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Abstract: Antibiotic resistance genes (ARGs), as emerging contaminants, pose a huge threat to human health and the ecological
environment. It has been confirmed that ARGs can enter livestock and humans through the food chain along with agricultural products,
causing greater health risks. However, there is still insufficient systematic research on ARGs in agricultural planting environment. This
paper is based on bibliometrics and systematically summarizes the research progress of ARGs in agricultural environment in the past 5

years, and a systematic and in-depth study is performed on the pollution sources, occurrence forms, migration risks, influencing factors and
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control measures of ARGs. The result showed that there is little research on ARGs in the agricultural environments and a lack of focus.
The application of organic fertilizers/manure, irrigation with production and domestic sewage, and the use of disinfectants all contributed
to the accumulation of ARGs in agricultural planting environments, becoming an emerging reservoir for the development of antibiotic
resistance. In agricultural planting environments, the ARGs mainly existed in intracellular DNA (iDNA), extracellular DNA (eDNA),
mobile genetic elements (MGEs), and extracellular polymeric substances (EPS). The widespread distribution of eDNA and stable
exchange of EPS facilitated the accumulation of ARGs. The migration risk of ARGs in agricultural planting environments, known as
horizontal gene transfer (HGT), is mainly attributed to the processes such as MGE migration, inter-bacterial transfer of iDNA, natural
transformation of eDNA, and EPS exchange. These processes are influenced by various factors such as soil physicochemical properties,
nutrient elements, antibiotics, and other pollutants under different agricultural land use patterns. Additionally, soil salinization, nutrient and
pollutant enrichment in agricultural planting environments can exacerbate the risk of the spread of antibiotic resistance. Currently,
composting fermentation and organic carbon addition are the main methods to control the spread of antibiotic resistance, but these methods
mainly reduce the production of ARGs by degrading and adsorbing antibiotics, which is insufficient to meet the demand for reducing the
accumulation of ARGs in the soil environments. It is recommended to further study the evolutionary characteristics of ARGs in
agricultural environments and conduct comprehensive risk assessment. Measures such as source control, nutrient optimization, and

pollutant remediation should be taken to enhance soil stability, reduce the bacterial stress caused by changes in antibiotics, pollutants and

nutrients, and inhibit the accumulation, migration and diffusion of ARGs in agricultural environment.
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Hoh AR e R b ARGs HYZEXT R (1.41x10"
copies/g) Fx iz, LR A AEA: (1.28%10" copies/g). /K
(1.10x10" copies/g). H HE (7.96x10” copies/g) I Hf 15
(6.47x10” copies/g), I H T A [FfEY M AR R A K
FB o FE s - SRR AL 5, O & AR AN R 28 7R 4 7
FEV&, DT L 42 5 IH] #2220 28 ARG 11 B A7 Vi A2 Ay
AERH e A, R AT H FAE S ARGSs B & AR AE—
SE X Z. Zhang VBT RS AT TGRS I A4 rb
Wie 24tk 2 (SMX) X H: ARGs B, 45 521, %}
FHiA R, #FFL B AT LI o AR HE s SMX
(1) %At X T ARGs, # FFi8 FHAE 10 KB, intl-1 F
sull B 1 8 3 v T s FOW BR AL, H 24 4/EH 60 K
J&, intl-1 F0 sull Fe PR A= 8 0 B 254K T2 X IR A,
L i Ve LB S AR T B T RN R R TR T AN R A
ARGs TR LA T RURAEH.

