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Screening, fermentation condition optimization, and field
control effect evaluation of an antagonistic bacterium against
Ralstonia solanacearum

HUANG Huijing', GAO Xianghui', CHEN Shu', JIN Zhixiao', ZHU Lina®, LUO Kun"'
1 College of Plant Protection, Hunan Agricultural University, Changsha 410128, Hunan, China

2 Jinhua Wucheng District Economic and Special Products Station, Jinhua 321000, Zhejiang, China

Abstract: [Background] Tomato bacterial wilt is a soil-borne bacterial disease caused by Ralstonia
solanacearum, which severely restricts the production of tomato. [Objective] To screen out an
antagonistic bacteriumand apply it to biocontrol of tomato bacterial wilt. [Methods] We used the
inhibition zone method and agar diffusion method to screen the bacterial strains with strong antagonistic
effect against R. solanacearum from the rhizosphere soil of healthy tomato plants in a field with
bacterial wilt in Hengyang, Hunan. The strain was identified by the observation of morphological
characteristics, physiological and biochemical tests, and sequence analysis of 16S rRNA gene and gyr4
gene. The fermentation conditions were optimized by single factor test and orthogonal test. The control
effect was investigated by field experiment. [Results] Strain TR-1 with a significant antagonistic effect
against R. solanacearum was screened out and preliminarily identified as Bacillus velezensis. The
optimized medium for TR-1 was composed of 20.0 g/L soluble starch, 10.0 g/L soybean peptone, and
5.0 g/L K,HPO,4. The optimum fermentation conditions: pH 6.0—7.0, 30—33 °C, 160 r/min, and 48 h. The
inhibition zone of the sterile fermentation supernatant of TR-1 cultured under the optimized conditions
against R. solanacearum showed a diameter of 2.95 cm, which was about twice the size before. TR-1
showed the control effect of 60.30% in the field experiment. [Conclusion] The optimization of
fermentation conditions greatly improves the inhibition effect of TR-1 fermentation broth. The strain has
a good control effect on tomato bacterial wilt in the field experiment and demonstrates the potential to

be applied in the biocontrol of this disease.

Keywords: Bacillus velezensis; tomato bacterial wilt; antagonistic bacteria; optimization of fermentation
conditions; biocontrol
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WU E B AR, R A A AL SE 5 AT
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B - BG4S — kX T Al 55 R [Q A A W A5 B
MMM TR-1, SETERFES . A lA 10
I . 16S rRNA N5 gyrd £:HFES) 40t €
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PEIEAT AL, IR F )N X S B0 B0 0,
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1 #RE5xF*

1.1 s
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TR 957 R G B RS04 T Wk e U8 T 19 55 A<
b R 2 el 52 5 A k0 7 AR B -, AE
2,3,5- = 4 B A 1k 1O A& M (2,3,5-triphenyl-2H-
tetrazolium chloride, TTC)-# 4> & ik, LA
HE R FYES Y pehA#3/6 (5'-CAGCAGA

ACCCGCGCCTGATCCAG-3'/5'-ATCGGACTTG
ATGCGCAGGCCGTT-3")if7 PCR ¥4, PCR

SR 2 (25 pLl): 2xEasyTag PCR SuperMix
12.5 uL, pehA#3/6 514(10 pmol/L)5% 1 uL,DNA
Bifz 1 uL, ddH,O 9.5 pL. PCR Sz Jij S 4412,
96 °C 1 min; 96 °C 30's,70 °C 30 5,72 °C 1 min,
2 MiEFR; 94°C30s, 70°C30s, 72 °C 1 min,
33 MEFR; 72 °C 5 min. $ PCR F=#i ¢ L X,
[Fi] B 487 7 A VB0 fE e e i A AR HEA THEAR,
& HEUR T

LB WA 73 (g/L): R PR 10.0, R

=8 5.0, NaCl 10.0, pH 7.0; LB figss 555,
FE LB A5 37 B0 7 i JE itk 1 JnBihg 15.0 g/L;
NB (nutrient broth, NB)i5F%E(g/L): Mk
10.0, 4= 3.0, #i%ikk 2.5, NaCl 5.0, pH 7.0;
NA (nutrient agar, NA);FR%E: 7E NB B 3E
He 7 (R Al N3 15.0 g/L.
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A, B2 R A A B, b
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bR ARA R EREFRIREG A, HiF
B AT AR TS A PR A F]; PCRAY, Applied
Biosystems 2 ) .

