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Abstract; In order to explore the effects of long-term application of cattle manure on soil antibiotic resistome, five
fertilization treatments were selected from the long-term location experiment in the cinnamon soil of Shouyang,
Shanxi Province, i.e., CK (No fertilization), N,P,M,(N: 120 kg-hm™, P: 37.5 kg-hm™; Cow dung: 22 500 kg -
hm™), N,P,M,(N: 240 kg-hm™; P: 75 kg-hm™; Cow dung: 45 000 kg-hm™), N,P,M,(N: 180 kg-hm™; P: 75
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kg-hm™; Cow dung: 67 500 kg-hm™) and N,P,M,(Cow dung: 135 000 kg-hm™). Soil samples of surface layer
(0 ~20 cm) at the middle growth stage of maize were collected. A total of 384 antibiotics resistance genes (ARGs),
mobile genetic elements and related taxonomic genes in soil were detected by high-throughput quantitative real-
time polymerase chain reaction (HT-qPCR), and their diversity and correlation with soil physical and chemical fac-
tors were analyzed. The results showed that with the increase of cow manure application amount, the diversity of
ARGs related genes increased gradually. There were 64 shared ARGs related gene subtypes in the five treatments,
and 21 specific ARGs related gene subtypes in treatment N,P,M,, which was significantly higher than other treat-
ments. The highest abundance of ARGs related gene subtypes in all treatments were AAC(6° )-Im, ANT(4’ )-1a, aa-
dAS5, AAC(3)-Via and copA. The highest abundance of ARGs types in all treatments were aminoglycoside, multi-
drug, tetracycline, fluoroquinolone and macrolide-lincosamide-streptogramin B (MLSB). The B-diversity of ARGs
related gene subtypes was significantly different among different treatments. Redundancy analysis showed that pH,
total nitrogen and organic matter were the most important environmental factors affecting the difference of ARGs
between different treatments. In conclusion, although the returning livestock and poultry manure to the field can
improve soil fertility and promote crop growth, it can also cause the dispersal of ARGs in the soil ecosystem.
Therefore, in the future of agricultural production, environmental and ecological benefits should be taken into com-

prehensive consideration to strengthen the harmless treatment of manure, so as to control the environmental risk of

ARGs.

Keywords : antibiotic resistance genes; cinnamon soil; ecological risk

Bl N RATE K- B, FR I 19 & & Bk ™
FeoEl B i MUAAL R T BRI , 32 sh ) Ak = 1
AE, Ok B2 i HTE R T H R PEge
i, R ERAE ST A R FURHE P 208 21 T ¢, Horp
97 It HTRHIRF, 5 Ll 46.2% 5, $iA R
(A T SR R S AR 1 1 33 58 Y & Jie (B | T4
Az ZRAE S N A RE B 58 4 1t BOILR AR B A, 60%
~90% LU 258 A HE L ASNY  JESEiT, 5 & el
(HEE M 2016 404 31.6 12 t #5ME T 2021 4219
38 ¢ t, JF HAIBAE B AF G IS | PR et j 1 A A8 3B
A R B 0 s R R E IR G B R R
R I 1 25 7 1 7= A R AL 3 7 —Fhok
UG 5 Yo W)—hi A= Hi Pk L A (antibiotics re-
sistance genes, ARGs),

HHETHFTE & B, ARGs | IZAAAE T B &35
FroE Y a7 B R B 8 A T A a0
AT A ry A ] B K RGN R
sl SRR AN AR R BB 8-
DAY Pl IS 7 e e DAL i i 28 70 44 e DT R e 5 T 2K 47
PERER A . #5417 ARGs BITUZE W AR IE T )5, #5417
ARGs 1Y R Fr B e i S8 A% WEA% 2 Tl 1) DR 47 T AR AR
REMSHF AAEAE TR b, I3 3 7K1 ik X 54 7% (horri-
zontal gene transfer, HGT), 7£ /A [A) i3 A4 W) 2 ] ¥ 47
a7 MR A ARGs i T3 [R5 8% 2

