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WALk 2 AR B Ba0l iR R85 H itk L IR
FEB RET AR MAFC KRR RAR

e

T RHEDS ~ BEEERR - VS MEE - BEESE - 2021 < (LI ZFFEARE Baol [
TEHRE TR TR - BIEEIEIRY 70(1):24-42 -

Rt E AR & B E e K E R mEE E o WA § Ralstonia solanacearum 5148 o BRAEEAERY » K
FItE RS RAERC F 1506 7 ik ok 0 B A B RALE Y F F8AE ) Bacillus amyloliquefaciens PMBO1 » A B B
F B ILRACEAY F 04T Ba0l 3 B4 F Bk A ys R 0 12 B A7 Ba0l & PMBO1 # 542 F /B
BB KRG R o AXHT R BaOl T & A& K ig ROy BE - G4 FEE  ISeR S s ok e o 3t LA
AL/ - LB LW PMBOI 48k » Ba0l B dxfkayifely ~ A H » BB F o Aae ) ROEH R - ®4h 0 Ba0l
FEkEy R EASATIL A ML A RO AL A TR o s R KRR B, 0 Ba0l $1 PMBOL % 7T A4 4] B4 F A
J% M race 1 # #k RSN371 # race 3 H# #k RSN245 » RSN373 » RSN439 % 4 & - &AM » &4 Ba0l #2 PMBO1 °
3t RN Ba0l 5 PMBO1 /3 F A3 F 4/ M AR o s 4R F 455 04 RSN439 ALk 3k & 77
ML BEHERBER - A2 RASKF - EIH 448 RSN439 B 5 & i 100% © 1 /2 9 %] % 3 Ba0l = PMBOI1
%o LR ABEEEZE 20% (P=0.0009) # 40% (P =0.0135) « A4 e b5 52 5 & - 35 BLIE BF:4E RSN439 ¥
Ba0l 5 PMBO1 #%3% /w14, (reactive oxygen species; ROS) #4 Hsh 3 3 )5 o A o 4845 RALEI F AR
Ba0l 7T A 2L F5 6 o 3 Fabm - FAF R M 7T A S 30 %% R B~ A oh & AR 64 2 ik ~ ZEFRAE R &35 4 ROS
RAEA B

RASEE - Bt EHN - FRRE  RCRR SRR - EYINTE -

WA EEREENERBIHEEZER AT

BB AERE A S | o HO R SERER R LE
Z—> Eﬁiﬁ%%%ﬁﬁRalsmnia solanacearum FH BRI (Alvarez et al. 2010) - ﬁﬁﬁm
Bl R AR E AR O SE L ASE FEAE > o7 BT/ (race) » B\ (race 1)
Y > U S S S A B R (colo- BRI LR - BURIT ~ Fh - BEE -~ UK
nization) » FEHA BRSNS EENE (exopolysac-  HbOTHERL S ST/ (race 2) MR =(EHE
charide) BAFH (- ACE B 67K 47 3l (Peeters er AR MFEBIEY) © % =/ (race 3) T
al. 2013) - BIEAREMOUE KSR » B B fr iR BREREN BN HMIRHEY 2 s
ZH o EREAE > EHRERKELY > % BIUEH/NE (race 4) (EREE © HHAE/N
HHEERE 2 EEEHEHET - 5 1 (race 5) A{EREZLS (Denny 2007) - E
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FeAEEY) - ] DUETT AR B/ NMERESEE -
Hrp o race 1 Blrace 3 AJRZLEEE - AER
race 1 > race 3 BXZE » {F 16 CLL MY EE4AE
77 (Ciampi & Sequeira 1980; Wu ef al. 2011) »
55 HRE 9 HR KL EY) [FLBE (lactose)
ZRZEHE (maltose) ~ & 4EEETE (cellobiose) ~ H
2 [ % (mannitol) ~ [ FL 22 2 (sorbitol)
i 2 B2 (dulcitol) ~ J& % fiE (trehalose) ~ Hl g
(myo-inositol) ~ D-{%## (D-ribose)] =~ ¥ F &E
10 &5 By 6 FEAALEL (biovar) o [ S HTHY 77
HIARE - ALK [ DNA 53 A ROl i 53 By
4 {E’={LEF (phylotype) » Phylotype I &Pk + %2
S AR EE N - E R i FHEY) o phylotype 11
SREE S FEEZ  RERE -FE - &F
fiit 5 phylotype I 3 A FEMN » 25 - Ry &bt
phylotype IV 3AARENE » FER/EE ~ &l
(Denny et al. 2007) -

