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Abstract: [ Objective] The prevalence and dissemination of antibiotics resistance genes (ARGs) in farmland soils
have become a major threat to food security and human health. However, there is still no effective method to
remediate ARGs-contaminated farmland soil. Chemical fumigation and reductive soil disinfestation (RSD) are
widely used to kill soil-borne pathogens in agricultural production, but it is still unknown whether they are capable
of reducing the abundance of ARGs in ARGs-enriched soil. [Method] In this study, an ARGs-enriched farmland
soil due to long-term application of chicken manure was selected, and soil incubation experiment with seven
treatments: CK (control without soil treatment), FCK (maximum water holding capacity treatment), DZ (chemical
fumigation with 0.02% dazomet), and RSD with 1% ethanol (ET, TOC: 521.7 g-kg™!), alfalfa (AL, TOC: 454.9 g-kg"
1. C/N: 21.2), molasses (MO, TOC: 270.1 g-kg™!, C/N: 12.6) and the mixture of alfalfa and molasses (AM, m/m=1:1),
were conducted to investigate the shifts in absolute abundance and relative abundance of ARGs and mobile genetic
elements (MGEs) via real-time PCR. The effects of different treatments on soil ARGs and MGEs were evaluated by
reduction rate. [Result] Results showed that RSD treatment could decrease the relative abundance of aadA421,
msrE, tetG, tetM, and ErmF genes, with the reduction of the aadA21 gene in relative abundance being 50.5%—58.3%
in AL-, MO-, and AM-treated soils, while the relative abundances of msrE, tetG, and tetM genes were significantly
lowered by ET treatment, with the reduction rate being as high as 80.9%, 78.3%, and 66.9%, respectively. Meanwhile,
RSD treatment could significantly decrease the relative abundance of MGEs (156100 and IS26 gene), with the
reduction rate being 67.7%—74.3% and 38.1%42.6%, respectively. In addition, the relative abundances of ARGs
and MGEs were slightly increased in DZ treatment, with the increasing rate of ARGs and IS26 gene being 21.9%
and 42.6%, respectively. [Conclusion] Collectively, RSD treatment can decrease soil ARGs contamination by
reducing the relative abundance of ARGs and MGEs, limiting the horizontal transfer ability of ARGs, and the
reduction effect is related to the type of organic materials used. Moreover, RSD treatment is more effective in
reducing the relative abundance of ARGs and MGEs than dazomet fumigation and has the potential for rapid
remediation of ARGs-contaminated soil.

Key words: Antibiotic resistance genes; Mobile genetic elements; Dazomet fumigation; Reductive soil

disinfestation; Relative abundance
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R RIS IR 7 B AR 7 e A AR S R . WEFUR B, KIS 2 AHLIE R
wER N ARGs I ZAEMEATFSE, SR LA R Zhang SEPHE TR I,
FEFNEME A LI EMEASE 90 RUMG, HARBR. WA AIHPRE) ARGs FFE R E RN, *
B ARGs "I T3 A 7 RGN BAE /Y 8. Kk, i ARGs #E B\ KEUH
S ECB YN 2GR A, T G AR R, T, ARGs CBUN AN BAEAM
20 T ) 7N KB P56 1) RURT A BRPE Bk A 2 B

PR 438 ARGs M3 B2 P o LIl R 5 m NIRRT S B F B &
ViR e —ME Sc R 2 LR, RES IR 33 b Bt A AT AT R Bt A% o fF (Mobile
genetic elements, MGEs), MIMFEAICHTAE FRIEFEE JIFI ARGs HIZK R 68 77, DRI 1%
ARGs HABERIIHAEE IO, GO R, bR A RO g PR R, X
it 2528 e i 2 ARGs (IS, [RIRS 4] Ha ke MGEs M 3B A Y a1 4UEFET), Ye &5
BIRFF TR I, AR 2 R ] B B ST AR 2 IR DA S L ZHZR A sull FEERIHIAR 220 SR
WABFIRE, EYRA LT ARGs IS SR 2 M & pk L T2 LRI E A ARGs 26
RGERZ M, HZ2a AR W ERE, BRI ARGs FIBH#ZERE /I 9, I
Gb, VIR B 23 05 IR BB SN IR B, KRR AT Re it — A2 e 3R ARGs
75 G2 S0, S —Serff 53R B, R Ml e 0% PR HTL A =5 G LI ik . 1Y
IR BMETERN S ARGs BT LAY AR R0, B2, M TIRAEE LI 1) ARGs
BARATHEREE AN, BB AAE R 2 A EATE 1 2 RE SRR, DR A it FH A 5 |\
i Xy 3% ARGs WIVHBGCR A AENE, B Al okee A e 4 it .

