A SR IR Jun. 20, 2024, 51(6): 20132029
Microbiology China DOI: 10.13344/j.microbiol.china.240001
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

DISEHZF 14T = (Bacillus velezensis) PZ-3 IR &R ARRY
HE A X ERIRFR IR E 24 4 V2200

&, FWE L KRGS, EHaC, K| s, &L TR

1 BRI\ — R B R A R AR AR =R RO ARARAA T 5l 2 o iU S0 g s, BRJRTL
KK 163319

2 Aol KA Rl F o E e AR AR PR R S A A E A I %, BRI FAURIE 150040

3 BEVLN—RBIERY B, BIeiL KK 163319

S8, SMEEE, TRAL, EALZL, PRER, dhEde, VMR, EMA. DISEHTZERIFT IS (Bacillus velezensis) PZ-3 Wi A i ik 1
X FORARPR - AL W 2 REME R M [T]. S 92238 3, 2024, 51(6): 2013-2029.
DOU Xin, GUO Pengbo, ZHANG Wei, WANG Jinghong, CHEN Zhao, HONG Yanhua, SUN Dongmei, WANG Weidong. The

adsorption carrier of Bacillus velezensis PZ-3: screening and effects on microbial diversity in the rhizosphere soil of maize[J].
Microbiology China, 2024, 51(6): 2013-2029.

B OE: [FF5)] REREESHAED I LA LR RAH L F . [B 6] 5B N EF
JaATH (Bacillus velezensis) PZ-3 gt H iz eh 8k, [k A B . BHER. AMWRKE. AL,
B AR ARG o A BARRH, AN ENFRATEH PZ-3 AR FRE BARATRM R, @S HER
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The adsorption carrier of Bacillus velezensis PZ-3: screening
and effects on microbial diversity in the rhizosphere soil of maize

DOU Xin', GUO Pengbo', ZHANG Wei’, WANG Jinghong®, CHEN Zhao', HONG Yanhua®,
SUN Dongmei', WANG Weidong*l’2

1 Key Laboratory of Low-Carbon Green Agriculture in Northeast Plain, Ministry of Agriculture and Rural Affairs,
College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang, China

2 Key Laboratory of Saline-Alkali Vegetation Ecology Restoration, Ministry of Education, College of Life Science,
Northeast Forestry University, Harbin 150040, Heilongjiang, China

3 College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang, China

Abstract: [Background] Carriers influences the effects and costs of microbial fertilizers.

[Objective] To screen the vector with strong adsorption ability of Bacillus velezensis PZ-3.

[Methods] We carried out adsorption experiments for B. velezensis PZ-3 with biochar, humic acid,

biomass ash, organic fertilizer, mushroom bran, and rice husk powder as carriers. The carrier

suitable for the target strain was screened by dilution coating-colony counting method, flow
cytometry, and maize pot experiment. Then, we investigated the effects of the adsorbed target strain
on the microbial diversity in the rhizosphere soil of maize. [Results] The best colonization effect
was achieved in the rhizosphere soil of maize after the adsorption of the target strain by humic
acid+mushroom bran. The abundance and number of the target strain in the rhizosphere soil of this
treatment peaked at 1.28x10° CFU/g, with a relative abundance of 59.15%, on day 7. Compared
with the control (original soil), this treatment increased the plant height, stem diameter, and
aboveground dry weight of maize by 28.51%, 19.05%, and 48.65%, respectively. Moreover, this
treatment increased the relative abundance of Streptomyces and Pseudomonas (P<0.05) and reduced
the relative abundance of Paeniclostridium, Lophotrichus, and Gibberella in the rhizosphere soil of

maize. [Conclusion] Humic acid combined with mushroom bran had a strong ability to adsorb B.

velezensis PZ-3. The combination significantly promoted the growth of maize, increased the relative

abundance of plant growth-promoting strains, and reduced the relative abundance of plant
pathogenic fungi in the rhizosphere soil of maize.

Keywords: Bacillus velezensis; carrier; maize; rhizosphere microorganisms; microbial diversity

TERMA PR R I R, AT R
HAe g n] = AR 20 40, HOA HUadt o 5 S5 40
s DU 258 AT 1 Al 5550 2 Mo W0 I L i
HHE&ERARETT, HIEA LIS aEG 5 e
MRZ X P SR BRI HICR | BEE R PR
0 RS, R AR PN TR 2 I AR TR 2R
AU R ORI R I R R, ke

W TR R BT P AR X AR A 0y T R ) TR A R R
HEAE, RS A P BRIR S IS T
FEA A TG P A P S (B A A I 5 ) JEE 3 25 (]
. RAFESRYR, 2R B A e A+
HE i o R FE T RED,

