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WE: [ By ] R K H S M3 AW 5 5OR 17 K F AL A & % 3€ 8 2F 8 #F & (Bacillus
amyloliquefaciens) FH-1 o R H 3854 WAL I oE , LARIZE T fEFRTEN ZEMAF B FH-1 902 2 0LEE, i
A= P REEL BRI AN SR AL A . [ D7k ] E R FH-1 Ab3(FH)FIZS P10 B (CK) P 7K R K 5K
3, WA AR MR E AR KRR S . RS, AT KA PR BRRERLEOR TR R R S
PEIGE B PCR BRI AT K AR R -3 4 e 1980t s AT 16S rRNA ik PR v sl 2 00 7 e A /K R AR s 1 3
AR i —5E 5 Pearson A GG HT A K RS- HE-UAE Y Z A AR . [ 4551 ]
A x CK)M L, A FH-1 ARB(FH) A bR . ARG . B . BRAREEEL . Rk, THRiE
R, EREEEREM R R AR R FH-1 A0 B (FH) X 40 S50 0 g, HEn] g
ERAHAEY o 20, BRSSP - BIE RN REWET], BERKLEDY BTN
PECR T 32 (P<0.05), LEfSe 23 R 7 FH-1 Zb 3 (FH) + 3 s SR UE A 19 4, F8a4E
ZRITET] . PAUC3AS, S035., 4-29., ZEAIFTF RN . ZFEFF I H L IF & R4 . A31., H39, S0208 ., Gemmatales .,
ZIIRH H . HOC36. AKIW659, 0319-6A21. 422k}, IR AL, EB1003. HB2-32-21. AHKHER
Pras RBHTE AR FH-1 ) HE S AR C Rl S oK FEAEAR 2N RRE R IEAR G [ 4518 ] FEKAR K H
Pk s AE R FH-1, AT B SR KRR A K, X R OE B, (H T DL AR i
YRR LS RIIIEE, BAEA RN DL FRATHEN f0E R 2R AT R FH-1 S il A AR bRk e v
SRR E KA R MET .
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wAe, HEARmM IS B ERE . #
B L3 BRI E . REEnEe%
i

KRR E = RREEYZ —, EhEA
65%1L AN LIREK N 6, 2018 44K FE
Pl AR E] T 2.927x107 hm?, KRRt A Ak
NE AR 25 1% 3k =t Y, ASAURT i 4 TS LR
b, VYR A A T L™ S RS i
R KT &R TARZ AR,
Pham 25 PIE R % 46 140 I 2k S0 56 2 BEE Rt
FCAIR B4 7 (Pseudomonas stutzeri)A15 0 D g &4
PEKREE BT E L AR A T . Salamone %1%
P51 B B (Pseudomonas  fluorescens) il 7
[ M2 R (Azospirillum brasilense) it B -&-{d FH7E K
H 254 %7k e (Supremo 13) A 35 5 . /K g™
B BECHER, 25 T 16%. 20.2%.

FER AR AT DR K R A, (HEK
WL T HOR T-B BRI, A Yy R 7 R
TIEABRG P MR KRR, A TG
o WAEYEREER B f5 . (1) n] BB [ A
FRmE . AR L O IMAE P IOR S ek RAE IR BRI 4y
KB, HEREHYNEREZFT; (2)
0 AT BB ) 0 FIERUZE YA, s e
M IZERE, N IR MR A K A E L,

- B A W 2 R B A A ) AR
WEERYSFR . HIEMAEY A S R G MY £
FEVEAN A Iy i B AR S 0O AR PR 4l
e A YA E AR, B SMEPER
RE . EHRRI IR, ARPR L YRS
B YRR oy, B B e AR X AR AR )
FIA= W sl (TR A2 1, 5 b 1) Sy o,
N4 AR 2B 7 T o B P R R AR Bt A=
PAREmE TR T AN 6, 41 Kunal

