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Abstract

This study aims to explore the effects of a phosphate-solubilizing bacterial inoculum, formulated
from a mixture of strains MZ2 (Bacillus paramycoides) and MF2 (Paenarthrobacter sp.), on the avail-
able phosphorus content, enzyme activity, and bacterial community structure in the rhizosphere
soil of Rorippa amphibia, under different inoculum treatments (0%, 3.0%, and 5.0% (v/m)). The
results show that inoculating with 5.0% of the inoculum (ZF-5 group) significantly increases the soil
available phosphorus content. The application of the inoculum promotes the activities of soil su-
crase and neutral phosphatase. Inoculation with the inoculum significantly alters the bacterial com-
munity structure, enhances species richness and diversity, and increases the relative abundance of
functional bacteria such as Pseudomonas, which has phosphate transport capabilities, Kocuria,
which has phosphate-solubilizing effects, and Denitromonas, which has denitrification capabilities.
However, it has a certain inhibitory effect on dominant bacterial genera such as Thiobacillus and
Sphingomonas. The study suggests that this phosphate-solubilizing inoculum can effectively acti-
vate soil phosphorus, enhance enzyme activity, and improve microbial communities, indicating its
potential for application.
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Figure 1. Phosphate solubilization mechanism of bacteria
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R R PARR ATV 20 B E PRI PE B R0 DXCRERT A B R B A I B A B, e I A
B, MRS H I RE 1 BRI ARG R 2 BN MZ2 (Bacillus paramycoides)f1 MF2 (Paenarthrobacter
sp.)o MIFA-PE & AMFBAR FE34E 30°C, 160 r/min 2614 TR R 24 h, B0 GEFEF T LHE
VKA, MZ2 F MF2 G 805 W05 54 3 x 108 CFU/mL 12 x 108 CFU/mL, LA viv = 1:1 VR4 il B
7o

LI MIRIPE 58 KA X R TUE TR Srtles . WA BT A BB Fh DA
£, Q4% B, BEEE, 120 I, % mmmim=5:2:2:1 TR A, BT RK R,
AR T YR, TR AT IR 1428 5k el 08 I8 mom =322 LW TR G . N 1R A RER il s A
DEEIREPIH X LIRS, LIRS AE KB AR

2.2. REET

Table 1. Experimental design

= LRIt

2H 5] X R ZH SRR
Ab PR Rfp PEFE 3.0% (v/m) A& 5.0% (v/m)
=] n ZF-0 ZF-3 ZF-5

PR 32 (1500 T/, AR KARBUAF I I A SR VR 22 1 12 d JE Pl » BARR G B % 1,
S} HR A N R B R B A 3, Bl 1500 g (R EAE NN 75 mL B Z&1EAK, LIRSS N ZF-0, S256
N AN AS [E) LU T 700 ) 33, AR IR RN 3.0%- 5.0% (v/m), BIFE 1500 g R332 BN 45.0 mL
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BT+ 30.0 mL JCRE 2K 75.0 mL B 5F), TIBRES YRS 0 B0 ZF-3. ZF-5. 3% HE— o R E AN [E]
FERPEL ) R AR B A S A RS s AR AT S ) IR E R VR A

2.3. MEmE R SEWFE

AR A RN E: LR NaHCO; FIJCHE S PRI 5 K FH AH B i b ik D e m v vl 25
&[12].

T RS VE RN . RIREEERE IS MR A 3,5- R AR KA IR LU (BRI s SR AR AR ey
PO YRI5 s 38 v P T R TS 1 SR PR IR A — B L (8 Y T v 52

145 DNA $2HUAN PCR 1. =46 BigI G AR FRHEA IR A, R DNA Hlif i) Goxr 1%
FEA BN 2H DNA JEATHEHL, 38 5 B IE B i L JKCRT NanoDrop2000 A5l DNA <% ; R H Takara 2 ]
ff) Tks Gflex DNA Polymerase #£4T H X I(TIBAME 16S rRNA 751 V3-V4 X, X 51H004 343F
798R)HEAT PCR $14, ifRY 1 R AAERITE. PCR P14 BIKAR I J5 A8 PGBk 44k, 4lifb 5 TT e — 56
P18, Xt PCR k4T Qubit € & . H¥E PCR A0k EEHEAT S BB FE, JF EALIF.

2.4. BURALTER D4R

A R S BN LR RG A Excel2016 HEATHCHE B, FIH Origin BAHE & FIH SPSS #ff
HATGLH T, RN R T Z W (ANOVA)FI £ 5 ikt 47 2 5 BB b

WG BT R IR 5 AR R A IR A A3 T 8/ [llumina MiSeq 8% NovaSeq /742 %,
JRUEX 51 A% Vsearch AESHILT 81 valid tags #5457 OTU 2035 HIEMAYIRETR 1 alpha £ FEME
FE W B S PRl =E & JEE (Chao 1) F4 4 £ Ff P4 (Shannon #5201 Simpson $8 50 1HE ; MRIZHEIELE M A1
Guit FrA3 A= BRI, FIA Origin BAHEE.