I, TR B WG AT | Ok BT A
R PR 5 A TR K 55 1T 7% 2382 4% JT 1 (mobile: genetic
elements, MGEs) I, Sk J5 il id ¥4k e S AL & %5
3, TR R A Y P Rh )AL R 5 B0 Em T
RGN, Xof A SRR U™ H U

R PiA R HETE & bt Rk
FHOCHEER A 384 A, il i 52 I 9O e 1 55 Wi
U & W (high-throughput real-time quantitative poly-
merase chain reaction, HT-qPCR) #K % T 14 45 qPCR
F8 Je R , ARG I ) 30 B A, 8RS B vy, T LA ) I o
B 1t 384 PR RPUMEAIOCHE A, S H AT £ K
TR R e i B R . Zhu 5P ] HT-gPCR
HORTEFIE A ZEME | HENE L S Bl i 1 2 0 A A 38
HAEAG 2 149 Ff ARGs , JEAVTHR 75 H i #Y 32 ARGs
LAY, AT DUBCR B4 TH b S B S ARG (19 2R
Li ™ Jif H] HT-gPCR $Z AR XS 75 46 2 4k 1
ARGs AT THESTE, & BLE & 2S00 A HLAL W35 58 n
T +3h ARGs il MGEs RYBCRFIF1E

A H P AR R 1 FEOR N R A R T &
BRI PR A T I3 ARG 15 4 g
NT R RUR , sk A2 A SFPTBIESY  T B AR A
YZeTs b EEPUE R N PUPR RS M i I 2 F A i
%, EEM ARGs 2 EMERLS 242 4 B R Bt fin
A MENC WE SN T A SR PR LR ARGs RYZ
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e, M b YA SR AR ) 54.9% 2 1 7Y
AR AR R B B B R T D M BUK SRS
CIRTE Sy & R DS B TR o A E e UK ]
+ ARGs PRI F JEE B2 MR B = R GERAT ST, X
TE—E R EE LB AN TR 4% ARGs (14T
FMAIVGR . ABFFEEE T 1004 757 P A LKk 30 4F
AR ] A 26 T 7 1056, T 58 () 2 2T %) 46
- ARGs ZHEIE I 20 , A BT 5 (14 45 J 8 D A T
ZYEH ARGs 1 AU PEAL R A — 7 A BEIE AR I

1 ##57 % (Materials and methods)
1.1 W XA

AR E RIS T I P i A 2
B SERT * B G AR M 20 55 75 BH 080 52 56 s (b 445
37°5823.0" 4 113°06'38"), #4K N 1 130 m, i5:
AT | - e 4 £ 150 i) i pH (H
84, AHLT N 23.8 g-kg™' HHfRA N 117.69 mg-
kg ERWE N 4.84 mg- kg A BN 100 mg -
kg™, HAR AR WL SCHik[29],

ARKIEAIRIG N 1992 4EHTFIA T B £ K
SRR HEZIX Ty X534, 2 2021 4F 2 P 29 4%,
WHE S A, CKOAEE),N,P,M, (N: 120 kg -
hm™>;P.37.5 kg -hm™?; 47,22 500 kg - hm™),
N,P,M,(N;240 kg - hm™>; P.75 kg« hm™; 4 3%,
45 000 kg-hm™) N;P,M,(N:180 kg-hm™;P.75 kg-
hm™; 4 3. 67 500 kg - hm™) Al N P M, (4 .
135 000 kg-hm™?), BALFI A IR, BEAE A9 Fh IS N
T WRRRES , A- 2E it FH AT 5 B AR HERE (A 1.37 ~
146 g-kg™" AHLF 905 ~1273 g-kg™ 44 14.1 ~
343 g-kg ' MIAE 393 ~497 g-kg™), FFALHE 3
MEYER 15 /DX A NX R 66.7
m’, TR A R K T 30, 3% R A 66 000 £ -
hm ™, FKAEFIFTUEATHEH AIEAL , 772Xk 4R i hi
FLjiti
1.2 FERCRE

