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A P RA N 24 SR P2 5 3 T 5 e 85 28 1k
PO AR E | HoAk 2B b R R S B A P
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FH o R0 SR 5 A5 P RR BRRE MR . BRI 25 5%
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R A AR, Bl TR R R A, A IR SR
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L R

1.1 A5

%77 IF-0a GN/GP Base inoculating fluid (1.2%) .
Biolog Redox Dye mix A (100x) . Biolog Redox Dye
mix F (100x)%04 [ T Biolog 2\ 7 ; BEIARZ 44 (sodium
succinate) . 17 & g 4k (ferric citrate) . P il /2 4
(sodium pyruvate) . N R (tricarballylic acid) . 5
k%% (magnesium chloride, MgCl,-6H,0) . S 1k45
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(cacium choloride, CaCl,-2H,0) . L-¥5 &2 (L -arginine) |
L-# 2R (L-glutamic acid), L-Bt%l2(L-cystine).
PR ¥R — %M (uridine-5'-monophosphate, 2Na). it
i 80(Tween 80). D-1j%j i (D-glucose) =541 H
T Sigma A Hl; BEEEK (yeast extract) SN H T
Oxoid A F] .

X %8 5% F 9 J& Biolog 7\ wl 9 OmniLog
Phenotype MicroArray Software Release & 1.2 &4¢
1 GN . GP %l % (USA) , £ 1t /X (Turbidimeter)
I ZFL3E HL SR AR (Multichannel Pepetter) 25
12 FERFHE
1.2.1 NA BEFR3E(g/L): #%ikE 10, Bk 5. B
BREE 3. FEERRY 0.5, 875 pH 7.2-7.4, 115°C &
FERKE 30 min, T HEFRAEH0A0ER
122 TSB #FRE(QL): MEAMK 15, KREEH
W 5. S Aksh 5, WA pH 7.2-7.4, 121 °C /K
B 20 min, T AR B AL 3
1.2.3 TSA EFEE(g/L): TSB BN 1.5%5%
¥y, 121 °C R K 20 min, T HEAVERAEMERR 5
AL PRIRLS
124 TZC $EFr#E(g/lL): #%pE 10, HAMK 5.
A NE 3.l EER 0.5, 3l 16, 115 °C K& 30 min,
R FRILIEEE T2 50 °C B, ETHIMA 1%H)
2,3,5- Ak = 7% 5L Y % M (2,3,5-triphenyl tetrazolium
chloride, TTC) 5 mL ., 4 TH 3= 5 A 97 /K [WHA
125 SMSA BigrE(g/L): Bills 16, HEH 10,
MK RS 1, Hil5mL, 1%Z KK 10mL,
19645 B8 05 mL, 1% TTC5mL, 19%F ik 25 mL,
HR R 0.5mL, 1% R 10mL, 1%k @ i
10 mL, 121°C K 20 min, T+
Hiti55 IR IR TA o
1.2.6 EIm¥EFHFIE(/L): Biolog BUG 57. 3ijg

16, 121°C K 20 min, fERiFLEHIEER,
A 10 mL R T BEAF 4R 10, R T EEF 4 5 1l 1
0.9%I1) & AL #h %5 i . 11T Biolog # LIS F Tl &b H
A K Rk

1.27 OS FTHLE:IEFFHE(9/L): NaHPO, 7.00,
KH,PO,; 6.80. MgSO,-7H,0 1.19. (NH,),S0, 1.
CaCl,-7H,0 8.80x1072 ., FeSO,7H,O 2.00x107 .
Na-EDTA 2.50x10° . MnSO,6H,0 1.54x107 .
CuS0,-5H,0 3.90x10*, NaB,0;-10H,0 1.80x107™,
FAF B AR P B PR

1.3 Rk

131 MEFRE MR B 52kl RAE
Tt A8 A SR T T A A 7 A FH v A s A
PR AR B AR R AR PR 38, RAEABR s
MRS 12 I E PO, BRIRG I E 1) L8, KR
AR FHRG ALY 138 T 10 mL KK,
PR 15 min JEA52 Y 42RO HR PR 11T
K SMSA e P 1 5% 3P0 00 s 3 B 55 R IR T
Rs. XHHPIR A B AR ES | TGRS Liu 5295
B LA T, RS BURE ) FIHS B e PSR
GTEE RSB A A8 P o 07 22 380 A0 it DR RIS 7 4 1)
TE TZC B 5EA NA BEdt AR Zikalifk 3-5
RIG AR