WAL Bk = AR B (Bacillus amylolique-
faciens) R8RSR - AR REFHAEREE
J& 4T R JEE 9 R A B AV A i 0 T AR
1A pH 2-10 VIR BT » 4 R 05 5 By 30—
40°C » EIif =08 5 EE £ N AE fi - (endospore)
ZFHE - WA RFRAIIRIRAS » REZE £
SEHVPUEAE T - WEER ~ SR~ =B A KR
SA M 2 M o FREREVIEEYREN
HWHl oy HFEFABBEREEYAER - AR
Y4 & B R IR Y6 R 5050k -3-2
fi# (indole acetic acid; TAA) Bit5 HZ (gibber-
ellin) #Y& Y (Chen et al. 2010; Almoneafy et
al. 2014) ~ JATE(EHFIBESN 3 flR B Y 53 00 DL
EFRERVECIE A - (€ MY 4 & DURHTAM AR
J5 B (Bloemberg & Lugtenberg 2001) o [ ##
REEY A RIVAKEEEETUEYE (Pal &
Gardener 2006; Chen et al. 2010) ~ #z #W'&E
(Arguelles-Arias et al. 2009) ~#iF{ER] (Pal &
Gardener 2006; Chowdhury et al. 2015) ~ $H&%
)8 (9 7 4 (Chowdhury er al. 2015) K 3% 2
TEMRE A PR (induced resistance) (Kuo et al.
2014) « (RItE - AL B by 2 AR B E BA 35 i By
YRR A Y EE 2 B S o EElE R B. am-
yloliquefaciens BaOl [ & $5 2 2 [ A7 47 B -
A FH AT A 38 B H S 8 Z R i BB AR
(Lin et al. 2018) ; PMBO1 &t EmiA&YlhE

B BRI — R EEENE R 6
BEHTITT) (Chou et al. 2013) » HEFE AP G 7
FHE#bP K ZE 8 9% 5 PMBOS ] 1l B %5 [ JH
WE (Wu 2016) K PH)NEBEHE (Chang et al.
2019) #4 - MEFRAEY RIEZE ST - EHY)
Ko IR R 2 - MY EE B e
(hypersensitive response) FY[F]HF @2k 24 pl 8
E4E#7 (0,) » 4% nicotinamide adenine dinucleotide
phosphate (NADPH) &{CE§E (LA H,0, - [fi H,0,
E ByiEME 4, (reactive oxygen species; ROS)
Ry s oy T — 20 SF A [ S A
R HE ~ 15 %) 5 (callose) ZETHTE (Doke
1985)  BRELHEH] - 78 0] 2 28 05| Uk 2 1% ~ K45
M~ 2 0% - BEfg Z W E £ - PAMP (pathogen
associated molecular pattern) triggered immunity
(PTI) R IRIEERJ1%E 554 ROS /Y 2 fE (Mittler
etal 2011) -

2013-2014 [ - EMGE R EREHRERE
T AE W Y 75 A %89 8 s 0-32% (Chuang et
al. 2015) - HEIf G ABEEREFEEE - B%
PR~ BLKRE ~ oKk s BR - FoREETR
{E (Yuliar et al. 2015) - TEY) R 5 1H » (&
B R LR 2F AR & PMBOL - {HE [
TERRA ARG o A B O A RAL B oF AR
Ba01 > iIff B £ i ft{b 2 PMBOL EE gz H A
F R ST ~ BEANKIBEGIY 5300 ~ /BWREE S ~ 35
ROS B K HH B EH M 2P askE )]
2FAd Ba0l B4 PMBO1 {5 FI A B 06 15 85 B 55 1l
2 ATREE -

MEER TR

AR EERE

A B E 2 AL B R (B
amyloliquefaciens) #1155 §5 ZEE IR E (R. so-
lanacearum) BEEFIERATR 1 o ALK =F
= 5 Ba0l ~ PMBO1 £l PMBO5 £2 %% i LB &
fE 5% & AL [Luria-Bertani liquid medium » 1%
Tryptone (Sigma, St. Louis, MO, USA) ~ 1%
NaCl (Bioshop, Burlington, Canada) ~0.5% yeast
extract (Bioshop, Burlington, Canada)]/[&| 5 [1.5%
agar (Bioshop, Burlington, Canada)] > & & &
37°C - B #5 2 & f 5 B RSN245 ~ RSN371 »
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1. AWFZEE R Z B Pk > RSN371 B2 RSN373 73 B it [F] — HH & - {H A [3] £8Pk © RSN245 ~ RSN371 &

RSN439 HIl 53 A R [E & -
Table 1.

RSN245, RSN371 and RSN439 were isolated from different field.

B70% 1

Strains used in this study. RSN371 and RSN373 were isolated from same field but different plants.

Microorganism Strain

Source or reference

Collection area

Isolation site

Biocontrol agent

Bacillus amyloliquefaciens Ba01
PMBO1
PMBO05
Pathogen

RSN245 (race 3)
RSN371 (race 1)
RSN373 (race 3)
RSN439 (race 3)

Ralstonia solanacearum

Lin et al. (2018)
Chou et al. (2013)
Wang et al. (2019)