+HE [ BTN ARGs 7 BB, U1 ISR
+ 3 pH. /K345, Wang 2559 WF 58 K B, 1 £ A ER o
+ ARGs (1) Z B PE FAR ST = B Ho s + 5 s, How+
H1 ARGs [ HE X 32 B 5 MGEs (A% 32 B8 B AT fR 5
(Y AH G, 38 pH /Y T 3 A R e H b
Fe s, M e A 2 it 253 F KUK .+ 3E Kk 43 )
BB M) - 498 () B BE | R SR 2 50T B H 7 5. A LR
3 (8 Hp ) PR T B BR RS 2RO R 2K T X
A Y REVE RN ARGs B WRAT P A2 R, Ak . &L BEAE
FAEY) G DNA SAE KA A E o R, HE
5 A ARGs # YA, Qian %7 W5 £ W,
A & BT I T AR & 42 R ARG 15
#%; Sun & B 5T & B, A8 1 it in A 4 AN B A 4 e
) & 23 B0 A S B S blaTEM . emlA., sull
tnpA-4 (R=E 1, W EUE 5 B As K H S A3 fin B
A 0F ARGs BB HEFFERT. Meta SMHIESE, ARGs

F R 4 en Mgk e B 5L 3 IE A G (P<0.05)", H.
ARGs “F FE 54 20 e B 9 A DG MR iR T ARGs F B
5B B AR OGP, 5) — TR AR 5 i, 24 bR
(B FRICE frm KA AR, & 7= A B A B FR L
TRARONE , 4N A 3 TR A I UK B2 IR B v B R i
B, RS A B AR, AV N Z B TS S
AN DNA i3 ) (SOS K hy) & Az, i it 4i
PR i 2451 A ARGs 724 (ULIEL 4). 4510, 2440 54 32 21 2
FERYLVIRAG = WL 2515 relA F1 spoT HE K Y &
ik, SN T 5 T BERR 4> 1 (ppGpp) HY & &, AT
il KSR AE . DNA A6 A ™. A g 5
TEEFREZ T, ppGpp M P8 757 5% . BHIIEK
SP-FT 200 S, oA 0 T R AN A IR A
) T 184 55 21 T 1 T 25 PE. Rodionov 25 BF 5% & 91,
ppGpp AR R AT LU A5 N F1 58 %) 5 25 R 0 B0
REAR. PR, ol F - S R BT v, N4 PRt AE K 55 53
AR AR5 23 X5 20 TR i e 7, A A g A R
(14 AR B 36 5, fR 2 ARGs 1 7= 4E . BRI
e
4.2 PUER LHANTE YY) ARGs 5200

oA Z AT LU kA PR . 20 AN 2K 457
FE A AT, BERD & AW b ik B
G AR, WITKIWAEAE T L. g - rh ik
FRGR IR B T AN A S0 KT, 237 A R R
'E HE % B 40 B 19 UL 2315 5 1 2 48 (two-
component regulatory systems, TCSs) F#T# %= 2 4"
(toxin-antitoxin system, TAs), $i& =4 Z i 2514 TCSs
STIRUR 78 s B e N S S v (o 5 e e
ISP 2 T B 30 3 1 A AR A BT B T TAs
AE A% 38 o 1 ] 2 R BERR A (PPX) 1458 & 1 R /> T R
FURIBC, 75 5 40 B A= K 45 i A2 0 Tid 24 P 1 i ™™,
QyuA: K IR R & H M H A FE ) DNA B H B E |
BT SR G i, AT R 4B SOS B, A
WEETRZS | ELRT S A E R MART R IAER
HR AT LA T K T v AR SLONGE P 4H B P Y SOS
R IEF LT, SOS JIV H recA Fl lexA FERETT,
lexA 3£ 3K 19 LexA 8 H & DL = R KJE UBH 17
RNA 4 i 5 DNA JH 3T 254, Ml SOS AH ¢k
(P22 IR, A9 5E N B ML R AR AL, R4 L (Ui g
REAERAA 10°~10 " (R IR 5 B 1 A Fase
Al AE 5| & 40 B A DNA #5143, ik i 77 AR O & B gk
DNA(ssDNA); recA 3 [H ik 1) RecA 5 [147E ATP
AT 5 ssDNA 5 & E A0, H1ERE 5 0
TAERT LexA A, 2 &4 A KA, BT
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DNA B85 . 5275 LU S A1 M 43 24 5500 5 2 1 A0 5 S 4
il 7E . A0 B AE 4 K A 5 A 1) DNA B 450405 6 0,
S B2 T B TR Y 5 A8 AR 4R 10~10 000 £, JF 5
S 77 AR BT 2y M R T A R OG 3E UL
Escherichia coli ) DNA & E Pl b suld RN BT T
YA R AEA WY T, LAY DNA #1018 5 5 50
HAKESE, AL UEAN R 7= A4 ARGs™.

