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[8]
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(1989—)

210095)
N5 16S rRNA
(Bacillus methylotrophicus) N5 B-1,3-
( =1:1)
N5
69%
[10-11]
(Bacillus methylotrophicus)
1
1.1
14
13.09 g/kg
93.73 mg/kg 53.78 mg/kg, 103.46 mg/kg
pH 6.47
NS5(Bacillus
methylotrophicus N5)
(Ralstonia solanace-
arum)
(201103004)
( ) E-mail: wanghongmei0913@163.com
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442 g/kg
80 glkg N44 gkg P,0523 glkg K,0 6.7 g/kg

285 g/kg 304 g/lkg N 20.1 g/kg
P,0530.7 g’lkg K,0 11 g/kg 285 g/kg 2
(N
460 g/kg) (P,0s 120 g/kg) (K>,0
600 g/kg)
(NA) 30°C 170 r/min 24 h
20%(viw)
(1:1)
4
BIO
5.4x10%/g
OF
1.2
1.2.1
4°C NA
30C 48 h
) 3
3 30C 24 h &
(10%ml) 100 pl 12~24h
5 ml NA 30°C 170 r/min
12 h 1% 100 ml NA
60 h
20%
LB -70C
1.2.2 16S rRNA
V-P MR [12-13]
DNA [14] 16SrRNA
PCR (F 5'-AGAGTTTGATCCTG-
GCTCAG-3'" R 5-AAGGAGGTGATCCAGCCGCA-3")
PCR 2 0.1 ul
Taq DNA 2.5 ul 10xPCR , 1.5l
MgCl, 2 ul ANTP Lul Tul
DNA ddH,O 25 ul :94°C S5min 94°C
30s 55C40s 72°C 90s 30 72°C
10 min PCR

, RDP ,
MEGA
1.2.3
DNA [15]
(srfAB ituD ituB ituA fenB gk fenD ituC
yndl) Cao ¢
PCR 25wl
1l DNA 2.5 ul 10x PCR 20 mmol/L
MgCl, 4 dNTP 0.2 mmol/L 0.5
pmol/L  1.25 U TagDNA (Takara Dalian)
srfAB ituD ituB  ituA  fenB gk
94C5min 94C 1min 58°C 1min 72°C 1 min
35 fenD ituC  ynd) 94°C
30s 52C30s 72C 1 min
B-1,3-
(CMCO) (CMC-Na5.0g
MgSO47H,0 0.1 g (NH4),S040.5g K,HPO,0.25¢g
20g H,O1000ml pH 7.0) (
10g 4¢g 10 g K,HPO41 g
MgS0O47H,00.2 g 1000 ml pH7.0) CAS
(171 B-1.3- ( 5S¢

