AEY Al

Acta Microbiologica Snica

2021, 61(10): 3276-3290
http://journal s.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210033

Research Article IREE TS

0B w S PR BY RE 9] 7 1t A B im (R £ VL&l i 5=
thiw Y, T, TR By, Bbe "
YT ORSE IR S S IR AR, Wi BUJN 310000

ZepE Ol K IR S RS 2# B, st 100193
3 ef [ Ol KA MU FIFSE BE (IR ), YE95 J5RJH 215000

WE: [ B ] DA 7Y i AR B - 48 o 07 8 5 A0 1 R RS U AR 2R v, B WD LB s A2 R LT . [ O
2 ] DA 4 T K [T (Ralstonia solanacearum) 8805 I 14, SR HEARIN G EE: , fhiktbbim; @
1 BOX-PCRI SU I 15 45 5 IRk Z FEVE , LISF-AGE W BEVE PR ™ BIE M, JREF XM aE Ty o . 7= il
TR 2 AP RIT  16S rRNAJE N RGE K F 400 R = i PPN 550 B 1 B e AR B g, JFAEI
FEAith b 3k 52 SO A8 Bt PCRAFE ST Az B 240 B0 3 81 7 o i B i A AR Bl o [ 4628 ] AR AR PR 138
Gy BARAF2ORR AN T, L 15Kk 5 A B AT S PU O RE, U — 2B il BOX-PCRIE S . il 7 43 #1 3k
1R AR A W E DA i s Al . R F A K W ThRETE (B2, B5. B20. B23), il 16SIRNARL L H 7
BT % 5 B2FE B 16 - i VE B 2 #14T 14 (Bacillus amyloliquefaciens), BS5#1B20%5 Hi i 4 A B ZF #1414
(Bacillus subtilis), B23f541 i A Ul ST 25 #9474 (Bacillus velezensis); 1R =5 %, B2, B5, B20,
B23%5 40 B B RIUR 20 ) M 35.59% . 8.47%. 32.20%. 96.61%, Fi- H. X RE W& 1 in 3 il A= 4 B Ak
FRPRAR, nh BEPGEEE . BMERER R HUFERRRELSE . B2, B5. B23Hh L A A HE T i Ak e A
W, B2, B20, B23HHi A W& =Ml ; MB350 i W& W R 2 00 S semb oot e Bt &
B, B2. B20. B354 pitk ol fE EHTAH T ESE I PR1o, POD1fY ik, B2, B5. B23H5 i i
HEME 2R (| AA)Y 5 5 30 % 0 285 OB R ctd 1 3R 355, B2, B5. B20. B23#EHi W FE(K M (ETH)
15 538 5 N 28 S L I ERF21W R ik it o [ 2518 ] ACHIFGY 43 85 i 18 AR A5 ARk X 7 70 75 Rl HL A i 2 7 IR
ROR DA B AR 5 il AR A PGPRIF A&, AT Ay 2 [n] 7 126 A 420 02 £ B 17 48 A 3B AR 00

RERR: Fan, HAEKKE, IR, B, feAEk

EEWB: FEZKE LMD & R1T(2016Y FD0800605)

LR 1R

"BIS1EE. Te/Fax: +86-571-88982335; E-mail: gmtian@zju.edu.cn
UrkS B HE: 2021-01-15; &R HHE: 2021-04-22; M4 AR HEE: 2021-08-05



WIS | kY, 2021, 61(10)

3277

00 M 2 R A 7R K IR T (Ralstonia
solanacearum)5 | &2 9 3, B Zi HAr gL )
TR 0 A =z —M, P, HHR51
2 BRI R s 30 J7/hm?, R E A . B
WS Wdb. WM. =/, S LR AR
AR R AT, R R AR K EICED i
WERREEERE RS, FEMEZHE, 2
AT L B R S b X ]
Ly R A E R RS R A B, H T
T AT AL 0 B 4 SR A - PO AR sl A
fdk, 4N FL7514 F1 BHNA66 i 56 {H i@ 4
LI s RN AR T, I AL BOR B Rl B A
e, FEMIC, WORIHFERT AL SAS s Kbk 24
WO, AR R T Y g o, BRI
SRAEYIBURRE ST, (HR 2R 2% ), 3R R Al
T AR B e 0 B4 LB AS J2E 2061%) 5 0 VR 0 TR
HINLH, BAR B B A SR B o ik . AT
PIREE . ARG Rk . BTk . XA #RE
YIRE A TCEE FAE I SE 0 A, (R R 2 Y I
PR A TR A s B B, A 2R R
B, ORBEIE R AL A N AN, H A R R
— I Wy AL 2 5 v BB A 5 4R 0k A ) 2 b
Rt