132 JRIEHE 5P 16SrDNA K& : Jiglsis
HIHEHUR #iAk DNA F TaKaRa MiniBEST Bacteria
Genomic DNA Extraction Kit (TaK aRa)izt ] &L 5L,
PCR " 4% I Zhang 2% )5 ikt 47, 51491°% H 27F
5-GAGAGTTTGATCCTGGCTCAG-3' il 1541R:
5-AAGGAGGTGATCCAGCCGCA-3', PCR Xl
50 uL A RWAAZR . Premix Ex Tag® 25 ul . Hii514)
27F 1 puL. 5519 1541R 1 uL . DNA #ifz 2 uL .
47K (ddH,0) 21 L .
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PCR S 451« 1£ 94 °C 54 N #WiZs: 5 min,
WEAEIR . 94 °C AxbE 30's, 54 °C iRk 30s, 72 °C
FEff L min, 3t 30 #FF. PCR F=#ik b ifE4Esm A= 4
AR BRA R4tk S % 5E , 2751 NCBI £l e
AT HEXT AT o
133 HEHESHEIENRENE C. N AN 554
Mr: WIS IRE Rs a2 [CHIMEE, R
Biolog 2% [RGB M 21 & R AYIES F 3 A7 Jr e 0
fiEdE o N (BT 1); FEPURE R 2 [RPHPER, R
FH Biolog #: % [T PHAE4H B2 U0 Fr 43 B 5 i Asr il
TP (& 2). I PMO1, PMO2A 5 s S5 Al
PO R EYERRIR . ) PMO3B, PM06., PMO7 #il
PM 08 I 5 i i A AN B oA )RR AE M U . A ] —
PM Airf, DURIR R S BREERE, fridhert, L
FEPUR RN R, FRid b4k, OL_PR_1.2.exe
A TR LA b, 28 Arealinflection Lt
XFSHL, Horh Area R AR OB IR 04 TET R

Inflection /R S H1 2k (45 s isf ], AT AR,
Py [E] )N, Arealinflection {ELBR, BERARMZE
Proxsh B SRR AT BRER , 03 JBR S A  B A g
JIRATR B X R I R B

134 JAEARR S WYRWE S AL =R R
WAITE SN A R AT B N T U sk . 5
I ESRKRIEEEAT 12 h, SR )5 258 T /K sk 31K
M R B AR 2B oK bk 3 m el A .
AN 4 4L R K326 (Nicotiana tabacum L),
MBI A TR B AT . MEFLR T 1%iK
FERENBGHA TR AN EE 5 min J5 HIKTE & 81K
TR 3K, TP ACEE B L A
TR BXEFR, FeRi RS, BT 25-28°C,
TS%RIX IR I N LA E 5 45d, fEEE W
B, ANWriap K hoin AR 22 B SRR R TR
FEARIR AR TR AR, TRl R ) 5
T RE Ve

— =
Isolated
colonies from 42% T

BUS+B @ l +15 mL

e
22 mL [ ]
§5% T @ 1
©) +680 puL sodium succinate/
. +600 pL ® ferric citrate (100x) PM 1-2
(1:200)

IF-10+dye
120 mL

85% T (1:200)
@ |}
[ I

® 1
PM 9-20

o]

PM 3-8

1. FEZRIAME PM #ELRERE

Figure 1.
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Biolog PM procedures for E. coli and other GN bacteria.
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GP cells

L

52mLof 81%T] /
PM12| 2 :
24mL| ¥/

/N
PM3,6,7.8 b
48 mL
PM4 12 mL

/] /

20 mL of IF-0a

5
\
i
0.88 mL of 81% T J
, >
I -
\f) -
- - ,
- PM9+132 mL,
PMS5 12 mL

2. E=KPAME PM RIELBRERE
Figure2. Biolog PM procedures for B. subtilis and other GP bacteria.

e84 45d )=, SoH A RK s IR 2R B IR,
PR B FKPEE 5 UK. MHEAR RIZULTE 6 L M4l
K FEIRER A T A= Th R E 36 h, WiE b
e K oAb SR AR R R R AR K AR R )
WP W2 0.45 pm AL B AR B S 7 B R
WA RAET - 20 °C 460 T o MR WIET ¥y
R KA LB KT, 23 0.01 o/mL,
root DW T4 91l % & 1 g/mL, root DW T4
Mrior o
135 MEMRRSWHHEEYFE/RN . HiEd
Be AR O PR, 15RO T GC-MS
ST FHASCRS DU 0 43 B 79 4 0 8t o ) AR 3R 4
GSM SR E AT 35T : HP 125 mx
0.2 mmx0.33 um A EBAEH; B A0RE

