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Effects of Dazomet Fumigation and Reductive Soil Disinfestation on Antibiotic
Resistance Genes in Farmland Soil

YU Wenhao', LI Shu', LIN Yulan', ZHANG Jingging', XU Chenwei” >, LIU Liangliang', ZHANG Jinbo" **, CAI
Zucong"** ZHAO Jun"**

(1. School of Geography, Nanjing Normal University, Nanjing 210023, China; 2. Jiangsu Province Engineering Research Center of
Agricultural and Rural Pollution Prevention Technology and Equipment, Nantong, Jiangsu 226007, China; 3. Jiangsu Engineering Research
Center for Soil Utilization & Sustainable Agriculture, Nanjing 210023, China; 4. Jiangsu Center for Collaborative Innovation in
Geographical Information Resource Development and Application, Nanjing 210023, China; 5. Faculty of Environment and Bioengineering,
Nantong College of Science and Technology, Nantong, Jiangsu 226007, China)

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 disinfestations (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™', 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 aadA21, msrE, tetG, tetM, and ErmF genes,
with the reduction of the aad421 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 (IS6100 and IS26 gene), with the reduction rate being 72.5%-76.2% and 38.4%—56.2%, respectively. In addition, the
relative abundances of ARGs and MGEs were slightly increased in DZ treatment, with the increasing rate of ARGs and /526 gene
being 21.9% and 60%, 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.
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AR 5 it .

PR JE 4 4bFE ( Reductive soil disinfestation,
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ANEAHYIEHY RSD A FH , 897 396 K 1 5 2L
PRI 3 ARGs Al MGEs 4% 42 8 K A%
FEEEMsm, DU P A 3 ARGs I F%
PRI HORES: . PRBEAR = 2 4 A S (g R 4 At —
FE AR SCHE

1 BRIk

1.1 BT

HEI R A VLR Ml T L T B K
$9X 2 it FF 1 S A BT (32°66'N, 120°70'E ), F4 1A
LR ORI N SR SRR 14 (0~20 cm ) #
T, ARSI (2mm) JFET 4 CRA.
TR 4, HOEAREAM T pH 7.65, HLGR
335 uS-em’', AHUE 11.2gkg ', &A 1.41 gkg ',
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Fig. 1 The proportion of major ARGs and MGE:s types in tested soil
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GRS, HA BB RAN 4549 gkg'. &R
21.5gkg ', BR/ALL 212, KifR/NTF 0.5 cm; HEE
MALE 2701 gkg'. & 21.5 gkg'. /AL
12.6; WA S A HLEK 521.7 gkg '
1.2 Rt

TSR A R A kAT, HhiE 7
AR 1) AEATAT R IELEERARXT R (CK); 2) #x
KEpKEb#E (FCK); 3) #MiBEEZE (DZ2); 4) &
it RSD 408 (ET); 5) Hf& ¥ RSD 4b3 (AL ); 6)
Wi RSD Zb# (MO ); 7) B 15 M FIbEE Z A1 RSD
W (AM, mim=1:1), BMEHAE 3 2 ~EE,
FAEHE 100 g 1, DZ BRI &R + i
) 0.02%, RSD A3 B ML REFH L1 3 BT Y
1%, THEAHEAREAEM T . FREL 100 g H3EEF
20 2ziy | BT, XFREMNANIAE (MO I
ET), ¥HEFRMRG 5 H B s); MFAn]
IR (DZ A1 AL), K N2 L3It
FATIRST, B CK AMITA AL BRI K 2 i KA K,
Heth {EHAS s S E O %M, B TR RM AT
35 CFALH 30 do AbFEZER)E, RES LA 158
Fedh, PRAFET-80 CHT 11 DNA AyHEHL,
1.3 11 DNA REVFIR K EE PCRUE