O T H AR AR Y BTG B H0E 2 2 A R
%, F A P AL M Br R 4 A (plant growth
promoting rhizobacteria, PGPR)/E N5 Pl LY
FC A 55 B T A 42 e L op 25 A0 T 5 (Bacillus
spp.) A A TR, K. BESRETH, &Y
B et w A B Ia . e a4
77 24 FELAT 1R 0 95 J /N 25 A AT 181 (B. pumilus) | R
2 AT 1 (B. megaterium) . f# IE By 4 AT B

(B. amyloliquefaciens) . B4R ZE 14T B4 (B. cereus)
i BOZE A FF B (B, subtilis) . £ K ZF AT
(B. polymyxa)Z5™ | [# 4L E. 45 B. amyloliquefaciens
FZB42 #1 B. subtilis GB03. MB1600, QST713,
A-13, RN14, NB22 %5 [ HR A A iy bl AL 2R 7 V5 AT
SR, [ AR D B R AR A 7 i A A 7 0 T
1 B. subtilis BO16 Fll B3 &5 k!, S SMFIZE
WEFEAH AT R 250 o R 2 1) 75 AR 45 47c
A AR IR B R L

R PR A Az R (PGPR) i AH #9100 Al A= K g
HA PR, HPUm L a0 Wi wE Y
B SR e P A S B SR S S YA,
HA YT PRLa FIHTE AR B A AL 4
it} (POD) ) K35 5 H W5 5 15 iR A2 1 A sh At
Tt A L (R A ML RS i A K R (IAA)H
BRI AR, R g MR R A o i
Pl s, IR RS S NJE L NH,', L
K4 S N IR A K E (AA)SCH BRI ETH
PG YN (171781 1< L7 2 o8 N = N1 B =14 o
PR B TR 5 Tz, AR X BT AR A B
R RIEAN G AT o R Ll 3 — 25 A 2B )
Ve BAE DB 0 A= AR DG R iy 23k, %o WA ff i
T AR PR AR P TR R B D RE SR 4 B

A B 5T HU LA 3 5 A Y K IR T (Ralstonia
solanacearum) A ¥ I, AT AR [l 3 4y
BRI RS BUAN B, W0 B PTG T b DA 1 0 T e
TSI EEE AR T, IFiE A T SR PP AL R BT
20 TR X A 1 907 A6 LA B N e e b L MR
WA YRR AL AR KRR Ty, JF HAER
JEHE— L UGUE, Rk Je B2 ) 0 e Al A 42 A B
o DA B AL — 2 Ao S o

http://journals.im.ac.cn/actamicrocn



3278

Xinyun Xu et a. | Acta Microbiologica Snica, 2021, 61(10)

1 AbRA %
11 Ak S

LTI/ B T 5 e ML s i LS
WA 1E 903; X975 5 A Ralstonia solanacearum
HN4, F R AR R AF AR R 37 27 B A= W B i
SRR I R A

BB R RE . LB B9 5L . YGPA B34t
SEARMER) Sy W2 7 IR s AR A DU B
FrHE(g/L): BEEEIT 5.0, BERFE 2.5, #4ME 1.0,
JLRE WA K} 100.0, B fig 18.0; 41 4k KB 32 3 (g/L) -
E Ak 10.0, BEEER 10.0, R H BLLF4E K44 10.0,
NaCl 5.0, KH,PO, 1.0, Bl 20.0, pH 7.0; &k
BRI B FR B (g/L): HE IR 5.0, A4-PIRE 3.0,
AEPETER 10.0, Bilg 18.0.

