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Abstract: [ Objective ] Biosynthetic nano-selenium (SeNP), as a new type of functional fertilizer, has been widely applied into
selenium-enriched agricultural production. To date, the effects of SeNP on antibiotic resistance genes (ARGs) and their host
microbes in different types of soil are not well understood. This study was designed to investigate the effects of SeNP on the
abundance of ARGs and bacterial community structure in the rhizosphere soil of Brassica rapa L. growing in different types of
soil. [ Method ] Pot experiments were conducted to analyze the effects of foliar application of different concentrations of SeNP on
plant growth, soil properties, bacterial community structure, and the abundance of ARGs and mobile genetic elements (MGEs) in
two types of soils (neutral and alkaline). [ Result ] The results showed that foliar application of 1-5 mg-L™' SeNP could effectively
improve the growth indicators of plants and the content of alkaline hydrolyzable nitrogen in the rhizosphere soil. Compared with
the control, the bacterial community abundance in neutral soil increased by 27.09%, significantly. In contrast, the bacterial
community abundance in alkaline soil decreased by 14.56%, significantly. And the absolute abundance of ARGs and MGEs also
decreased significantly compared to the control group. Foliar application of SeNP not only promoted the increase in the relative
abundance of beneficial bacteria (i.e., Gemmatimonadetes, Nitrospirae, and Acidobacteria) in different soils, but also reduced the
abundance of potential host bacteria (Chloroflexi) for ARGs in alkaline soil. [ Conclusion ] Biosynthetic SeNP can be served as a
potential candidate material to control the spread of soil ARGs effectively. However, the impacts of SeNP on soil antibiotic
resistance may vary with different soil types. Thus, further evaluation should be carried out in combination with the
characteristics of field soil, providing a reference for the efficient and safe application of SeNP in agricultural production.

Key words: Biosynthetic nano-selenium; Alkaline soil; pH-neutral soil; Antibiotic resistance genes (ARGs); Bacterial community
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ARGs KRV BARE A MBI, 9k R
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1.1 Al

A BIREETT I BT (32°1'55"N, 118°52'35"E )
FIERBE T (34°5'54"N, 119°53'28"E ) 5 b L A4 {5 Jifi
AP (o B Wt ) MR AR
WY, ARAEPIR R IRIRE , B H N pH P
4 + 3 ( Neutral soil, NS ) #1854 + 3 ( Alkaline soil,
AS) PHFPEAL. F 2023 4F 11 A FAJFE Lk miR
£ 0~20 cm 4, EEEHARKT . RBRZem . ¥
JERRES, i 2 mm G2 AR, PR A R iR
T L3R 10 B/ NE S (BRI, Brassica rapa L. )
VERATIFGE B AEREE 52, 1A A & 0 — Bl 40~
50 d ELMMFARIT FEPETR , M4 H R ot a4
A FRA ]
1.2 KA R

KT 2024 4E 1 15 H & 2024 4E2 f 28 H
HEAT, b S TR R B4 B B RE TR 2 N . ik
BUBURL AR 1) /N e R T AR A IS A1 410

T, KRBT B T 25 CHE & &0 F i85,
3dERFFHIZE, B THE AL TH#ITER.
M KME AN (47 d), EHEKH—
M9 /NTT SR, Al KT VR AR T S R AR 2 e A it
AR AR BRI R 21.3 em(
) x155cem (B ) x13 em (1R ), F45%E 2.5 kg
+ . Bk 4 AT IR BT 2 AP (NS,
AS), TR REERABGLMET, B AN Wit il AT 20
(CK), MHEmiE 1 mg- L™ (LA Seit, FRE) Y
gokAiZl (Sel). FRHIMEIE 5 mgL " A Y40 K
4 (Se5) 3 Fhabsf, HAabFEE 3 ~EL, It
TE 18 Z. WK 14 d T Wit A ) 9N KA, A FR
A ) I il £ R B A 40 mL, Hod KX B 41 1 it
i KBk B R AT fr SRR AR (A
BEELER ) A, B i B K I e 5 Y K = R
TR REIE I LRI B FH SeNP i A A1 BABF 58 A 5% 38 3
AW A T A RS BRI A 20 TR S L AT BA
BT, IS A Y AR AT R BRI kL, B AR
L 135~165nm, & A ( Se ). ik (C). & (O),
A (N), Bi (S) JLHE, EHA-OH, C=0., N—
H M C—HEFThHEH .