1.0 mL/min); FEFFFHE: 50-330 °C, JEAEMIRE
330 °C, 4rifibh 100:1; FERESME: B TR
290 °C, & TN Bl (P2 s EFE . 2.0 pL;
PUZATIRE 150 °C; fasriE 1341 V; L4
i 34.6A,

1.3.6 JRIEE S REP0RE X R S W) e L 22 R
Rl . HHFLAR R S s T 0.01 pg/mL #J
N EEY, KR S PTRAAENE CL N I
FIFIE 5 AR 2R 53 WA v 22 Ttk A T X 43
BT, FRATH I B 5 F P BRI AR 28 S I A i ] 22 5
1.37 HEHIHE LXAFRIRE RsXFHEAR R I4Y)
HOR RV BR IR B A AR BE . 7000 NA BE R0t TG4

HIFEUIA LX4 F1 TZC et EIR1ERY Rs bk

B3 TSA [ R FRIE 1Rk, 30 °C %Lkt 3% 24 h,

PRHR TSA P b A4 B VR S5 4R 1/10 TSB A,
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FH:, 30°C, 170 r/min#%5% 24h, % ODeyx 4 1.0
Yy e

HF TSA Fl TSB HiFRSN &k, HkAE
TSA il TSB #5552 b 3G 57— Bt ia] a] LA FEL A
S BN AERRERY o 1710 TSB K53tk a3
BRI 4500 r/min F IR L 5 min, R,
FHCH 1 4= FEE 7K (0.95% NaCl) ek E AR, B4k
By . A K FA A, 4500 r/min Z5.0 5 min
WEREIA, B 3P IBR 205R /1 s
S G A= BRER K A 15 ODeo=0.5,

RGN LXA 5 Rs X BRI A A ISR, 78
96 fLANMfLREF 4 (Costar) I AR R 43 Hh 455t
R AR FH 2 e T B 55 T L R Y B — iU OS 5%
e, PA—BRIF AR E N 10 mmol/L, R E 4T
A SR I 45 18 ODegoo fE4 0.05. 96 FLANNEIE: 77
H (Costar) & T 30 °C, 170 r/min 3555, F3FE— B
() it AL ARSI BT ODegoo fHL

DA B — B 4500 Al A A K 1 e KR K

RFAELN P RTIZ RIS AR o Wi A R
AL p=(LnXte—LnXtd)/(t2—t1), Hr u. X,
t 43 TR B R BRI AR AR | RE T 22 4 1A 20 2%
(ODgoo) . FJTE](h)
1.3.8 JHELMR R W) A R B IR TE DL B 5 % IR
BdtER . A Rs #H T4 AR AP ERRIC
(ofp), PRic/EHAZT/RIRE R ofp-Rs ik, i
18 FH 76 E it PCRIEIIE gfp-Rs R,

VR R0 LX4 e HFH 5k J5
TARE . 78 96 fLAHAEES T4 (WHB-96) H in A
T 10 mmol/L D-HESEA Y OS 3577 4k GE 2 o [ 7
SEHUAREEYE C. N BRI S aE R, K
W D-MF R —FIREaS L ofp-Rs I A BERE
LX4 FFBIBRIE, 78 OSHF=FEF A 10 mmol/L
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() D-TFEERE LU ofp-Rs A9 A KA SZBRVE T 4 1)
SR, PRIES /ML IR By 5 g/l A RRIE Y
TeHLERHE I

96 FL A% 354 (WHB-96) H1 [R] i) 42 A Bt -y
FE LX4 Hl ofp-Rs, [FII gfp-Rs #&Fii ) LX4
) 1%, ffLART 30 °C. 170 r/min #7555, &
B — B RN E of p-Rs 94K
14 BiEatr

I AR SPSS 13.0 HFikf 44y
BT, PR A I B IR A FHRE 7 | o R A
FERI A% R B Duncan FCBT & ik 22 ph kg 7 2%
S B VR