40505 ] DGGE Al PLFA IIFSE 7 1 2 BRAE /K
M $2%%h Calothrix elenkinii R LA 36 M (0
B, H SRR 2 RPN . 2 22 IR
W R T — SRR TR R AR B
ARV RE IR S5 A Z e 75 £ DGGE |
PLFA. CLPPsI" ™14 | Sk Suff 5y 7 — i P
AR ERYE, A P R X AR R A Y 2H R
W R BIESY . HROESEARNETRA L 42T

fift € K3 2F f T 1 (Bacillus amyloliquefaciens)
JE— R AR, E 7 TR, PEIR
A Y, T BiaHIE e . A0S RAEY)
FUARR E M SRR H 3 25 R G P B
ZF AR TR N KR B A2 AR B 1 R AT TR B 41
T o AR SCAUL LA 07 1 3] 1) — ik AT 7R 2 AR S g v
HH R A R K R AR K RO R TE R 27 AT 18 FH-1 D9 F
FEXT G, IR S50 56 1k HO K R 0 4 A= CR
[Fi] B >R FH vy i 2 000 R R A AR AL BR R AT TR L
X AR s - S A e AN - S PR RR I e, LA
WP R VE R 2R A I FH-1 A KRR A=
SRGEPRIEANL, I Y IEEH IR 0
NIRRT

L AR
11 s, FEERANES

Luria-Bertani(LB)}% £ (g/L) : #E 1k 10.0 g,
MR 5.0 g, S41LHN 10.0 g, 1% pH = 7.0,
1x10° Pa K4 30 min,

FEER A R, A TCHLAb 221200 55 (53 B
4fi, [E2y), SYBR Select Master Mix(2x)(Applied
Biosystem, Foster City, CA, USA), Powersoil DNA
PG5 A /(MOBIO Laboratories, Carlsbad, CA,
USA).
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NanoDrop 2.0(Thermo Scientific, USA), PCR
A0, AR R BERE F KA (T AR~ WD), ABI 7500
FAST 5Z Hf %¢ % & it PCR Y (ABI Life
Technologies, Singapore, USA), IR 70 L k%
fi# (Sartorius, 7H[E),
1.2 FRVEMZFRIFFE FH-1 B4R E

SR R IR R 22 O v LT RO X P R

AR OAR PR 3. 78 90 mL CE/KHHnA 10 g

FHEREN, EEIRY 10 min, #E 30 s, 155 |
A% IR T 100 °C WK ik 10 min,
FARH), 155 -+ HOR R (W R B IE S 1079,
WHL 1 mL RN A S A 9 mL JC UK A
ISR A (W R BEEE  107%), SR A o
W1 mL AR 5 — %A 9 mL JCDK AR
IRAYYE], IR BR (R 107°). i BT
Yo A fe LB KRR IR 1, 30 °C #5597 3 d.
WAE LB AR FREE [T UK B I8 A T AD

alifl,, THER) T —HRAN Ay 24 AN FH-1. 40
16S rRNA JFHI RIS, e dE FH-1

N FRVE R 2 AT FH-1,

W4 PRIBE-80 °C UKFE 1Y it VE ¥ 2 LA T8 FH-1 78
PRAZ IR 10000 LL BRI 3 LB W IRIEFREE T, 7
30 °C #£JK . 180 r/min K55% 24 h,,

B WACKE 5 pb 1535 00 UE B 27 F8 AT 14
FH-1 PR I B2 Fh 2] By 200 D1 [ R R 38 . A3 P
A IR AL . TOHUBR A RS IR 0 | AP s R ik |
CAS Vil b, WM VER ZF AT FH-1 b2
AR BAPEE. fFICHLBE . fRer DL R R gk
NP

AR ACHL 3 mL ffE R ZRFIFF IS FH-1 T4
% 12000 r/min Z.0> 15 min, B2 mL A9 E3 RO
A 2 mL [ Salkowski’s by, A1, TERGAL
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S 30 min J&, 5EH ODsgo fH (VA ARIZ R A LB
TR R 57 5 525 R FH Salkowski’s Fb A& HITR &7
Syt )L,

FI ] ADF 35 35 FE 3G SR A0 TE 89 2F AT T FH-1,
Z: I8 Bradford 500 4 TR 4 i $ B0 A8 88 1
i LA IIE A AR EY), RIVERRERTZ
214 Saleh 2511 J7 ¥ ACC B & miEis 1122,

PRSI 5 b 1535 0 U 8 2 T AT 1A
FH-1 RV, FIAPARXSIREIRZE PDA AR E 43 5]
o A VE A 2EFOLRT T FH-1 B AR X 3 Rl J5t v
OIARZLAZE . RIS . RIS B H 15
HrE .

