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1 #MRISREZE
1.1 kR

X FME WM H R E [Psolanacearum
(Smith) IM1.12 7y B H SR ZE; HHE (R
solanacearum) TY2 1 FJAT-91 43 &5 B H & FN 2%
Hiti, FARIAE T T 9 A E R A TR A .

PR LR A “BRE 757 M CRTEEE” B
HHMNEEET kRS .

PR IR B . B IR
RE L WA AT AR PR L
1.2 HEmENSBESiiE
1.2.1 @i KEMEER T WA NA 7R
(10 g/L #i&iBE. 3 g/L 4WE . 0.5 g/L BEEEE
5g/L &AM, pH7.00 H1, 30°C. 200 #/min &%
}i 9% 48 h, BB ODeoonm=5.0, F¢ 75 Fli 1 4% 1:50
TINFNZ) 50 °C AR ) NA [ 4ARs 753 R 43
5], HISE PR, &

FREX 1 g il 3R N 2545 20 mL TG R /K AT
WAL = AT, BIZIHES 10 min, ## & 30 min.
B EJER L 10 5 BE BEM RS, HL 10°~10° FkE B 1Y
FIEWA 150 uL 340 2 & AT E I NA FAR L,
BEABERE 3 REH . 30°C 5597 48 h, HIK A HIH
PRI W0V B P (10 A P BRI R o Poase A 00 R P 1 B 7R
RIL AL TS BIVITH B R, 4 °C TRAF&H .
1.2.2 &5 SRH 1.2.10 HAHFE D70 5
PR, FZREERAT LR (0=6 mm) BEAT FAR M &
WA LN 50 wL AN [F] 47097 B ik I 15 220
(ODgoonm=5.0) , F/NEHER 3 1k, 30°C B¢
48 h JE AR 5 i PE KNS B E I B bk
1.3 FEIE 16S rRNA EFE R EFEIFREX FHIEE

KA E IR IS LR JE 4] DNA, Ll 16S
rRNA B 514 27F 1 1492R, 16S rRNA F&[X] 8] &
X (ITS F#%1)) 5% 1405f (5-TGCACACACCGCC
CGT-3") 1 456r (5'-CCTTTCCCTCACGGTACTG-
3" 4T PCR 1 . 535 F2 5 4 95 °C 3 min; 95 °C
15s, 55°C 15s, 72°C30s, 30 {&XfE¥; 72 °C
5min. PCR =& B ykAr G BT, BLHLUK
Ji RIS 38 P2 4 2 2 1) pMD19-T #5544, 1k K
FFBE, O I8 PH MR AL 700 7, AR IR I 5 4 SR
NCBI #% R &4 22 _E % F Blast 3 F2E47 Lo e
FEPURE R o

14 HEEIET SN

Z:001.2.1 F 1.2.2 B 751553 59 1) 2% 76 0H 75 A oA
FH BTG AE B PR, o3 i B T AR B L 23 Sl AN AN [
FEPUE MRS R 50 L (ODgoonm=5.0) , &M
HES 3K, 30°C 5557 48 h, WML AN &,
KR EMEH KA, MR EE 3 K.
1.5 HEmEAEEIESIR S
1.5.1 F&aigskn4an HERSmm WLET
FLERTES 1% 950 LB [EACFAR E3THL, B L
A 20 uL FEFLHE FE R (ODsoonm=5.0) , 30 °C ¥ 3%
48 h, WS B T 5] [ G TG I2E B BB A R ) i B o
J & e R
1.52  ZHBEARRE AN R BB SR ROHE 1)
JIE AT PR R BRI, K 20 L 15 90w R
(ODgoonm=5.0) 5 AT R EH B AR AN G
FiRE A Smin, HHEHEEOT AL, T
PSR- 0 N P il N R R S R TR
1.53 A4 H ke &n  FIFH R E Gk
M AR, K H Zhou SR 7732 ] BB 4L
B EARIE AL G 1% 10%5 R B35 T 2 mL ik
NA 359538, 30°C 5 37 °C # B 597 48 h, FHE W
J& FA TG 1 A B AR K B e — RS, N 1 mL 1%(7)
ghim Y 15 min, HIEHE/KE 2 RYSETE,
TEE N EE A SR IR Bl i BIR s — BT
RO, B SEIZ R R A
1.6 BRI
1.6.1 a&#&KEixt WIS ER N ImIEIRB
P B IE FC-17, BREMMN “PE 757
ACORVaEE” , IR 4 NMEHEL, 435008 CK.
R. FR HIF (R 1) o ZARRLEE T 2021 FFAKZELENY
JRE A d kb 2 2 b il = h b AT, B/ RIRE
22 °C/25 °C, {RJE 45%~60%. LA ZEFHE 1d, F
AT FR AbEEEE FC-17 W, CK Fl R AN &
T AKIER R, &R 15d SR ZEH L 1 em I,
X R Al FR A PR 8 A IR F I R . F5HU M
TR RO B2 08 10° efu/mL, 3 R 1 X,