sRIA JE 1A FE (Reductive soil disinfestation, RSD) J& —F/EYI AP i i 1Y) 38 AL PR 77753,
REfE ) M R K LA IR B, G LIRS AR TR 450, B B AR i e DL VR B
PERE D21, REM AR, LIRAMEHIAA NS ARGs FEH P04, Ji FEUSIRFFL R
B, RSD Ab P HE A% P 1% 1198 b SR 55 MR AT B 5 B 5 4 T 8 AR T =R B, T 438 v B S
W HEEE . R RESHENFES ARGs £ 283 A, #IA 82 ARGs [WEZE £
206, @t n L, RSD AbFEEA#If| LI bRl ARGs 15 EM5 /1. BLAh, Rty
MGEs )34 5 /£ RSD AbFE i b s, 3% h ARGs HIZKFH R e 71t 2 AH R T
B . AR BE 252 H BRI AE P i o I R38R v, BT i KA, Rtk AR
#5717 ARGs Fl MGEs MR 7= A2 80 2 s/ b IR o SRTA7, L Re A R0 i g s 4
) ARGs AT HT o AHIF 5T LA St FH XS 3t ()l o e e R, i v B A e FE 28 FHAS [+
HHLYRLE RSD Ab3E, #8570 138 KB 77 A KRR A 3%k ARGs #ll MGEs 4% 3=
S AR FE R0, DARAA PR v Ja 1238 ARGs FEBRAR A BOXUS « PRERE A ™ i 22 4
N Bt — € IR S

1 #PRES 5k

1.1 A

il LR 5L 5 p ol i e i — A A KA XS S5 I s R - (32°66'N,
120°70'E), &8 “F pik” HORE IR EREEHHEE LI (0~20 c) #F, ARSI (2
mm) J5 8T 4°CHR . SHR L3 Em -, HIEARBAMEC N pH 7.65, 5% 335 uS-cm'!,
EHHUR 11.2gkg!, &% 1.41 g-kg!, G 4273 mgkg!, HHAT 648.7 mg-kg'. HT K
M XS, 1Z 3 ARGs B, HEEEE 1.6 x10°# N H w1, FEAFLH
5. FILREFIE. WAL XMt 2525 ARGs; 1fi MGEs I3 E R 2.4 x 10° 3% DU 7+
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AHE RS . PEEFR, HPEER S AN 4549 g kg!s 2R 21.5g ke Tk
/R 21.20 KR/ 0.5 ems BEE SAE MUK 270.1 g-kg's &% 21.5 gkg's BR/ALL 12.6;
RS B AHUR 521.7 gkg'e

a)

[ %3 p# 2 Aminoglycoside [ A4 % #i% Multidrug  [X5 PU¥F %% Tetracycline 146N J3%1 Insertional [ A %4 T Integrase
I 1% % Sulfonamide 2 X252 MLSB. [ L4t Others DX ik Plasmid

B 1 R erh £ 22 ARGs Fl MGEs 281 (5 LL
Fig. 1 The proportion of major ARGs and MGE:s types in tested soil