1.3 FRIEMFRIFE FH-1 BEBOEFR R RHMA
5wkt
1.3.1 RIEBEFRTE FH-1 EBIEST K ORTE
—80 °C UKFH I M UE R ZF AT I FH-1 TR AR AL IR 1%
(4 He AP #) 100 mL LB WA J7 3 Hh, 75 30 °C
FEIK 180 r/min JG1LREFF 48 ho 218 5% FEFh =
fE LB AR SR I R % . (AT ASAIRAE . iC
7 (a7 HL Y Tl B RE R AR IR Tl LB WA B:
Ak IR B%IM L], KSR AMTEREA T0 L
Tolk LB MR 37 5L 1 K W b 15 37 (TLE 30 °C,
#6348 150 r/min, % 0.05 MPa)
24 h J5, PAFPTH IR
1.3.2 KHMS5EREIT: iSO WL
AT, H s KRR X, —4F 2-3 2,
X SN, R W R R, AR
I 16 °C, AEFHFETH 210 1200 mm, SEK R
BB (1) 25 P BR(CK) : KRB 4
itk & 75 kg/hm?, LA 105-120 kg/hm*, A
HLIE 1200 kg/hm?; 7K H it A HUIE 1200 kg/hm?;
IR RO A HLIE 1200 kg/hm?, (2) 7] FH-1

WA 3 m¥h,
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AL (FH): KRR B R % 75 kg/hm®, &
fE#f 105-120 kg/hm?, A HLIE 1200 kg/hm?, 3f
it FH-1 B89 30 L/hm?; /K b 3034805t A HLAE
1200 kg/hm?, F:W5it FH-1 &% 30 L/hm?; 7K fgdh
FEWIHOEA PLIE 1200 kg/hm?, FFmEit FH-1 1)
30 L/hm?, ARAbEE 5 ANEEA, 10 A/BhIX,
AAEH/INX 130 m?, SR BEALI A B SR X
AR BR IR | PE/K S5 FI it 244 B Y A R >
WA T, FHAED NKRE, SRl R 1540 KAG.
14 FERIRE

FEKFE RS, AR IS RAE T A AR/ NX
HoRAE 5 PR 1540 /KAFHERE, A FHZRECRE KR
MAEBERRS B E KRR LAY ERE T
K, BABIRIF S LS, UE BB TkAS
ARG, TR 2 S S IR PR L ek A
—80 °C MvKFE . FIFRFI K R pk = L AR
R, FFET KRR, ki, TRiE,
15 HEEFIER

138 pH R F E FRbrifE(1SO 10390 2005)#4% it
K5 MERFRL S, 5:1 B = A, ERRIR b
P=% 60 min, SRJEHCFE S #EE 60 min, F pH
T1(S20K AIS5)MH: pH. A HLE(OM)R A HLE
JEEE . BA(TN)R LG E Ak . S (TP)R
FHERBEPL L 03 . AR (TK)R T K5 66 |
AR (AN)R P80 . A 2% (AP) R T AH Bt
B 8 305 FIAT 08 (AK) SR FH K MG B AE D0 N B
A= P B AR A BRA R A I E o
1.6 TR EHRRE

Fi: 1 PowerSoil DNA 2B 71 & i BH 45 %) 10
A IR R UET T DNA $RE 48U 3L R 413k 1 H
kX% E, I NanoDrop 2.0 5 JLPH 20 (5 &N

it .

1.7 Z0EMER PCR

iz FH N e BH A o e o T o) 4 77 4 & PCR 1)
o 20 P Ak B 119 10 S i A T AN R 446
X E . AE 16S rRNA LK 5E # PCR 514/ 338F
5-ACTCCTACGGGAGGCAGCAG-3' #1  518R
5-ATTACCGCGGCTGCTGG-3"%%, 20 uL (% PCR
JUWAK Z 414G . 2xSYBR select Master Mix 10 uL,
RS 149(0.25 pmol/L)4% 1 ul, DNA #idy 1 L,
ddH,0 7 pL. SR NP 95 °C il E
10 min; 95°C 155, 60 °C 1 min, 40 MEHF .
1.8 16S rRNA RN EEENF