1 BEOERRAWEIT

Table 1 Experimental design of pot control effect

AL P Treatment @Y (D Supplement (pot)

R 20 mL TS BEK+10 mL R4 B 1 )

FR 20 mL FEHTEH HW+10 mL 754 B B
F 20 mL F5 0B Bl
CK 30 mL JEF K
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BB RHESEE 1.

[ 2~5 BRORE N, B 9 (B
75) BSAEE CRIEHE) .
1.62 FaZARABACARE DREMKETE
BN TR 20~30 d J5 AR LT MOWRE, F3E 1 Ak
Tk LT FERS 5 d LSS AL B R Wit L, FEAN SR
20d. FRIEEESHRWMT, 09 fEFEKE: 1
Be 1%~25%M K 2 e 26%~50%M F KR 5
39 51%~T5%M F Kiws 4 % 76%~100%M
Ko THEA X291

JRTEREL (DD =Y (AR IR RSO )
0O 1 GBS ERE RS PONED 1%100;

B (BE, %) =[ (R B9 45 B 56
AEER PR SRR D /R 1S FE %> 100.
1.7 HiEAE

X Fi Microsoft Excel 2010 2% 4 #3E47 $ 4k G it

(b)

AbFE, SF F SPSS 18.0 8 A4 #E4T #5434 » F Duncan
BT EREEEZ ERE (P<0.05) .

2 HERESR

2.1 HEHmENSBEmEREAE T

K H AR Rl e 240 R0 A= EEARFT FL A 075 1)
J7ik, Nl TEL WIIEE SR Ha
F SR B AR PR - 438 i I HY 6 MR R S E A B
ML.12 A8 E AR R, Al A
XC-1. XC-2. FC-11. FC-17. HN-9 f1 NX-18 (/¥
la) o #E—AME 6 BRIEPUEENT 73 B H i FIHH 2
(T Ah B RS PLE T, 25 RN 1b~c Fram. Pk
SEREIR, 6 HRIETIR XY SR E . A EE b
BRI A PUE T, IR B EANEK 2 s, H
RN BE SRR 2 NX-18, HE XC-2. FC-17
1 HN-9,

(a)~(c) HrFRE AR B D8 . AR EE R, R ALV AFRRHURE M 50 uL (ODeoonn=5.0) -

Agar medium (a)-(c) were embedded with R. solanacearum strains from potato, tomato and tobacco, respectively. The loading volume of

antagonistic bacteria was 50 uL (ODeoonm=5.0) per well.

