.cn



14 ABAANAE . IR R YU RE R A BRSOy S BRI ST 0T 45

520 ARGs MG, Hh S R B AR
F e PR ARGs EZEHRZE, S AR K,
TG KAL B AL BIR AT X ARGs Z2BRAGEZ I AN A ,
i, A Ak LR A BEEENS 3 B ARGs FE &
AR FEE K AL B R, R B A
D] 200 it 5 40 388 BRI 2 0% , {0 ARGs A3 Al REA77F
TAMRE R, R A RS OV TR A XU o PRIt
T B AR DAL LA KA PR T, LURIE AR SR
fi# 8% b ARGs XU A3 7 .

S LSk vin e S RE PNEN (- 5

KEBAY 56 KA1 ARGs 2K 3 T3R8 (94
AP, R A W4T B ARG tAFFET A
FIE R IR, DA R e . A S 2 B-
e e I 45 245 ) LA o 7K ST B e 94 3 780 40 o A g 101
K 7% 5L A H AR U E ik AT h g e b, F
52 % I A SO R N S A JRLAR 14 T 24 20 A%
MR IR PR MR AR (>99% ), H LA IRT AN 1) 3R 888 v fil
W) Z [0 ) ARGs A REFFTE/K IR RS . 18 HARAN
Z NI, BAFHIFIEZM ARGs
) E AR N, indl JET 1R85 F, S5M
— P £ ARGs RSB YIM G, (2T
ARGs MK R 55 7 i f Y

AT, XTF ARGs MIREERA Yy A 2% 5
R AR — 2 R R E . it
BUIBJE, FERFSE (ZRCE. &%) RGN 3£
Ff ARGs, 1% ARGs i 5y i iof 5 o B A 25k
W, R HEIREE L RIS Z IR A
YRR A R Em R B, 4K
e AR K FF o h 2 B AP R, 24 20w
FLR 4 B 24~ ARGs [6] B BUAE ok B, 9%
BRI RE S TE BRVE IR & . Bln, BB R
VI X 22 25 T 245 240 1 0 & Ja W ) i Js — T 7 26, {HL
A, FRE L R IE TE S R 28 B il P R
P B E PR mer-1 WTORL, RS %M
P BT T LA ARG R . R . IR SRR AR
d, SO S ERIEE NIz AR

5 ZinERy

FUAT, o P ARSI &R & b K

FE A HPTAE &R, -5 ARB Fll ARGs 15 4+EL
ST ARAE, BRSNS B2 AR, MELAA
FE I E R ARB il ARGs B R fo i B {8, 58 4k
DL M DA 5 AR G I N BB . TR, 56
F 4 ARGs WAL RE B A E AR5 8 AR
o FG, FECRMEEHENTT, wmF S — N ATF
A BRI 28 W T8 R GE, RERS RS EIRPUAE R A
P R D0 LA B DAk Al AR 7= R R B Y7 0 sl b
RPN AR s #F—2JBTE ARGs 7E 483
Birh A RE R /L] s R A b AR AL R AL
) ARGs &5 BHWT FIH L AR, DT fa il + 5 bt
A BRI = A AL 4

£ 2% 3k ( References )

[ 1] FairR7J, TorY. Antibiotics and bacterial resistance in the
21st century[J]. Perspectives in Medicinal Chemistry,
2014, 6: 25—64.

[ 2] Pruden A, Pei R T, Storteboom H, et al. Antibiotic
resistance genes as emerging contaminants: Studies in

Colorado[J].
Technology, 2006, 40 (23): 7445—7450.

[ 3] Tiedje ] M, Wang F, Manaia C M, et al. Antibiotic

northern Environmental Science &

resistance genes in the human-impacted environment: A
One Health perspective[J]. Pedosphere, 2019, 29 (3):
273—282.

[ 4] Martinez J L. Antibiotics and antibiotic resistance genes
in natural environments[J]. Science, 2008, 321 ( 5887 ):
365—367.