DL 10 A~ 3ERE S SE R4 DNA it RA
Illumina MiSeq il J37°F- 5Kl 16S rRNA 1 V3-V4
X 41 514554 515F 5'-GTGCCAGCMG
CCGCGGTAA-3'fil 915R 5-CCGYCAATTYMTT
TRAGTTT-3', #|H QIME 1.9 Z:FRFI4M4F 16S
rRNA JEHF4 . 56T 200 bp BJF4H), W&
KIGHTHIZ IR, KT 25 P B P44,
FEIE S P A KT 3 bp BEERCAIES, s
HA KT 6 bp (34RY, H split_libraries.py 74>
EB . LIRS % (RDPYE NS 5m4E, f
H UCHIME &5 74 (identify_chimeric_segs.py).
| H Air4> pick_de_novo_otus.py 7E 3%(Fl 7K ) 135t
& 22 52 F AT HRAE /3 28 BT (OTU) I 5 o R FH i
4> filter_taxa_from_otu_table.py #1 filter_otus_
from_otu_table.py PR EAA 214 JE732E OTUs
MAMESE OTUs, FeA THERE M AEAS LR T
6500 1~ 41 #1| i core_diversity.py iy 21132 FEAS ]
() Z FEPERIBE RS o Grt 4 FE i Z R R ALK,
RIBEIE 25508, LEfSe SR Huttenhower 5E
W= IF LN galaxy MESHEAT 8. (HF python

collapse_table.py 4> i i3 Ty BB 1 B I A% 43 S
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(FAPROTAX) TN 2E WiV Dhfe , R table_L6.  MAETT SHUZEY o 2R & R HRUZE IR GE
from_biom_function.txt SCF7E Heml 1.0 292 FrA ST A 1IBM SPSS statistic(Version
il B Heatmap.. 21.0)#47. FrAVERIERE A Origin 2016 58/
19 HRGIHAT

B SR B e 2 (nes) it i KA 2 BERFAAT
t G 56 43 BT R A Ak BERLEL [ ) KRS 5 o L AV A

B, BEEDIRETN . IR SRR 2 5 o
HPE(P<0.05). {f ] Pearson A2GAM A I K FE 4 W 1 B TE A ZE AT TR FH-1 B A

2.1 fRVEM TR FH-1 A IR A (et

1. FEEMFHEATE FH-1 7 LB FR(A). BIRFR(B). MIHHETFR(C). #R$HF4R (D). ADF F4R(E). CAS
FAR(F)F1 PDA FHR(G: RTBIE. H: RAWIE. | IHLIZE) LEKEFR

Figure 1. Bacillus amyloliquefaciens FH-1 grew on LB plate (A), Nitrogen fixation plate (B), Inorganic
phosphorus solution plate (C), Potassium solution plate (D) , ADF plate (E), CAS plate (F) and PDA plate (G:
Fusarium oxysporum, H: Fusarium graminearum, I: Rhizoctonia solani).

actamicro@im.ac.cn
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fEJCHLIE . fRER | 7 AR BRAEUAH ACC I AR AE
J1, FEHXSIAG 2L . RIIRITE L R T)

WX =R IR A S, (ARZEARA
AT HLBAEAN = A g L BRI BE 1 (3% 1)

x 1 MREMFENE FH-1 BYE KR

Table 1. The growth-promoting characteristic of Bacillus amyloliquefaciens FH-1

The growth-promoting characteristic of FH-1 Results
Nitrogen fixing ability +
Inorganic phosphate solubilizing ability (D/d) 2.00
Organic phosphate solubilizing ability (D/d) -
Potassium solubilizing ability +
Siderophore (D/d) 2.30
Indole acetic acid producing ability/(g/L) -
Activity of ACC deaminase/(U/mg) 0.42
Antagonistic ability against Rhizoctonia solani (d/D) 0.47
Antagonistic ability against Fusarium oxysporum (d/D) 0.41
Antagonistic ability against Fusarium graminearum (d/D) 0.43

FH-1, Bacillus amyloliquefaciens FH-1; +, means having the ability; —, means having no the ability; D, diameter of solubilizing zone; d,
diameter of bacterial colony; d, diameter of fungal colony with antagonistic bacteria; D, diameter of fungal colony without antagonistic bacteria.

2.2 B FH-1 XK RSS2

R FH-1 AbBE(FH) KRR | Bk L
FARRERE . FARIRIEL . TR W TS O R
(CK)(P<0.05)(% 2). B FH-1 4B (FH) /K FE AR
K| PRI L RS O B (CK) Y 1.5 F5, Bkl
B2k as O BE(CK) Y 2 £% - B 77 FH-1 Zb 3 (FH)
KRR RRR . BRI . Tk E A A 4 R (CK) 2041
$E5 T 14.90%. 35.90%. 12.68%. ijiHH A FH-1
A EE KRR, EmKR 5.
2.3 TR FH-1 X S EEA B R R R