TERMR IR, B LB AR UESR (B OS5
HH EE WA, R SR T REPE
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H AT A 2R 77 v T B fUAE PR R 3R E 8
Ol = i AR BIERR S A MUIBEY, H
BETE — 28 2548 T Bt n AT DA el 1 8 A SR AR
S5k A AT AN L ROK
KRG 28.7% ., 10.6% . 30.6%P, TEMH
PN, iR EERR | 4, B A
KE. 5. K, H5E. HE MRS Es
FHEINT 28.62%. 11.03%. 12.13%. 14.86%.
10.68%. 17.75%, [AlWI iz SRSt g . bk
gerE R C HFRTE T 36.30%. 24.72%.
173.15%°) . A4t i T L 5e 5 vl US| R E R
Br -3 (A ) ZRE AR R WF ST R B RAF AR
VIR AE N 35 23 VR AR R - 5 r S
WG, IR A P AR B, R4 A g i
e HEE SRR R Y A ML B
71, YRR IC R ia el Tt 39 v (] A 5 R
J&(Intrasporangium) . f#FT I J&(Microbacterium)
AR AR 2 ), ) A TR L UE W AT LB SR
S B ARSI R TR B L A R A e PR R
RV AT, DRI 3R TS Y SR R A
T E BRI N IR I 2R, 51
rh 7 9% 7 [C 7 J& (Crossiella) A % =F B i) . 35 1
i, sl IR E A S hUR R BN RE S, 1B
2 ¥ B JB (Acidibacter) 1 W T H T i J&
(Geminibasidium) i AHxT = B @ R B HLE
PEA RIS, AT UG R 4 i v A
AT ASEIIAR PR A R A 2R

25 F SRR, BRI AR P AR IS AT LA
X 3 R AR AR BRI . B R RS EUESE
A2 A W 5 ke A 4 R R I T D R e 9 P
ARG E RAEIRE , (HR R AR R R S P
WK RE A 25 5, BRI BRAE AR I RIS,
A= R R AR R R R R AR R, R AR Ak
A=) R AR B il e A R3S R
YA B KA R ARV, 0 e 5 22 3 T i 2 A

FCOR R T e A, eloat A S R 4R
RBFFERETT

LR

1.1
1.11 #&

TG T FH TR AR R AR S 56 2 [ 20 e T D
EWZERIATE PZ-3, RIS AR k% B il
Vs wliEAT GFP FRids

F KA B R <l 137, MR
TLN—R BR A B de it . Aok i J LR Ak
PEFRUNER 1 iR
1.1.2 EHE

ZMSCHER[14]00 ] LB B350k, KRS580
% 60 CLAMIMAE BRI 0.01 g/L, HIAHT
PE LB B3,

1.1.3  FER T

B Wbk A AR, e B R A
WHARBRRA A AN, J65 8 Hrid
FUER A RRA A, BB 7R, H k=Y
ardta) AR AR iR, LR RBIG R
AES TG AT BRA ] 5 F PR XA, T R
BRIT A A e A BR A w
1.2 7%

1.2.1 #RICEHIEE R GFP RALEERRE M
ol

PRI LB AR F 3 A K RAFRIFRIC R
PREFD TP LB WiAREF=3H, 30 °C. 160 r/min
Kig% 12 h, RFI514 pWN33-F (5-AGTGTTGG
TATGTATGTGATTCAATA-3")HI M13R (5'-AGC
GGATAACAATTTCACACAGG-3")#47 PCR "
M4, PCR WK% : 2xTaqPCR Mix 10 uL, I,
TG 1H1(10 pmol/L)4% 0.5 pL, H# 0.5 uL, #
4fi7K 8.5 uLo PCR J )i 55f4: 94 °C 5 min; 94 °C
30s, 55°C30s, 72°C 1 min, 30 ™MEH, K
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5 IC20 pL W 1.5%B IR MEBEI R
DKHEATAGIN , DL DS 27 AT T PZ-3 /R XS B
] 75%R9 0K SRS B g A, Pk
SEURR I B R ) T R BRI T 2B b, 3 T
SE ST I 2 AR, R T U T
55, LADISENT ZEFUFF S PZ-3 BRI IRAE o X iE

PRI RN T Uk LB W AR Stk
30 °C. 160 r/min 2 iRIRGZ & H55% 48 h, &R
48 h IR 1% AR AL A, R AL AU B
M BEIR AT THUIE LB [ IR kb, 30 °CR) & 4%
7 24 hJa, BRI EE R PR,

R 1 HEEBEUMREEKIR

P R [ 5 W R s e Ol . R
PE(%o)y=n] K Gt (5 I T B0 B A V% £0< 100,

W DS ZEHIFT T PZ-3 FbRIC B A4 31
LB AR R FE 3L AP LB MARRE S5 567E 30 °C,
160 r/min ARG #3557 48 h, fLAEOKR
A O T - R T RS IR R
ST 2R AT PZ-3 A GFP JFORiRT . J5 iy
IR

UM LB MARREFRIE . LB iA=L
Fie R 1% A i 0 2 R s 10 TR AR A DL i B 2
HIFF# PZ-3, 7E 30 °C. 160 r/min AR5 %