2021 4E 6 H, F&/NXRA S mi«S” ik, A4k
KA 0 ~20 om A T IERE S B [F—/NX Y 5 MEETR
B — R, i R A PR SRR S AR,
—HB 4 KT T R AR M BT A 5 — 3
TCRAERAr  f T vk &y 0l S0 g &, R AT 4%
DNA M#EH N 5 4% HT-qPCR 4341,

1.3 ek
1.3.1  ep A oo Jr ik
SR BT A I T H R - H G 1Y

(3L AR 2 3 B g5 k) #EATEY . Horp pH SR
FREEHHAG K ek 2.5 ¢+ 1 B & (alkali-hydro-
lysable nitrogen, AN)K F Lb (632 K600 ; 45 %047 (avail-
able K, AK)RH 1 mol- L™ Z 4% KM G BE A 5
A %% (available P, AP)R H NaHCO,(pH 8.5.0.05
mol - L™ Y12 #2740 & ; A HL % (organic matter, OM)K
FHE AR R A B EAI s 4 A (total N, TN)R HIBILIG
ERAKI s 2B (total K, TP) R FHERB6 T L (4 1 K6
s 48 (total K, TK)R KK IGIE BLAG
1.3.2  +J HT-qPCR 43#7

WER BRI+ 1 6ERE 0.5 g, R FastDNA® SPIN
Kit for soil #£H 5] & (MP Biomedicals, Santa Ana,
CA, USA) AR Ry U W] 45 19 20 B S B b e SR A
41 DNA, il ixf 5B W 8 i Fl Uk, 5 0 4501 19 58 %
P, R 25 405 66 1T NanoDrop 2000 (Ther-
mo Fisher Scientific, Waltham, MA, USA)l %&£ DNA
A BE

2% ARGs AH G (1) 384 XI5 98", R H
SmartChip Real-time PCR(Warfergen Inc., USA) = il
HEOOGE N F- B XA R AR 3T 485 1 ARGs #H G
B E A7 ke, Kb dE 319 A2 A
ARGs 57 /> MGEs } {4 16S rRNA P 7EN H) 8
MR (K E K S ARGs MTETE KX FE 3
UG, AW S T H AR WA S ARGs FHCHY
BRI, Jr R HRbE  ROWAA & R 100 nL,
4% LightCycler 480 SYBR Green | Master Mix 1
X FMEHAEA 1 mg-mL™, ETFHESI%4 0.5
pwmol- L™ DNA iz 5 ng- L™ o SV 2 K. 95
°C #2814 10 min; 7E 95 °C7Z5PE 30 5,60 CiE K 30 s,
72 CIEM 15 s, FrAMEARR 3 MAREE , 4
RSB E A A IR, ] Canco B ARG AL A
TEAFEA T B9 G DA Ce BB 3853840, Ct 1
B4 31,Ct {5 >31 BN A Y4, (R i)y
16S rRNA &P AR fE BURE , AR F5 T 0 B2 A bm o ST
KRy CtEZFIFRHEIN L y=kx+b, FHEA Ct (AR
AFRHEN AR, G FEA B I 4 5t E =5 B, 4t
TN AR S FEA TP L B H , BAR T ik L & 2%
SCHR[19],
1.4 BdEgeit

K H SPSS # {4} (version 19)46; 46 + 3 B AL P
H1 ARGs WY IE 5345 #1722 [R) BV | I 3047 804 1)
AN £ )5 22 01 (ANOVA), 7E P=0.05 /KT, %
F LSD(least significant difference) s % 43 A £ 3 1]
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B2 5%, Sk H R 1B F M “ VennDiagram” Fl
“grid” P2 H N R AL ARGs AH 56 A ) 4 1
[, & H “psych” “reshape” “ pheatmap” i#t 17 ARGs
5 MGEs FIAHCAE 5341, JF il 2 Gephi 417 3
B 2% 43 BT (co-occurrence network analysis) i) 1] #i
1k, R ggplot2” F ¥ AL #E 47 AN [F] A it [A] ARGs #H
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PCA), K& £ 507 22 43 BT (PERMANOVA )P 3
i £ Ab B[] ARGs AH G HE R 41 1% 22 55 19 b 2k | 3l
1T CANOCO4.5 #fFi1T ARGs 45 +HE3 Ak K 11
TUAY53 M1 (redundancy analysis, RDA), Ff- 43 #1451t
TXF ARGs AH G HE R A8 5 () R