[ 5] Lerminiaux N A, Cameron A D S. Horizontal transfer of
antibiotic resistance genes in clinical environments[J].
Canadian Journal of Microbiology, 2019, 65( 1 ): 34—44.

[ 6] HuX1J, Sheng X, Zhang W, et al. Nonmonotonic effect
of montmorillonites on the horizontal transfer of
antibiotic resistance genes to bacteria[J]. Environmental
Science & Technology Letters, 2020, 7 (6): 421—427.

[ 7] WangF, FuYH, Sheng HJ, et al. Antibiotic resistance
in the soil ecosystem: A One Health perspective[J].
Current Opinion in Environmental Science & Health,
2021, 20: 100230.

[ 8] ZhuYG, ZhaoY, Zhu D, et al. Soil biota, antimicrobial

and planetary health[J].

International, 2019, 131: 105059.

[ 9 ] Davies J, Davies D. Origins and evolution of antibiotic

resistance Environment

resistance[J]. Microbiology and Molecular Biology
Reviews, 2010, 74 (3): 417—433.

[ 10 ] SuJQ, Huang FY, Zhu Y G. Antibiotic resistance genes
in the environment[J]. Biodiversity Science, 2013, 21
(4): 481—487. [JRAR, BOME, ARAKE. HEEHUE

http://pedologica.issas.ac.cn



46 E I 60 %
Ryt R B, 2013, 21 (4): oxytetracycline on antibiotic resistance gene abundance
481—487.] and the bacterial community during aerobic composting

[ 11 ] D’Costa VM, King C E, Kalan L, et al. Antibiotic of cow manure[J]. Journal of Hazardous Materials, 2016,
resistance is ancient[J]. Nature, 2011, 477 ( 7365 ): 315: 61—69.

457—461. [ 23 You Y Q, Silbergeld E K. Learning from agriculture:

[ 12 ] Allen HK, Moe L A, Rodbumrer J, et al. Functional Understanding low-dose antimicrobials as drivers of
metagenomics reveals diverse f-lactamases in a remote resistome expansion[J]. Frontiers in Microbiology, 2014,
Alaskan soil[J]. The ISME Journal, 2009, 3 (2): 5: 284.

243—251. [ 24 Gatica J, Cytryn E. Impact of treated wastewater

[ 13 ] Wang F, Stedtfeld R D, Kim O S, et al. Influence of soil irrigation on antibiotic resistance in the soil
characteristics and proximity to Antarctic research microbiome[J]. Environmental Science and Pollution
stations on abundance of antibiotic resistance genes in Research International, 2013, 20 (6): 3529—3538.
soils[J]. Environmental Science & Technology, 2016, 50 [ 25 Pan M, Chu L M. Occurrence of antibiotics and antibiotic
(23): 12621—12629. resistance genes in soils from wastewater irrigation areas

[ 14 ] Forsberg K J, Reyes A, Wang B, et al. The shared in the Pearl River Delta region, Southern China[J].
antibiotic resistome of soil bacteria and human Science of the Total Environment, 2018, 624: 145—152.
pathogens[J]. Science, 2012, 337 (6098 ): 1107—1111. [ 26 | Jechalke S, Broszat M, Lang F, et al. Effects of 100 years

[ 15 ] Bengtsson-Palme J, Kristiansson E, Larsson D G J. wastewater irrigation on resistance genes , class 1
Environmental factors influencing the development and integrons and IncP-1 plasmids in Mexican soil[J].
spread of antibiotic resistance[J]. FEMS Microbiology Frontiers in Microbiology, 2015, 6: 163.