Table 1 Physicochemical properties and sources of the carrier

FEAR/AE i A=Yy JE5HIR AW IR APLIE [ Fa7eH

Indicators/Sample Biochar Humic acid Biomass ash Organic Mushroom bran Rice husk powder
fertilizer

G &S 7.66£0.00  18.77£0.01 21.08+0.01 9.54+0.01 21.11£0.00 10.52+0.00

Moisture content (%)

pH 7.17+0.01 5.53+0.03 8.434+0.06 7.504+0.03 7.91+0.05 6.62+0.04

Power of hydrogen

£ 1.01+0.01 0.79+0.02  0.05+0.01 0.79+0.01 1.84+0.01 0.52+0.00

Total nitrogen (%)

e 458.84+33.77 289.15+£35.975 230.75+162.48 619.95+40.89 1 015.59+84.94 222.41+34.64

Total phosphorus (mg/kg)

£l 10.27+£0.58  2.63+0.25  50.80+2.76 11.10+1.39 14.03+0.93 4.50+0.29

Total potassium (mg/kg)

ARk 136.20£3.12  15.10£1.29  402.70+£5.18  261.79+9.63  251.73+5.61 157.1142.98

Available phosphate

(mgrkg)

AR 4.73+0.15  0.19+0.02  8.82+0.14 3.39+0.05 7.00+0.14 3.96+0.17

Available potassium

(mg/kg)

AR TREETNT ARAE G BT SR Sl A Reiia Al Bt gk

Source of vector

TEIMIGEHE A TAR il mARAF Laboratory W%

FAO 2

Fhm N Heilongjiang made Bacteria field in  Suihua Lianfeng
Chuzhou city, Shandong  Baoquanling Youyi district,  Agricultural
Anhui Jinshiyuan  Electric Power Heilongjiang Company,
Province Chemical Co. Bureau Co. LTD Province Heilongjiang
Ninghe Lijie LTD Province

cleaning agent
processing
plant
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HBESE 84 ho N 58 A3 B T 2 R
FE 0. 12, 24, 36, 48, 60, 72, 84 h Hif 600 nm
AW SEAEAAE RSB, LA LB BRIt IR %, 4
WHUREN B 3 HEE, bR mEik . JFaR Rk
AR 2
1.2.2  FARITHRICE KA IR B BE F746)
FEFRIC RS BARORT B #e F i Lt 5:1
IREHA], BTHK 30 °C. 160 r/min #%3% 2 h
JafE 3min, 7+ B3, BRI 3R, Bk
W 36 TE AR TH Y 22 AR TR PR A L o L T R
BT IERA 35 °C Tk 48 h, ZJRSE a0
T 50 mL S.0EHIRETE DB R, =R
B 6 P AFESE 10, 20, 30, 60, 90, 120,
150, 180 KAYFEMAHL 10 g il A 90 mL TG 7K
HSE IR, 8 G TR KK 135 YR R Ay vk i
107, 10°°, 107 AL FHilE LB FkEEFRIEH,
30 °CH55% 24 ho B R R A K T TE fiT
FAP MR PN b, S e E T

R2 EREFABLCBERS AR E

SRR T, THEGE T R SR EIO IR
123 FRICEMKEERRELIEFEEREITE
KEKHIFMN

FET AR AR R b B A 25 A, U
Yo JEFEIR R 3 PRI T FOR A,
G5 0 AR I - 398 v (8 A ac TR AR 1) IR O B0 R
KAEK R, BRI 2 iR

WAL BRL CO-C7 4418 5 kg/667 m® AN iE
51t 5 mm WG 0 BRGNS, BB ER A
(HAE 27 cm, & 20 cm)H, A4 5 kg, ¥
1.5 kg 1 ARKFEIE, FARESISA 6 R FAKF
TR L, HHEKER 2 L4, BN ER
3., FRHEIEITEE 1 K, BT
1. 7. 14, 21, 28 REFEBEA PR H S0
FORMEM, FIFEF 2 LB 5 E ORI RS AL
PIAEAR R A, BRI S FORAR R 45 & %
MRS L1 R IUAR PR 4 s ic AR, [RIEH
FH A B A A AR B 1= 4 i S s

Table 2 Code and treatment methods of each treatment group in the maize pot experiment.

Biochar after applying adsorption labeled strain

Humic acid after applying adsorption labeled strain

Mushroom bran after applying adsorption labeled strain

it e BB S0 B A B R P B AR (1:1)

Biochar+humic acid (1:1) after applying adsorption labeled strain

Tt e B AR TC BRI B A e+ TR (10 1)

Biochar+mushroom bran (1:1) after applying adsorption labeled strain

Frs Ab RS JUSL Iy RES
Number Treatment group code Treatment method
1 Co 23 M IR
Control
2 Cl it bR E A
Applying labeled strain
3 C2 it T VR S A T R 614 A 0
4 C3 Tit 0 A AR T T A 4 S G TR
5 C4 Tita e RS AR T R I ) B
6 C5
7 C6
8 C7