J&¥- Transposase

1.2 ¥t
35 ARG A M R B IR A R kAT, S E 7 M D AR I F R (CKO;
2) F RFEFKE I (FCK); 3) fEEEZE (DZ); 4) ZFE RSD 4L# (ET); 5) Bk RSD
AbFE (ALD; 6) FE# RSD 4 (MO): 7) Eifg # MIFEE &1 RSD 43 (AM, m/m=1:1).
HNCFAE 3ANEL, BNEE 100g 1+, DZ AFE KRR &N -5 21 0.02%, RSD
AEFR A BRI BRI 1%, LA BARIRMEIN R . FREL 100 g 13 E T 20
i EEAS T, T RNATERA R (MO M ET), KA T KRR G 518 78 70 iR 2T,
XPFATE SR (DZ FTAL), WILEERINE LI R0RE], B CK 4MTH A #E
Bk E KK E, HEE AESNESEE D%, B TRIFMNTE 35 °C N 30 d.
WFREER G, R SACBRM) LIBAES, ORAFT-80 °CH T~ 1% DNA HIH2HL.
1.3 1% DNA 2B E = PCR ME
FREL 0.5 g fRAFT--80 °CUKAEH ) L3 AE M, I FastDNA®SPIN Kit for Soil (MP

Biomedicals, USA) £ LI3E S DNA, Frfi DNA %4 DS-11 #EEE D LA

(DeNovix, USA) 6l i & &A% 5 (547 T--20 °CH7FH - %)% %€ & PCR ¥ 1 S N AE QuanStudio
3 Real-Time PCR system (Applied Biosystems, USA) @17, KNAAZR (20 uL) AL 2x
SYBR®Green Pro Tag HS Premix (3 FaRHAE4), SEBIFE) 10uL, . k714 (10 pmol/L)
% 1 puL, DNA A% 1 pL A1 dd H,O 7 pL. FH 1€ &40 16S rRNA (Eub338F/518R). 22
WEERPUEIEN aadA21(aadA21-flaadA21-1) 2 25 K51 SE ] msrE (msrE-f/msrE-r) Al gacH

(qacH-f/ qacH-r) WU ZRAEFUIEIE tetM (tetM-f/tetM-r) M tetG (tetG-f/tetG-r) Tifig
Prik IR sull (sull-ffsull-r). & X255 R ErmF (ErmF-f/ ErmF-r). MGEs %:[]
IS6100 (1S6100-f/1S6100-r) F1 1S26 (1S26-f/1S26-r) WI5|14H) S 46 AF WK 1. IR brifk
LR 9 BN 97.26%~100.37%, 554D E K

& 1 RNEE PCR A SIMFIR R &1

Table 1 Primers and PCR conditions used in real-time PCR

B8 R

2%
B A H 514 S5 A

SCHR

Type of genes Target gene Primer set Sequence (5°-3”) Thermal

Reference
profile

16S Bacterial Eub338F ACTCCTACGGGAGGCAGCAG 95 °CHii A [17]
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16S rRNA M 1 min,

95 °CfiRs%

55, 60°C
Eub518R ATTACCGCGGCTGCTGG IR K
FE{H 30
s, 39 4>
S
AR aadA21-f ACGGCTCCGCAGTGGAT
aadA21 [18]
Aminoglycoside aadA21-r GGCCACAGTAACCAACAAATCA
qacH-f GTCGGTGTTGCTTATGCAGTCT
qacH [18]
B2 qacH-r CAACCAGGCAATGGCTGTAA
Multidrug msrE-f CGGCAGATGGTCTGAGCTTAAA
msrE [18]
msrE-r CGCACTCTTCCTGCATAAAGGA 95 °CTIiAs
tetM-f GGAGCGATTACAGAATTAGGAAGC 4 1 min,
tetM [18]
TYFR %2 ARGs tetM-r TCCATATGTCCTGGCGTGTC 95 °CiR4k
Tetracycline tetG-f GCTCGGTGGTATCTCTGCTC 10s,
tetG [18]
tetG-r AGCAACAGAATCGGGAACAC 58 °CIikiE
Tt 2k sull-f CACCGGAAACATCGCTGCA 1B K ZEfH
sull [19]
sulfonamide sull-r AAGTTCCGCCGCAAGGCT 20s, 35
%2 X it 252 ErmF-f CAGCTTTGGTTGAACATTTACGAA NI
ErmF [18]
MLSB ErmF-r AAATTCCTAAAATCACAACCGACAA
1S6100-f CGCACCGGCTTGATCAGTA
156100 [18]
IR 25 os 1S6100-r CTGCCACGCTCAATACCGA
MGEs 1S26-f ATGGATGAAACCTACGTGAAGGTC
1526 [18]
1S26-r CGGTACTTAATCTGTCGGTGTTCA
1.4 HIENLTE