NaNO;2 g K,HPO,1g KC10.5g MgSO47H,00.5¢g

FeS0O,0.01 g 0.05¢g 1000 ml pH 7.0)
N5 B-1,3-
30C
N5 3
N5 B-1,3-
N5
CAS CAS
N5

N5 Landy 30°C 170 r/min

72h 1000 1/ min 30 h

8 000 r/min 15 min

6 mol/L HCI pH 2.0 47T

1 mol/L NaOH pH 7.0
200 pl

10%/ml NA 3
100 pl 30°C 24 h

[18] N5
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5 Bl
4°C 10 000 r/min 4°C 1 1/4
20 min 50 ml 2 ml 2 1/4 ~1/2
20 mmol/L Tris-HCI(pH 7.5) 3 172 4
1.2.5
Bradford "' BSA 10g 90 ml
1.2.4 N5 55C
15min 10% 10 min 170 r/min 30 min
4h 30 C
2~3 ( 300 g 4C
[22]
(1:1) NA 1
3 ( ) SMSA-E
2012 3 29 2012 22l
5 29 2012 6 14 13
2012 8 6 SPSS13.0
6 3
10 6 cC Microsoft Excel
CB 2
00
OB 2.1
BC (Ralstonia
BB solanacearum) 8
300 g 2% NI N2 N4 N5 NI1056 N9 NIO NI11
3 kg N5C D 26 mm
0.5% N P K N>
3
[20]
105 1h 65°C
5 300 ml( 107/ml)
Bl 1 E# N5 7 LB 4R L 30CH55% 16 h B EHS
Fig. 1 Colony morphology of strain N5 growing on the LB plate
after 16 h at 30°C
= [Z( X ) ( N5 LB 307C 48 h
X )] % 100
= ( _ ) V-P
x 100 pH 9.6
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16S rRNA ( 2
N5 Bacillus methylotrophicus
PCR N5 16S rRNA (97.5%) 168
N5  16S rRNA rRNA N5
RDP (B. methylotrophicus)
41 — Bacillus subtilis (4J276351)
4{ Bacillus tequilensis (HQ223107)
75\ Bacillus mojavensis (AB021191)
50<|j— Bacillus subtilis (AF074970)
76 Bacillus vallismortis (AB021198)
66 NS
76 Bacillus methylotrophicus (EU194897)
Bacillus amyloliquefaciens (AB255669)
58 Bacillus siamensis (GQ281299)
Bacillus atrophaeus (GQ281299)
E— Bacillu sonorensis (AF302118)
100 L— Bacillus licheniformis (CP000002)
98 Bacillus safensis (AF234854)
4[ Bacillus pumilus (AY876289)
100 Bacillus stratosphericus (AJ831841)
F{ Bacillus aerophilus (A4J831844)
0.005
2 ETHEF N516S rDNA FHEIMESZLEH
Fig.2 Neighbor-joining phylogenetic tree based on 16S rRNA gene sequence of strain N5 and related strains
2.2 4
RCR N5 N5 B-1,3-
DNA 9 ituA
ituB ituC ituD Qk fenB fenD srfAB  ynd] [24-25] B-1,3-
( 3 Iturin SubtilisinQK Fengycin
Sufactin ~ Yndj [26-27]
2.3 NS 6 N5
231 N5 B-1.3- 2 mm  p-1,3- 31 mm
9 8 7 6 5 4 3 2 1 M N5
™M (DL2000) 1 ynd] 2 ituC 3
fenD 4 srfAB S5 ituD 6 ituB 7 ituA
8 fenB 9 QK) (1 2 3 4 B-1,3- )

3 EHR NS FUERABERER PCR ¥ 181 f Kk E
Fig. 3 Agarose gel-electrophoresis of PCR products for antibiotic
biosynthesis genes from N5

Bl 4 N5P=A4EREE. EHE. p-1,3-AREIBINEQE

Fig. 4 Production of cellulase, siderophore, B-1, 3-glucanase and
protease by Strain N5
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2.3.2 F1 NSRERTREBERROIERNMEEARKE
NS RV
Table 1 Proteins concentration and inhibition activity to R.
solanacearum of precipitation fractionation with different saturation

ammoniumsulfate
R. solanacearum 95
(ng/ml) (mm)

N5 (

5 NS 0~30% 7.33 0

) 30% ~ 50% 8.80 20.5
50% ~ 80% 3.13 0
80%-~ 100% 1.86 0

(1 2 (PH=7) 3 )
El5 BERRERERRYRINENR

Fig. 5 Aantibacterial activity of lipopeptide extracted from strain

NS5 culture (1 0~30% 2 30% ~50% 3 50% ~ 80%
4 80% ~ 100% )
2.3.3 NS E6 NS %EHE R EIRE S0 E AT B R

Fig. 6 Inhibitory effect of precipitation fractionation of strain N5
culture by different saturation of ammonium sulfate

(G
0~30% 30% ~ 50% BB CB BC CC
7.33 pg/ml 8.8 pg/ml 227 177 1.8 2.72 1.80
(1 6 1.46 00 BB OB
30% ~ 50% 60.8% 30.6% 60% 20%
N5
2.4
2.4.1 2
F2 TRELEMNEMEKREY RN
Table 2 Effects of different treatments on tomato plants biomass
g ) (g ) & ) (g )
CcC 39.28+2.62d 3.71£0.25d 428+0.90d 0.44+0.07a
CB 69.59+6.76 ¢ 7.28+0.77 ¢ 8.01x1.15¢ 0.79 £0.13 be
00 77.772+231b 7.09+0.55b 8.01%1.15¢ 0.75£0.17 be
OB 85.68+£0.85a 9.26+0.16 a 9.74+0.81 a 0.90 £ 0.81 be
BC 70.78 £ 1.16 ¢ 6.96+0.53 ¢ 6.61£091c¢ 0.64 £ 0.53 ab
BB 89.18£2.97 a 11.40 £ 0.66 a 11.85+1.39a 1.20+0.66 a