TR R 3 B R S ) SR+ TR (1:1)

Humic acid+mushroom bran (1:1) after applying adsorption labeled strain
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ST BRI A R, EPRAFE COoL CL. &
BT B AFAIAL BREL(C3 . C4. C6., CT)FIXTHR
ZH CK3. CK4. CK6, CK7 (K4bHi C3. C4,
C6. C7 WA KNG 10 HANFE, +% ik
5T T ORI E, A A B T
JE 7 () L 28 (T L 60 d (R 1)
HURE , BORE RS B2 25 19 1 R AE R B AR PR+ 358, IF:
TRE BOK AR . 5L i BT EX 3 i
KAE¥5 -

1.2.4 # 5 5 DNA BUIRBUR A LR 94

BT AT 4 R, R 2 habEa
CO. CK7 1 C7 AbHEL M 1. 7. 60 KBy E
KARPR - ERESL, B4 3 NESR, Fdh DNA
KGRI R B, 417 16S rRNA 3 [H
AL ITS fmyd &0y i b 36 35 AR R A
(R /NIy
125 BEGITSHH

FEA GBI  Excel BEFTALER, fdi ]
SAS 9.4 AT )7 225107, 1 T-test X EH 17
i, BRLLCF AR EZE KR, P<0.05 %
IR 255 B3 . Chaol 8%k, ACE 5%0Th
& B, Shannon $5%(. Simpson #§¥0IEA
WHEZ RN, FIA R IS AT 3044 b
(principal component analysis).

A
bp M 1 2 3 4 5

2000
1 000
750
500
250
100

1 FRIZEHRAE) PCR £ E (A)FER BN (B)
Figure 1

2 ZERE54

2.1 AREEMAXDSERZFRAE PZ-3 B
MR Bfit &
2.1.1 FRICEHRIEEER

FEDUIE LB A5 7 5 rh e BUAE K R A7
s, bR oA, i pWN33F/MI13R
1947 PCR ¥ 3R 5 il 1A s, il
PIFE(1-5 *5)7E 1 000 bp &b BLVEM 7547, K
pNWnw33-sfafp Jii ki 0 % A D1 3% Hr 2F 760 A1 13
PZ-3 BRI . ARic AR 4% (0B I 25 S dn
& 1B s, 268 pNWnw33-sfgfp Ji ki 78 U1 3t
AT PZ-3 FPEh#Ik .
2.1.2 GFP RAIRETREM

K25 SRR W] GFP okt (L fa e vk 2 /01
401U AT HRTE 95% . (8] 2A—2C WARICEFEES 10,
20.40 18 LB Bk RS 7R rh A K R AT 1 B R
V% TR MEE T R .
213 HEEEWNE

UL 2F fAT T PZ-3 A3ic GFP /iy . JE7EH]
i B T RTEAANE 3 R, AR TR R
NI 0.55 pmx1.69 um, FRICERK/NA R
0.50 umx1.64 um. Fric GFP X} DL 33T 25 Ak i
PZ-3 T . K/NTCH Bl s

100 p m

The labeled strains were identified by PCR (A) and detected by green fluorescence (B).
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A

100 pm

100 pm

100 pm

2 FRREHRRAEEMEWE A 51010 B: 52010 C: 2 401
Figure 2 Mirror image of labeled strains under a fluorescence microscope. A: The 10th generation. B: The

20th generation. C: The 40th generation.

. k]

SU3500 5.00 kV 7.5 mm x30.0 k SE

1.00 um

TN

SU3500 5.00 kV 7.5 mm *30.0 k SE

3 DURHENZGFAATE PZ-3 ESRUE A DUSRZFAAT R PZ-3 rid GFP HIHYIEZS. B: D3RR

I PZ-3 #ric GFP JFJERS

Figure 3 Electron microscopic observation of Bacillus velezensis PZ-3. A: Morphology of B. velezensis PZ-3
before GFP labeling. B: Morphology of B. velezensis PZ-3 labeled with GFP.

2.1.4 HKpZNE

Fric AR A IR TR AR 2R K R ZR IRl 4 fir
7N, PIREMRTE R 600 nm A AW TG B3
PE2SR, HEaRAEE, BT 12 h FFIRIEK, 48h
kE s, MR BT, bRid kR S TS
1.51, JEUA P MdR = il ik 1.55,

gh4 Bk, GFP Bk Al LU A DL SERT 254
FFE PZ-3 hifgeikar s, ok 40 LM%
FE el 95%, DUSEHrZEAFE PZ-3 Fricd
GFP JG AN BB R IIE S FN G AR B H
22 AEEGEXSDIGERZFETE PZ-3 Y
MRt Bfit &

PRIC ERRLEAE Y ok | AR . I A HLIE
HE . RESem b, AR E A e 5
iR o [)—Hs J . AN [) 2 22 ) () s PR AR
FMILLES, BRE, JERERR . A bR DR R