1 FEER 3 KRB REMNHIER

Fig.1 Inhibitory effect of antagonistic bacteria against three strains of R.solanacearum

®2 oHIEMEN 3 HMERENNREER

Table 2 Inhibition zone diameter of six antagonistic bacterias
against three strains of R.solanacearum mm
Wik H A SRIE Source of R. solanacearum

Strainname A% potato i Tomato  MHEE Tobacco
XC-1 4.40+0.74c 3.91+0.30d 4.38+0.74d
XC-2 7.38+0.98b 9.41+0.45b 9.03+0.59b
FC-11 6.61+0.34b 5.54+0.82¢ 6.64+0.34¢
FC-17 6.90+0.79b 8.26+0.62b 8.41+0.34b
HN-9 7.11+0.91b 8.83+0.80b 8.96+0.81b
NX-18 10.14+0.74a 11.98+0.80a 10.70+0.53a

FRANGFRHEREREE (P<005) .
Different lowercase letters indicate significant differences (P < 0.05).
22 HMENS FEERESHFE

X BS B 6 MRAS DUB IR UK 4] DNA, 77
R 16S rRNA K] 7 51 A1 I E] B X (ITS) ¥

A, Bk (K 2) S H I E B Bl{E 1450
F1 1000 bp /£47. HE4E 16S rRNA FEH 741 f ITS
Jr A BT 25 R, A bk XC-1 4 Pseudomonas
palleroniana, T XC-2 il HN-9 N Lysinibacillus
fusiformis; Bk FC-11 N Kosakonia cowanii, Bk
FC-17 SN Pseudomonas frederiksbergensis; %tk
NX-18 SN Lysinibacillus sphaericus, 6 ¥kH# 5%
LR Y 16S rRNA ALY T 99.5%, 1TS F¢
GURRAUE S T 98.5%. Hifk XC-2. HN-9 fll NX-
18 N X IR FHTE R, Witk XC-1. FC-11 Al FC-17
NEZRBATERE . 6 PREE NA PR EEIES
ik 3 frs, Bk XC-2 A HN-9 BV R A BRI
KPR Bk FC-17 Bk 2t BbR NX-18
BT R,
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(2)

1 2 3 4 M 5 6

1500 bp

1 2 3 4 M 5 6

1000 bp

(a)9 16S rRNA FEF Y 1) d1 ik &, M J9r-Eco I T-14 digest: (b) 16S £ 23S FERAIRGIX H 1443k ], M 24 1kb plus DNA Ladder-.

1~6 7> BN #k XC-1. XC-2. FC-11. FC-17. HN-9 fil NX-18.

(a): Amplification of 16S rRNA, M represents A-Eco I T-14 digest marker; (b): Amplification of internal transcribed spacer between 16S and 23S
rRNA, M represents 1 kb plus DNA Ladder; 1-6 represent XC-1, XC-2, FC-11, FC-17, HN-9 and NX-18, respectively.

B2 FEHUE 16S rRNA EE K& EEEREX PCR 4 184768 K &
Fig.2 Electrophoresis of PCR products amplified from antagonistic bacteria 16S rRNA and internal transcribed spacer

BMRRIZRJSTE 30 °CHi B 5577 48 he

Strains were incubated at 30 °C for 48 h after streaking.
B3 EMEEENS
Fig.3 Colony morphology of antagonistic bacteria
23 HEREAEXIEYRS
TSP AT W AR BBk, Bk
Bk BrEsE. B A B B AT T R
AFEGUER . ARIRHE PR AT T EAN. B

P S AT e i, LA 20 M AN Rl Bt B
R REVE ML . BB e (K 42) BoR, B
XC-1. XC-2 Fl HN-9 J& [ H 34 K% B K fig Bl
KU 3 PRI AR, b XC-1 W E AR
Re il . BREIARIREEH, XC-1. FC-11 #1 FC-17
BRI AR I (4% R 75 e R R (0 AR N R 40t R REF™
AR, Hrd FC-17 Bbk kA o e (B
4b) ¢ AR, Bk XC-1 F FC-11 Bk
EHE DI IVE IR, R B TE A e
71 (E4co) . 6 RIEEBLEY, Witk XC-1 FIREA
72 R R AR I 3 FREE 05 B FC-11
AT S EPIRR I 2 FhEETTs B RE XC-2 Fl
HN-9 R~ ;Wi FC-17 R BAF~8ak R m
RE T B R NX-18 AN EA IS Al 1) 3 Fp4EHiey
Jii, A ReiE I AL AR SUE R .