1.2 HEMEMNSBESFE
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FREX 5 g T AR b 13 & T 200 mL BEAR,
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FEEERRE, B 107, 107*, 107, 10 BRIk 4
fii T LB AR, 28 °C K537 2 d J5 s Irfs s pdvg
Rk atifk .

1.2.2 AR
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P ODgoo M 2.0, B 50 pL BEER AT LB B
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HEAT I o W W TR AOCR AP W 5P 4R T LB
WARR:FERE, L 30 °C. 160 r/min & #% 48 h,
B R L. 8 000 r/min B0 5 min, B FIERK
I 0.22 pm JEME 2 WS RIS IO K IS .
W ARSI 9 LB AR LI B 8 mm §T
fL, [EAFLNTEA 300 uL JCHE &8 FiER,
28 °C ¥55% 2-3 d Jo WA TR B ™ A 1 o, D
M B E A,
1.3 #EE TR-1 BHMIEE
1.3.1 EEFEURESBEEVETE
TEAFMEE G MA LTI S CF L0
R ARG T ) VR Az e ) 1)
AT« ¥ R A RS PSR A TR R TR-1 76
LB FH ERIZk, LA 28 °C K55 48 h Ji ML %
gifa . K/N. TEARHE, L 5 i B g A
TE SRR AT WSS 5 A PHA: fb 56 o A 95 12 il il
R REAK . BRI, JERKR. A
e WA FH 25 52 5
1.3.2 16S rRNA EE 5 gyrd EE F 5N E
FHANE LR 4] DNA $R B & 320 TR-1
PR ZH DNA FE R Bid . DAAHTA 16S rRNA Kt
HiE 5% 27F (5'-AGAGTTTGATCCTGGCT
CAG-3")Fl 1492R (5'-TACGGCTACCTTGTTA
CGACTT-3"), UM gyrd JEFH 519 42F (5'-CA
GTCAGGAAATGCGTACGTCCTT-3")F1 1066R
(5'-CAAGGTAATGCTCCAGGCATTGCT-3") i
T PCR §"#1'° ) PCR WK% (25 uL): DNA
AR 1 pl, b TFUH#EIH#(10 pmol/L)45 1 puL,
2xEasyTagq PCR SuperMix 12.5 puL,ddH,0 9.5 pL.
16S rRNA KA PCR S 4544 : 94 °C 5 min;
94°C30s, 55°C30s, 72 °C 1.5 min, 30 M
FR; 72 °C 10 min"", gyrd FEAY PCR B2 4644
94 °C 5 min; 94 °C 30 s, 54 °C 30 s, 72 °C
1.5 min, 35 PMEH; 72 °C 10 min!"®, # PCR
7k 2 R A R FR S W1 T, 7E NCBI

#E17 BLAST bxf, ffi[fl MEGA X #ff
neighbor-joining AU R G & B, #F bootstrap
A A 1000,
1.4 TR-1 & B &AL
141 BEFEMRSMHL

B IRALAL < B U5 3 IR 1% 0 R L FLBE
WA, Huh ., stk HAb R R
o B TR-1 MR AR (ODgoo N 2.0)LA 2%3%
FhEE RN 28 50 mL & B il FR AL 4 (100 mL £
FEH), 30 °C. 160 r/min 553 48 h 5l & IR
ODgoo (8., LABEE 8 N TG 11 & b O
M PTG PR, AR 3 AN ER

