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fii  E:[8 69 Yk k3R (Capsicum annuum L)ARJE 58 Vs 55 P2 A 40 8 I+ 0 44 3 05 58 08 4 2R .
[ 7% ) R &4 Bk AARAR B L3 A &b, VASRIRARJE 74 94 R AL B A6 Sk F8 (Fusarium solani)F= R %
Jo.(Fusarium oxysporum) A8 =@ , KA -FHRAT LR AA G @E, KA RFEEREHER
RAEE, EA N, BREFRTEFIRAR, MBI EXNTIERT, JUKZ R ENZ
RE, KHBRTFRMAEFNEMATE. T4 H RIFAE G HARLAT 16S IDNA £ 5 5 #7
A FHERR, RERAEHBEN T AR HREAEZER., [£R] £HAFE 323 KaFh
RAFO e E bR, HALE T8 Mk, BAAEEE 87 k., BAAAEE 107 4k, B RH 128 4k, #
E 1230, Ao EHRBENEA S A, THEASFE N FHRRFHEHKRES, &
#SHMAREM, L F LI XP271 A= XP181 A4 3 5 MoAF # (Bacillus subtilis), XP125 4
A 35 3F BOAF & (Bacillus tequilensis), XP236 2 &t 3k 3 MoAF & (Bacillus halotolerans), XP79 %
E X ¥ AT H (Bacillus megaterium), XP171 % 3K 3F JAF H (Bacillus circulans), XP248 % 2~
KA % A (Cellulosimicrobium funkei), XP167 # /= % 1B 3} & (Pseudomonas synxantha). %
FOARBRASHEG N, WAL ARILAMRRLIL, R IEARE 55 4 5 2L 88.52%,
FAL AR Z I m 10cm A&, SARKTF w24, AWEL I 521 g; HRBARE LIE T
SRR BB RBAFLER LS, WRBE. BAERE. AMAEEBEE LR M E Y
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Abstract: [Objective] To screen out the bacterial strains that can control the Fusarium root rot and
promote the growth of Capsicum annuum L. and clarify their disease-controlling and growth-promoting
effects. [Methods] The soil samples were collected from the rhizosphere of healthy C. annuum plants,
and then plate confrontation method was employed to screen the biocontrol bacteria with Fusarium
solani and F. oxysporum as the indicator fungi. After that, selective media were used to screen the
growth-promoting bacteria with inorganic phosphorus-solubilizing, organic phosphorus-solubilizing,
nitrogen-fixing, or potassium-solubilizing activities. Further, the disease-controlling and
growth-promoting effects of the selected strains were determined qualitatively and quantitatively. The
amount of phosphorus solubilized, nitrogen fixed, and potassium solubilized were respectively
determined by molybdenum-antimony anti-colorimetric method, Kjeldahl method, and flame atomic
absorption spectrometry. We then determined the 16S rDNA sequences of the strains with excellent
characteristics and prepared the bacterial inoculants with different combination formula. Finally, pot
experiments were carried out to measure the disease-controlling and growth-promoting effects of the
inoculants. [Results] We screened out 323 strains with excellent functions, including 78 antagonistic
strains, 87 organic phosphorus-solubilizing strains, 107 inorganic phosphorus-solubilizing strains,
128 nitrogen-fixing strains, and 123 potassium-solubilizing strains. Some strains had multiple
functions, and 6 combinations with excellent characteristics were obtained, which involved 8 strains.
Strains XP271 and XP181 were identified as Bacillus subtilis, XP125 as B. tequilensis, XP236 as B.
halotolerans, XP79 as B. megaterium, XP171 as B. circulans, XP248 as Cellulosimicrobium funkei,
and XP167 as Pseudomonas synxantha. The inoculants were prepared according to two combination
formula, which demonstrated the best controlling effect of 88.52% on Fusarium root rot and increased
the plant height, branch number, and biomass of C. annuum by about 10 cm, 2 branches, and 5-21 g.
Moreover, after the inoculation, the content of available nitrogen, available phosphorus and available

potassium in the rhizosphere soil, as well as the activities of soil enzymes such as urease, sucrase, and
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alkaline phosphatase increased, while the activity of soil catalase decreased. Additionally, the microbial

biomass carbon, nitrogen-fixing genes, and nitrogen-fixing microorganisms in the soil increased

significantly. [Conclusion] The rhizosphere soil of C. annuum harbors rich bacteria with excellent

disease-controlling and growth-promoting effects, which can be prepared into inoculants for the control

of Fusarium root rot and the growth-promoting on C. annuum.