P FH-1 4bH(FH)5 25 Fox B(CK) Y 4
HACTE G RF 225 (3R 3). [HJE W FH-1 4b
F(FH) P 2R . 2. ARE . AR

T2 X IE(CK), 28 AR08 T2 aoxt
HE(CK). UEBATE I FH-1 AT BRAEHE 1 ZKF 0T &R
S LT

* 2. EF FH-1 AE(FH)5 =B B(CK)KBHE

MER

Table 2. Various properties of rice of the inoculant

FH-1 treatment(FH) and blank control(CK)
Various properties of rice  CK FH
Root length/cm 10.48+0.72b 16.38+2.22a
Plant height/cm 113.16+£3.96b  130.02+2.51a
Spike length/cm 17.16+0.26b 23.32+1.64a
Panicles per plant 12.20£1.79b 23.00+5.24a
Grain number per spike 199.40+41.25b  309.00+23.23a
Thousand-grain weight/g ~ 19.72+1.52b 22.22+1.01a

Data followed by the different lowercase letters are significantly
different due to various properties of rice of different treatments
at P<0.05.

%= 3. HF FH-1 4B(FH)E = /M B(CK)R L 1EE L4514

Table 3.  Soil physical and chemical properties of the inoculant FH-1 treatment(FH) and blank control(CK)
Soil physical and chemical properties FH

pH 5.87+0.23a 6.14+0.20a

Organic matter/(g/kg) 36.87+3.97a 38.80+6.06a

Total nitrogen/(g/kg) 2.40+0.04a 1.93+0.43a

Total phosphorus/(g/kg) 0.27+0.05a 0.23+0.02a

Total potassium/(g/kg) 18.54+1.54a 20.60£3.66a

Available nitrogen/(mg/kg) 86.10+21.38a 76.30+24.67a

Available phosphorou/(mg/kg) 3.04+0.42a 2.69+0.39%a

Available potassium/(mg/kg) 55.30+8.97a 58.28+10.13a

Data followed by the different lowercase letters are significantly different due to various properties of rice of different treatments at P<0.05.

http://journals.im.ac.cn/actamicrocn
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2.4 T FH-1 XPARBR -3 MaEE 41 s e

FIH Numina Hiseq 2500 il 53F & % 10 M
B - SERE S A Y Z R TR I, R ARAR
429002 ¥4, RAFEASEY 42900 %741
(38173-60712) . 5 HFFEA 751 FEHLAMHC 38000
RPN TR AL TS, RBUERERDIFIN o8
FEWEN . B HN ., AWM., y- AN .
ST, BRATW] . AHAIRBERET ] R
PERLIE T SUFFIAT] . TR, . SR
SRR JREERT](>1%) (K 2). f FH-1 40
FFH) L3R y- AR . A ] B s T
ZFXTH(CK), BT . TR 1 BT
25 14} B (CK)(P<0.05) . Bl FH-1 4bFH(FH)+ 3
I v N S RS T 25.19%, B-BIR A
S A S AR B (CK)REAIR T 27.49%,

LEfSe 43 @ i 7] FH-1 40 B (FH) + 3% b g
EWMHAEYA 194, FEAIESEHET ] RIRE S
FNHAY A31, H39. S0208 44, PAUC34f, RAT
BT 1% S035 44, FRATTA 1A IR N R FI R H

1.0

oo
==

08 | | ‘ \

1) AKIWGE59 B}, ik TR 11 4-29, JERERE 1) 2F
AT I AT IR H , TR R T TR 8 B 4N
Gemmatales H, AHALIRTE R 1A TLIRTE B 29 fiF fk
T2 TE H A 0319-6A21 B, oA A 44 A 21 R TR
H X E AR, o~ T8 B AR R H 1A 2258008
Bl B-EIETH A A21b HI¥ EB1003 Bl, v
Y411 HOC36 H, y-ZETE T 4928 B BRI A H 28 85 B
MUERY HB2-32-21 J& . 25 (X B (CK) L3 &
SRR FH-1 ZEF(FH) 358 5 250800 1
YA FE4FE TPD-58, i1, OP1L [11Y
OP11-3 49,GNO4 [ ] GN15 44, BT i1 11 OS-K
g, LRATE R A AN R R A T B R AR
WEE, BTN NI R W H , L
H ML IRERL, 8-2A8TE B AN 0 AT B B S H A it
AT R R RIS AR ER 8 i, 8-28 FE 18 AW B S AT 1 H Y
HEATHEFR, o ZE T B ANL I B B EEFT AR, o
75T T 20 8 o ML T B OB T L TR P A A TR
J& , SETEA TR E R B R R A E SR E AR Y R e
A (4 3).
I Others