AP ZH DNA $2 B0 & L Y RNA 42
Bl &, RIWT HIGFE A RN ARG RA
) ; 5[4 PR1a (GeneID: X71592.1) . POD1 (Gene
ID: KT834988). ctdl (Gene|D: 543750), ERF2
(Gene ID; 543866) . SActin (Gene ID: EU884309)
FE 30 51 40 A= T AR TR (R ) B AT PR
B
1.2 FEARE R B4l

S T T An PR AR — ELRRE7E 2000 £ 7
Tk, LRI IR KRB EIG I, Fhs
Wi A B ARG TN, AR R ETMFAE
it 2 s SR Bl v it R A AR AR s 1338, B A TG
aAS, TEEH 4°CIHRAF. FREL1g H3EAM
FEA 10 mL TER/K B =M, = 180 r/imin
YIS 3 min i, W = MIRE T 75 °CEIEK
7 15 min, K SRR SR 2B BE R BRI AT e 1
7 30 °C i R 9% 24 h, PREUAN B V5 T8 S AN ]

actamicro@im.ac.cn

(AR VE B TR 2R alifb . AN o . Alifb 37
LB #5555 LT,
1.3 FEHULHTE B B i ik

%7 Xue SV kb A T 0 M R G
PLANFE R0 , 5 7 B A5 2 B AN TR AE LB A% 57 5k
H1 30 °C. 220 r/min R RS, SAFHEBE IR (A
Sl 10° CFU/mL). ¥ #Hi# R. solanacearum
HN4 7£ Y GPA W {A 555 5 30 °C. 220 r/min it
WG FE , A% A T 7 M (ODgoo=0.5) . #% 1.0 mL
FHHE HN4 HB 5 20 mL YGPA [l fAs: 37 3k
(4550 °C)lR %y, AT HEIAER N 8cm iy
BRI, S R B AR, IR A,
W IR 5.0 pl S350 TR 0 1 5 D o Bl b
DATCTEARKAE AR, 28 ST 48 10 min, R R 57
£ 30 °C H5 7740 48 h, iCsRMERE R, Tl
WFRER 3 K. AT AR MR R
T P 2 A2 = (3 BH B 1 DX A AR oA b A0 B
W EAR)12,
1.4 BOX-PCR #84r &g ¥ X R K 4t

K FH 240 BT DR 2 4 BBt ) & 4 B TR 4
DNA. DX DNA mEitk, BOXAIR (5-CTACGGC
AAGGCGACGCTGACG-3")ili FH5 ¥ e i1 1 .
PRIk R R (25 pL): rTaq B Mix 12.5 pL,
BOXAIR (10 umol/L) 1 pL, #itlz DNA 1 uL,
ddH,O 10.5 uL. BOX-BOX-PCR ¥ #FL % N .
94 °C 7 min; 94 °C | min, 53 °C | min, 65 °C
8 min, 35 -E¥; 65°C 16 min, 4°C 4k, 3K
73 PCR *#) T—20 °C f#1f . Bl BOX-PCR " 1§
5 UL, 1% SRR BEEERE 60 V HLVK 4 h,
F|F Quantity One (version 4.6.2)453 B 8k {4 X}
VKBS AT 00, SR AR AL 2 (UPGMA) 5
M IF AL s AL o T AR I, ORI R T



WIS | kY, 2021, 61(10)

3279

HT 0.8 F WA —WAL, /NT 0.8 F NAIH 5
K] 7yt
1.5 16SrRNA ZH £33 & f4rHr

MR 2 A P g, R PCR 440
B 16S rRNA L[ 741, 1Em 514 27F:
5-AGAGTTTGATCATGGCTCAG-3', [ [ 5|4
1492R: 5-TACGGTTACCTTGTTACGACTT-3,
PCR JZ 1Ak F K4 1l % 1 5 2% (A B 25 P2
2, B 16SrRNA ¥ 1%1) B s HE e 120 V
HL Pk 30 min Kol 5 6 A AR T A TRE (i) e A
A BRA w AT BRI o K PFELFRY 16S rRNA
FEDR 45 A NCBI BLAST 5 E MH T
GWHAT AR FEXT , A 4R IF T oM A s A TR
Pk 16S rRNA J¥41, izl MEGA 6.0 % ff
ClustalW i1 fiE , 5% F Neighbor-Joining 7% Bootstrap
1000 K, HEERG KR B
1.6 FEPLEFNEEIE N E

e BCEL A 5 B O B8 FLAS [) 356 DR 780 7 40 1 sk
Fr RS E 76 LB W M4 3s #5 K vh 30 °C.220 r/min
1B 55 (ODeo=0.8), 5% F %1% ik b A1 2%
FIBETE . LPAER BT . TR ARG M E , 30 °C
Fi 3% 24 h J5 A& DI A TG . X HA P g
77l RE 0 M T R R B Venny 2.1 7E £k B4
(https://bioinfogp.cnb.csic.es/tools/venny) il 1F 55
R, ik 2 D Re AR T 2l
1.7 FHhghERER A R