Keywords: Capsicum annuum; Fusarium root rot; antagonistic bacteria; growth-promoting strains
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1A AR B 09 7 PSR T EOR A i L R
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R BAAEY) A KA R E I ETE, GEpRh
i 9 H F 2 4E B (plant growth promoting
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1.1 iREE#
111 iRELIE

PH TR A8 538 U 5 T BT Sml B SR T R
PRBH T B LB RO 2 A, SRAR(E
JREBRAUAR 22 S HAR A, o ORI R R R A
TR LR B RS, R, RiRis
112 FHRBIREHREER

B Yk 8 (Fusarium  solani) 1 2R 4 I
(Fusarium oxysporum) AR SIZH H A 1H .
1.1.3  I#HHT

Ky B H ek B AR RSTHE A A,
i AP BERL S
1.1.4 HEHFE

LB ;35 %E(Luria-Bertani medium)'”; PDA
B 3% H (potato dextrose agar medium)!'? ;
Pikovaskaia’s (PKO)JCHLBEREFEIERY s S24 04
ML 50, RS FREE (nitrogen free medium,
NFM): CaCl,-2H,0 0.02 g, MgS0O,-7H,0 0.2 g,
K,HPO, 0.5 g, NaMoO,-2H,O 0.002 g, NaCl
0.1g, SR 5.0, EYE 10 pg, 0.5%H A H
By 5 mL, Bl 15 g, 28K 22 1000 mL,
pH 7.0; PR AKIREL. BEME S g, #IAME S g,
(NH4),SO4 0.5 g, BERERY 0.5 g, MgSO4 7H,O
03 g, BEFRE —4H 2 g, FeSO, 7TH,0 0.03 g,
MnSO4 7H;0 0.03 g, B A 2 g, BilEH 18 g, 7%
PKAN £ 2 1000mL, pH 7.2,
1.2 EHkIFiE

FRECE R L3 10 g, FBZE 1070, %
F, 43 BIHIPE LB S . PKO TCHLBE TR . 5%

<l actamicro@im.ac.cn, & 010-64807516

S A MLBE A . NFM AR KA A, A
RS 500 pL #i B o3 i A~ i
AR, b EER 10 A
&, BT 30 CHERKE IR PR R
1.2.1 HHREFE

PRI LB P BT, R AR
AT AALS SR FH AR IRF V25 07 B 15 0 A
BRI LATE A J5 A9 SR BSU e 6L AR T8 9 9 it L T A e 7
(Fusarium solani) fAHRA(Fusarium oxysporum)
AR, AT PDA SPAR e, [ B AR
SEPR B RN AL S TR R, BT 25 CCIEIRIE SR
MR 7 dJn, WEMRERE RN &GRS
RMREERN T PKO . S48 . NFM FIEIH A Al
R HE T LT U T RE A0 M E
1.2.2 AHEIGIE

WLEE PKO JCALBEF-#lF 52 5 5 A AL
Mo b R BRI VR e A TR R, T PO T e
B TR VR R R 2 b AT alidl, JFag sk fE iy
T MR R LR T AL PKO LB
M52 G A MLBE- A b, 30 °CH3R 5d A,
I L e P AR SR i B 1201 R vk
FAEPLIREN E , R T NFM, B KAl
e AT T S S PR D RE ) E R
1.2.3 ERERE

PRI NEM Al A9 B TR v >R FH P Al 46
A AT B A AR, IR 1.2.1 Ry ki
PR PUn el , IR T PKO | S kA
ATV b A T W S B D e B E PR E
1.2.4 ESPEIFIE

PRI AT P Y BT VR R S i R 2
AT R AR, TR 1.2.1 TPy kT
FEPLIIREN E , FFEF T PKO. Z2 4 Wi Fl NFM
AR b AT A B N [ L B Y PR E
1.3 E#HFRIRE 4 EEREZENE
1.3.1 HREKRINEZRNE
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AR, AR LB 5577 3 p (B 50 mL/
150 mL =f3fi), 30 °C. 150 r/min $E K55 3 d
5, BREERCEA 10 mL B.0%F, 10 000xg
20 10 min, B EIE 0.22 pm A FLFLIE MR L
JEZ) 1 mL JER T PDA R b, WA,
43 S A BB AR B 90 SR A SR FEL(F. solani)
FIIHRAL(F. oxysporum), VIARIEAG K BEWR 1Y F-
M b B Pl I B S X B, B4R 3 ANE A,
F25°C MEREESR S dJE, WERHEEEER,
TR R . A0 28 (%)= BT A
Jir TR T % L AR B T AR i TR B VR AR )/ ONF
FESEAR VK EAR T A B U ELAR)x 100%.
1.3.2 AHBEKABEEHNE