[ Firmicutes

*

So
=+

o
o

=
~

Relative abundance

02

0.0 &

£ B WS3

- B Gemmatimonadetes

=1 Chlorobi
mm Cyanobacteria

mm Planctomycetes

= Bacteroidetes

= Verrucomicrobia
[Actinobacteria

mm Nitrospirae

[ Acidobacteria

== Chloroflexi

1 Gammaproteobacteria
[ Deltaproteobacteria
[ Betaproteobacteria
[ Alphaproteobacteria

CKl CK2 CK3 CK4 CK5 FH1 FH2 FH3 FH4 FHS5
Treatments

2. BH FH-1 &3 (FH) 5% 83 B (CK) B LB & 7] (4N) 7K 4 FhLE X
Figure 2.  Soil bacterial phylum(class) level species composition of the inoculant FH-1 treatment(FH) and blank
control (CK). *, Significantly correlated at the 0.05 level (both sides).
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mm a: AKIW659

== b: A31

mm c: Anaerolinaceae
mm d: Anaerolineales

mm ¢: H39

mm {: S0208

mm g: Bacillales

mm h: 0319 6A21

mm i: Gemmatales

mm j: Hyphomicrobiaceae
== k: Acetobacteraceae
mm | Rhodospirillaceae
mm m: Rhodospirillales
mm n: Novosphingobium
== 0: EB1003

mm p: Methylophilales
mm q: Rhodocyclaceae
mm 1: Rhodocyclales

mm s: Desulfococcus

mm t: Desulfobacteraceae
mm u: Desulfobacterales
mm v: Syntrophorhabdaceae
mm w: HB2 32 2]

mm x: HOC36

mm y: Treponema

D'I’{alop \g

%70,
Ly,
Ja(?

A

(B)mmm CK mmm FH

: HOC36 :
Rhodospirillaceac I
Rhodospirillales =
Hyphomicrobiaceae
Planctomycetia

‘Gemmatales
¢ Chioroflexi I
: A3l

: Bacilli

£ 0319 6A2] I

¢ AKIW659 I
Bacillales I

Acetobacteraceae
[N Desulfococcus
[ %’ytrophorhabdaceae
N [reponema
N Methylophilales
N Desulfobacteraceae
[ N ovosphingobium
N Rhodocyclaceae
N Rhodocyclales
NN Desulfobacterales
IR A naerolineales
]

Anaerolinaceae

. [ VVerrucomicrobia
N Beraproteobacteria
i I

-4 -2
LDA SCORE (log 10)

B3 EH FH-1 A3B(FH) 5= B X B (CK) LIRME MY LEfSe S itk 5 X [E(A)F1 LDA {E(B)(LDA {&>2.5)
Figure 3. Evolutionary branching diagram (A) and LDA value (B) (LDA value>2.5) of soil bacterial LEfSe
analysis of the inoculant FH-1 treatment(FH) and blank control (CK).
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2.5 BEA FH-1 X R B LA B E & o SRR
A1
P FH-1 A3 (FH) 5 25 Fox B(CK) B 241
DNA #5 DUCTC 18 25 1 22 5 (P<0.05) (£ 4). 7
FH-1 ZbFE(FH) 401 DNA #4 D1%1(1.063x10™ g/dry
soil) B K F 25 (1 % B (CK) I 4 7 DNA $2 U1 %K
(1.078x10" g/dry soil). #fEiljiti e 5% FH-1 )5, Al
B2 P SLLE X K R AR KA 2 M AN, (Rl
ol 7 e KRR A KRB AN I BTG 6 1 R A
o, DA 3 3 Ak BRLAE A A AR T B B 22
AW o ZFREHE AR BN, R FH-1 4k
FE(FH) 1 58 b A ) 2 ARV AR T 25 R
HE(CK)(P<0.05)(% 4). W7 FH-1 4L FE(FH) 158 rh
2R ) F W R 4R 2L (chaol) . i R 2 MM
(PD-whole tree) FIXLIN %] ) OTUs %i H (observed
OTUs)# %5 1% B (CK) 73 HIIBEAIK T 6.06% . 3.48% .
5.61%. XAl fiES5H ] FH-1 ZbFE (FH)FEAR B2
RO G RE P
2.6 BET FH-1 XM PR - 3R IAE ) p AR R
B FH-1 AbFIL(FH) 23 13 %) B8 (CK) + 1%
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B F FH-1 Ab B (FH) X B 9% 22 55 10 STk R
78.2%(R?= 0.21848, P=0.024), SfAkik, Bk
A B AZ B FH-1 A0 BE (FH) 520
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% 4. BRI FH-1 & (FH)5Z B3 B(CK)aY 14
HHEM o ZHM