Reviews, 2017, 42 (1): fux053. [ 27 ] Han XM, HuH W, Shi X Z, etal. Impacts of reclaimed

[ 16 ] Peterson E, Kaur P. Antibiotic resistance mechanisms in water irrigation on soil antibiotic resistome in urban
bacteria: Relationships between resistance determinants parks of Victoria, Australia[J]. Environmental Pollution,
of antibiotic producers, environmental bacteria, and 2016, 211: 48—57.
clinical pathogens[J]. Frontiers in Microbiology, 2018, [ 28 An X L, SulQ, LiB, et al. Tracking antibiotic resistome
9: 2928. during wastewater treatment using high throughput

[ 17 ] Zheng F, Bi Q F, Giles M, et al. Fates of antibiotic quantitative PCR[J]. Environment International, 2018,
resistance genes in the gut microbiome from different soil 117: 146—153.
fauna under long-term fertilization[J]. Environmental [ 29 Chen H, Zhang M M. Occurrence and removal of
Science & Technology, 2021, 55 (1): 423—432. antibiotic resistance genes in municipal wastewater and

[ 18] ZhuD, ChenQL, Ding J, et al. Antibiotic resistance rural domestic sewage treatment systems in Eastern
genes in the soil ecosystem and planetary health: Progress China[J]. Environment International, 2013, 55: 9—14.
and prospect[J]. Scientia Sinica: Vitae, 2019, 49 (12 ): [ 30 Zhou Z, Raskin L, Zilles J L. Effects of Swine manure on
1652—1663. [R&, BEHEMK, T, % HHEESRS macrolide , lincosamide , and streptogramin B
A PR R S 2R AR . J R S5 R, ER antimicrobial resistance in soils[J]. Applied and
. AR, 2019, 49 (12): 1652—1663.] Environmental Microbiology, 2010, 76( 7 ): 2218—2224.

[ 19 ] ChenC Q, Pankow C A, Oh M, et al. Effect of antibiotic [ 31 Chee-Sanford J C, Mackie R I, Koike S, et al. Fate and
use and composting on antibiotic resistance gene transport of antibiotic residues and antibiotic resistance
abundance and resistome risks of soils receiving manure- genes following land application of manure waste[J].
derived amendments[J]. Environment International , Journal of Environmental Quality, 2009, 38 (3 ):
2019, 128: 233—243. 1086—1108.

[ 20 ] XieWY, Yang X P, LiQ, etal. Changes in antibiotic [ 32 Rizzo L, Manaia C, Merlin C, et al. Urban wastewater
concentrations and  antibiotic  resistome  during treatment plants as hotspots for antibiotic resistant
commercial composting of animal manures[J]. bacteria and genes spread into the environment: A
Environmental Pollution, 2016, 219: 182—190. review[J]. Science of the Total Environment, 2013, 447:

[21 ] MaLP, Li AD, Yin X L, et al. The prevalence of 345—360.
integrons as the carrier of antibiotic resistance genes in [ 33 Tao R, Ying GG, SuHC, etal. Detection of antibiotic
natural and man-made environments[J]. Environmental resistance and tetracycline resistance genes in
Science & Technology, 2017, 51 (10): 5721—5728. Enterobacteriaceae isolated from the Pearl Rivers in

[ 22 ] Qian X, Sun W, Gu J, et al. Variable effects of South China[J]. Environmental Pollution, 2010, 158( 6 ):

http://pedologica.issas

.ac.cn



144

ABAANAE . IR R YU RE R A BRSOy S BRI ST 0T 47

[ 37 ]

[ 38 ]

[ 39 ]

[ 40 ]

2101—2109.

Koike S, Krapac I G, Oliver H D, et al. Monitoring and
source tracking of tetracycline resistance genes in
lagoons and groundwater adjacent to swine production
facilities over a 3-year
Environmental Microbiology , 2007 , 73 ( 15 ):
4813—4823.

Zhu G, Wang X, Yang T, et al. Air pollution could drive

period[J]. Applied and

global dissemination of antibiotic resistance genes[J].
The ISME Journal, 2021, 15 (1): 270—281.