KA AR ZE0T 3= BT 98036 DL S AR R 3 B T 982 A A () - 338 A B0
ARGs il MGEs (152, o, Zaxt3 52 feiEid & PCR T EESR SR, HTR
IR IR R A s A T B TR AN E ARGs ZERI % D14 16S IRNA K&
R LR, TR Z LR S g B DR 1 LA ¥ ek e i A B T 5 — R e R R 4 0 =
FE BARNS B (AR, AN IERL, MR AR B WIRAE A, AN, 2R A
A E RN AR (AR . BRI R

HxFEEA=1gC (D
Ci
HIM R = (2
b
Ao - A;
Yt F IR = _%Z__ % 100% (3)
0
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A A = S
X, C BT LA B HE N, G oRHE—FEE ARGs B MGEs JER 45 L5, Cy i
16S rRNA BERIRI#8 DLH; Ao Aynt RRZE I —Rp s B A O 40 F= 1, A AR PR JE 2 B DR R 4 0t
FRE; Ro AN IEZE I — 4 JE DR AR F2 52, Ry WD b B2 5 12 DR AR A O = B
AARI N PR 2R, BIEER T Z W (One-way ANOVA) EC& Duncan &M ZEE
(Duncan’s multiple range test ) £ 36 Ab 3 [A] 358 22 57 1 2. 35 14 (P<0.05) o ZEAAAR 43 #T (Principal
coordinate analysis, PCoA) H T HLEAFALHEX] ARGs 2 (BT 7 F ARGs) 7EZ85%) 3 Al
FEXTEFE 25 (Bray-Curtis BE&); E 74T (Principal component analysis, PCA)
TN A LA BENT ARGs  ZH 460) = 2 Dk e FIAH O 3= FEVH IR AR F 22 % (BRJ LS
FEED . KA E#Z 07 Z Al #E 2 (5] ARGs 2HUL K ARGs YHAEH 2 5711 22 1% .
BT it o Mrds i R #4F (v4.3.2) I IBM SPSS Statistics 26 4t it #1452 ko

% 100% €y

2 4 B

2.1 AEHIELIEXTHE LT ERE IR

Wk 2 fis, 5 CK AEEAHLE, DZ ACHE S HIEME 4 FE B (P<0.05) FRK, 1
RSD Ab#HRERZE (P<0.05) MMM R 4% F= 52, FHorbt ET A BE oh 41 B 26 06 =F FE 1 39 iR
K, A& CK AREER) 2.9 %, W3 (P<0.05) =T AL. MO il AM 43, 1fif AL. MO fil AM
AEFRA) 2 AN 2 . Ak, FCK % CK AL B - 3340 B 4 %o =2 6 il 25 5

11.01
a

—

10.0

(Ig copies-g™" dry soil)

9.5¢

I 4t =
Absolute abundance of bacteria

9.0

CK FCK DZ ET AL MO AM
ALFE Treatment

e RZBLFRAER (n=3), HEARFRRRAAINZEREE (P<0.05), FIA. Note: Error bars indicate the standard
error of the means of three replicates. Different letters above the bars mean significant differences between treatments at 0.05 level. The
same below.
Pl 2 7S [i) 3R A BT 20 1 248 X6 = 5 () R T
Fig. 2 Effects of different soil treatments on the absolute abundance of bacteria