@ (b) XC-1 XC-2 FC-11 FC-17 HN-9 NX-18 CK
WY @9 w W |
P Y 8§ 9 w w @
(© XC-1 XC2 FC-11 FC-17 HN-9 NX-18 + - CK

| | —— h‘-\"
= . ~— v

(a) HANE: (b) BREAA; (o) BV “+7 . BU/NZFMME SCULL,  “-” « K E MG1655, CK: ZHXf .

(a) protease; (b) siderophore; (¢) biofilm. “+” : Bacillus pumilus SCU11, “-” : Escherichia coli MG1655, CK: blank control.

B4 FHEREIEIRNE
Fig.4 Determination of antibacterial substances of antagonistic bacteria

24 BEZFHHIALE

R R R PORIG 45 R EoR, AP R
TFIBE B XC-2. FC-17. HN-9 I NX-18; Hrh
XC-2 F1 HN-9 B PEEA 7 5 FAlgRE /1, FC-17 BFH
BT R AR BE 7, NX-18 B A3 B 0 5 A
B . 256 IEFEPUACR s PihLE], A XC-2
A FC-17 HHAT BB ik, Ftilse FC-17 &
DU S AF AR ORI T AR

LR ERER 1 d M FC-17 B, HHY

1 em WP RIEM R EH A M1.12, ZEAEEA
JE PR R ERRBONAN, SR A KR
TR ZER . RO GHERREREF 30~35d /5
FRU6 I R, TR R ROKEE, Rt
R ROKFE G AREE NE, K™ HE K H I
R, FRACFE/DEORE MR I 252, #4545
B AR AE KRB AN 5 BTz« SFBT iR SR T &
i, FC-17 XF “Bes 757 F “KPGHE” B EM
W56 R N 79.46%F1 70.83% (£ 3)
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i Vel = | Y. i\ ‘ }
(@)fIb) A “Bess 757 1 RN BRYE, kT

FR A 45 d

CK R

il
AT S

(a) and (b) were Longshu 7 and Atlantic, respectively, pictures were taken at 45 days after seeding, and the enlargement of infected leaf is shown on

the right of the picture.

5 FEHUE FC-17 X DREFHmAINIEIER
Fig.5 Effects of FC-17 on the suppression of potato bacterial wilt

RH FC-17 HHRREA AR S E B H o

3 AR FC-17 M B REFBHFIPIEI RS 1T
Table 3 Statistics for the suppression of
FC-17 on potato bacterial wilt in pots

Th % il Ab T ATELRS NI E S
Potato cultivar ~ Treatment Disease index  Control effect (%)
Wi 7 = R 45.37+18.49 -
Longshu 7 FR 9.52+16.49" 79.46
F _ _
CK - -
K R 52.68+16.04 -
Atlantic FR 15.18+15.64" 70.83
F _ _
CK - -

“77 IR R FRORT R LB R B RAE P < 0.05 KA &
“*” indicates significant differences between FR and R treatments at
P <0.05 level.