F1 T BEREREAER

Table 1 Properties of soil before the start of experiments

A ML
D) R HH Al Total
W2y Organic 2% Total N/ 41 Total P 428 Total
pH EC/ Alkeline-N/ Available P/ Available K/ Se/
Soil type matter/ (gkg') / (gkg) K/(gkg')
(pS-em™) (mgkg") (mgkg") (mgkg') (mgkg')
(gkeg!)
Bk
7.18+0.03 114.8+1.59 25+1.10  0.16+0.78 173+£7.1 0.70+£0.08 66.47+2.50  15+0.02 138+8.9 0.57+0.02
e
T
e 8.06+£0.02 151.9+1.41 22+0.40 0.20+0.01 137+9.6 1.40+0.05 66.77+3.20  18+0.05 148+7.5 0.42+0.04

T PR A E AR R 2Z(n =3 ), FlA. Note: Values are means + SE( n = 3 ), the same below. (DYellow-brown soil-Neutral

soil, @Fluvisol-Alkaline soil

1.3 #EYHEmRXESHN

WK, B Al 48R AL ( SPAD-502Plus,
FIJE R 3EhIL, HA ) M Ak i 4 28 5 i (LA
SPAD fHH8/R ). ZJa, REFTAMME (45
Sy FIHL T FHB A ), 4300 e A B bk, (R SR A B
MU AR PR 3 T80 CHEMEAFR . 58
TG VE TR RRAR T, WK 4R TR K 4, Ul

SEAB R ML AR RI MR AR A B i o R RN R PR
M FIARZE MO A B, 3R> R A 280 “CHlEAIRIRLIK
R, FBo> IR A00F 0% 2 [ EHAR R, rbeic
BT-20 CHEAF& M Hoptibk 55 CHLT 2 aHE,
HERAT R

1.4 TEHAREESHR

141 HALIEBR 0 B Wi £ 4% Ak BELFT SEAR P 4
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g, BURTRARER 180 CHRTE, F TR LRE A
WiahR . HAE i AR L i ab B, T
TR bR . ARG RIS (pH), BT
R (EC)., &% . WA . 2. A5, 28,
WA DL AL & . R pH TR SR
I = HERR A A EC, ZUBE B 43 3R % 3h 40
{0 ( SAN++, Skalar, fif 2% ). %4k 4r 0% B it
(UV-5600, Eigtri, E ). 6T (M410,
Sherwood, FEfE ) M, 3 MR H EHE# R 4P
%, BARBMEL S (L) P
1.4.2  EWHERR 0T BUH FiR-80 CHRAERY
MRPR I, DIKEHEFRIL 0.3 g (B iR ) MR
+, SRH FastDNA™HIERLNZ] DNA $EHGKT] &
( MP Biomedicals, J2[E ) #ZHURPR -1 DNA, Hik
B RS2 R A UL 45 BT A5 DNA (199 B2 F i
B3 506G EE T ( NanoDrop ND-8000, FEZk
KRB, JEE )M 1.5%I R B L Tk ok i
FEHUH & DNA T-20CHAAA# o 328 FH 40 v A 5|
¥ 515F (5-GTGCCAGCMGCCGCGG-3') Fl 806R
( 5-GGACTACHVGGGTWTCTAAT-3" ) H T 4
16S rRNA HE[H V4 XA BRI T, /N S bR
- AR WA v T A LA R ) i B A
BT FRA R 58

MR B+ il Z Pt (ARGs ) F i &
i RS MEEE RN (HT-qPCR ) &, @&
AESCE AL RN A BRZA F1 ) SmartChip SZHF 286G E
& PCR &4t ( WaferGen, FEEH ) X RFx+3%E ARGs
PEATY G o BARRN 25000« WIIRIRBE 95 C AR ¢
10 min; 95°C7AE1E 30s, 60 CiBKHEH 30 s I fE
WHAET, 40 NEFR.
1.5 BIESFITSHHT