Ve Bl D/d>1.5 AR LE LB AR FiG1k
JEHEA TR LB #5575 (ke : 50 mL/150 mL
=), 30 °C. 150 r/min #EIKKEFE 36-48 h
&, BU1 mL N 10° CFU/mL A4 T8 W 352 A
& PKO ToHLBE . S 4 A MLBkEE 3R T
PR3 EML, UANEREERBCNXTIE, 30 °C,
150 r/min $& K F 3% 10 d Ji, R BEHT L (A
5w Y
133 BEREHERENNE

Wi 4 NFM -t i vk B A DB
FIARTE LB VA G fb)E , BeFh Tk LB K597
e R . 50 mL/150 mL =), 30 °C,
150 r/min ¥& K555 36-48 h J&, HL 1 mL ¥ & Ny
10° CFU/mL ) 1 3 A AR NFM 55323,
FAFERE 3 ANEE, U EEE IR XTI,
30°C. 160 r/min 535 7 d J5, ZAEH N E{FHE
IR BT O SR A BILER e R D A 45 B 7R TR
PR
1.3.4 fRBEHEEERNE

W T A 40 0K A AU o EL AT fid 0 ) RE A
FRAE LB VAR G f0)E , BRIk LB K3
Herp W . 50 mL/150 mL =), 30 °C.

150 r/min $E R 5555 36-48 h Ji, B 1 mL ¥ N
10° CFU/mL A B W 35 ARSI A 55 37 T
B 3 NEE, DORHERE BB TR R
30°C. 160 r/min 53¢ 7d J5, ZHEH N E{FHE
T8 43 B I s SR ARG T W SO 1 D
S IEFR W ORI PR B A
14 L REKREEM L

VEBCEA T R ERRFE LB MG 1L s e
PEAT AR EAESE G, i A8 LR i ik
B 22 25 TR AR RS B A FEHiscEMREN . 55
TCHEPUE R & RARBE LA G 82 A LB ik ks
ekt BAUEGEE 3 AEE, 30 °C. 150 r/min
PERRE SR 36-48 h i , 4B 1 mL ¥R 4y 10° CFU/mL
) AT VAR I B AR P s B R, e 2 A
PR P A BRI R A (]
1.3), HJaRA®A: DPS 15.10 H A Topsis 4%
Gt &debs, BRRILHE .
1.5 MREEHRMS FEE

K1 DNA $2 U7 & (OMEGA), i
VLB AR, REC 8 RRIL R B A AR
DNA, % 41 16S rDNA 54 27F . 5'-AG
AGTTTGATCCTGGCTCAG-3', 1492R: 5'-TAC
GGCTACCTTGTTACGACTT-3' %} H #17 PCR
P4, PCR K 2R T W AR 5% 4R 2 i 45 1)
PR R IEAT, 1 %3t BE WH R I Fa Ok I IRl H i)
B, 64 T AR TR B0y BR 2 Wl kA i
¥ o I r3R18 197 9148 GenBank JE[H JEHEA T
BLAST [FJJE4E X, JFH MEGA 7.0 H iy
UPGMA ik Rk B, bootstrap 1 000
HA A I AR
1.6 HEFFIEREBEHRIBEYR

Wk Bk 108 CFU/mL H W4 &% Hkk &
B 110101 A ER IR ST, VS 2 1 0 4 5
1%, BRI 5%, Bkl 1%, SRk
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A H PR AL AEROR , BARR BARRD 21 B A
M TRARSEN L Bakh 51 IEA
(D=25 cm, H=19.5 cm)¥', JE F(25+1) °C,