FREL 0.5 g A7 T80 CUKAR b Y L 3ERE &, ff
] FastDNA®SPIN Kit for Soil ( MP Biomedicals,
USA ) 25+ 5 DNA, if5 DNA FEfh4 DS-11
MO ( DeNovix, USA ) Kl 5 4 4%
JERAET-20 CHRiH. 2t PCR ¥4 [ i 7E
QuanStudio 3 Real-Time PCR system ( Applied
Biosystems, USA ) [#EfT, MWIAR (20 ul) £
% 2x SYBR"Green Pro Tag HS Premix( L FiFHEY),
HEWIR )10 L, 1E . K514 (10 pmol- L' )4 1 uL,
DNA #i47 1 uL fil dd H,O0 7 uL., AT E &40 16S
rRNA ( Eub338F/518R ). 24 & b H 28 i 1k 2 [
aadA21( aadA21-f/aadA21-r), ZEIYIMEIER msrE
( msrE-f/msrE-r ) Fll gacH ( qacH-f/ qacH-r ), VUM ZE
BTN tetM ( tetM-f/tetM-r ) Fl tetG
( tetG-f/tetG-r ) i Fe Bt FE A sull( sull-f/sull-r ).
XM 25253 ErmF( ErmF-f/ ErmF-r ). MGEs
Ht IS6100 ( 1S6100-f/1S6100-r ) Al IS26
(1S26-1/1826-r ) W 5IM) Ry ¥E45 W& 1. & HEEH
PR 9 SRR R 97.26%~100.37%, HH5E
I 2R

1.4 HIEALIE

P E RO i AN PO i AN CP O =i R BT D
KRR BE I R IR AR R - e A X ARGs i
MGEs (#5200, o, 2% 32 B 2458 i it PCR
T BRI, T R b A S Y
Y NP s A R AR R E ARGs B H5
DI 16S tRNA BRE MW E, HTRRIZER S
SV TR R DR Y OB 5 TR OB A R S A — R
BE PRI 2 o) ~F R UMD B R AE AL, A (E O e, W
T EA WA, AR, R UL
Ja e LR E R (Xt el A X ) ., BRI
FEWE

HixFEFE A = 1g C (1)

AR R = g— (2)

b
3 IR %xm% (3)

MR IR = 00 (4)

0

A, C MR T ERE N, G HHE—FF
7E ARGs B MGEs JE[H #5145, €, 16S rRNA
FELR A HE DUEI; Ao SRk B2 — R 55 DX A 4 %
FE, A RIS FE R LT £ Ry X IR K
— R S AT B, Ry WU R A B S 5 IR A A
X

AR R ERRE, BRI EDN
( One-way ANOVA ) fii & Duncan #r & % 2 ¥
( Duncan’s multiple range test ) A 5 Ab ¥ ] $4{H 22 57
1 i 2 P<0.05 ), FE AL A543 H7( Principal coordinate
analysis, PCoA ) HI T WA [RIAEFXT ARGs 2 (I
A 7 B ARGs ) TEZa X 32 AN F2 8 F 25
( Bray-Curtis FE 2 ); 3 & 43 43 #7 ( Principal
component analysis, PCA ) H T HLAAIA] 18 4b 1
X ARGs ZH 4t % = J32 1 U 58 R X 3= B2 T 03 19 1R
MR (BJLEAREE ), R EH 20T 220 Frk
Miab PR (8] ARGs 2 L) e ARGs 15 AR I 22 5 19 i
E. A S R B (v4.3.2) Fil IBM
SPSS Statistics 26 Gt TR 52 1k
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Table 1 Primers and PCR conditions used in real-time PCR
Z%
F R H 3 519 519 %51 T8 B S o
Type of genes Target gene Primer set Sequence (5°-3”) Thermal profile
Reference
Eub338F ACTCCTACGGGAGGCAGCAG 95 CHIAEM: 1
min, 95 °Cfi#
Bacterial
16S BE 55,60 CI% [17]
16S rRNA Eub518R ATTACCGCGGCTGCTGG i
IR JEi 30
s, 39 MEF
AT aadA21-f ACGGCTCCGCAGTGGAT
aadA21 [18]
Aminoglycoside aadA21-r GGCCACAGTAACCAACAAATCA
qacH-f GTCGGTGTTGCTTATGCAGTCT
. qacH [18]
EZAES qacH-r CAACCAGGCAATGGCTGTAA
Multidrug msrE-f CGGCAGATGGTCTGAGCTTAAA
msrE [18]
msrE-r CGCACTCTTCCTGCATAAAGGA
tetM-f GGAGCGATTACAGAATTAGGAAGC 95 CHiAEM:
tetM [18]
PUIRE 2 ARGs tetM-r TCCATATGTCCTGGCGTGTC 1 min, 95 Cfi#
Tetracycline tetG-f GCTCGGTGGTATCTCTGCTC £ 10s, 58 C
tetG [18]
tetG-r AGCAACAGAATCGGGAACAC IR TRLAR K HE
itk e 25 sull-f CACCGGAAACATCGCTGCA 20s, 35
sull [19]
sulfonamide sull-r AAGTTCCGCCGCAAGGCT DG
= ST 252 ErmF-f CAGCTTTGGTTGAACATTTACGAA
ErmF [18]
MLSB ErmF-r AAATTCCTAAAATCACAACCGACAA
1S6100-f CGCACCGGCTTGATCAGTA
186100 [18]
B B IS6100-r CTGCCACGCTCAATACCGA
Al # 35t f% 6/ MGEs
1S26-f ATGGATGAAACCTACGTGAAGGTC
IS26 [18]
1S26-r CGGTACTTAATCTGTCGGTGTTCA
2 4 B 2.2 AR TIEAEIT ARGs 43T FE ERIS 0