RIS EIHE 1 SR AT B B ] Excel 2016, %4
GuitorMrfdi H SPSS 26, #HLAIEZ E M Origin
2021 A AR oy A 5 4 T 0 Bk B < oF
( https://www.omicshare.com/ ) SCEL, JETF Al #/E
250 ( Operational taxonomic units, OTUs ) (¥
PATERE | o ZHEME L B 2R LA SRR TE & JOK
V- b REVE S MG e T, IR IEAT A AR A BT
( Principal coordinates analysis, PCoA ) Hl# &
( Heatmap ) il . ItAh, M EAESHT ( Network
analysis ) & R 4.4.1 F1 Gephi #E4743 B AR

2 4 R

2.1 MEBHEEDMHAREES /NS K ERKAR N

I T 0% it AN [ e B A 0 90 A ok /N T SEARL B A
K m s L& 1 s, mE la 771, B miE
1 mg-L ' A9kl (Sel) REW.E (P<0.05) T}
PR IR /INE SEM SR S i MRS H AN Al
FXFREZE (CK), HiPkH3 (NS) FggrE 3% (AS)
i Sel AbFEZLY SPAD 43ill#EFHT 4.9%F1 8.0%
( P<0.05); MTEMTE S mg L™ (Se5) A:¥ 4 A it
W2R 2 Er i AT s, (H 500 EAH 25 SN 2
H L 1o FE Te mT, AR P9 KA RE 6% A7 280 in i
b b /N SEAR R S ) R S AR P
PRI, 5 CK AL, WSt g oK mm Ak 32 A A A
Hi b ) T R RAR RS B A BN T 12.8% ~
43.1%7%1 8.0%~10.8%; Btk i, 5 CK AL,
W% it 240 A i A L 260 %) A e b1 8 S 0y o RIAR T L
ARABEINT 9.1%~9.9%F1 4.6%~37.0%. It4h, Kl
1d 45 5 3% B i v i A ) 4R oK AL RE RS Ak = s R
PE+ 1 Sel F Ses AbHRAL Y #E B8 CK 4194351
HEINT 21.1%K01 8.9% ( P<0.05); Btk HEd, Sel
Fl Se5 AbFEXT AR fm AT S, (B 5 X REAH L 22 S A8
BE,
2.2 MEREHEA PR RAR R e TR L M R RN

P TR M e A (] Ve B2 2R oKl X /NG SR PR
T IERAME BRI S5 R A& 2 R o AHAS CK, I
T I it A= 0 A0 KA A B -3 pH. BC. A HLIE .
AR R SRR ¥ JC B R ( P>0.05 ) (& 2a~[&]
2¢, [ 2e~E 2f), &l 2d 55 AT, v i A
PaRaN 5, P R A A A CK B4R T
4.98%~10.19%, B 14 1 3 v (R B g 22 1% B3¢ CK 42
T+T 12.39%~16.22%.
2.3 MEBEEDHKBEEITIRERLIE ARGs 0

MGEs F E I3

i 24 Fh 4% W ARGs FEATHI , 440 B
AR B ARGs $E anE 3a firs . PR 3821
TFARPR P AT R I R Y ARGs B 7T~11 A4,
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e NS A PEL5E, AS ABEME L3, CKARBIED AN A KT BRZH, Sel AMEHiE | mg L' AYALEELL, Se5 FWiiE 5 mg- L' A4k
A, BT EAAR/NE FEE RN SRR AR 2 8] 24 57 5% (P<0.05), T, Note: NS, neutral soil; AS, alkaline soil; CK

is the control without SeNP application, Sel and Se5 is the treatment with 1 mg-L™" or 5 mg-L™' SeNP, respectively; Different lowercase

letters on columns indicate significant differences of samples in different treatments ( P<0.05) of the same soil. The same below.