2.2 NELFEAIEXT ARGs faxt=EERIEZN

H1 &l 3a AT %N, ANF 3EALFEXT ARGs 48X+ E I RN AE 2 5, Horf ET A1 AL ZbFHRE
B RE (P <005 #&mtgdm ARGs M4t £, H ET 43 L3 5 ARGs 4%t F 5
2% (P<0.05) &1 AL 4#, iff FCK. DZ. MO fil AM AbHidh -+ 358 ARGs 4% F 4
CK bHE LR E 2R, IAh, MO AbFE 5 138 ARGs 450 F % (P<0.05) @&T DZ &k
H. R DZ AHERE R (P <0.05) FBARMUIRREIAERYIVERER terG 4oxf 324, FCK
F1 DZ AbEEXE 4338 rp R I RE T 2R AE R PUEIE R aadA21. 2 22EPiE RPiESEE (gacH I
msrE) WA ZRETERPMERRE (tetG M tetM) TEfEIEPUAE RZPUIEIER sull FAE X 2
FKPUERTINEIER ErmF X FEH TR 2N (& 3b-h). 5 CK AR, RSD AR
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X L3 aadA21 FER Lt R R AR, o BT AR % (P<0.05) #mt
B aadA2] FEIRZEXTFRE, AL A1 MO ACFEXT HTE B2 oM, 1 AM ACBRRENS B2 (P<
0.05) FRIRFHAXNFRE (K 3b). W 3c-d Fian, ET ALEEREBEEZE (P<0.05) &5 g
qacH BR[0T E 1, R R (P<0.05) K msrE FEFFILEXTFESE, 1M AL MO fl AM
AN LI gacH A1 msrE BRI 40T £ B2 TR R E M. 5 CK AL#EAHLL, ET 485+
B terG FEN AN FRERZE (P<0.05) FFE, 1M1 AL MO il AM AbBERERS &1 N (P <
0.05) HeixtE, H=#2mEREER (K 3e). KLlt, AL. MO Al AM kb#i#; CK
A ET AFERE R E (P <0.05) #EIEd terr BRI RGZE5F05E, H AL AFE L3 tetM
ML FEELZE (P<0.05) HT AM AR, 1 CK A1 ET 4B 8] 68 % 25 (B 30,
H P 3g-h A%, RSD AbEEXYFEA [FIFE B M = 38 sull A1 ErmF ZERI XS F 5, HAp
ET. AL. MO fil AM AbEE -3 sull FERAXTFERE (P <0.05) M CK 4b#H, H
ET 425 AL. MO 1 AM 2 [A] [ % il 2.3 1 AL Al AM bBERERS B2E (P < 0.05)
B3 ErmE R4, (HE ET I MO B ZERAREE. 5 DZ kAL, ET
WbEE I aadA21. qacH F sull FEF LT FERZE (P<0.05) 300, msrE FER 4% F
FERZE (P <0.05) N Mk MO ACFEXS ErmF 3R 48 5%F 32 B LA 2% LA, AL MO
A AM MEFEIRERZE (P<0.05) L3 tetG. tetM. sull F1 ErmF 3ER 455 £ (K
3)o WEERLaxt FE MBS NG, IR DE ARGs BAHIRIER, BAFE—EM
WERRATPE, G0 DZ AEEX tetG HE DRI FITHURAE ok, THIRCRIAF] 44.5%, T ET AbFE )5,
msrE T tetG WITH RS> 39 44.9%H 36.7%, KT HAth ARGs (/& 4a).
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10.0+ a
9.0 cd cd d ﬂ

8.

S

7.

(=]

bec bed

6

=)

CK FCK DZ ET AL MO AM

Kb#E Treatment

10.0f

90F

8.0

7.0

b
b be
6.

0
CK FCK DZ ET AL MO AM

b)

aadA21 “axt =P
Absolute abundance of aadA21

d

Nz

msrE %5t £
Absolute abundance of msrE

o

tetM %%t F- 1%
Absolute abundance of tetM

h

=

ErmF #4345

Absolute abundance of ErmF

(Ig copies-g™ dry soil)

6.0

N

6.0r

5.5¢

5.0r

4.5+

(Ig copies-g™! dry soil)