2 SR

21 WEESHIHENEE

25 16STDNA 72, 35 i 126 21 B I AR 201
M B b e e B TR A 95 /K IR I (Ralstonia
solanacearum) 1 4 it I4 4 5L 2F 1 AT & (Bacillus
subtilis) LX4 (¥ 3), RAFT St M B0 B
WA E, b, flE GenBank 4
5oh KC888020; i 1t F1| Y iy A Fi5 Bt 44 B X Jit
HRTEPTEIAE] 15 mm (B 4), &+ EHA Y
ol £ 987 2% B 25 3 ff AR ) b0 PR (CGMCC
N0.8265).,
22 JRIEESHETIERK. RIREAERE

eI Rs FIHE TR LX4 fEA Rl F R0 Hpi
REGEAI A IAR . ARk 1. &l 5 fius. 78 PMOL
FALE T, A7 90 B o i A e A I BE A T4
Ui, AU 4 R SR A T BE A0 T S A
£ PMO2A A b A7 73 Ry o w5 4G i A1 R g
TRFHEPUAE, UG 18 i B +sHi B A A ak
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(A) 66 Wautersia numazuensis (AB104447)
Cupriavidus basifensis (AF312022)
Cupriavidus laharis (AB034961)
Cupriavidus pinatubonensis (AB121221)
Cupriavidus oxalaticus (AF135367)
Cupriavidus taiwanensis (AF300324)
Cupriavidus alkaliphifus (HQ438078)
Cupriavidus necator (AF191737)
Cupriavidus respiraculi (AT'500583)
71 Cupriavidus pauculus (AF085226)
100 ——— Clupriavidus campinensis (AF312020)
i: Ralstonia pickettii (AY741342)
Ralstonia insidiosa (AF488779)
Ralstonia mannitolilvtica (A)270258)
100 Rs
94 Ralstonia solanacearum (KC888020.1)
76 Ralstonia svzveii (ABO21403)
70 Y— Ralsionia solanacearum (ET016361)
Noviherbaspirillum malthae (DQ490985)
Burkholderia soli (DQ463431)

10¢

100

(B}

" Bacillus amyloliquefaciens (FN397644)

61 { Bacillus methviotrophicus (S001239910)
63 Bacillus amyloliquefaciens (S002222251)
69 Baciilus vallismortis (AB0O21198)
Bacillus mojavensis (AB021191)
79 Bacillus tequilensis (HQ223107)
62 97 Bacitius subfilis (AJ276351)
LX4

Bacillus atrophaeus (ABO21181)
Bacillus sonorensis (AF302118)

64 Bacillus aerius (AJ831843)
4‘—Bacillus licheniformis (CP0OON002)
3. AMEZEMENETREEMERE 16SDNA ARG L EH
Figure 3. Phylogentic tree of pathogen and antagonistic bacterium its relative strains based on neighbor-joining
method. A: pathogen; B: antagonistic bacterium. In the phylogentic tree, the numbers in brackets are serial numbers

of strains in microbiological culture collection center. The numbers in branch point indicate genetic distance
between strains.

50

©

El 4. BFHFREREA), BMEHEFETEB)MNEERSREIMREC)
Figure 4. The colony morphology of R. solanacearum (A), antagonistic activity of Bacillus subtilis (B) and
antagonistic effect (C).
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*1 RRESENHEOFHEMR. RRMEER

Table 1. The difference of characteristic carbon and nitrogen sources between pathogen and antagonist

Phenotype Variety of carbon gnd nitrogen pathogen used Variety of carbon and nitrogen antagonist used
better than antagonist better than pathogen

PMO1 91 4

PMO2A 73 18

PMO03B 60 32

PM06 72 17

PMO7 74 21

PM08 84 1

W AT 0 Y70 A
RSP EEEAEE EEFENEPREIEE
CPEE RS RS RS R ER
SRR ELELeES PAleECaslEED
i Cesam=lam Lo 00" 0 I0mm
i @WWW@W%WWW@W
] S TV o o YV 0
T e e e [T = T ol
FEE R R e A e e e R e R
T PEEPFFBPEBER  EEREE RS EEEREE
| RPEIRRIR R AT (PR D g T R R B PR TR
eSS IRFLELTE WRPEFEEREMEFEEED
 EPANAREFPBPE BEUEPPEREEPE
T FPFPPEBEPEREE  PPFFFEF I ERED
] v o i 15 . v mos [ [ [ [
Bl el A T -@@ﬂﬁ@@ﬂﬁ?ﬁﬁ
" EEPEPRRPEEPFP | FEEENEulERED
GEPRFPEPEERE PR nnsBonnsl
CmrrREErEEEE mwmm@mﬁmm\@m