AR RSN 1% K EEN
W R AR . BREREL . mEIREL . |, H
R P — 3, SEER R

THLEMRAL: THLER A 1%8
K,HPO4. NaH,PO,. MgSO,. CaCO;. NaCl,
HoAl R R AR —2, LRk FE E,

IEASIRES . A AR . AR . ToHLER
e LE A, Bt =R K I A iR B B E By
FRIER AT P FAERL EE o
142 KEEEHMAL

DACAR S5 i 35 35 JE e O 047 & e 45 AP Ak
I, DARAL R 2R 00 X & T V) s R A (pH
5.0. 6.0, 7.0, 8.0, 9.0, 10.0). FEPRHE# (130,
160, 190, 220. 250 r/min). ¥EFEIRAEE(24, 27,
30, 33. 36, 39 °C). KR (24, 48, 72,
96. 120 h)if1riift, B 3 AN ER . H
1 & B ODeoo 1855 T TR & b 15 VRO 5 A
AT P 00 8T 35 P A A TR R AR A
1.5 TR-1 EHR*ZE70H 6w AT E)/)\XBERL

FE 5 A A M R 2 s el S 56 FH T R s % e ™
X IR A7 3 B (O 0 % S 56 FH 7 0k 7 R
WTE AT, PRk NXAEF AR 50d N
RIRFIIEF] 75.0%—81.7%, 1 8 504415 7

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



610 A 2 E AR

Microbiol. China

54.17-60.42, i F Al i 7E 8—12 M-ARS R 2= H
], FEHRAT— L 107 CFU/mL 5 i 3 18 1 X
BEAN/NXAE 5 Lim® JEATHEME . TR-1 B RR7E i
R T R EE, Bodk 1 S UEATLLT 4 Fh
FEARAL P (200 mL/#K): (1) JCRIK; (2) TR-1
(10" CFU/mL); (3) TR-1 H#(10° CFU/mL);
(4) WEFRH 400 mg/L (HAIHEFER &), B4
B3 ANX, BAPNXL 12 m? (60 #5). 55 1K
AbFRE G 1 RS AR AR, 28 dJRSEITHEMA
GURAREL, I ER RS BiR.

FITFHIEITE T RSE Wu 5055 Hbs
HER 0 9. JCREIR; 1 P 1%25%275; 2 %%
26%-50%%15; 3 P 51%-T5%ZEE; 4 9.
76%-100%Z= 55 . &I (%)=& I bR B0/ 8 2 5
BREO100; 4 Br=3 (% P bR B AR
1BL)/ (2 BRI < I 1R AR ERAE) < 1005 BHIR AKX
R (Yo)=Ch HE 4155 175 48 Hh—4b 31 4195 15 48 %50/ %
HEZEL 5 175 46 o< 100,
1.6 HFEAIE

LA Microsoft Excel 2010 A1 SPSS 23.0 Z 44X}
BRI TP, A SigmaPlot 10.0 #AEAE B 4347 .

2 BEREAW

21 HEMESBFIEER

Sl oy B Sk, SLIRAG X R A T
YERIRI AT 6 bk, itk TR-1 B HUACR i
I, 7E LB B3Rt EXTE AR BARIE 4.65 cm
(1), HTCTR & 1 1 38 O 7 T 410 7 1B LA
A 1.50 cm (K 2).
2.2 TR-1 BHMERE
22,1 EEFS5HIBENIFE

£ LB $ 5734k D) 28 °C 1555 24 h )5,
Frf% TR-1 FAEE EHAE 1-3 mm, EHEEFH
o, HEME, RBEW, AN, FimEHE
(1 3A); $53% 48 h Jo I & AR T AU, B K

El 1 B TR-1 X FHE A FHRITE SR
Figure 1 Inhibition effect of strain TR-1 on
Ralstonia solanacearum.

2 EHTR-1 TEAE LR EREINER
Figure 2 Inhibition effect of sterile fermentation
supernatant of strain TR-1 on  Ralstonia
solanacearum.

(K 3B). HiH S R HEARZFR, K
/INA(0.50-0.71) pmx(1.00-2.69) pum (& 4),
Gk — ROV AL LT Bon (R 1), Wik
TR-1 22 QYL BAYE, s R, iR AR IR 5
FE Mg . A AT A B, AT
B R BATE, BeKMRIER . B, AIH3Z pH 5.0
FRRPEFREE T 10% NaCl, £ 3 °C gLk
K, AR RGNS . RERE . FLEE . HHmsEZ R
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B3 Bk TR-1 EEESHEE A HiJR 24h 19 TR-1 BRIES: B: HiJf 48 h Y TR-1 BIETES
Figure 3 Colony form of strain TR-1. A: The colony form of strain TR-1 cultured for 24 h; B: The colony

form of strain TR-1 cultured for 48 h.
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10.0 pm

4 H# TR-1 HBE FHREKES

SU8010 3.0 kV 8.9 mm x40.0 k SE (UL) !