2 Z55 (Results)
2.1 N[l AR it ok - 4 PR A B A 52 i

N 7] it AL 5 i o 39 A B A e o s i T B )
S 1 AT A S CK M HE, Bl 4 2Rt Y
Hahn, +5€ pH 2T R BRI 3.1% ~9.6% , AN
[Fi] fb 381 ) 22 5 .2 (P<0.05),, 1M + A HLE A .
S B RO A RO R B R L, 5 CK M
Ll B A 288 it FH £ 1) 385, 52 300 34 b 3 G n
AR H 20.5% ~125.6% 61.4% ~224.1% .
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45325% . DLk, AR EIE N T A RO Y
2.2 AR EXT ARGs Z2FEME I RZ

5 A Ab 3 B g rh 2R 3 186 1~ ARGs
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BB 91h 94 108 111 117 Fi1 147 4>, Al VLBE %

A 855 I B34 0, ARG HH 56 35 PR IF 784 A4 A i i
Wk, B ARGs A G R g Z e PR s i, 4
BE(FE DER T AR A A 1 ARGs
FHOCHE PR Y A 445, 5 AN b 3R AT () ARGs AH G
K # A 64 4, CK N,P,M, .N,P,M, . N,P,M,
NP, M, F5H () ARGs HH5CHE B AL 5050 51 A
9.8.6.6 121, W& 4206 FH & 8 m, 554 1
ARGs HH ¢ JE B 70 A 55 2 30 58 020 i 18 i
O H R NP M, AbFE Rl R ARGs A 2 3 R W7 Y
B0 2 v T A A b 3

1
Fig. 1

AELERREEZTEERE(ARGs) HXER LR E
Venn diagram of antibiotics resistance genes (ARGs)

related genes among different treatments

F1 AEHERHERET DEELER
Table 1  Soil physicochemical properties under different fertilization measures
AHHLBI(OM) LA (TN) LT(TP) £H(TK) B AU(AN) AHMBEAP)  HH(AK)
pist] M 2 Ag-kg™) Ag-kg™) (g-kg™) Ag-kg™) Ag-kg™) Ag-kg™) Ag-kg™)
Treatment pH Organic matter ~ Total N (TN)  Total P (TP)  Total K (TK) Alkali-hydrolysable  Available P Available K (AK)
(OM)(g-kg™")  Ag-keg™) Ag-keg™) Ag-kg™)  N(ANM(g-kg™) (APM(g-kg™") Ag-keg™)
CK 865+003 a 2210003 e 0.83+0.01 e 0.50+0.01 e 1567005 b 32.76+0.02 ¢ 456+0.06 ¢ 75.15+0.08 ¢
N,P/M; 838+003b 2662+001d 134001 d 083+001d 1567+0.03 b 85.05+0.05 d 24.74+0.04 d 93.20+0.05 d
N,P,M, 830+003 ¢ 3196+003 ¢ 193+0.03 ¢ 095+0.02 ¢ 1529+0.03 d 101.66+0.09 ¢ 86.97+0.10 ¢ 128.94+0.03 ¢
N;P,M; 816+005d 4032+004 b  2.17+004 b  124+002b  16.19:002a  12623+0.12b 17051009 b 277.92+0.09 a
NoPoM, 782002 ¢ 4986+005a 269+005a 148+003 a 1559+005 ¢  150.80%0.13 a  21124%0.12a 266.59+0.10 b

VE : [F) 5B 5 AN [l /N 7 BE R R Ak B 398 F) B AP i 22 Sk 31 2 357K F-(P<0.05),

Note: Different lowercase letters after the same column data indicate significant difference between soil physicochemical properties of different treatments