H

n=3 P<0.05 (LSD)
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2.4.2 CB 24.7%
BB )
7 BB 29.2% 69.0%
30.93 mg/(g-h) 0O 17.59 mg/(g'h)
CcC 22 13 CB OB BB
CC 00 BC 56.9% 17.0%
28.0% BC CC 72.6% .
F3 FEALIEIEEHEFEIBEIESR
Table 3  Control effects of different treatments on tomato bacterial
wilt in greenhouse
(%) (%)
(BB ) cc 97.3+137a -
( 2) CB 733+ 1.88b 247+193a
00 65.7£2.40c 325+£2470b
OB 41.7+146d 571+£150¢
(CB ) BC 425+235d 56.3+2.41c
(BC ) BB 292+1.73¢ 69.0+1.78 a
2.6
8 30
BB
10° cfu/g 10 1.4x10° cfu/g
30 7.1x10° cfu/g 5.1 CcC
35¢
=30t ,'.--r BB
% ’s ) . ? % 10 10.1x10° cfu/g 30
cd = s 6
Eo2l o o D % //// 90.1x10° cfu/g 89 00
R BT % ?’/ % / % cc
2 / % % %/ ? %
7 A | B ‘ CB BC
Qg OB 00 CcC 57.6% ~
( n=3 79.7%
P<0.05 )
7 AEHEAEALIE X EATEMRIR R IE RIS
Fig. 7 Effects of different fertilizer treatments on
tomato root activity
3)
2.5 (
11 33100
on
2 80
30 cc 97.3% 2 60
cc 29.2% ~ H 40
73.3%(  3) (00) '
65.7% =00 20 30
R 1] (d)
BC 42.5% cc 8 RRISLIZHE IR IR R B A B
Fig. 8 Population of R. solanacearum in tomato rhizosphere under
56.3% different treatments
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2.7
(CB BC)
4 CB BC BB
CC
CC N5
(00 OB) B-1,3-
CcC
(BB)
F4 TEVEBWEEMRFELAL AL TIBEMEMEENEMN
Table 4 Microbial number in rhizosphere and bulk soil under different treatments
(cfu/g ) (cfu/g )
(10) (109 (10% (10" (109 (10%
CcC 2.2+0.08d 14+£029¢ 7.3£0.14b 3.7+0.31 ab 1.0£0.50d 27+£037e
CB 49+£098¢c 1.5+£0.32¢ 28+£023e 3.1£025b 3.4+£0.49 ab 5.5+ 0.55bc
00 6.3 +£0.84 be 42+£049b 7.8 £0.54 ab 3.7+£0.84 ab 22+£059¢ 6.9+046a
OB 8.0+042a 46+1.02b 8.2+049a 3.5+0.58ab 3.7+0.68a 6.6t 1.12 ab
BC 5.0+1.18¢ 49+144b 5.7+0.53 ¢ 3.1£0.19b 2.4+0.43 be 3.8£0.56 de
BB 7.0 £1.09 ab 7.7+£0.75a 4.6+037d 41+1.1a 41+£0.74a 4.9+0.59 cd
3
B-1.3-
[1] Hayward AC. Biology and epidemiology of bacterial wilt
caused by Pseudomonas solanacearum[J]. Annual Review
of Phytopathology, 1991, 29: 65-87
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51-52
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[J71. ( ), 2005, 34(3):
297-303
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, 2011, 27(2): 221-227
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Characterization and Biological Effects of Antigonistic
NS Against Ralstonia solanacearum

WANG Hong-mei, WU Yun-cheng, SHEN Biao®
(Jiangsu Key Laboratory for Organic Solid Waste Utilization, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A bacterial strain N5, showing strong antagonistic activity against Ralstonia solanacearum was isolated from soil.
Strain N5 was primarily identified as Bacillus methylotrophicus based on its biochemical and physiological characteristics and
16S rRNA gene sequence analysis. Strain N5 could produce siderophores, B-1,3-glucanase, cellulase and protease, and also had
ability to produce some lipopeptide antibacterial substances. Strain N5 was inoculated into organic fertilizer (pig manure : amino
acid fertilizer = 1 * 1) to ferment 4 days to make bio-organic fertilizer. Bio-organic fertilizer was estimated by pot experiment for
its biocontrol capacity to tomato bacterial wilt disease. The results demonstrated that application of bioorganic fertilizer could
significantly promote tomato growth and increased root activity. Application of bioorganic fertilizer could effectively biocontrol
tomato bacterial wilt disease. The control efficiency of treatments in which bioorganic fertilizer was applied only in nursery was
higher than that in treatments in which bioorganic fertilizer was applied only in pot soil. Application of bioorganic fertilizer both
in nursery and pot soil could much more effectively biocontrol tomato bacterial wilt disease with efficiency of 69%, but common
organic fertilizer could not control tomato bacterial wilt disease. Application of bioorganic fertilizer could significantly increase
the number of bacteria and actinomyces and reduce the number of fungi and Ralstonia solanacearum in rhizosphere soil
compared to control.

Key words: Isolation of antagonistic bacterial strain, Characterization, Tomato bacterial wilt, Bacillus methylotrophicus,

Biological organic fertilizer, Biocontrol
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