Gao M, JiaR Z, Qiu T L, et al. Size-related bacterial
diversity and tetracycline resistance gene abundance in
the air of concentrated poultry feeding operations[J].
Environmental Pollution, 2017, 220: 1342—1348.
Dungan R S. Fate and transport of bioaerosols associated
with livestock operations and manures[J]. Journal of
Animal Science, 2010, 88 (11): 3693—3706.

Kroer N, Barkay T, Serensen S, et al. Effect of root
exudates and bacterial metabolic activity on conjugal
gene transfer in the rhizosphere of a marsh plant[J].
FEMS Microbiology Ecology, 1998, 25(4): 375—384.
van Elsas J D, Turner S, Bailey M J. Horizontal gene
transfer in the phytosphere[J]. New Phytologist, 2003,
157 (3): 525-—537.

Zhang H, Li X N, Yang Q X, et al. Plant growth,
antibiotic uptake, and prevalence of antibiotic resistance
in an endophytic system of pakchoi under antibiotic
exposure[J]. International Journal of Environmental
Research and Public Health, 2017, 14 (11): 1336.
Marti R, Scott A, Tien Y C, et al. Impact of manure
fertilization on the abundance of antibiotic-resistant
bacteria and frequency of detection of antibiotic
resistance genes in soil and on vegetables at harvest[J].
Applied and Environmental Microbiology, 2013, 79
(18): 5701—5709.

Mei Z, Xiang L L, Wang F, et al. Bioaccumulation of
manure-borne antibiotic resistance genes in carrot and its
exposure assessment[J]. Environment International ,
2021, 157: 106830.

Berendsen R L, Pieterse C M J, Bakker P A H M. The
rhizosphere microbiome and plant health[J]. Trends in
Plant Science, 2012, 17 (8): 478—486.

Cruz-Loya M, Kang T M, Lozano N A, et al. Stressor
interaction networks suggest antibiotic resistance
co-opted from stress responses to temperature[J]. The
ISME Journal, 2019, 13 (1): 12—23

Poole K. Stress responses as determinants of
antimicrobial resistance in Gram-negative bacteria[J].
Trends in Microbiology, 2012, 20 (5): 227—234.

Chen ZY, Zhang W, Wang G, et al. Bioavailability of

47

48

49

50

51

52

53

54

55

56

57

soil-sorbed tetracycline to Escherichia coli under
unsaturated conditions[J]. Environmental Science &
Technology, 2017, 51 (11): 6165—6173.

Tang X J, Lou C L, Wang S X, et al. Effects of long-term
manure applications on the occurrence of antibiotics and
antibiotic resistance genes ( ARGs ) in paddy soils:
Evidence from four field experiments in south of
China[J]. Soil Biology & Biochemistry, 2015, 90:
179—187.

Wu N, Qiao M, Zhang B, et al. Abundance and diversity
of tetracycline resistance genes in soils adjacent to
representative swine feedlots in China[J]. Environmental
Science & Technology, 2010, 44 (18): 6933—6939.
Xiao K Q, LiB, Ma L P, etal. Metagenomic profiles of
antibiotic resistance genes in paddy soils from South
China[J]. FEMS Microbiology Ecology, 2016, 92 (3):
fiw023.

Ingerslev F, Tordng L, Loke M L, et al. Primary
biodegradation of veterinary antibiotics in aerobic and
anaerobic  surface  water  simulation

Chemosphere, 2001, 44 (4): 865—872.
Zhu Y G, Johnson T A, Su J Q, et al. Diverse and

systems[J].

abundant antibiotic resistance genes in Chinese swine
farms[J].
Sciences of the United States of America, 2013, 110( 9 ):
3435—3440.

Xu M, Stedtfeld R D, Wang F, et al. Composting

Proceedings of the National Academy of

increased persistence of manure-borne antibiotic
resistance genes in soils with different fertilization
history[J]. Science of the Total Environment, 2019, 689:
1172—1180.