14 hOGRIRERESRE, IF K5, MR
S10d A, BAEEE S, FEBHRERAR
A I B R B (FS+FO) 5 mL, 55 15 REFLE
R R IEAE ] 5 mL, XFHE(CKEAANS
WA S mL, BAMRE S AHEE ., ik
AW 30 d J5, e ke . Sk Boguh A
Wi (THE) . R Ay m(TE), fiEgEhgER)
HI TG AR T 2, 1T 1 5 BRI B 3%,
s T 1 B0=3 (8 bk B A R B0E )/ R B S i x
R e R R R EE < 100, BERL=[C4F B 1
T8 B 4b BRI 1 $5 B0/ B 1B 5 211 < 100% . FF:
WA AR B 3, SR T BB 7 3 DN Bl 2R
i, RIREBNE IS A SR QIR B
R BRI e Y R AR
VA IE W AL SIS PR, R OR N L ek
) P ol PR Il O P, I A T 9 U UK
TP, 3,5- R KA R L 0,305 DU S e Ak e 7%
PERTS SR B AR BRI R - R A

B, AR 22 SR W A Oy kg
IR RN nifH A R A A
I 0 T 2 e A I R ) R A T E

2 BERXR504

2.1 HHKIFIE

ARG ILTH L B D RE AR 323 Bk, Hrf,
TEUR 78 R, WA VLEEE 87 bk, W ICHLBER
107 ¥k, BZA 128 Bk, R 123 #k, &
FE PO bR (BC) I A 8l BLA2(D) M A HLIE(OP) |
TCHLIE(IP) & Pk 1 9% Wi el A2 (D) =R 1 (81 1
WM, W EARKE 26.18 mm, /b
5.00 mm, £ EMMESCR2: 5 03 AILBEE
BB B AR R XP10, K 26.51 mm, /) XP5
99.96 mm, & E AR APLBERE )1 XA T 5,
HZH2: 5% B3 (P<0.05); TTHLBR A BEE B8
KWK XP8, EALIA 24.56 mm, fx/M) XP6
BN 6.03 mm, £ R ICHLBERE )25 708
W TR RCR A 1 (XIS
Jis, HAMEROR A DL A e LSO
iTE

x1 BRHRERMASBRERHIEREZLRAGIH. TIBERNSHEER

Table 1
screened from pepper rhizosphere

The inhibition, organophosphorus and inorganic phosphorus zone diameters of partial strains

Strain number (BC) Diameter/mm Strain number (OP) Diameter/mm Strain number (IP) Diameter/mm
XP11 5.00+0.88j XP1 13.52+3.68¢ XP1 11.8242.50f
XP22 17.56+2.09h XP2 13.98+0.88d XP2 13.95+1.53¢
XP23 13.71%0.90i XP3 12.1442.22¢g XP3 7.08+1.37h
XP125 22.40+0.88e XP4 24.69+3.19b XP4 19.67+2.22¢
XP157 25.97%1.98b XP5 9.96+1.22i XP5 7.93+2.80g
XP160 23.98+1.20d XP6 23.29+3.57¢ XP6 6.03%0.60i
XPl61 20.43+1.90g XP7 12.21+1.18f XP7 24.37+1.55b
XP162 20.71+1.48F XP9 12.23+1.31f XP8 24.56+0.49a
XP163 24.23%1.37¢ XP10 26.51+2.26a XP16 15.10+0.55d
XP261 26.18+2.13a XP11 10.71+1.30h XP17 7.92+0.41¢g

Different lowercase letters in the same column indicate significant difference at 0.05 level (P<0.05). The same below.
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1 O ERFFIEHR

Figure 1

)
4

The characteristic performance of partial strains. A, B: Figures of antifungal properties; C, D:

Figures of dissolved organophosphorus properties; E, F: Figures of dissolved inorganic phosphorus properties.

2.2 EHRBIBFRIEE 14 8E
22.1 HEFEKREIIERR
XF 78 AR AR B TR PR 4 400 R S BEEA T I A R
B, R — B AR AN R it B 4 TR R AN [R] (1] 2),
W 2 (B 43 Bz, S i e A 400 BT R e
(94 7 R XP171, 3k 83.50%, Hivk ly XP177,
g 78.58%, Akl XP162, EHRALN 2.71%;
XoF A AL B 23R o 1 A B B RR I R XP248,
ik 74.33%, HRON XP174, N 73.2%, ®AEH
XP22, {¥ 4.61%. &4 XP150, XP155, XP159,
XP233 SFZARBEAXT 2 g I A 4 ] 2R 54 1Y

€K (FS) XP169 (ES) XP127 (ES)

2 EBOFEIUE R R A A HI R

FR, ML 40%LL |,
222 BBEKRAHE

X 87 MRIEA WL . 107 BRiA TCHLBE 7k 1Y
VBRI E R BL(ER 3), ZE Bk FIN A R4
FIVE A AL FICHLBE R RE S, A A HLBEEE )
M TTHLBERE I A —, A HLBE S B 2
8.86-297.90 pg/mL ZI], it )15 iy 2 bk
XP271, VEWEEIA 297.90 pg/mL, HIE LHL#E
oM 210.4 pg/mL, T JCHLIEVE i RE 7 f o 1 1
PR XP181, IS 1 182.66 pug/mL, /)
1) XP11, #WERAAH 17.18 pg/mL.

