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Abstract: By studying the effects of Enrofloxacin(ENR) addition on the abundance and community charac-
teristics of microbes with the key genes involved in organic phosphorus mineralization and inorganic phos-
phorus dissolution in soil after organic fertilizer application, the mechanism of antibiotics addition on soil
phosphorus transformation mediated by phosphorus cycling microorganisms under the background of
organic fertilizer application was revealed. Purple soil in Tongnan District of Chongqing was selected as
matrix soil, and organic fertilizer was added exogenously. Three concentrations of enrofloxacin treatments
were set as 0 mg/kg(CK), 0.5 mg/kg(Low-ENR) and 5 mg/kg(High-ENR), and pepper plants were
planted. The concentration of different forms of phosphorus in soil was determined by Biologically-Based
Phosphorus (BBP) grading method, and combined with Real-Time qPCR and Illumina MiSeq high-
throughput sequencing technology, the effects of different concentrations of enrofloxacin addition on the
abundance and community characteristics of microbes with the key genes (phoD and pqqC) involved in
organic phosphorus mineralization and inorganic phosphorus dissolution and their mediated soil phosphorus
transformation mechanisms were investigated. Result: The addition of antibiotics had no significant effect
on CaCl,-P, Enzyme-P and HCI-P, but significantly increased the concentration of Citrate-P in the soil un-
der Low-ENR at 7 days after treatment. The addition of enrofloxacin after organic fertilizer application
mainly affected the community structure of phoD-harboring and pgqC-harboring bacteria in soil at 7 days,
but had no significant effect on the abundance of phoD and pqqC genes. The addition of enrofloxacin main-
ly inhibited the Average Degree of the phoD-harboring bacteria. Alphaproteobacteria and Gammapro-
teobacteria was the key group of soil phoD-harboring and pqgC-harboring bacteria, respectively, which
belonged to Proteobacteria, and were closely related to the complexity of the community. Based on the
Mantel test results, Pseudolabrys and Pseudonocardia of the dominant groups were significantly related
to the soil Enzyme-P and Citrate-P, respectively, and their correlation decreased with the extension of en-
rofloxacin treatment time (at 30 days). The addition of enrofloxacin significantly inhibited the growth and
phosphorus uptake of pepper plants. Under the background of organic fertilizer, the addition of enrofloxa-
cin regulated the soil phosphatase activity and phosphorus form by affecting the community composition
and network characteristics of phoD and pqqC genes.

Key words: antibiotic; phoD; pgqC; biologically-based phosphorus; network analysis; community stabili-

ty; P transformation and utilization
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1 #MRERE
1.1 EREIRERER

AR R EC T EAR T X K, BT AL 5 mm s . HHE pH EN 7.8, HHLBK S RN
3.8 g/kg. WHWEF N 15. 1 mg/kg, RAGHN 1.2 g/kg, WIAHVUACHE 5 mm i, @RI 185+
HH 200, AP A 20. 85 g/kg, HF 33.60 g/kg, IRNEAIRE (4620) . HEIXHE . HE 43 50 A i 0 2 45
(12 70) MEL R (50 %0) .

W 3 DMHAEEKFE, #HE N0 mg/kg(CK), 0.5 mg/kg(Low-ENR), 5 mg/kg(High-ENR) , Iit
BT AP A RRB BT P8 T 8ORH b FHBESS S8 B30 AN [R] KCF A B0 A AR, [ B AN 07 4
il 3 S H0A: BB A AR K IR 7 b 3R S i+ HERT IR A K Bl 65 20 (it E K ED , Bl S AR SR AL
o, BRI SERHE R . AR 22 om, AR+ 4 ke BHAMEY I BGR AN EF 8 B, B G REAK
F 6 M BEAT R AR . PRI R BB B, BRAUR R R BRI, ZRIBOKIEVEE AR T Ak, AL 3 bk,
AR E 4 ADEE DA R R . (1 2 R R K S AR AE 55 0 &8 (i & K 8D .