Wang F, Xu M, Stedtfeld R D, et al. Long-term effect of
different fertilization and cropping systems on the soil
antibiotic resistome[J]. Environmental Science &
Technology, 2018, 52 (22): 13037—13046.

Liao H P, Li X, Yang Q E, et al. Herbicide selection
promotes antibiotic resistance in soil microbiomes[J].
Molecular Biology and Evolution, 2021, 38 (6 ):
2337—2350.

JiaMY, Wang F, Jin X, et al. Metal ion-oxytetracycline
interactions on maize straw biochar pyrolyzed at different
temperatures[J]. Chemical Engineering Journal, 2016,
304: 934—940.

Cui EP,WuY,lJiao Y N, et al. The behavior of antibiotic
resistance genes and arsenic influenced by biochar during
different manure composting[J]. Environmental Science
and Pollution Research International, 2017, 24 (16 ):
14484—14490.

FuYH, JiaMY, WangF, etal. Strategy for mitigating

antibiotic resistance by biochar and hyperaccumulators in

http://pedologica.issas.ac.cn



48

+ i

e 60 %:

[ 61 ]

[ 62 ]

[ 63 ]

cadmium and oxytetracycline co-contaminated soil[J].
Environmental Science & Technology, 2021, 55 (24):
16369—16378.

Lehmann J, Rillig M C, Thies J, et al. Biochar effects on
soil biota - A review[J]. Soil Biology & Biochemistry,
2011, 43 (9): 1812—1836.

Gullberg E, Albrecht L M, Karlsson C, et al. Selection
of a multidrug resistance plasmid by sublethal levels of
antibiotics and heavy metals[J]. mBio, 2014, 5 (5):
€01918—e01914.

Wright M S, Peltier G L, Stepanauskas R, et al. Bacterial
metal-
streams[J]. FEMS
Microbiology Ecology, 2006, 58 (2): 293—302.
Bank M'S, OkY S, Swarzenski P W. Microplastic's role
in antibiotic resistance[J]. Science, 2020, 369 ( 6509 ):
1315.

Zhu D, Mal, LiG, etal. Soil plastispheres as hotspots

tolerances to metals and antibiotics in

contaminated and  reference

of antibiotic resistance genes and potential pathogens[J].
The ISME Journal, 2022, 16 (2): 521—532.

Lu X M, Lu P Z, Liu X P. Fate and abundance of
antibiotic resistance genes on microplastics in facility
vegetable soil[J]. Science of the Total Environment,
2020, 709: 136276.

Wu W B, Fu S S, Mao B Y, et al. Enrichment of
intracellular and extracellular antibiotic resistance genes
by microplastics in municipal wastewater[J]. Research of
Environmental Sciences, 2021, 34( 6 ): 1434—1440. [&
SO, AAR, B, L BRI G K T N
FHE ST IEE A Y & R ARIE AT S [T]. IR RL AT 5T,
2021, 34 (6): 1434—1440.]

Zhu D, Zheng F, Chen Q L, et al. Exposure of a soil
collembolan to Ag nanoparticles and AgNO; disturbs its
associated microbiota and lowers the incidence of
antibiotic resistance genes in the gut[J]. Environmental
Science & Technology, 2018, 52 (21 ): 12748—12756.
QiuZ, YuY, ChenZ, etal. Nanoalumina promotes the
horizontal transfer of multiresistance genes mediated by
plasmids across genera[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2012, 109 (13): 4944—4949.

McKinney C W, Pruden A. Ultraviolet disinfection of
antibiotic resistant bacteria and their antibiotic resistance
genes in water and wastewater[J]. Environmental Science
& Technology, 2012, 46 (24): 13393—13400.

Qian X, Sun W, Gu J, et al. Reducing antibiotic
resistance genes, integrons, and pathogens in dairy
manure by continuous thermophilic composting[J].
Bioresource Technology, 2016, 220: 425—432.