B S AR ORI N 2RI 2R (a), b EESEEY)BTE: (b), ARUEL (¢) Fitkm (d) B

Fig. 1

Effects of foliar application of bio-selenium nanoparticles on the SPAD value ( a ), biomass of shoot ( b ), root-shoot ratio ( ¢ ), and plant

height (d) of Brassica rapa L.

( P<0.05) F#AIK T HRPR 118 ARGs $im . k34
P, AN IRV BE A= P 901 K ik 3 6 /N S AR B
1Y) ARGs B TTHIAEN (& 3a). Frf L3R
A, BT PUREZE ARGs S ERLASN, Tl
RK. WG B-HEE R R MEIME T X ARGs
AR . BRI R ARGs 12 B8 HAE AL I 28
#ATRI5r (& 3b), Al bt R s LS . e iR
LRI FLAAILE] 3 AP, I i AR 3 2 B
PEL IR 43t ARGs 9 EEA/EHLE (S
e Al ik 54.2% ).

HH ] 3c S5 R AT, T A AR PR 1 8 B 2E ARG
fERIH, HRCOh B-EREM T ERE

ARGs. Btk HHEZAETT, I E WA ) 4 KAl A A
T AR ER + ) ARGs s %) 5 ; Sel il Ses 4b
FRZH (i e ARGs 4855 3= 2L CK A 3 AR T
54.78%%1 71.86%; Sel Fl Se5 AbBRZH [ p-4ds £ 2
ARGs 4ixf F R CK AR AL T 34.38%F
53.55%; Sel il Se5 AbHHL () )7 B ZE 2 ARGs 4%
FREH CK AR T 61.25%H1 52.34%, Hik:
FIEAAET I T it A 4 4 KA D) AR o - v
ARGs SA%F RN Hrf, Sel Fil Se5 Ab3A1fY
Tt e ARG 4655 32 B 55 CK 4 11 40 138 i T 80.81%
Al 42.21%; Sel fil Se5 AbFHAL )T HEEZE IS ARGs
A CK BB T 70.22% 114.58%.
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(&2 T AR P A KA X /N SRR PR 123 pH (2 ), LS5 (b)), AHLET (¢, BAFA (d). ARWE (e) FEAE ()
PG|
Fig. 2 Effects of foliar application of bio-selenium nanoparticles on the soil pH (a ), electrical conductivity (b ), organic matter (¢ ),

alkali-hydrolyzable nitrogen (d ), available phosphorus (e ), and available potassium ( f) in the rhizosphere of Brassica rapa L.
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AbFR Treatment AbFR Treatment

P30 TG A P AR AR /N SRAR PR e b TR R RER (ARGs ) dd (), BLHIZEAEY (b) R HAXTERE (¢)
AR R e ool (MGEs) 46%F-FBE (d) AR
Fig. 3 Effects of foliar application of bio-selenium nanoparticles on the numbers( a ), mechanism types( b ), and absolute abundance of antibiotic

resistance genes ( ARGs ) (¢ ) and absolute abundance of mobile genetic elements ( MGEs ) (d) in the rhizosphere soil of Brassica rapa L.
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HE— 2 i AR BR + EFE A MGESs 4 %) =F B i
508, S5 K 3d Fos . B AR ER 3 1 A1
GF Intl-1 5 F R, LU ERGEE K inpA-04
FHG T 15613 gt 4554, o if s it A 4 40
KA AT )T FARAR B+ MGEs fy4axt £ s HAK
Hi, Sel AFRL Intl-1 ., tnpA-04 T IS613 4%t 4=
B CK A IR T 1.90% . 63.28%FH1 55.34%;
Se5 AbFRLH Intl-1. tnpA-04 FI IS613 [4a R} 4= 5 45
CK 1953 IR T 41.88% ., 35.95%FH1 52.69%.
PEEBESAET, o i i it = 42 490 K i D) ek A o £ 38
1 MGEs yg4axt £, EARHL, Sel Ab#HA
tnpA-04 1 IS613 W2 %5 =F A CK 41/ 43 53 m 1
6.68 15 F1 1.05 135 ; Se5 AL IntI-1 F1 tnpA-04 R4
XFEFER CK A4 513 T 11%F1 88%.

