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Abstract: To search for biocontrol agent for tobacco bacterial wilt in acid soils, an antagonistic bacteri-
um against Ralstonia solanacearum causing tobacco bacterial wilt was screened out from tobacco rhizo-
sphere based on a rapid screening method using a pH 5.5 nutrient agar (NA) medium and identified by
Biolog GEN III combined with 16S rDNA sequence analysis. Its efficacy against tobacco bacterial wilt

and growth promoting effect on tobacco were evaluated in pH 5.5 and pH 7.0 soils in greenhouse, and
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the biocontrol related siderophore contents and enzyme activities were characterized by biochemical
test. The results showed that an acidophilic antagonistic bacterium was obtained and named as CLB-17,
identified as Bacillus subtilis. Bacillus subtilis CLB-17 had a higher inhibitory activity against R. sola-
nacearum in acid conditions than in neutral conditions. At pH 5.5, the fermentation broth of CLB-17
had a 7.11 mm inhibitory bandwidth on NA plates, which was wider than the 6.37 mm inhibitory band-
width at pH 7.0. The B. subtilis CLB-17 could secret siderophore, protease, glucanase and acid phospha-
tase. The relative content of siderophore (2.12), protease activity (40.12 U/mL), glucanase activity
(142.52 U/mL) and acid phosphatase activity (6.42 U/mL) of CLB-17 at pH 5.5 were higher than those
at pH 7.0 (1.51, 36.14 U/mL, 110.24 U/mL and 6.11 U/mL). In pot experiments, the control efficacy of
B. subtilis CLB-17 on tobacco bacterial wilt was 76.99% at pH 5.5, which was higher than the control
efficacy of 66.18% at pH 7.0. Similarly, CLB-17 significantly increased tobacco plant height, whole
plant dry weight, root dry weight and chlorophyll content more in pH 5.5 soil than in pH 7.0 soil. These
results suggested that an efficient plant growth promoting rhizobacteria (PGPR) strain was obtained for
further improving the biocontrol effect on tobacco bacterial wilt and the growth promotion of tobacco in
acid soils.
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T 4.5~5.5) BT b7 HL oA 18.6% , IR PER AR + 55 (pH
AT 5.5~6.5) it i LLAGI A 26.3% (BRITAESE ,2004) ,
Hor, 1 R A M DR 12338 pH 5.0 AR 15 9.64%,
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JH P H B AL R AR A BRAR PR 1328 10 4y , TR0 A
A 100 g, IR ST T =20 CLRFFE, &
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EBETHKERZE L, pH 7.0; TTHLBE R A 353 0l
43 N 7 %5 B 10 g, MgCL-6H,0 5 g. MgSO,-7H,0
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H 7K TaKaRa 2\ &) ; EsayPure®Bacteria Genomic DNA
Purification Kit, 3t 51 & 4 AW H AR A R A A
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1.2.5 Bt e i ok T A2 30 H 2R 09 B 93 ORI 2
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MR R BETR 3% H A= B 25 PTIR R 51 1 500 1536 BRI
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ANTRI R 1 338 o B K B £ 8 FL AR 9 mm
FR T, P TR R PR e TR AT PR S g TR
50 mL AN P L IR L 2.5 L.O A S K,
250 r/min Ji% 3% 20 min, # E 30 min JI E pH 45
pH 5T # 2 5.5 71 7.0, % o B BERIR B AR B 22
ToK P B TC R KGR S, T 45 A B AR iz
2 40 min, SR J5 #A4% 2 4313 A7 pH 5.5 Fl pH 7.0 1)
T EHZEN10 em LA S8 3 d, FH 10 mL Mk
4 10° CFU/mL Y X 55 A T e PR M E AR, 2 s
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FEXHREE R 75% M N T3S N B R4 3 3 9K
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FEARJT 12 HOESHAAR L RE T8 O, 19925 OV BRI &9
IR H 60% LA LB, 18 2 45 A AR AR 1 K 1 1O
IR R BRI B8 18 48 5= (RIS %
R BARTRAE) /(A SR £ =<9) < 100 5 Bl =X e
55 4 Bl — A FUE 5 45 B0 /6 BRI R $0<100% . %
1 53 B S WM s U o G S 2 J7 ik (GB/T
23222—2008) . 0%, =Mk ToHa ; 1 9, 25BN AR Lk

BE, sl 1/2 LR R 28 53 9, 25 A SR A AR,
(BB 25 172, B 1/2 2 2/3 i 7 82555 21,
SRR A AR BB 25 i 172, (HR BGAZE TR, 5k
il 2/3 DLk F R 3R 5 7 g, ZE AR B0 SR B FI A 25
IO, skt R 25 5 9 ) AR SE A L
1.2.6 BMfe P St T AR EA ARG A 4E R M T

FEZE P AR SR A 0 5T RO A R A
YER . 36 8 2 AN Ab HE, 43551 4 108 CFU/mL #5457t
PR 2 TRERCRN TG R KO BR B 45 A BRI 43 S B A%
23 pH 5.5 FllpH 7.0 A9 K1 138 . 5424 10 cm
MAEZE T, BT ORI 14 L2 10 DS RN
28°C/25°C AHIRHRE Ky 75% () N T34 N R 57,
A3 RESR  AERE 25 BRI ET . 30 dJEtkith
A M R IR /NG BAR BB 1, ¥ YC/T 142—
2010 J7 VR PR MR AR MR I IR SR A b P
JEBRAR B0 T 70°CHEAS rh ot 2 fE &, ARt
AR T EAMR T, RN B A W (Chen
et al., 2014 )5 45 b FRAR I 4 28 5 1
1.3 BiRS