E 5 mEESEREMNATEKR. RRENKTEES
Figure5. The metabolic differences of carbon and nitrogen of the pathogen and antagonist. In the same PM plate,
carbon or nitrogen used by pathogen was marked as red while carbon or nitrogen used by antagonist was marked as
green. Carbon or nitrogen was used by both pathogen and antagonist was marked as yellow.

actamicro@im.ac.cn
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T HEHE; £ PMO3B EKALS R+, A 60 Fid i
AR A FHRE IR FHEPIE, AU 31 M 4,
PUAFA IR UL THAR s 72 PMO6 KA fr i,
A 72 R EEH R TR R IR TSP, AU
17 Fidy SR A G E R AR UL T A A AE
PMO7 £RUISHH, A 74 RS R A EE 1

50 ~

4.651

2.601
5

— 9.152
11.303

THUE, A 21 M BCRRS LR A AR T
TR 15 PMO8 RALL A, A 84 M¥HH
WA HRE TGP, (0 1A BUR S IR A
MR T A

2.3

MEAR R WY E Y FRAER
MR 2R 00 9y WA P ] L, AIET 6 R 2

28.574

6. REDWIPYIRS KA EE
Figure6. GC-MS of main substance in tobacco root exudates. A: reference; B: root exudates of K326.

R 2. K326 MHERRZ P EZYI B
Table 2. Main substance in K326 root exudates (>0.01 mg/kg)

Substance classification Component type Content/(ug/mL) Chemical abstracts service No.  Formula Content sort order
Fumaric acid 0.48 110-17-8 C4H404 12
Acids Benzoic acid 4.8 65-85-0 C;HeO, 8
Palmitic acid 19 57-10-3 C16H320, 11
Fructose 2.2 7660-25-5 CgH 12,04 9
Pectin 183.4 9000-69-5 CsH 1206 1
Glucose 48.9 50-99-7 CeH1206 2
Sucrose 6.3 57-50-1 C1oH2041 7
Saccharides
Arabinose 22.4 205-699-8 CsH100s 3
Galactose 8.4 381716-33-2 CyH31N3O1, 5
Xylose 30.2 41247-05-06 C:sH1005 4
Ribose 8.3 50-69-1 CsH100s 6
Alcohols D-Mannitol 2.2 76779-67-4 C18H3006 9

http://journals.im.ac.cn/actamicrocn
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HRT LR, 7R EE T 0.01 mg/kg FOHIRZE AL
BB I R 183.4 mg/kg, & BB AR
RA 1.9 mgikg, AR . WilR . AVLER . WLEE.
AR | GRS Y 134/ T 0.01 mg/kg,
BER Y BT & s, UG B R A LIRS
7/
2.4 IR ARG XAR R AU 3 B 5 e
=5

TERS R >0.01 ma/kg ¥k 3 1 = 4 it
o, RSP LXA XTI AE S = TR A Rs AR
A RIS . ABEFRWE, 4352 e 6 A F Ag
1Y 1.22, 1.95 F1 2.17 f#5(&1 7); H5H0E LX4 FIHRE
IMRTHRIER Rs (YIBA S B2 . KWL . 13
B2, EFUBER D-TrEEmE, 43 B 5 R RE 0 Y
49.33%. 63.37%. 16.21%. 76.69%F 74.48%. 7
P . AUBE . LR AR I RE T S TG 2 2
S Bk, WEIRTE Rs R AELRAIT IR
RTHEBURA LX4, TEMORIE -, F5H0H LX4 bR
X L AFORE | ABE RO O T )5 5 Rs 41,
FABBESSR I RE J7 35 A A Rs #058
25 FHEHUEFRIREX R R WRIF) FR B 2 R

DATUAE PTE SR — BRI AR IF T (9 A R Aok R

20 a
g WLX4 T
L6+ []Rs

1.4}

1.2+

AWCDi

a
a2 a 4
a

1ol a b
0.8‘ aa db a
0.6 F b b b
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Figure7. The response of pathogen and antagonist to dominant substance in root exudates.
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3. LX4M RsHBE—RiFEHRANEKER
Table 3. The maximum growth rate of LX4 and Rsin the single carbon source
6h 12h 18h 24 h 30h
Carbon sources
LX4 ofp-Rs LX4 ofp-Rs LX4 ofp-Rs LX4 ofp-Rs LX4 ofp-Rs