€K (FO) XP168 (FO)

XP222 (FO)

Figure 2 The antagonistic performance on pathogens of partial strains.

F2 HRERERBSBERERMNER

Table 2 The inhibition rate of partial antagonistic strains screened from pepper rhizosphere

Strain number Fusarium solani (FS)/%

Strain number F. oxysporum (FS)/%

XP150 46.37+0.003
XP155 58.51+0.002
XP159 42.35+0.003
XP166 60.00+0.007
XP171 83.50+0.002
XP177 78.58+0.003
XP233 61.23+0.006
XP244 68.74+0.003
XP308 64.15+0.021
XP162 2.71£1.51

XP125 72.82+0.013
XP138 62.59+0.007
XP150 46.50+0.017
XP155 56.744+0.001
XP159 51.74+0.024
XP174 73.20+0.001
XP233 64.79+0.001
XP248 74.33+£0.006
XP308 68.07+0.002
XP22 4.61+0.29
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R3 BRHRERS BRAEBEE

Table 3 The phosphate solubilization properties of partial strains screened from pepper rhizosphere

Strain number  Dissolved organic phosphorus pH (OP)

Dissolved inorganic phosphorus pH (IP)

(OP)/(ug/mL) (IP)/(ug/mL)

XP5 37.95+1.84 7.91+0.19 37.40+0.00 4.76+0.10
XP11 17.68+2.00 7.90+0.04 17.18+0.07 4.80+0.03
XP46 70.98+0.70 8.47+0.02 259.05+£3.99 5.51+£0.05
XP79 19.93+0.92 9.32+0.05 1038.31+£25.64 4.78+0.13
XP125 23.12+£3.06 7.26+0.06 488.21+0.33 3.62+0.15
XP181 200.30+2.31 7.76+0.04 1182.66+0.56 4.29+0.02
XP184 111.90+1.15 7.87+0.03 135.92+1.69 7.81+£0.02
XP194 200.86+4.42 7.76+0.17 215.88+3.14 7.72+0.02
XP215 268.06+2.07 7.63+£0.04 543.77+2.66 5.33+0.01
XP235 259.42+1.61 7.74+0.02 436.60+21.70 6.54+0.09
XP271 297.90+1.40 5.53+£0.16 210.44+1.97 4.66+0.02
XP303 40.58+2.53 9.06+0.09 59.53+0.86 4.37+0.05
XP157 8.86+1.30 8.24+0.01 592.26+4.26 3.82+0.10
CK 0.00 7.00 0.00 6.80

223 EBEREMHIEREZ

X 128 o 1 80 B 114 ] 4 ot U0 ke B 4),
% XP167 [A ik 1.033 g/L 4b, H4 127
ok 1 0 [ 2 B O 1E 0.039-0.183 g/L 28], %
4 AU R 4 1 260 TR AR 1 [ R
224 MRIEEKAIRIEE

XiF 123 RSB B 00 fR A DU R (3R S),
HofA B 30.90 me/L, 5 &M 595.00 mg/L,
BRI EAE 60-110 mg/L Z[H], KF
110 mg/L FFEREK N 10% A4, £SHIHT
i B i M SR AV AR 0 A PR TS 4 T PR T A
B
F4 BHREBIBEIREMBBERE

2.3 MREMKRBEEERR

mE 3 Fon, S EEEH 58 A RE
Wi, UGB A TR AR B S PUE N . BRE R R
R A AR BT . Wil . [ 200 i R n 55
6 it7n, Bk TB 4h, HAMA A R 4B oh
AE, MMERTE 80%LA I, 414 TD HyAByLhfe
e, WERIK 92.2%. 44A TA. TC. TE KJ
A HIBSRCR AT, 978 300 png/mL DL B, &
TB.TC.TF ¥ JCHLBRCR W4T, 7€ 1 500 pg/mL
PLE. [EARESR TB Hash, HAbZH SRyl
R RAF; fRHEES TA. TB. TF A4
HTE 600 mg/L VA b, EHAMAEH 10 5. XF