[ S |
1.00 um

FRAZECH 5000 (A)FI 40 000 (B)

Figure 4 Individual form of strain TR-1 under scanning electron microscope. The magnification were 5 000 (A)

and 40 000 (B).

2.2.2 B ¥ TR-1 16S rRNA EF 5 gyra £ H
751453t

ML 45 R AT 1, Bk TR-1 /9 16S rRNA
FERAN gyrd JER)FHIE) PCR =YK 4 510
1 448 bp Ml 950 bp, 3 E GenBank FRA1F%
5N MWT16262 F1 MW716261, 7E
NCBI %4 BLAST 45 BoR, HEik
TR-1 Y5 Bacillus velezensis Nt4-36 (HQ831422) .,
Bacillus subtilis OPP31 (JQ308571). Bacillus

amyloliquefaciens GKT04 (KY328743). Bacillus
tequilensis strain L10 (JN700126)% & Fh 2E 04T
P PR 16S rRNA BER AR I R34 99.86%,
MR G LT, 4R WoRE R TR-1 50
WA R AL TRl —20 52 B(E 5). #E—2%t
WK TR-1 1Y gyrd B P94 7 03 B F M i R &5
KEW, 458 B R E R TR-15 Bacillus velezensis
strain D747 (MK608730)4b F [7l—43 5 (I 6).
HEAJE R 51 LL X oM . T2 2 5 AR A AL S e 4
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1 EFE TR-1 B4 IRAE LR T B, VI E R TR-1 N DL 3EWT 25/ 4 14
Table 1 Physiological and biochemical tests of . .
. (Bacillus velezensis).

strain TR-1
Items B. velezensis™*?*!  TR-1 2.3 i** TR-1 Ziﬁixﬁ:ﬁt 1't
Gram stain + + 231 mE®RE. RIE. T REBFIZ
gfltaetmblzgr?mh tost A N TE 5 FhBRIE A IF T Bk TR-1 $9887 XS
Catalase test + + R EA PR A A 9, i BLAE DA AT
Onidasetest ¢ - BB BRI O FHIFLAFIRK , Tl %
Strch hydrolysis - . T VR O 9 A KT
Gelatin hydrolysis + * 441, DITEREnl R vEH A e LRI (] 7).

H 5.0 + +
Temperature 3 °C) . ELVEEMG . KB AN A8 A
o%Nact . R B TR-1 B A7 A5 0 R4
ozation ofetrate ' e RRR S . AR 2 FOGHUR IR 1 F 1 &
Sucrose + + PR A I L 3 VRO R T G R . R
. : : KT I . R 1V BRI R R 0Dy
L-arabitol + + SR EM, mLAKZ & AR R T
Mannitol + + S s VA U wof =2 hk T e i P =
S T T T T A T Y OGS TR T A0 T P AR S B A
Note: +: Positive; —: Negative. jt .IHQ j(4_§ E[Hifj‘jﬂi’fifkﬁ(lg 8)0

Bacillus amyloliquefaciens strain A23 (MW680770)
85 r— Bacillus velezensis strain Nt4-36 (HQ831422)
TR-1 (MW716262)
Bacillus velezensis strain LGB10 (KY962350)
Bacillus siamensis strain HBU30105 (MW805342)
Bacillus velezensis strain LGB12 (KY962352)
Bacillus subtilis strain OPP31 (JQ308571)
Bacillus vallismortis strain A1-7 (JF496324)

475;'_7’7 Bacillus cereus strain Suaeda B-001 (KT981877)

45 Bacillus tequilensis strain L10 (JN700126)
—— Bacillus amyloliquefaciens strain GKT04 (KY328743)

Bacillus velezensis strain AB78 (MN100588)
98 Bacillus atrophaeus strain SM-1 (MN592638)