I TF IR 5 53 3T 55 7 d FISE 30 d SRARAFR N M SRAE L AERT, T 20 mm (9 -+ 5 Bl AL R JBCTR] — A 7
By 3, SRR ATICE R R HOR A XS — AR 8o R KT R S T 2 2R A T
SE > TRAYE T —20 C R AE T v I R A e M 0 D

FIRRFE R EBTAGREA Sy R 250 mb 3 &40, JHR B F KW VE, BT RISy, WEREAREE, 25
EHEAR 121 CAT, 60 CHET 72 h, FREZS TN Y& FHHEABHE 28K, K HRHE # ICP-OES il
EHBER & i
1.2 TEBEAEFRBEERENE

8 pH R AR E AN E, K LB 2.5 1, HHEAPLUT RN ERRA A B ENE, R
RO R AR SR BT L G o, 1338 4 0R AL TG 0T 0 2 o 3 ok 00 s oF il 66 2R L 9 2 46 (p-Nitrophenyl
Phosphate. PNPP) ) % it & oK i B 1 8 f& 1 9% B2 B ( Acid Phosphatase. ACP) Fl i P % B2 B ( Alkaline
Phosphatase, ALP)ATGTE, 7E 420 nm K T @ME . BR . B B RR B % P LA ng PNP h/g soil i,

- S R O ORI T A WA R R B 43 9% 07 ¥ (Biologically-Based Phosphorus. BBP)™, Hi 4 Fi R
[ B 2 BB SR R B, 43 1] Sy SR AL 5 2 BUS B (CaClL-P, 0. 01 mol/L) B4 [ i 9™ BRI AR JL 4R B8 (o mle . Al iR
P (Citrate-P, 10 mmol/ L) AL A] B A7 HILIR 16 £k A TCHILIR 55 45 & 1) JCHLIE CRLRR 585 . AR ek Ak i) .
fitf 2 S B (Enzyme-P, 0. 02 EU/mL) BUEFH 1L A HLBE . SRR 2GS BE (HCL-P, 1 mol/L) BEEUMER
T PR . i 25 R FH L6 A0 2 1 0 8 Wl 1) 4%

1.3 T2 DNARE

FIF FastDNA SPIN Kit a5 £ $2 BU 4 58 5 DNA, BGE & B AR JE 17 35008 08 5 i ok DL RS 5 DNA
LT & . B NanoDrop2000 4% i #: ] {¥ ( NanoDrop Technologies, Wilmington, DE) Wl % ff #% DNA
FEA Y 4B
1.4 phoD 5 pqqC ThEEER XM K HXEE

KM Real-time PCR ¥EMFEAR T phoD 5 pqqC FEF B4 xt & & . 514961 ALPs-F730(5"-CAGT-
GGGACGACCACGAGGT-3") Ml ALPs-1101(5'-GAGGCCGATCGGCATGTCG-3) ¥ 14 phoD F[H, ¥
K BRI H 371 bp, ] ApggCF(AACCGCTTCTACTACCAG) Al ARpggCR(GCGAACAGCTCGGT-
CAG V1 pgqC I, I3 A BEK /A 306 bp. A4 PCR MR R K 20 pL, 955 10 pL 9 2X ChamQ
SYBR Color qPCR Master Mix, 0.8 pL 514 F(5 pM) ., 0.8 pL 514 R(5 M), 0.4 pL 1 50 X ROX Ref-
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erence Dye 1, 2 p. DNA, 6 pL. dd H,O, PCR M9 38 554 K. 95 °C 3 min, ZJ5 40 NEI I RN 5140
95 °C 5 s, 58 °C 30 s M172°C 1 min, &5, ¥ PCR ¥ =¥y sipe ) pMD18-T 44 Bkt . 4R 5 ¥ vi B %)
JERLAER A IE A B R B BE R HEHC. F NanoDrop2000 43 66 BE T 52 Bk & i . A A X