21 ARETEEAEITHE L FEER R

mE 2 pis, 5 CK AbEAHEL, DZ AbBH)S 135
20 T 4 % 32 B B 3% (P<0.05) &A%, T RSD 4b 3y
AE W% (P<0.05) $jmyeanms4axt £, Hp ET
Aab P2 TR 44 % B I B R R OR L J& CKO AR 2.9
fi5, B3 (P<0.05) & T AL, MO 1 AM 4b¥, ifij
AL. MO Fl AM AbBR[H] 22 S AN 3. A, FCK #&
CK Ab F X+ 398 240 B 4 Xof =2 8 G b 5 5

&l 3a AT, AR I XS ARGs 26 %) F J&
B IRAFAE 22 5, Hodh ET Ml AL AbPfENS & (P <
0.05) $wr - 1Erp S ARGs Y4 x} £, H ET b3
b B ARGs Xt FEE R (P <0.05) =T AL
AbHE, T FCK ., DZ, MO fl AM b3 + 55 ARGs
AxfERER CK AAFTC R 25, Ak, MO 4b#E
J& £3ER ARGs X FERE (P <0.05) & T DZ
b3, Br DZ AbHERENS 2 (P <0.05) FEIKIUMRE
KA RYUERN tetG X FFEHN, FCK #1 DZ kb
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£35 :
2 5% 100}
W\CS
B 22
= S g
S O
S 95
év
=]
<
9.0

CK FCK Dz ET AL
AbFR Treatment

MO AM

. REBLFERIRUER (n = 3), HEFARFRRRAL
iR 22 5% 5.2 (P<0.05), F[H. 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.

P2 ASTa] -3 Ak ST 200 T 2 XoF 4 JBE ) 5 i)
Fig. 2 Effects of different soil treatments on the absolute abundance
of bacteria

P A 3 b S FWE T AP AE R aadA21 . %
iKY ZPiEIEH (qacH F1 msrE ), WUIREIEHT
e B HIESE (retG I tetM ), Tl e A E v 3
sull A 25250 RHUMEFER ErmE )46 %}
FEH LR FEZmW (K 3b-h), 5 CK LB,
RSD AbFEXF 35 b aadA21 Fe DR 2 5T 32 BE i 5% e A
WAE, b ET AbBERES B3 (P<0.05) #&m +
Herh aadA21 FEH A%, AL 1 MO b3 3L
To R, 1 AM AABRENS 2 (P <0.05) FEfK
HA x5 (E 3b). il 3e-d fizn, ET AbPERE
BE(P<0.05) #m T gacH FER 4% F 5,
[ R (P <0.05) FEAK msrE JER 4600 352
ifii AL, MO fil AM 4bBEXS +3E i gacH Rl msrE %
R4 xt EREY R E -, 5 CK A#M L, BT
WERE 3P terG FEA LR FE R E (P < 0.05)
TR, i AL, MO I AM AbFEAERS 21 (P <
0.05) HAgixt 1, H=42ZmILE %2R (K 3e).
K, AL, MO F1 AM AbFR% CK Al ET 4bFRY
e (P < 0.05) $Ewm 1 reeM FEPR )4 Xt 3=
FE, H AL ¥R 4338 rerd LR A 4 it 25 % (P
<0.05) =T AM AbHE, T CK Fl ET 4b3 2 8] 76 &
FE5 (K 3f). hE 3g-h A1, RSD 4bBHIHEAN
[ 2 b 42 2 3 v swd 1 A ErmF LR ) 46 %6 £ 7
Hifr ET. AL, MO F1 AM AbBE 438 sull B4
XPEEYEE (P<0.05) &1 CK 4B, HET 4