62

—
0.001 0

5 ET 16S rRNA ERFIIHBZMER TR-1 RRAEW 155NN GenBank &35 70300 EECYF
RFEARME; FrR 0.001 0 fFRZATIR EHR

Figure 5 Phylogenetic tree of strain TR-1 based on 16S rRNA gene sequence. The serial numbers in
parentheses are GenBank accession numbers. The numbers on the nodes show bootstrap values. The scale bar
represents 0.001 0 substitutions per nucleotide position.
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97

Bacillus subtilis strain IBFCBF-4 (MH817425)

85 Bacillus amyloliquefaciens strain HZ-6-3 (MH704745)

50| Bacillus amyloliquefaciens strain 41B-1 (KF601552)
SON Bacillus velezensis strain ENO1 (CP053377)
Bacillus amyloliquefaciens strain WF02 (CP053376)
Bacillus amyloliquefaciens strain JK05 (MN086821)
Bacillus velezensis strain 3-10 (MN648416)

Bacillus velezensis strain Blz02 (MT395302)
TR-1 (MW716261)

921 Bacillus velezensis strain D747 (MK608730)

—
0.002 0

6
AR A RA BRI 0.002 0 42 1 iR ek

ETF gyrd ERFIIENEK TR-1 REXER

HESNFS N GenBank B335 ; XA

Figure 6 Phylogenetic tree of strain TR-1 based on gyr4 gene sequence. The serial numbers in parentheses
are GenBank accession numbers. The numbers on the nodes show bootstrap values. The scale bar represents

0.002 0 substitutions per nucleotide position.

2.5 mOD,, clnhibition zone diameter. 5 5 =
a
b D 7
2.0 ¢ 120 8
2 £
s 15} 1.5 5
Q b o
SETL ¢ ¢ 1108
=i
8
0.5 105 2
2
0.0 0.0 =

e \;AC‘O Qe e e o
<0 owp

B 7 AREREMEH TR-1 EKER LB LER
MEFEMERIENE  ARNG TR E P<0.05 K
V- B2 B E(TR)

Figure 7 Effects of different carbon sources on the
growth of strain TR-1 and the inhibition activity of
fermentation supernatant. Different lowercase

letters represent significant differences at P<0.05
level (the same below).

TERLIREE . WEMR — 28N . AALoh . B A
TR BRREG X S AP ICHLER AT, B AR TR-1
) ODgoo (B35 T 2.0, {HFELAGREREE A JCHLER
P T RIbE TR-1 JOTA & I b 38 WO 75 A T

m 0D, 1.0
3.0 o Inhibition zone diameter R
a a =)
2.5¢F 25585
b g
201 20 2
<
Q% 1.5 1.5 b
O . Q
1.0F 1.0 .§
0.5t {05 2
S

0.0 . 4 oo

? eon o QQQXO“T(‘JQXO“\Q RS g A \/\ﬁ()x

B 8 ARIRIEXE#H TR-1 £KXERLEELER
MEE RN

Figure 8 Effects of different nitrogen sources on
the growth of strain TR-1 and the inhibition activity
of fermentation supernatant.

TCHTRAVHRIAVE o 4rbr HAth 4 ZHICTE K HIiE
TN TR B T B B FT A, 4L KoHPO,
R TCALER AR TR-1 AR ™= W X6 75 A B B4 1
W, IS K.HPO, RfefE il
(K 9).
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m ODg,,
[ O3 Inhibition zone diameter

Joo

OD, 600

a

[on

. )
= - N N
=) W =) W

Inhibition zone diameter (cm)

‘
<o
Iy

a a a
20F °
1.5+ b
c
1.0}
05}
0.0 d

o

MgSO, NaH,PO, NaCl K,HPO, CaCO,

B 9 AREEHMEXNEK TR-1 ERKER A LS

AN AR R

Figure 9 Effects of different inorganic salts on the
growth of strain TR-1 and the inhibition activity of

fermentation supernatant.