. v SLREFURI AT X 1077 X 6.02 X 107
) Il =
R ORL DNA #5 0% 660 (1

THETUR. DNA $8 DU, [ B AR JB0ORE 19 3% 22 46 B8 (10 A% s IRl 42
1.5 & phoD 5% pqqC IhEEE E #) lllumina Miseq ill i

i 120 BRRRBEBE I T PCR 7= %, R F DNA 5§ i $2 B0 71 £ (Axygen Biosciences, Union City,
CA. USA)BEAT4AL . Tris-HCL 2 ik . 200 Bl r ok A o i Tllumina Miseq - 5 #E47 5 it 2 0
o W0 A 3 B D 4 DU 0 £ P fastp (vO. 19, 6) B AR 8 I S5 X B0 ) 7 5 52 B (Reads) #E 4T BT 45

s g A, TR AR U Reads 22 [8] A9 5 & (overlap) & & i FLASH (v1. 2. D) B AR 34T B, 4K 49 5

BEPHEZ G AL B . SRS FH 3 31 B My 1k (DADAZ2 | Deblur %) kb B AL A . FRAS 53 F 7 511 A5 (K
(Amplicon Sequence Variant, ASV) IR R F A FEFE . SRA RDP classifier I 3855 % ASV £
Fe AN HEAT 20227 0 M o ARAF ASV 1R 20 2K B9 B AR B . Jat i Bdle 42 52 21 36 [& [ XA W BOR 15 Bob o
(National Center for Biotechnology Information, NCBD ${#g /&, F%15 5 PRINA1062280,
1.6 HIESH

SR FH B DR 28 22 0 BT G 50 S [ BB AS ) JRL i V0 R A 3R A5 R A M T A TR TS o ZREME 22 R
BB 35, AE p=0. 05 BI/KFE LA Duncan LT HLEE . A IS  Hr 33 F SPSS 43 #1 8 4: (version
200 F1 R P HTERAE (4. 2. 2) , BT ASV “F B2 2E B TH 30 A0 1R BE V& 1) o 2R ME R AR HEH0 . R origin 2214,
FRIEATE AN

:—Z —m— (2)

s Sobs Sy SR LI B A B R CIn ASVO L, 0, HE P ADWFCID ASVO T & BT 8. N N TR
IR

£ ASV JKF b5 T Bray-Curtis FE 25 X7 20 B8 #F 7% #F 17 3 42 #5 43 #7 (Principal Coordinate Analysm
PCoA) ., ZBrFEEHALK ASVCEE/NT 0.01%0) 5 . 5T SparCC 121+ﬁ1;ﬂz§5%z1tﬂéﬁ$ﬁaéfr$ (23
0.8, p=<<0.05 ¥dmt A WL B 2% . 2 5l i Gephi FCPE AT 9040 . 2 10050 90 45 40 F 0 3 AT 45 47 45
B, FERRRC, TR S L R RACE . O S N S RN 5 SR AL R L T R AT R
PF (4. 2. 2) AT 40 18 BE V% Fa 2 PE (cohesion) Y15, cohesion 45 % 0] LU Ak i3 AR Wy RE v 0 i Tl ME AR ), il
I LinkET 34T Mantel #5360 A G 193152
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2.1 BHMEGREEDENRMN LEEERBRERSHIZME

AHUIEHE T, B S A as st 39 pH B R4 R0 2 2 A [ I A B i 0 Se 2 (A a, o,
{43 eSS 7 d BEhn T 438 58 & W (Available Phosphorous, AP) B & . 55 30 d 8400 T 4+ 4 HLER (Soil
Organic Carbon, SOO W& & (Kl 1b, &, B B 5 13 CaCl,-P, Citrate-P. Enzyme-P iy & & 7£
557 d BEE T 30 d(p<<0.05) (Bl 2a, b, o). i L 38 EF FH B HCI-P #4248 W0 7 A [ B 300 60 A0 5644 TG
Giits i (K 2D, 55 7 d, L3 Citrate P B9 S ERINEIE T B )G W E W (& 2b) s M7ES 30 d. +
HEh Enzyme-P 1475 i 0] B 25 R U0 B 5 e 19 38 o i & 283 in (&1 200,
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