BT A I B T A 3 FhERA. 60, 90,
120 d B, BEOBE bR ic e AR 50 S 2 R T (P<0.05)
HoAh s FhaRik, b, WREEEHE . R . Y
3 PRI TR SR

1.8 F
1.6 F
14}
1.2
1.0 F
0.8
0.6
04+
02
0.0

ODg

—=— RICHIHE Labeled strain
—o— L UH FI KL Primitive strain

1224 36 48 60 72 84
Time (h)

Bl 4 #RICERMREREREIE KT

Figure 4  Growth curve of labeled strain and

original strain.
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E5 HidEAE GFPiFiCEREABR NS
FBE R IR R — I A TR 2H A R M 25
(P<0.05); K5 FEEFRIR RIZLNAS R A7 2
P22 53(P<0.05). T

Figure 5 Colonization of GFP labeled strains of test
vector. Lowercase letters indicate significant
differences among different groups in the same
period (P<0.05). Capital letters indicate significant

differences in different periods of the same group
(P<0.05). The same below.

2.3 HAIRMHFRICE KRG EEKRKRFRLIE
B RETE K Xt F KA KIS0

2.3.1 FRICERS N EE AR M S E ERIRFR
TIEPHEEIBER

X C1-C7 45 A BRLAR bR A e 7E A [m] By 3 1)
PO TR TEI, WE 6 FiR . 14T
W, BRES 1 RS, Srimim i C4. C3. CT I
C6 X 4 PMALFIY], Hir, C7 7856 21 Fl 28 RAIEL
(B H & T (P<0.05) HiAth 6 ZH 403,

AR A A B ZH AR B - 35 R (A AR T B R
FEAS R A AR oL an il 7 Fis o #5 A BRAL
FEA R B B AR I AR A, €7, C6.
C3. C4MHEsnnT 4 o Hp, CTEH 7. 14,
21 RIWBERZ .

232 FEIEARIR M OISR SF 4T & PZ-3 Xt &
KEKHIFM
P F KRR PR A i 4 0 58 6 F FE S AR0 1

6 TRILBAMZRERAFETHHERL
Figure 6 The change of green fluorescent
abundancies time in different treatment groups.

7 HRIRERSTEEFRMEEERREL
FHIHETHER

Figure 7 Changes of the number of labeled strains
in maize rhizosphere soil after adsorption with
different carriers.

PRECEAGIIR, C7. C6. C3. C4 ¥HEZHT 4 1,
PRIHIEFHIX 4 Fib B HOGE I R4S Fxt B B, T
FRAAGRE, TRITLA EARBET T KA K AR
ANFAL A, = F ORI
WU AR 3 A K AR AR UNIEL 8 P, C7 AIRR S
ZEHL . b BT E N ATA ARG R R e, YR
T CO I CL, Hihkem i m T H A 9 M4k
PRAH o 2545 FORMRPR -3 bR it AR Sl B AR
MR =R, 5 Co A, C7 MtkE . X
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3CO J5i i 1233 Original soil

©aC1 Huili [ Single application solution
= CK3 Ji§% & Humic acid

mn CK4 P Mushroom bran

£ CK7 JE3E i+ A Humic acid+mushroom bran

&3 C3 [BHH iR +PZ-3 Humic acid+PZ-3

& C4 [#ffi+PZ-3 Mushroom bran+PZ-3

= C6 =Y+ ffi+PZ-3 Biochar+mushroom bran+PZ-3

e CK6 A=) 5+ B Biochar+mushroom bran e C7 JE%H iR+ 4 +PZ-3 Humic acid+mushroom bran+PZ-3

A R

B8 AEIIBEEREKIENR

C

A: HYIVGE. B: YRR C: Mtk B3R T, ARVNG FREER
N TRl — TR A AR bR A 2 8] 22 5 15 1) i 24 (P<0.05)

Figure 8 Growth indexes of maize in different treatment groups. A: Height of plant. B: Plant stem thick. C:
Dry weight of the aboveground part of the plant. Different lowercase letters indicated that the difference of the
same maize growth index between groups reached significance (P<0.05).

LA HE b T 5 43 548 T 28.51% . 19.05% Fil
48.65%; 5 Cl1 ML, C7 Mkkm . A
FEANET 16.11%. 9.90%F1 25.00%. F| K
WV AR, 5 Co Mk, C7 MkkeE . 226,
i T E BT 28.45%. 14.21%. 38.67%:;
5 1M, 439427t 16.99% . 7.16%. 21.06%.
C7 A AT KRR ok T ok py A K, Rk e C7
PR BR e T R 20 .
24 FHAWMIDUGEEZFRMAE PZ-3 XX
KIRFR IR E 42 A MR S2 0
241 FERRFRTIFHERIIKFEFBAEE
BT

TR 3 AL, 3 BRI AN
153 K- FE o AL S A A
g3 lEHESFRR I X > 1%) n il 9 FiiEl 10
FIER o JETF AN B> 1% A S i |1 Al
M o