Fz2 EXRBEER
Table 2 Results of orthogonal test

232 EXREMEREEFRENSIRILEAS
AR i B DR 2830 560 T A5 S A e VAR (T 9 12k T
. mERBECRGEAR) . RETXHLE
(KoHPO,) B3 = I & DU /K - 1E A8 I B E 45 41
SrEcERC . TR AR . AR . PR
2 P HIRR TR-1 & [ 48 h (19 & B ODeoo TELER
B, B LAIE 3SR R AN LA TG TR & I b 35 WO
il B (R A BRT P AR S AR AR . 1RSSR 45 2R (3R 2)
BN, ATEEIER (A) . KEEAMRB) . K.HPO,
(OMEBEEREHAE N 45 %), B; (1%). G
(0.5%); AFEWERLLE 3 Fl R 28 52 0 bk
TR-1 & B ROGT 75 A B 1 4 FH A8 32 R 0
AL VA VE B (4)>k 5.2 11 (B)>K,HPO, (C).

Code Soluble starch (%) Soybean peptone (%)  K,HPO, (%) Blank Blank Inhibitory
A B C D E diameter (cm)

1 1(0.25) 1(0.25) 1(0.25) 1 1 1.067

2 1(0.25) 2(0.5) 2(0.5) 2 2 1.483

3 1(0.25) 3(1) 3(1) 3 3 1.558

4 1(0.25) 4(2) 4(2) 4 4 1.242

5 2(0.5) 1 (0.25) 2(0.5) 3 4 1.800

6 2(0.5) 2(0.5) 1 (0.25) 4 3 2.025

7 2(0.5) 3(1) 4(2) 1 2 1.850

8 2(0.5) 4(2) 3(1) 2 1 1.475

9 3(1) 1(0.25) 3(1) 4 2 2.067

10 3(1) 2(0.5) 4(2) 3 1 2.050

11 3(1) 3(1) 1(0.25) 2 4 2.442

12 3(1) 4(2) 2(0.5) 1 3 1.908

13 4(2) 1(0.25) 4(2) 2 3 1.983

14 4(2) 2(0.5) 3(1) 1 4 2.358

15 4(2) 3(1) 2(0.5) 4 1 2.900

16 4(2) 4(2) 1(0.25) 3 2 2.008

K1 5.350 6.917 7.542 7.183 7.492

K2 7.150 7.916 8.091 7.383 7.408

K3 8.467 8.750 7.458 7.416 7.474

K4 9.249 6.633 7.125 8.234 7.842

k1l 1.338 1.729 1.886 1.796 1.873

k2 1.788 1.979 2.023 1.846 1.852

k3 2.117 2.188 1.865 1.854 1.869

k4 2312 1.658 1.781 2.059 1.961

R 0.974 0.530 0.242 0.263 0.109

Order of importance A>B>D>C>E -

Optimal levels Ay Bs C, D, E,
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TEVI UG pH 5.0-9.0 B [# Pk TR-1 34 A] &8 47 1,
AR, T H IR A B A B T
TEW) Ih pH 10.0 B E R TR-1 A4 K52 ) = s
fil, CRBIEFEK . FEPILH pH 6.0 F1 pH 7.0
BB R TR-1 14 48 h & BEWIT) ODgoo 55 TCTH &
P b 37 VR0O0T 7 A T T P ) AR AR B
PRI 22 8% pH 6.0-7.0 M i HERI 4R pH {E(E 10).

FEWRE N 24-39 °C Z[EIEF, Rtk TR-1 &
1¥% 48 h #) ODgoo (HY KT 2.0, 11 H B T+ =
BN F IS (H R R B W e
T KR BRI E A 30 °C Al 33 °C A A EIR K,
£ 36 °C F1 39 °C & JCHH & (AN B8 - A=, 255
SIATEERE 30-33°C A R W (K 1),

TEFE R EE 33 8 100-220 r/min Z [A] B, FE Rk
TR-1 (1) 48 h KWW ODgoo (E 52 W1 8. _EFH#a %,
A2 &l LW ANAE 130—-190 r/min ZbBRH
B A T B A VR T, T LA R P A e
4 160 r/min BFE RN K, 2860 WG B
PEIRHE 160 r/min (K 12).

mOD,,
O Inhibition zone diameter

3.0 a a
2st b mll all
g20r
St |
1.0}
0.5
00 0 6 7 8

E 10 AE#IE pH WEH TR-1 £ KER AL
ERINE R

Figure 10 Effects of different initial pH values on
the growth of strain TR-1 and the inhibition activity
of fermentation supernatant.
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Figure 11 Effects of different temperatures on the
growth of strain TR-1 and the inhibition activity of
fermentation supernatant.
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Figure 12 Effects of different shaking speeds on
the growth of strain TR-1 and the inhibition activity
of fermentation supernatant.
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JT o &5 o3 T AT A A R Tl 48 h (1] 13).
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Figure 13 Effects of different fermentation
durations on the growth of strain TR-1 and the
inhibition activity of fermentation supernatant.