3 iFig
TR et L B PN ) R P T e 2, LT
55 042 1) — B2 B AR R A HE 5, AR VR AR

IR N EBT iR IRt T — R EE AR g . £ H
S ELAE SRR X B B A A T T T
BIE T MR, HOREH MR
Tl GEPRAIAR R e

R 2 — SRR PR 2 1, FERE AR B 2
AESTam, A RH SR EYE IR B SR

FEAFUAE R AEY K SCEEY A
M FREINMEFEYPIEEH . HHICH 5L B33
KB, P frederiksbergensis it B A fRBEH, ZHE
RER8 4 1358 T IR ANV VE B IR A O ATV Ve, OF
WERIE A K . WellerPHA N, R M0E REMS
YERETI A, FEFLUTIUMES: (D &
KRR, &/ RKERMAE; (2) Rl R H
MFRR R WY, (3) AE LS FEik 2
YN AR T, FA R SR K e T AN BT RE /T (4)
Z 5B B Re S A an AR AR, B E
BREA R IAMR AT (5) EMNIEEE R8T
g, fCER L TR RT AR S R R AR 23 A ) AAR B L 46 vh
M7k, AP, SRS, b
3 S B A A T TR BB TR BT, DT o
A KBS, [ P AMRIE 1) T B 76 A 98 0 AR B B B
2 , Anuratha S5BOIR] F % 6B 5 M B 2R 47 I 5L 230
AR IAF T R RIB7 76 ORI 5 B = AR
R T A 2R MR K 2 %o MR 55 55l o A 2 1 41 ) 4
H . Ramesh ZFEBTMFEA . i T FIRKZESE Z FifEY)
(PR s 33 2 B 7 3t 18 R X i 7 7 A R
RS PUIETE R A M T o B0 IR S BRIE 7R IR = 5%
R, M B4-2-2 X & A A B G
RORTTIL 70% UL b o BRABR S AT H T 48R 5 A
TRIBTIE AN, ZFAA B A R RAF 1 BiG
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R o A5 S DOV B e 1 2 MRS 52 AR B ) R
VBT Ia B A AT LAAES ) 5 48 S R 1) R A, T
BT R AR ARG P o T A RO g FR A
MR PR 398 o 73 B3 L0 R S A 28 AR B LH23 A 5
ZEAUAT B LH36 X 5 4% 2 A B A R H P AE
H, BRE R R 2 5] ik 53.9%H1 50.0%
OB HE AR 2 B A5 20 I SR AT I T3 & A L
AE, R IS 79.44%.

BB BT A — PR EE B AR B TR, A S B
B FC-17 =& M-8 73 B fiade th B A R B, IR =
B 2k AT A 70.83%H1 79.46%, A B H] T R
IR A o ARRIGAAEIR B2 FXHEPUE AT T B
YA RIS, F5 B0 1 ) R 2 52 B K AR AT
IR T 2 R R, K5 = N6 80
AREFEE R . RSB T WAL, =2t —
AR T R R T 2k A, B FLE TR A B 255
P 1) 200« A it P VBRI A 101452 BB B R
FC-17 £ 58 AR5 5 P45 vh (1) S I 7738 75 %
08 o AR R Ak A A ) R 5 O R K BT 8 AR A
PAIGAIE o

4 ZEig

AHIF T2 5715 15 3 6 TR h 4% 5 A 1 A 01
RORFE PR, EATXS 43 B 1 2 i A0 ) A
B B (0 F S T SR A BB R M B
FC-17 34T S8 E 1 R AR VB A SO RES, &5
RRPEST “PEE 757 A KRR BIHRRE
BB 4y B F] 79.46%F1 70.83%.
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Screening of Antagonistic Bacteria against Potato Bacterial
Wilt and Study on Its Control Effect in Greenhouse

Li Sheng, Li Xiang, Zhu Meiru, Wang Xia, Li Haoyang, Tan Xinru, Wang Haiyan

(College of Life Sciences, Sichuan University/Key Laboratory of Bio-Resources and
Eco-Environment of Ministry of Education, Chengdu 610065, Sichuan, China)

Abstract

Screening antagonistic bacteria against pathogen is a vital work for the biocontrol of potato bacterial wilt. Six

Bacterial wilt of potato is a destructive soil-borne disease caused by Ralstonia solanacearum.

isolates with good inhibitory effect on three R.solanacearum strains of potato, tomato and tobacco were isolated
from the rhizosphere soil of healthy potato, tomato, eggplant and pepper plants. They were identified as
Lysinibacillus sp., Pseudomonas sp. and Kosakonia sp. through molecular detection, and it had the ability to
produce protease, siderophor and biofilm, respectively. In greenhouse, strain FC-17 significantly reduced disease
incidence by 79.46% and 70.83% on potato cultivars “Longshu 7” and “Atlantic”, respectively, indicating good
potential for biocontrol of potato bacterial wilt.

Key words Potato bacterial wilt; Antagonistic bacteria; Antimicrobial metabolites; Control effect
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