HR A LA B T 1 ACE R o3 A AT AR 1B (B 9)
RIL, FAEERS AR AT T34 10 4,

4% W N 4 45 B 1] (Chloroflexi) . i £k B 1]
(Actinobacteriota) . JEEEE [ J(Firmicutes), “&8TE
A [ ](Proteobacteria) . fi2#1 1% ] (Acidobacteriota) .
$UFF R ] (Bacteroidota) . Zfi b [ ] (Myxococcota) |

ZF B B 1] (Gemmatimonadota) . Patescibacteria
FUPELE ] (Verrucomicrobiota).,

LA ] — B B A9 R R AR, B oK T
51K, BARHE AL BRY] B ORARBR 4 R i
ST BT FNADAT BT D ARDN =5 B I 25 v T 0 B2
FLEA MR FRLL, 43518 24.08%F1 5.15%.
o Ny = X1 N I = 7 N R S
KARPR A S b ASE W T A R ST
it B2 AN B R AR AR BRAL , S35k 21.52% A
17.53%; BRI ER A b HH A T R AR PR AR i v
R BT T AR = B v X R AL, Ak
25.78%7H1 30.75%.

A 25 20 4 5 g K- R o A AR L (B 10)
R, SIS BT IR EIh 13 4,
439 A8 1 FF i J& (Pseudarthrobacter) . % 14
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P J& (Bacillus) . [ 48 % 74 J& (Intrasporangium) |
Romboutsia. & {fl # J& (Hydrogenispora) . ;< F&
B4 J& (Nocardioides) . i T B J& (Lysobacter) .
Marmoricola, %% 4 J& (Sreptomyces) . ‘R K2
W J& (Paeniclogtridium) . & ¥ 8 H 8
(Pseudomonas) . llumatobacter #1 Turicibacter
FoB ] — I R AN AR 3, e R R A K
3N, AR R A B FORAR B R
a BB M TR T . % 2 TR A T B Y IR
[ER RO RIEE R LN IE= AL N B2 W TR U6 37 ) N
Romboutsia. S FJE . i RKEE . RIEKK
TR JEB 18D AF O 4 J3E S 25 A1 o IR L 0 B AR 4k

HizH

oA R —Ab PR A AS TR A3, 7 3R+ R T Ak
PR, HEOKRITEES 1 RAHEL, Ko sk
+45ERE 5 b Romboutsia, S )& . Marmoricola.,
Turicibacter FAHXT L4351 0.94% . 1.09% .
0.56% .0.46% 1. 2 Tt 55 (P<0.05)F] 1.74% .1.60%
1.25%. 0.90%. FEFIMEMARLLIA F, KT
FORHTEEE 1K, RuIWU T AR PR AR R
YWk JE . Marmoricola., %25 7@ B A X = B
SHIN 2.1%. 0.82%. 1.46% 3 T+ E5(P<0.05)
# 5.6%. 1.55%. 1.81%, FAIIHEE. SME
Ja& FR AR R 3 B i 2 R IR (P<0.05).
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AC BC TC AS BS TS AD BD TD
Sample
B9 AEERBTKEEEEGE) AC: XMAMES 1 X; AS: XA =H; AD: X IHAK

WU, BC: HUMABIA(EERR+HMHLLEE 1 X5 BS: FUMERIRE SRR+ B =011 ; BD: Humzk
PROB SRR+ RO ZE RN A8 TC: B+ T8 W (B AR+ M+ DU 2R JAT 11 PZ-3)4H26 1 K5 TS: %
R+TA R B8 LR+ TR+ VUSRI 2P AT B PZ-3)2H 3]s TD: -+ (SRR + MR+ DL St 25 A A
PZ-3)HRMIWUETHA. T[]

Figure 9 Phylum horizontal abundance maps for different groups (bacteria). AC: 1st day of seedling
emergence in the control group; AS: Trifolium stage in the control group; AD: Large bell mouth stage in the
control group; BC: Single carrier (humic acid+mushroom bran) group on day 1; BS: Trifolium stage in the
single carrier (humic acid+mushroom bran) group; BD: Large bell mouth stage in the single carrier (humic
acid+mushroom bran) group; TC: Carriert+bacterial solution (humic acid+mushroom bran+B. velezensis PZ-3)
group on day 1; TS: In the carrier+bacterial solution (humic acid+mushroom bran+B. velezensis PZ-3) group,
the trifoliate stage was observed; TD: In the carrier+bacterial solution (humic acid+mushroom bran+B.
velezensis PZ-3) group, the large bell mouth stage was observed. The same below.
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FRE>1%7E AL .
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T
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Sample

AC BC

10 REE5 8B KFFE E (HE)

=

TS

3 AN, R AR TR AL B RO AR PR R
st o Mortierellomycota A B &35 T
(P<0.05)XF HEZH F1 B iz A4 A 3L, g b [m]— Ak
HLORFIE IR, R A PR, A
BT EARMES 1R, R AR R + 58 i
BT TR X 32 B N 86.64% B 4 i B
94.04%, fHF 1 [ ] AIAIXTFEBEMN 3.92% f2 & PR
#] 2.13%.