FAEBFEE BoR, 1EAA LG Y YR 4 R TS
P IAF R ST, WA HIR E P R A S AT
YHTR Y SOS [ W AH G HE P 3R 3K, AT AiE 1 22 J 1if 24
ARGs & 4. A HLI5 YL FIHE 4 J8 4T ARGs A2 1
FHRBRIAELL T ILr i : OF L5 Y 48 &1
HORESE UEAN T MGEs 7=/E. Bl 4n, 4 B i ki
B fif v MGEs 2> 1 bifi %5 K 5 A5 B4 4 figt 2 TR 3 3K
T 5807 T 4 00 M 04 L A1 3 P
MGEs 2B SMER R 40K B Rk miEmn™. @
BLIG G (Cn+ B SR ER AN T Bt 35 et A
EEJRE T (Cu, Ag. Cr M1 Zn)™ HRREMS 5 A=W
14— S0 J5 235 5 A0 AR A A ) B g g M, A 4 TR A
P 3 P TR MRS 4 A ML TS Yt W RE 98 e it
ARGs TEAN A N LA, 5140, 0.5 pmol/L AR 5 7
WGALG W) 2 AR A1 ARGs 2 K AT B COLIK-12 9 %%
PRRCRIEIN 1.57~2.29 /50", oAb, BREE & 4 8 AR
WLIG Y W38 25 AL EPS 1112 3% M A1 DNase i (1) i
PEUY, B A5 DNase fi X ARGs F&f#, £ 7 ARGs 5 #5
EPS B &b ik A + 58", NI fE 2 ARGs 19 &
ERER. NI, FEREE AL . 25 | RS A R4
b AR AE PR 8 R 2 TS Y 22 iE ARGs 1Y B 4
L.
4.3 AV FREIREE rhE AT ARGs (19520

Aelb FhRE I RE AT S 2R AN RIEY A
FIr s 5o 55 B AR 5 B0R, B H e it 24
PR EIVEY R = B, A g R T K
TCHLFA P G 46, il T L3R ik, BRI T 5%
A3 FIFH, DT AT RE BRI ARG 75 42 K 7K - 38 % 1
B, Xu SR R, FE S ALY Rk R Ne
(o pEEL £ 7 ARGs Fil MGEs FY 26 % 32 B Fn A X =F
ESSRTE S DI INERN 7 S1ER S Lo il a I b R i
F 5T, 30 EPS (1943, fE#F ARGs 78 T35 rh Y
B A BN, 2 4 B (Pantoea sp.). 2 i ¥
(Bacillus sp.). Ji £ B (Actinomycetes sp.). 3 Ji &
(Rhizobium sp.). ¥ & (Arthrobacter sp.) FE S A
(Pseudomonas sp.) %534 25 76 8 W38 N 14 in EPS 19 43
W T3 2 S BN B A W A EPS R 2R

B, A2 3E EPS XF ARGs Al MGEs Ay W ¥t fiE
1, LA I N R X ARG F R

HARIFFE 3B EPS 1111 DNase fifEf% 5 ARGs""
11 eDNAP" M HAE FIKs HOK i IR, (B ) F kit + 358
Hh Pl it A it 24 4 SR (4 A LTS e 4 e T
2: 5 EPS M H 2645, S5 DNase Jif§ i) = 2% 45 ¥ F13%
PERL T & A AR, B 580 DNase X ARGs %
i 52 BHL. 4511201, EPS FR 4545 () eDNA REMS 5 TCHLIH B
TR R R Y 1 B I 45 A R RS, T e S R
R BURS AR R R Y Y R4 RE S EPS.,
eDNA FJi ki 454