Arabinose 1654  1.322 1535  1.018 1407  0.872 1245  0.612 1.002  0.358
Xylose 1224 0231 1.306  0.794 1519  0.8%4 1253  0.774 0.953  0.656
Ribose 1701 1.287 2216 1112 1369  0.991 0.985  0.427 0426  0.156
Fructose 1753 1641 2223 1965 1641  1.788 1.624 1771 1.342  1.588
Pectin 0477 1011 1132 1251 1148 0884 0578 0471 0.337  0.166
Glucose 2.891 3.430 3.547 4.308 3.266 4.089 2.497 2.934 2.886 1.383
Sucrose 0421  1.829 0622 1535 0.848 0515 1227 0324 1689  0.227

F 4. ofp-RsEAFAERFIEFR THE—ERSHEIEFHE
Table4. The gfp-Rs population under the single and co-cultured quantities under different carbon source cultures

Counts of gfp-Rs/(CFU/mL)

Carbon sources

Suppress efficiency/%

Independent culture Co-culture
Arabinose 6.38+0.28 a 5.21+0.75a 18.34
Xylose 6.03x0.13 a 2.82+0.83 b 53.23
Ribose 7.98+0.18 a 2.91+0.56 b 63.53
Fructose 7.43+0.14 a 3.56+0.44 b 52.09

Data in the table are meant+SD. Different letters in the same row indicate significant difference at P<0.05 level by Duncan’'s new

multiple range test.
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Competitive use of plant root exudates by Ralstonia solanacearum
causing tobacco bacterial wilt and its antagonistic bacterium L X4
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Yang Xiang®
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Abstract: [Objective] It is important to study the nutrition relationship between tobacco bacteria wilt pathogen
(Ralstonia solanacearum, Rs) and its antagonistic bacterial isolate LX4. The differencein their use of secreted chemicals
from tobacco root plays a crucia role for increasing the colonization of antagonist and efficiently bio-controlling tobacco
bacterial wilt. [Methods] Pathogen Rs and the antagonistic strain LX4 from tobacco field soil were isolated and
identified. We examined the use of characteristic carbon and nitrogen sources in tobacco root exudates by Rs and LX4.
Main chemicalsin root exudates were identified with a gas chromatography-mass spectrometer (GC-MS). We compared
and analyzed the capacity and intensity of utilizing the major nutrients by Rs and strain LX4 by co-culturing the two
microorganisms. [Results] The isolated pathogen was identified as R. solanacearum and isolate LX4 was identified as
Bacillus subtilis via phylogenetic tree analysis based on their 16S rDNA sequences. In the exudates of tobacco roots, the
substances with contents of >0.01 pg/mL were ordered descendingly as pectin>glucose>xylose>arabinose>gal actose>
ribose>sucrose>benzoic acid>fructose=D-mannitol>cetylic acid>fumaric acid. The content of pectin was the highest and
significantly higher than all the other substances. Strain L X4 could use arabinose, xylose and ribose significantly better than
R. solanacearum. The usage capacity of the former was 1.22, 1.95 and 2.17 times of those of the latter, respectively.
Besides, the fructose usage by LX4 was higher than that by R. solanacearumin the first 12 h. After 24 h of co-culturing
them on different substrates of carbon sources, the suppression rates of strain LX4 to R. solanacearum marked by green
fluorescent protein were 18.34% (arabinose), 53.23% (xylose), 63.53% (ribose) and 52.09% (fructose). [Conclusion] In
conclusion, the capacity of root exudates from LX4 was lower than that from Rs, which suggested the antagonist had
disadvantage in its nutrition competition with the pathogen. However, the antagonist took the advantage of certain carbon
substances secreted from tobacco roots to produce antagonistic substances, which were suppressive or toxic to the pathogen.
There were both exploitation and interference competitions between the antagonist and pathogen. These results provide
some theoretical evidences for the bio-control of tobacco bacteria wilt caused by R. solanacearumin the near future.

Keywords: Ralstonia solanacearum, Bacillus substilis, tobacco, main biochemicals in root exudates, competition
and biocontrol
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