2.4 T T e A 490 4 K B Xof /N B SREAR BiR B AL

EYETERFND

DR s 498 200 B 3 % 21 A 1) A8 1k BE % 52 i) £

5 ARGs WaBEBEA, /NG SEMRPR LA AT
VB o ZREEFRBUM TS RNE 2 PR, i ReA
H A RS T S5 R T 0.95, U 4 R 45 SR g
AR FREAR B SNEM, AT R SRS 2. AR
BEE R R, Bl 4 45 A HE A AR PR RN P Ak
FEECRAR S T v T A ALY, BB - A
PRI BRI T PR P B g 1 rp v 09, o T it A 4 oK
il A e 79 o 2 6 - 398 1) Bl 2 00 TR AR 0 R e A
2 (P>0.05 ). AdiE 1545 AL R Chaol FEEUCEIA
fen T U0 I B A R R A AR T
Pkt 4, Chaol F8EGRW], ik HIEZMFT, Sel,
SeS AbFREE X IR 5L ( P<0.05) $2F+ TARPR T340 T
PRAE B AR CK T332 27.09%.23.01%;
BlCPE AR BNt 4 KA AE Y X AT, Sel
ARFREE (P <0.05) REAE T HRBR + 4N B B BFE 2 1
AN 14.56%, SeS Ab FEXT AR PR - 338 20 B P R =F 1
M AN 2 (P>0.05 ).

F2 MEBREEYH RN EFRRIELIRMAE R o ZHEREHME

Table 2  Effects of foliar bio-selenium on the alpha diversity indies of bacterial communities inhabiting rhizosphere soil

E=yig

4235 Soil type  ALFE Treatment  FIHRAE/MEHAIC OTUs  FAFE%L Shannon index  Chaol $5%% Chaol index H
Coverage

rf 1 1- 4 Neutral N 3 159+516b 9.97+0.03a 3 372+594b 0.96a

soil NSel 4096+236a 10.03+0.04a 4286+261a 0.98a

NSe5 3 957+180a 9.97+0.04a 4 148+194a 0.98a

B + 4 Alkaline A 4 406+292a 10.36+0.09a 4 636+339a 0.98a

soil ASel 3 720+284b 10.03+0.74a 3 961+346b 0.97a

ASe5 4314+314a 10.37+0.06a 4 552+350a 0.98a

e NL A 5 R R S AR RN KA 1 XS BB ZH, NSel. ASel ¥IoMMEjiti 1 mg-L ' Y4 FHLL, NSe5. ASes
Y R Wit 5 meg L' AUALERAL , ARRE/NG PR E— AR AR Rl Ab B 22 5] 25 573 5. 3% ( P<0.05), FIAl., Note: N and A represent the

control groups without nano-selenium application under neutral and alkaline soil conditions, respectively. NSel and ASel represent the

treatment groups with an application of 1 mg-L ™' SeNP, while NSe5 and ASe5 represent the treatment groups with an application of 5 mg-L™"

SeNP. Different lowercase letters indicate significant differences among different treatments under the same soil condition ( P<0.05) . The

same below.

K H PCoA #E— 2%t /IN AR b e 41 B VR
B ZHEMEIEAT AT, A5RANE da iR . ANF - HES
T, Sel. Se5 4b3 55X} CK [H] 32 3 H B W ¥
TEAER R X PEIIAE OTU JKSF |, I s it £k 1)
P AHIG {7 v P R - 9 v ) 0 T R VR A R
KA T REFEAE (P<0.05 ). Ayit—4 B AR A B
T IR ARG, B T AR PR A A T A AR A
XFEEERT 20 BT T2 A E, S5 18 4b s o