Peng S, LiHJ, Song D, et al. Influence of zeolite and

[ 73

[ 74

[ 80

http://pedologica.issas

superphosphate as additives on antibiotic resistance genes
and bacterial communities during factory-scale chicken
manure composting[J]. Bioresource Technology, 2018,
263: 393—401.

Cui E P, WuY, Zuo Y R, et al. Effect of different
biochars on antibiotic resistance genes and bacterial
community during chicken manure composting[J].
Bioresource Technology, 2016, 203: 11—17.

Zhang Y J, Li H C, GuJ, et al. Effects of adding different
surfactants on antibiotic resistance genes and intl1 during
chicken manure composting[J]. Bioresource Technology,
2016, 219: 545—551.

Zhang J Y, Wang Z Y, Wang Y W, et al. Effects of
graphene oxide on the performance , microbial
community dynamics and antibiotic resistance genes
reduction during anaerobic digestion of swine manure[J].
Bioresource Technology, 2017, 245: 850—859.

Sun W, Gu J, Wang X J, et al. Solid-state anaerobic
digestion facilitates the removal of antibiotic resistance
genes and mobile genetic elements from cattle manure[J].
Bioresource Technology, 2019, 274: 287—295.

Ma Y J, Wilson C A, Novak J T, etal. Effect of various
sludge digestion conditions on sulfonamide, macrolide,
and tetracycline resistance genes and class I integrons[J].
Environmental Science & Technology, 2011, 45 (18):
7855—7861.

Zhang H C, Chang F Y, Shi P, et al. Antibiotic resistome
alteration by different disinfection strategies in a
full-scale drinking water treatment plant deciphered by
metagenomic assembly[J]. Environmental Science &
Technology, 2019, 53 (4): 2141—2150.

Dodd M C. Potential impacts of disinfection processes
on elimination and deactivation of antibiotic resistance
genes during water and wastewater treatment[J]. Journal
of Environmental Monitoring, 2012, 14 (7): 1754—
1771.

Guo M T, Yuan Q B, Yang J. Distinguishing effects of
ultraviolet exposure and chlorination on the horizontal
transfer of antibiotic resistance genes in municipal
wastewater[J]. Environmental Science & Technology,
2015, 49 (9): 5771—5778.

Di Cesare A, Eckert E M, D'Urso S, et al. Co-occurrence
of integrase 1, antibiotic and heavy metal resistance
genes in municipal wastewater treatment plants[J]. Water
Research, 2016, 94: 208—214.

Crofts T S, Gasparrini A J, Dantas G. Next-generation
approaches to understand and combat the antibiotic
resistome[J]. Nature Reviews Microbiology, 2017, 15
(7): 422—434.

Lau C H F, van Engelen K, Gordon S, et al. Novel

.ac.cn



144

ABAANAE . IR R YU RE R A BRSOy S BRI ST 0T 49

[ 81 ]

[ 82 ]

antibiotic resistance determinants from agricultural soil
exposed to antibiotics widely used in human medicine
and animal farming[J]. Applied and Environmental
Microbiology, 2017, 83 (16): €00989—17.

Ghaly T M, Chow L, Asher AJ, et al. Evolution of class
1 integrons: Mobilization and dispersal via food-borne
bacteria[J]. PLoS One, 2017, 12 (6): e0179169.

Smalla K, Cook K, Djordjevic S P, et al. Environmental

[ 83 ]

dimensions of antibiotic resistance: Assessment of basic
science gaps[J]. FEMS Microbiology Ecology, 2018, 94
(12): fiyl9s.

Carnevali C, Morganti M, Scaltriti E, et al. Occurrence
of mcr-1 in colistin-resistant Salmonella enterica isolates
recovered from humans and animals in Italy, 2012 to
2015[J]. Antimicrobial Agents and Chemotherapy, 2016,
60 (12): 7532—7534.

(REHE: © #F)

http://pedologica.issas.ac.cn