- Others
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Figure 10  Genus horizontal abundance maps for different groups (bacteria).
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Figure 11 Phylum horizontal abundance maps for different groups (fungi).
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HR 8 25 4 20 1R Jm 7K 7 4 B o A kIR A
(BT 12) R B AL B, 2 I R L LA R 3L 8 4,
4y 3 M i B 5% J@ (Lophotrichus) . % R # &
(Talaromyces) . 7~%5 B J& (Gibberella) . 7% H )&
(Penicillium), Wardomyces, Kernia. Hi% # /&
(Aspergillus) 1 Fusariums

Fo R[] — I S AN TRl AR B, 7 ROKAE K
3 AT, AR TR R AL B FORARPR 1 R
ain OB 52 8 AR X = B 78 K A AR B
HAEKRH S 1R =) B 3K F X0 IR
FE IR R | 2575 7 (A X 3 5 5 241K
TXREZH, Wardomyces F{AHNT T2 5 B 25 8 T
HEA AN ZR AR AL BRAE , Kernia, 125 54 @ O AH
X B A R TS B2 B A b F2H K AR
i3t th R H R 7 45 1 8 . Wardomyces.,
Kernia., 5 & AT 3= B 30 2 0 4

P R —Ab PR AN R B1 , AE AR+ i Ak
FREA, X RIS 1K, KM E bR
I A b il R TR AR RN 0.74% i 3
FrEi#] 6.04%, HRiRHJE. Wardomyces HIAHXS

100

= [=)] o]
[=] (=} (=]

Relative abundance (%)

(3%
[

AC BC TC AS
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Sample

12 AEHEHRKFFEEER)

TS

FEF M 15.01%. 10.85% i E FEAKE] 0.41%.,
4.88%. FERIMEARL A F, XFH oK B
551 R, KRBT AR R 4= e 5 b & B R 1
FHXTEBE I 0.99% 8 E T =5 13.79%, H R
J& . Fusarium AT 340 AN 7.25% . 11.71%
B FRARR] 3.37%. 0.75%.
243 FAREMEREEEENN o SHMESR

B Simpson, Chaol. ACE. Shannon iX
44> o ZREMETEBOET OTU HIMUEE 97%9 /K-
AT, MEAIEE o ZREMERE MBS N 3
M 4 Fis.

Xif LU A — B4 L R [RI AR A 4B ACE 15
. Y Chaol #84k, 7EF K =mtInt, Hin
AR AL 2 B R AR R R A A X HAS
FIAbFE T 40 Shannon 5%, 7EE KM
551 R, BN B 2 s T B %t
FEA R A B Y40 A Simpson 548, 7EEKH
HISE 1 ORI, X B 2 25 T HA P A b 34
FE BRI WU B, B Rk b R 2 2
TR

B Others
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Figure 12 Genus horizontal abundance maps for different groups (fungi).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ZEEZF N

SEHr ZF AT B (Bacillus velezensis) PZ-3 MR M &4 B 05 1% K2 % KR BRI 4.

Rx3 WEMN o SRR

Table 3  Alpha diversity index of bacteria

Shannon index

Simpson index

FE b ACE index Chaol index
Sample

AC 4 532+805aA 4 100+371aA
BC 4 284+66aAB 4 234+51aA
TC 3 904+33aA 3 803+342aA
AS 3 773£114bA 3 711+86abA
BS 4 142+82aB 3 980+107aA
TS 3 811+135bA 3 655+173bA
AD 4 148+265aA 3 947+£186aA
BD 4 532+182aA 4 226+136aA
TD 4 048+255aA 3901+165aA

6.190 0+0.090 ObA
6.520 0+0.010 0aA
6.360 0+0.100 0abA
6.210 0+0.090 0aA
6.300 0+0.020 0aC
6.320 0+0.050 0aA
6.350 0+0.040 0aA
6.370 0+0.030 0aB
6.370 0+0.020 0aA

0.014 1+0.003 3aA
0.007 1+0.000 6bB
0.007 3+0.001 ObA
0.011 0+£0.003 3aA
0.009 2+0.000 3aA
0.007 3+0.000 2aA
0.009 8+0.000 4abA
0.010 3+0.000 4aA
0.008 2+0.001 2bA

AN F /NG FBE R IR [ — A [ 20 590 A7 7E 1 3 M 22 5 (P<0.05) ;. ARl K5 558 7 [R) 41 9 AN [ B 303 £ 78 2 7 22 S5

(P<0.05). T

Lowercase letters indicate significant differences among different groups in the same period (P<0.05). Capital letters indicate
significant differences in different periods of the same group (P<0.05). The same below.