Bl 14 MIxBZMRER TR-1 TEARE LFR
X EHEHIERR

Figure 14 Inhibition effect of sterile fermentation
supernatant of strain TR-1 on Ralstonia
solanacearum  after  optimizing fermentation
conditions.

24 @ TR-1 WEMSHHEAEENX
554

F H )N X3 oT LA, 10° CFU/mL ¥
JE I TR-1 KR HE 107 CFU/mL ¥ JE % 3 01 5 A
s A AP TR AR . S HBERRAE RS, DL
JC R K RERR 1%t BRALTF LR B 22 & 0, e 2 7E
WG R EE TR R, B ST AR
Fiik 78.05%, JRTEHEECH 56.32, ALtk
FZEEBHAEZESE T 5 10° CFU/mL ¥R JF (1) TR-1
TR TR THE AL 2H 26 A A 6 32.78%, I TR B
2236, BIBALF XA (£ 3). W TR-1
(10° CFU/mL)7EA YK H [8] /N XA 56 ok 2 0 7 A
RIS ECHR 60.3%, BB T E R4 A 181 77 1Y)
B, ARMKER AT B 0T 10 2B B A (L

3 winEE#

AR R EA RO g,
Hh Z2 A TR IOV 25 ZAF 0 D A HL A AR
Hili 50 2 FAF TR A P OER 40 T A B R
) 16S rRNA JE[KAHMLIM:, itk 16S rRNA J
DRI 3 AN T TR AR ) DX 4 5 A, —2E4H
BT 16S rRNA JE [H AR 5 i A8 g PR R~ B 8]
Brn gyrd. gyrB. rpoD FE[HSE)A] B 4T b A T
A3, DU SR 2 f0FT B Al B 2 AR BRI 2%
Tl R A D 3 2 AL 8T 4L P — > 1 T i 2O,

3 HEPE TR-1 X &7 5 Hw A HE ) X BFRL
Table 3 Control effect of strain TR-1 on tomato
bacterial wilt in field plot experiment

Morbidities Disease Control

(%) indexes effects (%)
Sterile water 78.05+1.71a 56.32+0.94a —

TR-1 (10" CFU/mL) 42.22+3.07b 28.82+0.94b 48.83+1.66¢
TR-1 (10° CFU/mL) 32.78+1.42¢ 22.36+1.20c 60.30+2.12b
Saisentong (400 mg/L)25.28+1.57d 15.76+1.13d 72.01+2.01a
e - LB

Note: —: No control effect.

Treatments
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R RN A 57 /R CQ IR 7 B BLAR AT 3K 2.95 em,
HAEKNA AT 2 %, o7 WA 2 bt
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T VR TR 175 P 55 R T AR T AR 85 BB AN — o S IE
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A G, e AN I, PR TR-1 4 3%
R X — 8K M AR B A,
FE 8] 37 36 75 Ak 9 1 2F — 25 o 4 41 T B AR
W o A B R B ACH 2 BRI EE SOk
T8, iR A A ) 1 R s DR R A B A
T IR LA 1 PR, AR H ) /N KGR 56
FETR ZR AT, 7628 H K TR 0GB T 3 bk
TR-1 KA A AP W B AL, AT DLk 4 W % L FH
6] RS /0N, 1 Tl p S R E 2 X,
SR 60.3% M B RGA A $2 725 0], sn] ik
8 R il P VA R SR i B AR, A, — B
FRYT, — LA By T A] 5 IR R TR R A ok
FEFEB Y, i ELAE A AR A e R e
PRIk TR-1 B X0 75 i 37 o | R AR | EWREE |

P R i - A AL 2% 28 B 25 22 MR TR HoAT R AR
M 251 s IF H TR-1 BELE R AT AT # e

N T T

2L 10® CFU/mL 9 100 mL B HEH— ¥k 50 d 4
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