Table 4 The nitrogen-fixing quantity of partial nitrogen-fixing strains screened from pepper rhizosphere

Strain number

Nitrogen-fixing quantity/(g/L)

Strain number

Nitrogen-fixing quantity/(g/L)

CK
XP14
XP15
XP44
XP52
XP60
XP68
XP4

0

0.183+0.003
0.048+0.001
0.115+0.007
0.093+0.005
0.054+0.003
0.056+0.004
0.039+0.002

XP81

XP156
XP167
XP215
XP232
XP244
XP303
XP20

0.059+0.005
0.067+0.005
1.033+0.072
0.116+0.009
0.073+0.006
0.084+0.009
0.050+0.004
0.085+0.004
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Table 5 The potassium-releasing quantity of partial potassium-releasing strains screened from pepper rhizosphere

Strain number Potassium-releasing quantity/(mg/L) Strain number Potassium-releasing quantity/(mg/L)
CK 0 XP214 307.33+£3.05

XP2 80.50+0.53 XP225 91.00+3.55

XP15 90.00+0.30 XP236 595.00+8.59

XP16 68.83+0.55 XP240 544.00+43.55

XP46 73.57+0.98 XP271 91.10£2.95

XP53 30.90+2.25 XP157 366.47+1.74

XP79 77.00+0.46 XP303 486.10+2.00

XP44 63.70+0.28 XP166 106.4+0.69

A ERZ BRI INR
Figure 3 The antagonistic effects between partial strains. A: XP79 and XP79; B: XP79 and XP125; C:
XP79 and XP271; D: XP79 and XP167; E: XP79 and XP171.

&3

o6 FRHEUREM RESHI RS
Table 6 The functional features of excellent combinations that made of bacteria screened from pepper
rhizosphere

o Disso%ved PiSSOlV.ed . . Potassium- Topsis (CT)
Excellent combination Inhibition  organic inorganic N1trogen—f1x1ng releasing Without
rate/% phosphorus  phosphorus quantity/(g/L) . All
(OP)/(ug/mL) (IP)/(ug/mL) quantity/(mg/L) Potassium
TA (XP125+XP167+XP236+XP271) 80.27+0.004 301.25£3.46 593.28+6.54  1.146+£0.007  607.21+1.90 0.66 0.57
TB (XP79+XP181+XP236+XP248)  35.52+0.006 243.76+2.71 1543.01£3.73 0.581+£0.005  611.57+5.38 0.62 0.51
TC (XP79+XP125+XP167+XP271)  82.37+0.003 340.2844.08 1566.26+1.47 1.182+0.002  59.95+1.59 0.54 091
TD (XP125+XP167+XP171+XP248) 92.20+0.002 76.54+2.57  501.43+2.52  1.160+£0.003  34.00+0.60 0.31 040
TE (XP125+XP167+XP248+XP271) 84.36+0.004 306.13£2.57 597.36+1.69  1.093+£0.003  41.10+3.42 042 0.57
TF (XP79+XP167+XP171+XP181+  88.58+0.003 238.90+2.55 1569.93£3.95 1.297+0.005  649.27+2.74 0.84 0.79

XP236)

AL B4 BT Topsis Z5G 1A , #7248 115 (CI)
MKEN/NEF A TF>TA>TB>TC>TE>TD; % J&
FIH A £ 28 b iU S R, Rl
8T BR RS RE I APV EE G a0, IR B/ IMEKIK
J TC>TF>TA/TE>TB>TD., Hrp, GiitaE#ik
TG LA R TR, AT DUE R il 7E 1 550 1)
A VERL T

24 HEHREE

X R2H A 14 TR ZEAT 16S IDNA %58,
W R G R T A B(E 4), XP125 SR 2F
MLFF B (Bacillus  tequilensis)FE=F EMBS 083
(KC171015. )i L HE# R 0, 1 000 KREXE H
JEIZHFA 99; XP236 ST EE 2 HIAT I8 (Bacillus
halotolerans)FE:F' DSM 8802 (NR115063.1)K
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BAZIEE N 0, F SRR 99; XP271 Hl XP181
5 kb ¥ ZE M FF B (Bacillus  subtilis) #55 =X Fp
CCTCC M207209 (MT373810.1)f 34 FE 25N
0, AEZFAR 95; XP79 5 E KZF MA@
(Bacillus megaterium, MG719554. 1) 1510 &
N0, HIEZFEE 99; XP171 SEARZEMIFTH
(Bacillus circulans) #& 3, A NBRC 13626
(NR112632. )AL FE I 0, A SRR 99;
XP248 Y5 I% K £F 4k % & (Cellulosimicrobium
funkei, MT487604. )W istfZ/E B 0, [ JRLHE
K 100; XP167 5 7= 85 5% 9 il i (Pseudomonas
synxantha) A Fl NBRC 3913 (NR113583.1)