(P<0.05).
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AR AEFE T ARGs A& 3L K 32 5043 My
H F B 43 43 M7 (principal component analysis,
PCA)XT I £ () ARGs AH I HE R FE 1T R4 b 2, L
I AL BE AR ARGs M E B Y B-ZREE,
HH &2 BIRT, 2 A JE o 2 mT R 40.6% 1 ARGs A
HE R A B2 5, 5 — Tl P i e 22 4% 5 — 2l vl il
B 182% , HEMALFRAY 3 ANEE REE—E, WL
AT R4 A Rl FREEAS (B AR B 5355, HE 4 20T
AR WK, R =0.65, P=0.004 , 3 A [a] 4b
FH[H] ARGs MHCH Y B-ZHEE 22 S . K2
A[HTL N, P, M, \N,P,M, 1 N,P,M, 3 ~4bHf [ AR
BE B AT, AT RS K o = B A LIS HLBC
Fr SR 22 SN T CK ORI NP, M, A0 3 () R
A i 725 JH At Ak 3 A A ] 3 R — 2 150 Y ot A8 =X
X e ARGs HHIGHE R ALK
2.4 ] AR A % ARG A 56 3 R 46 % = 3 1)
Al

CK .N,P,M, N,P,M, N,P,M, Il N,P,M, 5 />
ABRFRER MGEs 2 MY ARGs FY 48 % =F B8 43 1)l
9.03x10° 742x10° 7.16x10° .6.78x10° #1 5.89x10°
copies-ng (VL HL{7 F f 11 1 3% DNA 1); MGEs 1
Y Xt SR 6.94%10° 5.69%10° 3.26%x10° 3.97
x10° F115.72x10° copies-ng™' . 7] UL, fifi % 2F 3% it FH
G, B MGEs Z /M) ARGs 146 X%} 3= B 52 1
FEARE 3 T MGEs 1148 X% 3= B 52 30 e AR5 38
FIF SR

e 3 FrR , 4% 3= B2 HE4 1T+ 1 ARGs #H2¢
FLH S BB 98.5% ~99.3% , 4r 9l AAC(6” )-
Im(46 9% ~552%) ANTE’ )-1a(6 4% ~19.4%) .

2.3

Bacteroidetes(8.9% ~ 20.1%) . Firmicutes (7.4% ~
143%).aadA5(4.4% ~8.2%),.AAC(3)-Via(2.4% ~
40%).copA03% ~0.5%) . tb-C(03% ~0.5%) . te-
tA(P)(<0.3%) M1 czcA(<0.3%), H:H' Bacteroidetes
F Firmicutes 7 53 25 ¢ 2 A, b-C i MGE, ¥J 5
ARGs FIFATE M s B VARG

5 CK I, M IE 235 H i 1 AAC(6” )-Im,
Bacteroidetes Fl copA JE[H (/) 26 % = B | B4 s [ 43
A 2.2% ~17.5% ,10.4% ~126.1% F1 23.7% ~
384.5% , Bacteroidetes Fl copA FERF7E N, P,M, Ak
PPk B iR 5 A B, AR W R AIR T ANT(@ )-1a,
Firmicutes  tetA(P)M1 czcA F R 1 4 %) 3 55 | ARG
F4T 3R 1.9% ~67.0% 31.4% ~48.7% 31.4% ~
95.6% 1 12.8% ~ 84.1% , Bifi & Jifi AL 1 (9 15 1, retA
(PRI czeA 1Y% i 5 BUSE ARG THE i 35, HAE
N;P,M, AbH A e fik

Groups
oCK
oNPM

271 1

*N P M

472772

oN.P M,
g ON,PM,
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(=)

10 s 0 5 10
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2 AEALIEE ARGs 18X E E B E R 554
Fig. 2 Principal component analysis of ARGs related

genes among different treatments

M aadA5
M czcA

Firmicutes
WtetA(P)

Bacteroidetes
W trb-C

W AAC6’)-Im WMANT@’)-Ia
W AAC@3)-Via  HcopA
2 1200000
2
~Z Lwowo- [N
-2
= 2
S 81000000}
g3
S5 900000 -
)
2% 800000
&g
Eg 700 000 |- ‘
ﬁ £ 600000}
= 2
®Z 500000
£ 400000 '