FIH DPS 9.50 x4 x5 Bl i A1 4e 11534, W
Duncan FCHT &% 22 5001722 55 B PEAG 56:

2 ZR55H

2.1 BEERRMHETMAERIGIESER

ZEMRME NA SARWI T ARAS 10 B0 KH R A o
A 3w RS PR B RS AN R (1) 5 DA H 8 45 6 IRE
FEPUTE A 0 1 R B AR AT J5 223008, IF oA
%M CLB-17,

A: CLP-23; B: CLB-4; C: CLB-17; D: CLP-10; E: CLP-7; F: CLP-13; G: CLP-9; H: CLB-21; I: CLB-3; J: CLB-1.
E1 FEREF 10MEESHRE R BB ENERNEREE

Fig. 1 Ten strains with antagonistic effects against Ralstonia solanacearum
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2.2 BRRCLB-1THISETELER
2.2.1 Biolog GEN %2 45 R

Biolog GEN II¥EE 4551 i, 5557 24 h 5 Bk
CLB-17 e FI[H o-D-Hi bl . D- 1L Z4EE \L-IN 2R
ML L-KITAE R WM L-5 2R, Z
R IE S hE 528 AT 58 Bacillus subtilis AL
B, RIS G AT TR B, subtilis .
222 S TAMFERER

JEH 5y BT 45 3 R , B BE CLB-17 9 16S tDNA

FLR P H K FE R 1 417 bp, #2238 & GenBank 3R 5%
SE5 N KX664475, BLAST [R)JEE: L XS 25 5 R, 1
Pk CLB-17 5 A % ZF Jfl #T 7 (GenBank % 5¢ 5 4
JF496383.1) 1 [A] 51k 5 e, AHABLEE R 100% . T
16S rDNA FE [N P4 Hy B R Ak CLB-17 1 RS K B W
(2), 455 BoRE R CLB-17 SR s 25 AT R N
—37 . %54 Biolog GEN I G 45 A T LE W2
Iy AT R e N bk CLB-17 %58 SR o5 25 i 4T
Wi B. subtilis.

o[

|
0.01 23

Bacillus beringensis (F1889576.2)

Bacillus kochii (FN995265.1)

50

Bacillus halosaccharovorans (HQ433447.2)

Bacillus simplex (AB363738.1)

31 Bacillus persicus (HQ433471.2)

87

37 Bacillus soli (AJ542513.1)

100

Bacillus tianshenii (KF811034.1)
Bacillus xiamenensis (AMSH01000114.1)
| Bacillus subtilis (JF496383.1)

1001 c.B-17 (K X664475)

Bacillus fengqiuensis (KC291653.1)

Bacillus hemicentroti (HM460885.1)

B2 E-T16S rDNA FIIMEEH E K CLB-17 SHEXERN R L EH
Fig. 2 Phylogenetic tree of strain CLB-17 and other related strains constructed based on 16S rDNA sequences

2.3 TEIERWRE &4 T E % CLB-17 B E iE
PR 77 48 h 5 , 5 TR K CLB-17 A& B 1
T TR 958 IR MR BT A TR AT S B PR AR L AR

NA M b PR 58 25 AN [) £ 325 B 3100 024 B, 3900 780 7 5
B3 511247 9.39 mm F17.00 mm( & 3) .

A: X B: CLB-17 KW ; C: CLB-17 TR IEW -
A: CK; B: bacteria suspension of CLB-17; C: sterile filtrate of CLB-17.
B3 pH 5.5 &M TREBEMMAE CLB-17 X 1EE SR E I FIEE
Fig. 3 Inhibition effects of Bacillus subtilis CLB-17 against Ralstonia solanacearum at pH 5.5
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Fig. 4 Antagonistic activities of Bacillus subtilis CLB-17
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Fig. 7 Control efficacy of Bacillus subtilis CLB-17 under
acidic and neutral soils
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Table 1 The growth promotion of CLB-17 under acid and neutral conditions

fb 3 PR BT RAH E" S
Treatment Plant height/cm Whole plant dry weight/g Root dry weight/g Chlorophyll content/(mg/g)
CLB-17 pHS5.5 10.55+0.71 a 12.23+1.26 a 3.21£0.26 a 2.43+0.41 a
pH 7.0 9.014£0.81 b 10.21+0.98 b 2.71£0.28 b 1.98+0.71 b
XFHE CK pH 5.5 7.34+£1.42d 9.04+1.01d 2.74+0.31 ¢ 1.68+0.81 ¢
pH 7.0 7.51£0.93 ¢ 9.18+0.99 ¢ 2.58+0.29 d 1.46+1.04 d

P BE B bR e S . [RIB R [R] 7Bk 7R 4 Duncan [T & B 22 HE K6 06 22 57 .35 (P<0.05) . Data are mean=SD.

Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).
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