Table 4.  Soil bacterial number and soil bacterial alpha
diversity of the inoculant FH-1 treatment (FH) and blank

control (CK)
DNA numbers and

L CK FH
alpha diversity
Log 16S rRNA copies 10.78+0.09a 10.63+0.13a
per g dry soil
Chaol 14074.06+138.99a 13270.06+737.11b

PD-whole tree 476.48+8.90a 460.47+10.80b
Observed OTUs 7558.96+191.50a 7157.28+330.63b

Data followed by the different lowercase letters are different due
to soil bacterial alpha diversity of different treatments at P<0.05.
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PCoA 1 (27.73%)

4. EF FH-1 B (FH) 5= B X B(CK)B LIRA
E 8% PCoA 4 #7(Weighted Unifrac)

Figure 4. PCoA analysis of soil bacterial community of
the inoculant FH-1 treatment(FH) and blank control(CK)
(Weighted Unifrac).
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Figure 5. Heatmap diagram of soil bacterial community function of the inoculants FH-1 treatment (FH) and blank
control (CK). *, Significantly correlated at the 0.05 level (both sides).
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LB AT RETE A FH-1 4031 (FH)H IO EIEER Dtd A SR
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EB1003 fil HB2-32-21 H.A7 i # 1% . Chaol 5K
B ETMK, 415 DNA B ILBCS R . REK .
BARRTERICE 35 10 AH 52 (P<0.05) . 33 2 Wit o 21 77
FH-1 X% H & B AR S R E S BE K R A= K R B
R R AR EEAE R ZRRAT R E S5 A AR (AN)
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GBI FIEI 3R 43 W e v R RE R #5246 T AR
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Fz 5 HEWHSMFESIIEBEAMER. BEY o 2. HAE DNA EREK. &7 FH-1 LEB(FH)EEM#HZ
i8] B9 Pearson 434

Table 5. Pearson analysis among plant characteristics and soil physical and chemical properties., microbial alpha
diversity, copy number of bacterial DNA and FH-1 treatment enriched species

Correlation Pht RL SL PPt GNS TGW AN AP AK
AN -0.248 -0.051 -0.101 -0.264 -0.073 -0.430 1

AP -0.191 -0.158 -0.407 -0.046 -0.386 -0.053 -0.231 1

AK 0.169 -0.010 0.203 0.127 0.147 0.183 -0.328 -0.047 1
Chaol -0.622 -0.482 -0.663* -0.469 -0.585 -0.607 0.589  0.260  -0.365
PD_whole_tree -0.561 -0.507 -0.617 -0.448 -0.550 -0.467 0.349 0536  -0.073
Observed_otus -0.548 -0.444 -0.600 -0.412 -0.538 -0.421 0.330 0.563 -0.220
Log 16S rRNA copies per g dry soil -0.640* -0.806** -0.540 -0.739* -0.528 -0.350 -0.065 0.029  0.417
Bacteria|Firmicutes|Bacilli|Bacillales| 0.672* 0.528 0.438 0.741* 0.481 0.581 —-0.704* 0.060 0.332
Bacillaceae|Bacillus

Bacteria|Chloroflexi 0.661* 0.607 0.649* 0.603 0.615 0483 -0.415 -0.284 -0.001
BacteriaPAUC34f 0.656* 0.577 0.549 0.691* 0.596  0.758* -0.789** -0.041 0.111
BacteriaAcidobacteria|S035 0.698* 0.544  0.720* 0.566  0.651* 0.802** -0.682* -0.129  0.465
Bacteria|Elusimicrobial4-29 0.677* 0.619 0.587 0.719* 0.592 0.492 -0.315 -0.530 0.168
Bacteria|Firmicutes|Bacilli 0.682* 0.517 0.543 0.685* 0.558 0.620 -0.733* -0.144 0.414
Bacteria|Planctomycetes|Planctomycetia 0.660* 0.593 0.544 0.646* 0.497 0.418 -0.094 -0.013 0.077
Bacteria|Chloroflexi]Anaerolineae|A31 0.787** 0.602 0.767** 0.672* 0.670* 0.606  -0.573 -0.459 0.398
Bacteria|Chloroflexi|Anaerolineae|H39 0.827** 0.708* 0.782** 0.620  0.736* 0.664* -0.168 -0.336 -0.006
Bacteria|Chloroflexi|Anaerolineae|S0208 0.432 0.367 0.545 0.392 0.547 0.491  -0.483 -0.679* 0.253
Bacteria|Firmicutes|Bacilli|Bacillales 0.727* 0.604 0.520 0.808** 0.564 0.621 -0.687* -0.078 0.306