CK N,PM,

1

i —
i |
N3PZM3 N0P0M6

N,P.M

472772

NEpost

Different treatments

3 AEALE ARGs tHXEFE TR 43 =
Fig. 3 Absolute abundance of ARGs related genes subtypes in different treatments
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2.5 ARIAMEACHEE T ARGs FEH K525

Kl 4 JEoR T HEA AT+ 1 ARGs HE R 5805 43
AL, T E ARGs 192 B o3 Bl O & R
(aminoglycosides antibiotic)(68.0% ~78.2%).% 2435
(multidrug)(04% ~1.5% ) PU¥F 2 2 (tetracycline anti-
biotic)(0.1% ~ 0.5% ). % M i#; il 25 (fluoroquinolone
antibiotic)(0.1% ~ 0.3% ) K I PN fig-Hk ] BK Jiz 4% FH

H & B Z5(MLSB antibiotic)(0.04% ~0.2%) 8- I
Jiiz i 2% (B-lactamase) (< 0.2% ) . fiff i 2% (sulfonamide
antibiotic)(<0.2% ), A IH F 2 (phenicol antibiotic) (<
02%), FEARFEL TRy 2L Ny - Bk (plasmid)
(03% ~0.5%) . % )4 it (transposase) (< 0.05% ) . i A
J¥ % (insertional )(<0.05% ) . incp-1 J5i ki (plasmid-incl )
(<0.05% )F1%% & fiff(intergrase)(<0.05% )45 .

1200 000
HAth Others
1100 0001 ?é%ﬁ@ Intergra‘se‘
~ Jiiki-inc Plasmid-inc
;":" m % )} Transposase
:‘:D.‘;E 1,000 000~ m Jfi AJ¥ %] Insertional
; § m FJflHE%JS Phenicol antibiotic
£ 2 | ® 71 Sulfonamide antibiotic
55 200000r | m AL I MGE
I =
g S N — B B- LS B-lactamase
T 800000 = MLSB% MLSB
- é = JEUME% 2 Fluoroquinolone antibiotic
[ B PUF 252 Tetracycline antibiotic
= 700000 JFokE Plasmid
é B £2452% Multidrug
600 000 m 532 Taxonomic
B IR Aminoglycosides antibiotic
500 000 A L L L

CK  NPM, NPM

42772

A4 2R

Different treatments

N3P2M3 NOPOMG

4 FENEEE ARGs BERKED %
Fig. 4 Main ARGs gene family classification under different treatments

5 CK #H ., i H 4+ 2& (N,P,M, . N,P,M,
N;P,M, Fl N P M) E R T 2B 28 IO R
K METHETRZS ARGs B Z 0% i 4 0 = B2 KM 43 31)
$}99% ~355% .18.6% ~86.8% 1 12.6% ~909% ;
EFUUAR I it P A 28 b S B N T e IS R TR T i 4
X F2BE  HEE A 159.8% ~414.6% , B4, miti i 4
FEM) A0 B NP M 2 35 38 I T £ 25 28 MGE 2§
Transposase 253 K G2 1 (14 266 %F 3= B AN [ Ak 38 i)
ARGs FEHZ MBI Hres R R, R =028, P=
0023, PR AbBRIA] ARGs JERF R 25 .35
2.6 ARGs 5 MGEs f3:30 /258 43 47

F T R IR DA M S BT 45 S, XA 2 R B () >
0.6 H P<0.05 i) ARGs fil MGEs #E 17 3L % 45 53 #r
(co-occurrence network analysis), H1 &l 5 T 1, ARGs
5 MGEs 3L 25 43,5 52 A5 15,305 451, AT LA
GRS A FERY, Hrh iy 10 A~ MGEs(IS1133,
1S3 IS21-ISAs29 . IncQ_oriT . tpA-4. tnpA-6. tmpA-

7.IncN _rep  Tp614 F1 TraN)orAi FAEEe T 11 IV Al
Vi 5REM2EHY ARGs HHH R, % 13
mpA-7.mpA-6 JEBIHE T B CEER 25X 41, 5 AN [F]
RUfY) ARGs B AL, #F— 22Ul T ARGs 5 MG-
Es MAHICH:
2.7 ARGs I H 5T HAL B F B T4 8T
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