100

88

MR AR /NF 0.01, ARIRFRA 100,
I, XP125 % & b FF AL HLZF A R (B
tequilensis), GenBank % 5%*5 8 OK560297;

XP236 %5 Mt £k ZE MUFF R (B. halotolerans),

BE5oN OK560298; XP271 fil XP181 K5 N
Hi 25 2F M FF B (B subtilis), RS0 H
OK560301 1 OK560303; XP79 % NE K2
MIAT 1 (B. megaterium), &5 5 OK560300;

XP171 %78 R IR ZF AT I (B. circulans) , % 5%
5o OK 560299 ; XP248 %1 h 25 B 4T 4E I (C.
funkei), &5 H 0K560302; XP167 %5E N~
HAR BT (P. synxantha) , & 555} OK560296,

Bacillus tequilensis EMBS 083" (KC171015.1)
XP125 (OK560297)

Bacillus halotolerans DSM 8802" (NR115063.1)
XP236 (OK560298)

Bacillus subtilis CCTCC M207209" (MT373810.1)
I XP271 (OK560301)

XP181 (OK560303)
Bacillus megaterium (MG719554.1)

i‘

XP79 (OK560300)

Bacillus circulans NBRC 13626" (NR112632.1)
99 ' XP171 (OK560299)
Cellulosimicrobium funkei (MT487604.1)

l
100! XP248 (OK560302)

100 [ Pseudomonas synxantha NBRC 39137 (NR113583.1)

L XP167 (0K560296)

0.300 0250 0.200 0.150  0.100

4 ETF 16S rDNA MIE R F 4 B

0.050

0.000

Figure 4 The phylogenetic tree was constructed upon 16S rDNA sequences of the strains using the UPGAM
method. The serial numbers starting with capital letters in the brackets are the entry number of the strains in
GenBank. Superscript “T” indicates the strain is a model strain. The capital letters and numbers before “T”
indicate the abbreviation and number of the species reserve center where the type strain resides. We showed
the average bootstrap support values of the estimated gene trees for the simulated datasets. The bootstrap
value of every branch was calculated with 1 000 replications. The scale is the genetic distance of every strain.
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2.5 EEEFIHIBAR IR E ML

DLEAERON RIFLL A TF KRS RS
LA TC MHMERE ), FHES
2 PEESR TFL ) TCI, e HiBh e AR RIOR , 45
%ﬂlﬂ::
2.5.1 FERMEKEmEEEY

2 7 "l 4, T TFI F TCI # HoA B4
F e A B R, TR TCT B4 A R R mE A
A EEXT R (CK)MT &, PR i 10 em, HZE
5 5 2 (P<0.05) . HLAR 73 B BCE- 3 v R 2
2 A4y, M bAoA R AR Y B i B
(P<0.05), XTARJEE B AR 86.43% . TFI AbFH
I BRABURE =1 I8 B3, MR EERN 40 TCI, {HAH
F CK &, M i 3 (P<0.05), Fiai#k TCI
AL, 15 88.52%:
252 MITIERYFSEIFM

Hi2¢ 8 A0, TEF TFI Al TCI {35 fiai fit
R AR B A Y o G N (P<0.05),
TFI AY3E IR, B A& f ik 73.93 mg/kg, 14
T 22.04 mg/kg; HAABEEHN T 13.53 mg/ke;
HRCAEIN T 3.9 mg/kg., H IR & 2 (P<0.05),

UL 2 PP A R A 4 i - R K Y
RETI .
253 MHIEMEMHRMENEME RN

B AbFE TFT A0 TCI 435 A Ak Sl &
WA, DR . R E . mRC mER T AN A  AE
WYy Y B 1 R RN (P<0.05), 1H 2 AN 7
Ab BB G 1 22 R, TFL AR B fA= A=
Pyt P P T R AR, HE IR 38.74% (£ 9),
U B G700 A o P ol - B h AR R IR AR B R,
NE 1K 427t
254 FEHEHRETIEEREPFERERFEE
B R R 20