AR, PIRhHIEZRIAH LG, AR LT B AR
HAWE2ZR . PIELEEMT, Sel. Ses AbHty
fff R W5 T ] ( Crenarchaeota ) . Jii i #T 7 I)
( Desulfobacterota ), ZFHLIR ] ( Gemmatimonadota ).,
ZX75TE ] ( Chloroflexi ) FIEE 4] ( Patescibacteria )
FOARX SR BERE . B AR E T, Sel . Ses abH
) fdi 25 2 @ 1] ( Proteobacteria ) . 1% JK B [
( Bdellovibrionota ). BRFFE ] ( Acidobacteriota )
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ZEERTA ] ( Myxococcota ) AHXT = BEAS 2340, [RIAT
B A T % 7t B '] ( Crenarchaeota ) . %% 7 B[]
( Chloroflexi ), ¥ #: ] ( Cyanobacteria ). #&& 40
#1] ( Patescibacteria ), JEEER[] ( Firmicutes ), il

a) °
0.001 '
o
[ ]
= 000051, =N
BN NSel
g = NSe5
e " oA
D 0
<§ ® ASel
8 . ASe5
—-0.000 5
oy
n

-0.005 -0.0025 0
PCoALl (61.30%)

0.002 5

0] (Actinobacteria ) FYFHXS Lo Xf T M A+
HE, Se5 AbHE G E M T AEALIR T ( Nitrospirota ),
Methylomirabilota, ZE¥KH ] ( Myxococcota ), FRFT
W11 (Acidobacteriota ) FJAHXT I .

b)
AFIE1# 1] Proteobacteria l
IEYR ] Bdellovibrionota |
#5111 Dependentiae
TFE 1A Planctomycetota
KT 1] Bacteroidota
JZR 1] Actinobacteriota
JERER ] Firmicutes

- U AT Patescibacteria
WM ] Cyanobacteria
IR HF 14T Acidobactcriota
FhANIE ] Myxococcota
P XL BT ] Methylomirabilota
TS TLI2E R T Nitrospirota

g

L5147 Chloroflexi
ZEHUE ] Gemmatimonadota
L] MBNT15

WA 2] Desulfobacterota
#I# ] Armatimonadota
PR ] Verrucomicrobiota
SRITIE T Crenarchaeota

NN
FE F¥

Kl 4 /NG SARBR LI R A5 B A BRI BT IEL (PCoA, a) S (b)

Fig. 4 Principal coordinates analysis ( PCoA, a) and heatmap ( b ) of bacterial community structure in the rhizosphere soil of Brassica rapa L.

2.5 IEFRIRBRTIFHMENS ARGs F1 MGEs Hy

EPSES

b — 23 2k P28 S AT R AR PR SRR T
ARGs LIk MGEs BFLBIESC R, WK 5 s, &
ML @R B EAHOC, SO B3 A,
A 20 FP A I 8 5 ARGs £ 7F 1 EAHCHE , 5 ARGs
L W IR OGO A A [ B A I TS 2. AT
FEACH, ARGs FUVSTETE £4145 14 Fi ( Candidatus
Udaeobacter . Bryobacter . Flavisolibacter . Pedobacter .
RB41 . Massilia, Nitrospira, Flavobacterium, Anaerolinea .,
Gaiella, Candidatus_Solibacter , Allorhizobium-eorhizobium-
Pararhizobium-Rhizobium , Gemmatimonas , Subgroup 10 ),

Hrh, MR ( Pedobacter ). H 3§ #
( Massilia ). ¥ OFFHJE ( Flavobacterium ), K548
# JB( Anaerolinea Y.L R , #7173 Fl ARGs
(tetM-01 . InuC . aadE ) Fl 3 Ft MGEs ( intl-1.,1S613 .
tnpA-04 ), RIPFPTEJE T2 IE H# ] ( Proteobacteria ),

JG WiRh )& T 4016 1] ( Bacteroidetes ) M4 25T ]
( Chloroflexota ),

30 MEBEEDHRFEEITNEFERKKTIE

IR B F N

AW AORTAE R Rt AR, AL REEETHED)
B E, EREA S ey = iU AR i
TR BTG 1~5 mg-L™'SeNP, & 42 Ft 7 5P 3 A
kNS SRR (B 1b), x5 Qi &Y
MR EE 2. —J7 1, SeNP i i H HE A&
WG, B0E T S AR AE ISR, W
KA G P A LA S 2 R A A R, A {2 2
THIMR AR X FEARBGTE 1a if7R SPAD 45
WAREN T EHIE; 55—, mEiE SeNP if 1] fg
W IR R W, A R EY, R
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FH InuC
CLGL ] KA
Bryobacte; Anaerolinea
b \ \ g X ermF
ifj’\'ﬁi@/ ermF
(}aiella :“ _