AR, B BUE S IR Z KR et
T2, Rl 4 A5 W R A 08 3R T R R I AOR,
SR A RS, e B E e E AN
BRI, S5 X3 J2 v 0 B U R ke 3 A I i I
LA REER, T 240 TR 200 IS 1 i R X 2 14 o T
W5 T, S SO B A0 R 5 4 T, 4
PR A B 400 S5 58 J8 188 T, 3k — i R T AR a2 4 R R
iARGs Fll MGEs 5§, M\ ¥F 55 H 1 it eARGs #l MGEs,
AT ARl A AR IR 358 H () ARG i ZK T B i 72
L5 TR, ARl R IS ) AR ) T B
P ARGs FEA MV Rl PR3 K 3288 IR B HR A
PES, BE— IR T ARGs BYFREE KU
5 ARGs WHEIB S &=

H AT, ARGs & 2 5 3= 52 48 ip e sk /0 1 R 14
A= B, BN, I PR RS AR R0 R FRE Y, 76 7]
AR LB AE RO, & & IR R ik
TR AL IRDRHEC O R R T B R s D P AR R 1
. B FHUE R A R e ELA ki,
SRR B PR A ST PSR X TR B G
= 7/K - ARGs 15 4% HK SR 9 58, U535 A s 15 ite
CLXE LA 2 ARGs M HIE T K. & & Fh, KEht
R EME G IE I AIREE, HEIE K iR R Bev] LA
RO D ZAE T A 2, Yue Z5 BFSE R I, T HE
JE 3= 2530 o B b AR 2 2 F ARGs BYHI. ARGs 1Y
B 5P RA AN, 222 & ™ 57 R B, AR
ISR A HERE BB 2 25 B ARGs, {H strB. ermB.
sull F1 sul2 55 ARGs 1T TE M 25 B0 B AT5 A7 AE 3G 5
PG 2 RAR G R B, e IR M R i R P aadA .
sul2, mer-1 F ogxB BIHIEER SN 89.39%. 97.99% .
99.89% F1 99.81%, intl-1 F X 1R 7 T 80%, 18
K L8 ARGs AYARXT = B 22 B S AR 5 T i )
B AR R, A AR B S
YR b K. ARGs M N 7 S B i I T il vk
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VI /R B TREAR. 25 1, BARMENE T2 Refg s b
B ARGs )3, (HIFARHER ARGs FEALE]Z KUK
K, 2 S EH > ARGs 7EHEARIX & Az 22 RErE R 4k,
IR AR,

T WA R AME A A= Py e FAR -3 b ARGs
(4975 Y 7K 7. Wan 5 #F 58 & B, ARGs £ 5611
e ) A B AR G, E— DRI SY 2R B A Wik R %
W B 501 0 - 3 e A 2R A A A, T ik 2 41 T i 245
PP LR AT RCR. Be2 R4 i £, 3ER
PR ) 8 10 25 0 e T LA B = M 4 8 2 A W ¥
77, BEAR A HE | AR SR nFIR R rp 18 K1 ARGs 11 2
B B™. FZ B, AW R aea sds
il BT A /4 ARGs, Shi 45" % 314 1) 1 B8 8K Al A% A%
T T tetW, sul2 fM ermB W EE, (BB B EMMT
tetX Fl intl-1 B “F BE . Zhang 25 & SRS FT 36 H1 7] L)
3 3 B - AT AR (R 2 A R 1 AR
Jon s itk e S5 40 AR R A R AR, (HEE 90 K -3 b sull
intl-1 1 sul3 () F B 05 10 KRB 1~1.5 4%, BLAb, Wi
BRI AR VRt 4 e A R 208 (4 ik, AR W -
IV AT A T TRV FH T DA e 4 R A 5 ) A 0 o R
(L5 G Z AR M AT BB RS 1, B4 ARGs B 2 1 11
%, S DR xBTS Y i A i A e A,