TR 700 A R - 0 DR e ] 2056 DX A T 4
T MR S 2 N (P<0.05), LA TFT AbFEE4 i
JERIRGER 10), BAGERIEIETE 75%0) 1, 4F
SME A A R S i TR AR B 4.36%10° CFU/g,
TCI A ¥ & 35 3.86x10* CFU/g, MIETE 35%
DL b o WRACHE A AR AR B i TR AR BRI X fE
CK 4 2 f5, TCIALFEIBEIT 0.28x10* CFU/g,
H I 2.2 (P<0.05), Ui B 2 Tl 1 57 7 BRABUR FEl
TR RO T RIS

RT ERHIAR BB 5 X ER A A R 20 K AR TR i R B AL

Table 7 The inoculants’ effects on pepper growth performance and root rot controlling after being used in

pepper rhizosphere

Treatment Plant height/cm Iljrlall?llcblfersopfer plant az::s_sgfgound Er(l)cj:;-ﬁ/r;und Biocontrol effect/%
CK 22.80+2.30c¢ 2.30+0.35¢ 32.98+0.35¢ 9.30+0.37¢ -

TF1 27.73+1.72b 3.85+0.48b 46.55+1.69b 14.28+0.87b 88.52

TCl 31.93+1.58a 4.3540.37a 49.80+3.66a 16.48+1.21a 86.43

RS ERHIARE E X LIRS 4 AR

Table 8 The inoculants’ effects on available nutrients in pepper rhizosphere soil

Treatment Alkaline nitrogen/(mg/kg) Available potassium/(mg/kg) Available phosphorus/(mg/kg)
CK 51.89+0.06¢ 192.82+0.63¢ 29.0120.40c
TFI 73.93+1.58a 196.72+0.46a 42.54+0.16a
TCI 68.95+0.66b 193.85+2.09b 38.64+0.69b
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RO EREUREETX T IREEERMEDED SR
Table 9 The inoculants’ effects on enzyme activity and microbial biomass carbon in pepper rhizosphere soil
Treatment Catalase/(mL/g) Urease/(mg/g) Sucrase/(mg/g) Alkaline phosphatase/(mg/g) Microbial biomass carbon/(mg/kg)

CK 1.51£0.03a 7.16+£0.02b  5.44+0.02c 1.55+0.01b 316.77+4.31¢c
TFI 1.16+0.02b 8.2340.04a  7.45+0.01a 1.71+0.01a 439.50+12.18a
TCI 1.16+0.02b 8.21+0.02a  7.22+0.04b 1.69+0.02a 373.11+6.98b
R 10 EHRHRE E I 115 E R E E R E R R
Table 10 The inoculants’ effects on nitrogen-fixing genes and microorganisms in pepper rhizosphere soil
. . Aerobic autogenous nitrogen-fixing Aerophobic autogenous
30
Treatment nifH/(x10"% total bacteria 165 rDNA) stain/(XIO4 CFU/g) nitrogen-fixing strain/(XIO4 CFU/g)
CK 1.084+0.01¢c 2.85+0.04¢ 0.67+0.03¢
TFI 1.99+0.10a 4.36+0.04a 1.27+0.03a
TCI 1.89+0.04b 3.86+0.02b 0.95+0.03b

3 Gt

TR A B v A ) 2B A R T IV R ) TR R
VR EEAE A, AR A 9 N S5 A YA
VE AR SE R A ) 3 2RO ) AR R 6L ke A=
YIRBARE R A K, Marise, H
REA R AR A 20 AL A ) (P B AR 9 i ik
TR BE T AR DOBORUR [ - 49 P A5 2 A2 B . %
B[S A SRR, O e AR
RRIE R B AE AR TR RR 323 Bk, o, ABirE
Xof BRBSUAR JE3 9 5 A i Jee = I R 200 83.5%, 5
B g o S B T e A B SRR B RO Y, BT
Fi 7 ey S U O P O ks ) S RUAL T s 5 B 4 1 1
B, X PTRES BRI IR BRI R A . fefl
AP . TRICHLEE | [0 S B B R Y T B
e R TR AR AR TR A 10 A5 [
AINEE A, EAEER XP167 HA
S 1) [ &L RE 0 40, G TR R 1Y LR D0 B AE
0.183 g/L ZF, WML, ZHHKRAIEARE
TEE PR E N, FHER, ATgEAA
WFFE PR AL 0 HRE S 2 | ik TAE K H
WA O, DL Be A9 3 T 5% M A e A vk
AN, AWEIE B, XA B I R
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