{5 1% HiUdaeobacte: NEGEH
® Candidatus_Udaeobact leelll}la
2 A - [mamenn

RB41 ,

HRE B

Allorhizobium-Neorhizobium...

b Slphingomonzls///
N SR

\ / /} N /
asliE // - qunmaﬁmo?as
SR BSotibacter

] ‘>€:§gglﬂatus_Solibacter

,f F:Hsull
Flayisolibacter” )
HHFvanB-01 / N\ Notdella
v -/ ﬁﬁ' —| Nordella
/ y Pedobacter -
Flayobacterjum | ~\ Steroidobacter B
WS Steroidobacter
Ponﬂ?acter ;:\ o ﬂg@ﬁ
ERtetM-01 - FHE10E  Nitrospira
te

Subgroup_]ﬂ -

T Mg U T E RS (Spearman ) AHICHE R HIRA (r>0.8, P<0.05) 7E Gephi 0.10.1 T #lfk . [ B Ao /ME 15 5 18
2% i R IS, BB BR TR R & o A aEL N B IEM K, SEaEL N B EMAE, Note: Only strong and significant

Spearman correlations (7> 0.8, P <0.05) were visualized in Gephi 0.10.1. Red lines indicate significant positive correlations, green lines

indicate significant negative correlations, and circle size indicates out-degree ( high or low ) of the node in the network. Circle color has no

special meaning. Red lines indicate significant positive correlation, while green lines indicate significant negative correlation.

K5 MREREHEPANEREE . PUERPIMERE (ARGs) MRS &0/t (MGEs ) R AFE % &

Fig. 5 Network analysis of bacterial communities, antibiotic resistance genes ( ARGs ), and mobile genetic elements ( MGEs ) in rhizosphere

PR ARARK KT, A+ TR 7 i TR,
PR A A A 02 A, AR IS K B
] /NFT SEM T B 1~5 mg L' SeNP, i fEXS HAR
R - 4 B A R 7 A (B 25, SeNP b B R (1) 75 Fh
Y A M P B RS RN, S e A L
I T M3t SeNP i B P - 398 rP Al e R 7 R TR
RHAE (A 2d), BEP0 L BAEPILER, &
JKFARE SeNP fig 8 o 18 45 AF 1 A A o e )
51 RO A elcAE (- SR IR T R 25 1
A IRIERS AT ), T AR PR P 2 B R
AR5, W PGP R BRSBTS 4 HEm
fift 2R 14 5 W) 2 A7 A - SRR 2 R . AR 45 2R
WM, [FFh SR, 1 mg L' SeNP kb B AH AL
5 mg-L™' SeNP 4b 3545 | 48 Tt 4 Hend fift 1 % 2

(E 2d), WRERALHE SeNP B 5 B At 4 - A ek
WS T 15 AL HE AR RAE N HAES B, FIEAE Y
RABURES IR ST 2 s WREE S, i
T HEEG A G R AW, T BUDR BT PR AR TR L S
R [| L I i e - S [ St 82
PRl e 455, P SeNP X /NG AR PR 1
5 EC A LTS 2 MR A0 A S T 0
M, £ LRTAR, fErpdE R b, o i
G AR SeNP $2T4/NE SRR MR AE Wi (1) F 2R s
S, AR AR YOG VR F SRR RN R E AAR B - A
3.2 T R T A 0 40 S i BB 3o AR R AR A 40 B =2 Ml

- TR A T AT ) A A Y B s B AR

S A AR s 38 G A O B i 45 ) 19 AL P R A

WG A, MW 1~5 mg- L' SeNP &0 T
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