1.7.1 BT i R BB B T B A A VR o 4
BURAEF =70 °C AR KA 0 Th RE I bk X T
Mg & HN4 23 51265555 F LB J¢ YGPA V-4l
B3Ik B 7E 30 °C FHEE 24 h JFEHTAH N
5mL 4 RS, 30°C. 220 r/imin ¥53% 24 h

HBCRNFR . LA 190 32 4 P A AH L 1 57
Hiy 8, 30 °C. 220 r/min ¥ % 24 h J5 i3 Ml
FHRH B 5 5 WA T RS, K T BE AR MR A &2
5x10° CFU/mL, HN4 ¥ & % 5x10" CFU/mL,
.
1.7.2  THRERHRXT &AL E AR IR E B IR  :
FAFh S TE A W A AR K R U, R
KIS T g i AT, R Ab B
24 BRYNHIIT A 3N ER, BAEL 8 k4,
43 IR T 2 AR 24 350 em® 1Y — U SRHRR (it
AR A =3 L), B KR R
PRIV 20 mL/AR, JE 450 A T HNA TV 20 mL/FR,
it B De il S R FUE K, Kb B M & T
TR 32 °C AR B4 90% J6JE 1o 16 hY
8h R =P E, A FE B LS. 5
TR A B g M LA ROR BRI R 1B L, 21 d
GG R A AR, U b P B AR R
15 FRFE AT IR GE T . 2 08 Wang 229 Jr ik
Gt A AN O, e E RE 430 K (1-2)
AR 003wl B =X (1-2) 1153
AT 7 L (%) =
(59 PR B < B AR L)
R A SR E < T R B e 15 i A
Bl OR (%) =
Sk HE G o 71 B — A ER G
oot HE g o 7 o
1.7.3 ZHEEEMRX B AL E R A KKK : TRER
WAL TR L kS 7% 1.7.2, X B4 DL SRR
TCVEKAL B, K b BRI T A2 S TR N
28 °C. AHXHESE Ky 50%. SEJEWI K 16 /8 h iR
=T, BRWEHAKEN, 28d5, &%
RIRPI ot s EFREE | R . ZEHL. B
MR R SR T AT, [RET AR R G (Epson

x100 (A1)

x100 (A= 2)

http://journals.im.ac.cn/actamicrocn



3280

Xinyun Xu et a. | Acta Microbiologica Snica, 2021, 61(10)

Perfection V800 Photo)Xf i & k1714, FIH
LA-S R4 (J7 )M W) B 5 50 Bt 7 Ge xR & B4
AT, GoitHL T ARG . AR . R
O3 SR, A A PR S I 3K
1.8 SLEHFOEER PCR S B Hum b TR
FAERAREE I FRE

TE I % W7 36 2 A3t 7 A I B A K e
55 15 K AL RNA $EIGR £ 43 7 S BOu IR 4 1.
A FRLAFEAT B RNA, [ 5 cDNA, L)
i L CDNA MR T2 3 i PCR i,
TE9¢6E f PCRAYX CEX 96 |43 B il 5 3 F (9 B2
MXE M PRLe JEH | HU A SCEE L A ALY
POD JL[A . 15 2 TR (|AA) 5 538 R I 24 o il ik
ctdl, 2 (ETH)E 5 i fif 1] 2 S S 5L H (ERF2)
(i ek 1 B UL LR A W N AR SE R A Y
SActin /A% BEET SR AACT J5 PR 36
Bllmabre, HAEMEL 31K,

2 BRFPAT

2.1 ZHETEHITEH & BOX-PCR 447

SR R T8 U A 1 AR 4l T 25 AN () DA 78 3k A
g LB 29 BRANT , LA Al 2K R HN4
RSB, AR R, e 15 Bk
HA Y A5 RE A bk, 43510 B1, B2,
B5. B6. B7. B10. B12, B15, B17. B18, B20,
B23. B24. B25, B27 =74, 1B ERYLE
0.5mm UL F (& 1-A 1 B)., % 140 B L 5 20 $2 B
IR E A BIEE B B AT B 29 RRANTA Y L K 21
DNA, X BOXAIR Jy 5| ¥)i#t17 BOX-PCR #/"1 LA
BT RTE e AR K B 25 5, PG E5 R L
Kl 1-C. F|F Quantity One (version 4.6.2)43H71 %k