gi I, Bl A B h 5l ARGs B 7k &
BLALFE WA 7 T — 2 38 o AT e e o e TR Ay =X
AP A 2R 2558, AT SEBLGT ARGs #9125 s
R T M e A AR A T IR AT Y A A,
g U E MR e v, LA X 3 ARGs 1Y
P — A4 O, B RO R AR S BT A ARGs
AR BR, HEBRBOR IR 3, 8 2 1 Ui o
ARGs ) R DL, X 42 il A ol Fb AF 2R 55 v By
ARGs B0 UL R LT A F: — 2R A HLAE
(A= T2, W b i bk 2 % ARGs 588 — %
PR FR AT FIAEALEC T, Wk 76 4 I S H Al s e itk A
IR EE; =S5 R ARGs i, I & fefg st Kk 4y
TR RS I R A i 0 A
6 ZHitERE
6.1 45t

a) 2017—2022 4F ) SCHk T 5 45 SR £ B, Al Fh
FEIREE O % Fe iAo A T 24P 88 B4 T 24 U I e,
T 38 R P2 B () ARG 15 Y [l 35, {EAH SEHIF 5 E1AH YT
B BN AR,

b) FAE ., HE2 | RS A A e O AR T
P A R 24 1 1 & R, AN B A 3 o P N AR A M B
J& ARGs TEA L HFEE & 46 1) R 2R, ARGs 19T

8 FEZIHE T MGEs B7K V56 5% | 45 [H] iDNA 1Y
B eDNA 1) H SR 54 AL EPS (%) Jit 58 25 i 72,
T30 ARGs TELOM FPAEFRES 32 43

o) AR A FHRICT, ST, E R oT
R PUE R KES RS S0 ARGs I IRAEFRE,
gelb A 7= 5] A i A 3EER VAL RS Y 4R ) R 2 4
TR TR e AR 2R A0 28 0 AR, I ARG £
Wi BT .

d) 4l R AR R B i ARGs AT DL 3o £ 1y 55 45
ZF IR YR N IEAKIE TR, AR S
7K SR B B8 2 52 ARGs XU SR ) J 2 0K
Bl 77, X AL AR PRI RN A fidt s ™ o

e) HEJIE e FE RN AR AT BILAS s I 2 8 il 5 ol A
Wl Zm 2y 207, A ERCR A R,
ATy A SR B AT 71k, SE X FhAE P v R
B R 2 ARGs (A 3 ).

6.2 JEH

A A 3R Al PR T AR R i 2P AL RE RN
R B LA, A7 AR5 o A I3 XU RN A A o DRSS
WA B S i P AT ARGs TR 24 T 75 Y XU . B2
S B AR, N A T

a) FEALGTAR F VRS BN 42 6, s AR 7= 45 H
T HE 7= R 7K RN 5400 1 7 L

b) R AR [ F 4 2R 5% ' MGEs., iARGs #ll
eARGs MWK AFFEAE, JF R 90 H 41 B i 53 % ARGs R
FHERL KU 5 M B

c) IR I it — 25 A 75 43 SO BHEC EL, 1
5575 G RN R 53 A8 AR A ) 4 3 2RO, BRI A
Y3 R FE T ARGs 72 AR Fl R B HER.

d) i — 20 I R A BT Th ) ARGs 1Y 18 AR FRFAIE
WEGE, A8 AR PRI A o Hh A B I B i A, ik — 20
il 22 I 56 3% ARGs M 1 I8 2 2005 JEL AR 40 1 1%
% 110 JXURG DA v )
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