3. ZRESH
3.1. FEREAE A FEME TR RER LR S BRI

AN ] it v 5 b R AR s 80 R A BN P 2 R, &S A R RO A B 5.00~8.00 mg/kg,
fi&F 10.00 mg/kg, AbTFEBERA . AR 12 KT, W5 & E3H A FEER LT,
B0 KB MERCN ZF-5 (12.81 mg/kg) > ZF-0 (6.49 mg/kg) > ZF-3 (6.16 mg/kg); ZF-5 045 30 & &k
(19.39 + 0.34) mg/kg, EELXTHELL ZF-0 £I(11.75 £ 0.00) mg/kg, 25 1 65.02%, 2 BARER 5.0% ik B 77
REMEIRTHIR PR LI i & & . BB A AE KRR A AW 3 i 2, A A B A
3.2. RHAEESEEMET X T IREEE

SR B8 AT 1) PR e FE R L SRR P RS2 R 22 2 B, HER R N L SRR E T (R AN B R, EE 33
RANEE 63 RIF, LU0 2H (1 IRl 75 LA BT ARG s 2 B 70 o R R A e R e e Tl R Tl 75 P P i e B B 3
(P<0.05), 7EH 63 KRB, AHETRIRAZH, DU 2H (10 R0 HE g v P A0 v Pl R Tt 1 2 (R R AE AN B R PR K
o &t LR B A B B A R T R B IR 1 R TS M T A e
3.3. RBEAEX RRAE R R

TEFMEMEYIZE 63 KIS, @I HT Chao {H FIWT4HE 13 & ;7T Shannon 5401 Simpson Fi& %
T AR R R SRR ERI 2 BE[13], 4558 3% 3 fon. AT B, s2864H) OTUs. Chao {H.
Shannon F5¥UF1 Simpson FEEIIIE N, 7 WA AR 2 7 BE 0 1A B o HIRRUZEY £ B R Z RN
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Figure 2. The influence of different inoculation amounts of phosphorus-solu-
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bilizing bacteria on rhizosphere soil phosphorus content
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Table 2. The influence of different inoculation amounts of phosphate-solubilizing bacteria on rhizosphere soil enzyme activity

2. TR E MR E X ARPR T IREEE M R R2 00

I ] 0d 33d 63d
fabr/2H ) ZF-0 ZF-3 ZF-5 ZF-0 ZF-3 ZF-5 ZF-0 ZF-3 ZF-5
T 6.73 + 7.76 + 9.35+ 1846+ 1735+ 21.75+ 14.08+ 2126+ 2042+
PRI 0.06¢ 0.01b 0.00a 0.19b 0.27¢ 0.90a 0.16¢ 0.22a 0.25b
TR IE M 022+ 0.19+ 022+ 031+ 0.30 + 0.19+ 0.19+ 0.20 + 021+
0.01a 0.00b 0.00a 0.04a 0.0la 0.00b 0.01b 0.00b 0.00a
) . 0.19+ 0.19+ 0.28 + 0.36 + 0.45 + 0.41 + 0.10 + 023+ 032+
R 0.00b 0.00b 0.0la 0.02a 0.04a 0.05a 0.02b 0.04a 0.13a
T ANEI AR 2 R B 2 HUAN RN G SRR (P < 0.05).
Table 3. Rhizosphere soil microbial community abundance and diversity
3. R DIRME YRR FEE MDY
alpha Z FEVEFEHU
FEAR OTUs
Chao Shannon Simpson
ZF-0 3142 3414.6819 9.0972 0.9862
ZF-3 3340 3563.8049 9.5238 0.9936
ZF-5 3283 3512.0707 9.1648 0.9889
89 LRI
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Figure 3. Relative abundance of rhizosphere soil bacterial community structure at
phylum level. (a) Relative abundance at 0 days; (b) Relative abundance at 63 days
3. MR MR BEEOTE KT FRMRRERE . (1) 0 d FEAARIERE;
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Figure 4. Relative abundance of rhizosphere soil bacterial community structure at the
genus level. (a) Relative abundance at 0 days; (b) Relative abundance at 63 days

4. RIFTIRARREE S ERKETHEXERE . (a)0d FEHENERE; (b)
63 d FUTEXTEE

TEZE 0 RAIZE 63 RETARER L34 b BF 95 70 S /K FHER T 30 BIARXS R 4 B, Bkt s
(Thiobacillus) 2 I 5 N 0 & (Sphingomonas) N H J&: L ALIEAR W & (Clostridium) T 1 )& (Bac-
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U6 2L P A e P L TR R ULAT A S A Sulfuureifustis JEARX 3= BEXEAN, AR G J AR 32 BE IRk AD o FE 55 63 RIS,
X R AL AN S0 2 rh BT B R ARDR R T BT, IS 15.5% 9.76%. 12.94%, AAFFEE. F 5K
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