Bacteria|Planctomycetes|Planctomycetia|Ge 0.684* 0.633* 0.530 0.754* 0.521 0.452 -0.241 -0.209 0.066
mmatales

Bacteria|Proteobacteria| 0.705* 0.500 0.577 0577  0.423 0.467  -0.485 -0.183 0.055
AlPhaProteobacteria|RhodosPirillales

Bacteria|Proteobacteria| 0.612 0.569 0.543 0.605 0.503 0.323 -0.116 -0.606 -0.138
GammaProteobacteria| HOC36

Bacteria|Acidobacteria|Solibacteres| 0.730* 0.750* 0.745* 0.670* 0.692* 0.708* -0.054 0.013 0.398
Solibacterales|AKIW659

Bacteria|NitrosPirae|NitrosPira| 0.632 0.541 0.735* 0.395 0.575 0.634* -0.183 -0.095 0.220

NitrosPirales|0319-6A21

Bacteria|ProteobacterialAlPhaProteobacteria]  0.738* 0.485 0.571 0.615 0.547 0.444 -0.429 -0.243 0.136
Rhizobiales|HyPhomicrobiaceae

Bacteria|ProteobacterialAlPhaProteobacteria]  0.738* 0.557 0.632* 0.602 0.482 0.523  -0.452 -0.215 0.036
RhodosPirillales|RhodosPirillaceae

Bacteria|Proteobacteria| 0.818* 0.838** 0.821** 0.762* 0.757* 0596 -0.198 -0.490 -0.141
BetaProteobacteriaA21b|[EB1003

Bacteria|Proteobacteria|/GammaProteobacteria] 0.634* 0.779** 0.446 0.886** 0.625 0.617 -0.332 0.070 -0.198
Alteromonadales|Alteromonadaceae|HB2-32

-21

Pht, Plant height; RL, Root length; SL, Spike length; PPt, Panicles per plant; GNS, Grain number per spike; TGW, Thousand-grain
weight; AN, Available nitrogen; AP, Available phosphorus; AK, Available potassium. *, Significantly correlated at the 0.05 level (both
sides); **, Significantly correlated at the 0.01 level (both sides).
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B b e 0y 2 FELAT T R AR R B TR T TR
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Rhizosphere microbiome mediated growth-promoting mechanisms
of Bacillus amyloliquefaciens FH-1 on rice

Qingging Li, Song Xu, Wei Zhao, Rong Yang, Sigi Zhao, Zhiyong Huang’, Jingjing Wang"

Tianjin Key Laboratory of Industrial Biology System and Process Engineering, Tianjin Institute of Industrial Biotechnology,
Chinese Academy of Sciences, Tianjin 300308, China

Abstract: [Objective] A field experiment and molecular biology techniques were used to study the improvement of
rhizosphere microbiome by Bacillus amyloliquefaciens FH-1, in order to understand the promoting mechanism of
B. amyloliquefaciens FH-1 in soil. [Methods] The rice field experiments with the inoculation FH-1 treatment (FH)
and blank control (CK) were set up. The physiological traits of rice and soil properties were determined. The
number of rhizosphere bacteria was quantified by real-time fluorescent quantitative PCR. High throughput
sequencing technology of 16S rRNA gene was used to analyze rhizosphere microbiome. The interaction among
rice, soil and microbe was analyzed by Pearson correlation analysis. [Results] Compared to the control, the plant
height, root length, spike length, panicles per plant, grain number per spike, and thousand-grain weight of rice were
significantly increased by FH. There was no significant difference in soil properties and bacteria number between
FH and the control. The FH significantly increased y-Proteobacteria and Chloroflexi while significantly decreased
B-Proteobacteria and Actinobacteria in soil. LEfSe analysis showed that there were 19 microorganisms enriched in
FH. Correlation analysis showed that Bacillus and enriched species were positively correlated with rice plant.
[Conclusions] We speculated that Bacillus amyloliquefaciens FH-1 promoted rice growth by regulating rhizosphere
microbial community structure and function.

Keywords: Bacillus amyloliquefaciens FH-1, plant growth-promoting bacteria, rice, rhizosphere microbiome,
high-throughput sequencing
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