CK

FCK DZ ET AL MO AM

Kb H Treatment

ab b

4.0

lg copies-g”' dry soil
gcopies'g - dry

CK

FCK DzZ ET AL MO AM
Kb Treatment
cd 4 ab e

6.0

7.5¢

6.5¢

1g copies-g™! dry soil)
gcopies g dry

6.0

CK

70 b

FCK DZ ET AL MO AM

AbFE Treatment

ab a g4 @

CK FCK DZ ET AL MO AM

Kb Treatment

P 3 ANl AL FERS S ARGs FIEAAS ARGs 2% =F FE R FE

Kb#E Treatment
9.0
E
o a a a
£ 80 bbb
o0
2 70}
S
20
6.0
CK FCK DZ ET AL MO AM
AbFE Treatment
9.0¢ a
= —E
2 b b
Z 80} ¢
K
8
s 7.0F
S
20
6.0
CK FCK DZ ET AL MO AM
Kb #E Treatment
Fig.
100%
50% P é
°
0% § B o2 B %
S50%F ¢ e §
* 3
-100% :
-150%+ )
-200%
250% b
FCK DZ ET AL MO AM
Qb HE Treatment
*x total ® aadA2l

b)

X 2 BV

® gacH ©® msrE

3 Effects of different soil treatments on the absolute abundances of total and individual ARGs

54

£ 100% -

2 o

5 50%¢ e & o ¢

< o i i 8

2 % g

g -50% §

B -100% *

L [ ]

£ -150%" ¢

=1

2 -200% ¢ +

E

T -250%— - : ‘ - :

I~ FCK DZ ET AL MO AM
b3 Treatment

tetG ® fetM ® sull © ErmF

B 4 A A BN S ARGs FIELAS ARGs 48 %) =F BE FOAE X = B ()7 98 2

Fig. 4 Reduction rate in the absolute and relative abundances of total and individual ARGs after different soil treatments
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2.3 NEH1ELIERT ARGs B3 EE RSN

5 CK Ab3AHEL, DZ F1 ET Ab3 ¥ Reie e i b 2 ARGs (A% 320, Horh ET kbR rp
& ARGs [IMIXEEIAF] 7.3 x 102, EF (P<0.05) T CK M1 DZ 4H, i AL. MO F
AM K3 B REFRARFE AR B, (HERARE, FIHRES A 11.2%. 20.1%F1 24.1% (&
4b A1 5a). I 5b fizn, ET AP35 aadA2] JERMIAERTFE R 9.6 x 103, B3 (P <
0.05) =T CK Ab#Ef) 3.2 x 103 F1 DZ 4bFE[) 3.8 x 1073, 1] AL. MO Fl AM AbEE4)fig i 3%

(P<0.05) FEAR AR 5, WIRZE L F] 50.5%~58.3%, {H =% 2 [T BE %57 (K 4b).

5 CK 4bBEMIEL, ET ALFERERS 2 (P <0.05) #2538 gacH LRI 5, A
IR (B Sc). Mk, ET AR EE (P<0.05) FHKLIEF msrE
BRI ARG R B2, TR A 80.9%, 1T DZ AbFRJS, 3 msrE JER AN FEE N 6.4 x 107
5, B (P<0.05) &1 CKAHE) 2.9 x10° (B 4b F15d). 5 CK ALFEAHEL, DZ #1RSD
AHERIRE S (P < 0.05) PRIKHIES terG FER AN FE, b ET AE A AEH 5N
W3, X7 783%, 1fi DZ. AL. MO fil AM PRIV IRAUCR ER. %R (K Se). Wi 5f
Frin, DZ MR RE (P<0.05) $mLIEF reeM FEF AL, T BT AbE 5 FHARXT
FEMNN1.7x103, BFE (P<0.05) KT CK 4H, HIRFEE 66.9% (K 4b). DZ FET
AEHERIRE S (P < 0.05) B9I0H3E A sull JERFIMXTERE, H ET B N/EHE RN E
# (P<0.05), 1fiif AL. MO F1 AM ACFEXT sull AHRF B IS AN 2% (& 5g). HIE 5hA]
H1, ET AbFEEES FRAK L3 ErmF BRI AR FRE, HIERER RN 41.7%, BEAEZE, 1 DZ
WFRJE, 3 ErmF FEREAN EEEZE (P<0.05) 15. BEME, RSD AL A
4> ARGs [IAHX 3 B2 # B A A FIREFE A E R, ok ET ALBRIME AR 5 ARGs KAV
YIAHSS, 1 DZ AR ARGs AHXT = FE RV A E B AR (Bl 4b).
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Fig. 5 Effects of different soil treatments on the relative abundances of total and individual ARGs
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