LA R B . ASTRIAR PR FL A ACE 84K
FLJA Chaol F8%UHIELE Shannon F5 50K FL, oK
Ly S N AN W) | 7 A S sy o
ARG PR P = XTI AR TR —iH L R
[F] Ab FRAY ELTAT Simpson FEEUAIN, 7E FOK =Y
FARMIWCCTIAES, BRI T 2 PR .
244 WEFEREEEHN B MR

WA 13 s, A+ VR AL BT ) FOK
WA =R SARGE , HLAH A AL FR2H 2 ) —

x4 HEH o SHEEY
Table 4 Alpha diversity index of fungi

TEFEE, AR E AL TR A ok = i 5 H
Ao P f S /N T [ Ak B S B, 3R e i 2
P+ DL SEM ZEHUAT 1 PZ-3 J5 , A I3 P - S 4 A
FETE b, B 25 o A S o A R B T
J& AR = B 2 TR B R A HERS , A
Bb oK =, 7E FORAE RS BB AR A E | 2F
FEFF IR | [l 605 TR . VA AT I e A B M T
(AR = B W 25 B, 5 LAt A B 1 A RV
SEF A

Sample ACE index Chaol index Shannon index Simpson index
AC 489+18aA 497+6aA 2.35+0.20aA 0.22+0.02aB
BC 496+69aB 494+71aB 2.66+0.35aA 0.16+0.07aA
TC 426+41aB 430+48aB 2.954+0.14aA 0.14+0.02aB
AS 453+23cAB 458+24cAB 2.2440.05bA 0.32+0.02aA
BS 610+£31aA 614+31aA 3.17+0.08aA 0.15+0.01bA
TS 526+£2bA 524+8bA 2.98+0.26aA 0.13+0.02bB
AD 418+28bB 418+26cB 2.00+0.14bA 0.30+£0.03aA
BD 571+16aAB 577+18aAB 2.79+0.06aA 0.15+£0.01cA
TD 514£33aA 513+£30bA 2.64+0.16aA 0.21£0.02bA
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Figure 13  Principal component analysis of different
groups (bacteria).
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PRI 451

14 EHEFBERD FH(EE)
Figure 14 Principal component analysis of different
groups (fungi).
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i 2 B A i D A I E AR P R 2R v 1 AR 100 [+
FE R, Rkl e v, B0 8 3 = T
71 (1R 6 HR 2

A LRI A SR It 45 A AR IR A i A
MR | BERREVE Ry 2k (AR ] SR SMIS AR P At A A e
T E SR I 5 42 (8], T 4ERE MR GE )
FEAEPAR R P s b b e e A Y. ek, Bk
AT DA 3 o T A A R R AR B Hp ) S B L
M I A K

AR Hh B it T PUT 32 AR (S B R + R
ARG EOR AR bR P A 2 S =
FE, ZANEE B 2 T R A R A R e — i
W, AR Y, O O Rk R
B R T B 90% LA b i & & ),
A DA B 2% K A 8 i S s A E T, B TR TE
-3 R A2 A2 A S R R 1Ak B PR S
2 E T R R R S — R IZ A AL G
VIREMRTE . AR AR T P, AT LU B R+
BRI YER, J3AMECTT R DG22 EIED]
X2 A S AR AR AR A, 4R T 3 Il
KA PEBE BRI TG, BCEME 0 A K IR0,
ZAL A 2 B B TR R R R A
2 B S DU I LR S AR BILI 1 )
REfE Y, BRIbZ AN, A PR AR R
F NI R O I R 2 —Fh R A AR il |, I
PR EEE R TesL M IMPEREZR TesH E 8% IE
B AT LS SO R s ) e A Boar g TR Bt
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L5 Bt N B AAAR R, e A pA+ DL S St 25
AP PZ-3 Wl ISR ERE . RPN
FEX R 25 T R ]I 25 AR 2R AR T 1Y)
FHXT A BE Ak BRI (25 AR v S ERRT s A A
xR, NIRRT R R S
A, A E R L s e Y 25 b
FWY A BRI it i s R R DL 3 ST 2 A T
PZ-3 Jr ¥ e 515 KR P 38 rp 02 A 40 B A X
= E 8 T v B 0 2 TR A X AR AR

AR50 B it BT B A T L3R T K
WEr P REEM S EEE, I H—ER
JE PR BT PR P A A o i A BT DL AR T
KRR A 38 v i) AR T S PR AR R 52, SRR e
JIe 7 A AR S IR AR A QB a5 S O 2R 1Y
A Wl ABCI F 4R P bR <5 B 00 38 2 R TR 19 A2
S 4 1 R 3 ) IR PN O A L i DL 7 N
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35 TR 0T R I C O AT AR IR AR 1R
LEER AU, K B A D UL R 5 B I T 2
JIVER AT RLXS B I 45 2k e 1) BT 56 1o
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B 1 R AR TR AR T PR AR AR R D R, b
IR IR, AMRAOKES . N . ERFEZRIK
PEPE b B rb AR % 3 i [ B 825 R AR A
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PZ-3 J it fn 4 m) g 25 4R T FORAR PR - e A
PR ARO[ I ik 2 R AR S0 L AT 1 AR X
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