H5 AL, MO fil AM Z [l (22 iR 8 B3 1 AL
I AM ZhHREERS B (P <0.05) Mt ErmF
S Lt E R, (B ET F MO Ab3 25 SR .35 .
5 DZ A BRI, ET 4b#+ 389 aadA21 . qacH
sull FEFPLXTFEERE (P < 0.05) #0, msrE
FERgaxt F B (P<0.05) FFE; mikk MO ZbHg
X ErmF FER 4 Xt 3= B2 ma A W3 LISk, AL, MO
Al AM AP BRI BE R (P<0.05) #2553 terG
tetM . sull F1 ErmF FEFER 4% £/ (K 3), EE
PR 24 5% = B i A AR B U, AR PRI 4 ARG
BAWWAEA, BAE—EeMmirt, 1 DZ
R BRXT retG PR AR I DBUAE ) Bk, T DR A B
44.5%, T ET A5, msrE F tetG BITH RS 5
1 44.9%H 36.7%, K m T HAl ARGs (& 4a ).
2.3 AETEAEN ARGs YT EERIR I

5 CK AbBEALL, DZ Al ET Ab B4 fE 4 o + 15
i ARGs IUAEXS B2, Hr ET 43 & ARGs
BRI EE IR F] 7.3 x 1072, BF (P <0.05) &F
CK F1 DZ 4B, i AL, MO Fl AM Ab B 5 RE [T
FoAXTFEE, HESFARE, HIHEEES 5N
11.2%. 20.1%#1 24.1% ( &l 4b #1 5a), 401 5b fr
7%, ET ACPE 3 h aadA21 B2 AAEXT EBEH 9.6 x
10°, B3 (P<0.05) & T CKALFEAY 3.2 x 107 FI
DZ 4bHifY 3.8 x 107, i AL, MO Fil AM Ab B4 £
B3 (P < 0.05) FEATAXTFE, ] k5]
50.5%~58.3%, (H=#ZH TR EXES (K 4b).
5 CK AbBEM L, ET AbHFE% % (P < 0.05) 42
e qacH FEFAGANTF R, i H AL £ e ab B
¥BixmEwm (& Sc). M, ET 4FERENS W3
(P<0.05) FAK L3 b msrE K BRI R, 408
ik 80.9%, i DZ AbBH)E, 3 msrE FER )
AT FRE R 6.4 x 107, B3 (P<0.05) T CK &b
PRI 2.9 x 107 ([ 4b F1 5d ). 5 CK 4b¥iAH L, DZ
1 RSD AbHEMEER 3 (P < 0.05) MK LIET terG
B BRI EBE, Horh BT Ab R34 A 5 R
F, k%] 78.3%, 1fii DZ. AL, MO 1 AM &b 3 () 74
PR T % 25 5 (& Se ). ani&l SER~, DZ 4b3
RERE W E (P < 0.05) 2 13 reeM FE KB AHXT
FRE, 1 ET ABE HAEECN 1.7 x 107, B3F
(P<0.05) KT CK b3, ik %E] 66.9%( &l 4b ),
DZ 1 ET AbFEI46E B3 (P < 0.05) #9318 sull
FEBRITERE, H OET AbFRAY I INE FHE 2%
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