actamicro@im.ac.cn

R AR IR AL (UPGMA) s %5 41 7 £ BOX-PCR 8
SRR IS (B 1-D), £ 80%FAYHH{LI &
BN, 29 tRABE AT ) 7y 24 A, P 1149
T 3 RRWIRE, 411, 7. 13Uy 2 MRk, H
b v R4 1L bREA bR, HA RS HUIIRE M bk £
SAMEZ] 1. 10, 11, 13, 14, 15, 16, 17.
20.21. 22 ARYEFEHT B PRI ER B 242 K F 0.5 mm
I HwtkE T AR 4, #%#% B15. B18. B17.
B6. B25, B24, B23, B20. B2, B5. Bl Witk
VR Ry i 356 T E B R
2.2 fREETIREH BRI BERE 1 TFAL

X EIRAF Y 11 BRANTE R4 T2 (A . SR
il S 21 4 3R W 05 DU, DA ARAS R W AE N I
YA L B bR . 25K B1S S A A
AR 3 FIEFIEE ), [WEF B1, B17 il B24 5
ARG A TERERE S, i B8 SR RN
fittfie 71 55, B6 5 ) VE M RE J1 Aok, B23 5
R 2T 4t R R ) feom (K] 2-A-C). 4546 11tk
HIME B KT 1.5 mm ZIL EEF2E, R
Venny 2.1 7EL A HIAVE T UKL, 4551 B8 T bk g
5 B2, B5. B20, B23 A 40 #1477 A4 % 3 Ak,
It BN B HAA KT 1.5 mm (K 2-D), FHHA
55 % Rl S TG 2 A 1 e ke 40 1 P R X
NG AL I 5 55 A T B U X 35 A 55 1 B TR B D
23 16SrRNA FIIMAG KB XRER

XiF O e AR A A 11 Rk A0 4R B3 R4
DNA, 3K 75 19 16S rRNA J7 51 %22 £ NCBI
BB E s o, b 4T BLAST #2407, M4
Fo A ALV Bf 2 AR TR AR . X 11 AN A5 AR
A Neighbor-Joining 7%: Bootstrap 1000 X, 4%
YR EW (Kl 2-E).



WIS | kY, 2021, 61(10)

3281

Inhibition zone radius/mm
o —_— (3] [¥8]
Bl —=~
=5
[ —
e
[—————
k| e——
35—+
] —

AT 00O eyt O MG SO T ot oy
[ss]aafaslaslaslas]asfasfaslaslasTasTaseaananas aa as]as)
0.28 0.60 0.80 1.00
: Bl2e
43 [ Bime
- 24 BI6
= 3t BI3
4 B8
54 B28
i
7-3—{:3”
‘ & B21
‘ 9 B3
| o Blse®
(4 B27@
H Blle
‘ 1 Bl7e®
124 B9
o BG ®®
l 4 B2se®
15§ Blie®
— loi B2ie®
17 B20® ®
' 18 B4
1 B22
B2 e=
| 21 e
L 22 E? oo
2%; B29
: B26

Bl 29#%9BMEERMNSHE HNA BIVIIFLE R (A-B), BOX-PCR EXELE 4 #7(C) K% UPGMA BE 45 #(D)

Figure 1.

Antagonistic ability of 29 isolated bacteria against Ralstonia solanacearum HN4 (A), the inhibition

zone radius in YGPA medium (B), BOX-PCR fingerprint analysis (C), and UPGMA cluster analysis (D). The
vertical line on the scale 0.8 indicates that the strains with a similarity of less than 80% belong to different genera.
Black dots indicate that the strain has antagonistic function and red dots indicate that the strains have

antagonistic functions and belong to different groups.
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B17 Bacillus amyloliquefaciens (NR_116022.1)
B18 Bacillus subtilis (NR_112629.1)
——B25 Bacillus tequilensis (NR_104919.1)
ﬂBB Bacillus velezensis (NR_075005.2) *

~‘_EB6 Bacillus subtilis (NR_027552.1)

B2 Bacillus amyloliquefaciens (NR_117946.1) *
BS Bacillus subtilis (NR_102783.2) X
——B20 Bacillus subtilis (NR_102783.2) *
B24 Bacillus subtilis (NR_118383.1)
B15 Enterobacter asburiae (NR_024640.1)

“Inhibition zone radius B1 Serratia marcescens (NR_114043.1)

0.10

B2 HESAELEEA). EMEEB). FHEEEC)EMHLRFIEMELT(D), 16SrRNA EEFFINRFEAXEH

541 (E)

Figure 2. Analysis of the activity of protease (A), amylase (B) and cellulase (C) activity and enzyme types
produced by selected 11 bacteria (D). And Neighbor-Joining phylogenetic trees based on 16S rRNA gene

sequences of strains (E).
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B3 BEEXMHT B2, B5. B20. BB EMEMEMSHBEE LI
Figure 3. Biological control effect of strain B2, B5, B20 and B23 on tomato bacterial wilt in greenhouse.
Values with different letters within the same column differ significantly according to Duncan’s test (P<0.05).
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Figure 4. Plant growth-promoting effect of strain B2, B5, B20 and B23 on the aboveground part of tomato in
greenhouse (28 d). Asterisks in (F—I) indicate significance difference between data of treatments and data of
4 strains as determined by the Student’s t-test. (: P<0.05.
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Figure5. Effect of strain B2, B5, B20 and B23 on the root growth of tomato in greenhouse (28 d). Asterisksin
(F-I) indicate significance difference between data of treatments and data of 4 strains as determined by the

Student’s t-test. 00 P<0.05.
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Figure 6. Transcript expression analysis of defense-related genes PR1a (A), POD (B) and growth-related genes
ctdl (C), ERF2 (D) in bacteria-treated and control (CK) tomato. Data are presented as mean of three independent
biological replicates. Asterisks indicate statistically significant differences between different treatments. *:

P<0.05, Student’s t-test.
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|solation and identification of antagonistic bacteria against
tomato bacterial wilt and the mechanisms in disease prevention
and plant growth promotion
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Abstract: [Objective] Isolation plant growth promoting rhizobacteria (PGPR) from disease-resistant tomato
rhizosphere soil to control bacterial wilt caused by Ralstonia solanacearum and improve tomato growth, and explored
the mechanisms. [M ethods] PGPR bacteria with antibacteria activity was screened from tomato rhizosphere soil by
inhibition zone method using a moderately pathogenic Ralstonia solanacearum HN4 as target; The highly similar
strains were identified by BOX-PCR fingerprints, and the enzyme-producing activity of different genotype strains was
evaluated by the plate transparent circle method; The 16S rRNA phylogenetic analysis was applied to identify the
antagonistic strains with strong antibacterial ability and many kinds of enzyme production; The potential antagonistic
bacteria were assessed for plant disease prevention and growth promotion in greenhouse, and the plant disease
prevention and growth promotion related genes expression level were tested by real-time PCR. [Results] 29 strains
were isolated and purified from tomato rhizosphere soil, of which 15 strains had antagonistic function against
Ralstonia solanacearum. Moreover, four strains involved in controlling tomato bacterial wilt and promoting growth,
were verified by the analysis of BOX-PCR fingerprinting and enzyme activity. In the result of 16S rRNA
phylogenetic analysis, strain B2 was identified as Bacillus amyloliquefaciens. Strain B5 and B20 were identified as
Bacillus subtilis, respectively. Strain B23 was identified as Bacillus velezensis. In greenhouse experiment, strain B2,
B5, B20 and B23 inhibited Ralstonia solanacearum effectively, with the efficiency of 35.59%, 8.47%, 32.20% and
96.61%, respectively. Furthermore, all of them significantly increased the plant fresh weight, the total chlorophyll
content and the number of root tips. The strain B2, BS and B23 efficiently promoted plant height and root length of
tomato. The strain B2, B20 and B23 efficiently promoted stem thickness of tomato. And strain B23 efficiently
promoted the number of root forks. In the result of real-time PCR, strain B2, B20 and B23 upregulated the expression
of PR1a and POD1 gene. Strain B2, B5 and B23 upregul ated the expression of ctd1 gene. And strain B2, B5, B20 and
B23 downregulated the expression of ERF2 gene. [Conclusion] In this study, four biocontrol strains were isolated and
identified to control tomato bacterial wilt and promote tomato growth, and can provide a theoretical basis for the
targeted screening of plant growth-promoting and disease preventing bacteria.

Keywords: tomato, Ralstonia solanacearum, functional bacteria, disease prevention, plant-growth promotion
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