This study
This study
This study
This study

Houli, Taiwan
Neipu, Taiwan

Neipu, Taiwan

Dounan, Taiwan
Gukeng, Taiwan
Gukeng, Taiwan

Gukeng, Taiwan

Potato tuber
Soil
Soil

Potato stem
Potato stem
Potato stem

Potato tuber

RSN373 k2 RSN439 » JAE G me K it &
BREE( S » BLTTC (triphenyl tetrazolium chloride)
R MBS E AL [0.1% casamino acid ~ 1% peptone
0.5% glucose ~ 1% 2,3,5-triphenyl-2H-tetrazoli-
um chloride (Alfa Aesar, Ward Hill, MA, USA) -
1.7% agar] % E E % AURE (Kelman 1954) - &4
Babs o AIEZE Y CPG R ARRTE A [0.1% casa-
mino acid (Bioshop, Burlington, Canada) ~ 1%
peptone (Bioshop, Burlington, Canada) ~ 0.5%
glucose (Bioshop, Burlington, Canada)]/ [&#E
(1.7% agar) » Jf & 5 28°C « HA|HE 5]+
¥ AU759 (GTCGCCGTCAACTCACTTTCC)
F1 AU760 (GTCGCCGTCAGCAATGCGGAA)
(Opina et al. 1997; Villa et al. 2003) FEZIE %
REMEE » X3P race 1 fl race 3 H—14%
5 [F-¥#} PS-IS-F (CGCAACGCTGGATGAACCC) ~
PS-IS-R (CAGACGATGCGAAGCCTGAC)
(Lee et al. 2001) ~ 630 (ATACAGAATTCGAC-
CGGCAC) ~ 631 (AATCACATGCAATTCG-
CCTAC) (Fegan et al. 1998) & 7| E T /[N fif -
FEN KRS 2 EME DT

RE o AL S R H R R R U EH
B ~ Wbyl - BAERE M AEERIVEE ] - HEMH
JBBRRETT (Lin 2015) < ARRFZE(E A E R &4
N EUR AL Bk 2F FU AR B Ba0l B2 PMBO1 B £k
RHREADIUERER AT - EHHE DR
FOEMEME 2 BB/ AR )7 KA 100 mL #Y

FmErE L (2% peptone ~ 3.2% agar) K& 2%
Hit B @5 9 100 mL dH,O » W3 73 B 1% -
R HIG AR & - & Ba0l B PMBO1 &% L 5%
B2 dRBZEESEAELE (Sonune &
Garode 2018) - [fi Bk 73 s 710 > T9F A
0.2% soluble starch (ZEFH&H 82k =L@t » H
KFEM) 1.6% agar il A 100 mL dH,0 J&
ARE - BE2 dig 0 K& EAY Ba0l 5
PMBO1 E%/KERIABUK (G » GEHE
%) aait > HREABCEIFRTRER
B o3 fiREE ] (Sonune & Garode 2018) - 44
ZEEEMEME - AIDIERAE Z & A [1% pep-
tone ~ 1% yeast extract ~ 1% carboxymethyl
cellulose (Sigma, St. Louis, MO, USA) ~ 0.5%
sodium chloride ~ 0.1% monopotassium phos-
phate (ShimakYU’s Pure Chemicals, Osaka,
Japan) ~ 1.6% agar fjl A 100 mL dH,0O » pH7] #
TH& - 858 2 d1& > FIH dH,0 KL &
F£ FAY Ba0l 5 PMBOI E% » F{ERA 0.1% 2
Congo red (Bio Basic Canada, Markham, Can-
ada) Z&ff 1 h > HLL 1 M sodium chloride E 4t
Lh EfLENEENREA T REER 28k
7J (Kasana et al. 2008) - A5G MOHIEL - AIE
F Tween 80 F5 &AL [1% peptone ~ 0.5% sodi-
um chloride ~ 0.01% calcium chloride (MPBio
Inc, Irvine, CA, USA) ~ 1% Tween 80 (Biotech,
Paris, France) ~ 1.6% agar fjl A 100 mL dH,O >
pH 7] 5347 - £ A Tween 80 BEEHL 5 d 1% »
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FHI dH,0 /K e RE RS 4 | 2 Ba0l 5 PMBOI1
W% HBZEEENTERAIRY ZES
(Sonune & Garode 2018) » JABERE S HIE > 4
{H A Pikovskayas F2 &KL [0.05% yeast extract
0.5% calcium phosphate ~ 1% glucose (Bioshop,
Burlington, Canada) ~ 0.05% ammonium sulfate
(Sigma, St. Louis, MO, USA) ~ 0.02% potassi-
um chloride (Bioshop, Burlington, Canada) -
0.01% magnesium sulfate (Sigma, St. Louis, MO,
USA) ~ 1.5% agar £ 0.00001% manganese sulphate
(Santoku Chemical Company, Osaka, Japan) F
0.00001% ferrous sulphate (ShimakYU’s Pure
Chemicals, Osaka, Japan)] 47 G F 1% » B
HENRS > HHEHE 400 mL T oM - &S d
% » A dH,0 Riks &AL B2 Ba0l 2 PMBOI1
F% - HEZEEOABLENES  HRERS
W 8EJ7 (Almoneafy et al. 2014) - KL B 2F
TR E Ba0l B PMBO1 B35 E 3 uL [1.0 ODg,
(optical density; OD)] FVE R £ & AT
B o MBI 37C -

AR E A

7 Ba01 £ PMBO1 JEERH#EHESE L 37°C
16 h > [l H A4 5 RSN245 ~RSN371 ~RSN373
Je RSN439 Rl BB 5T & > 28°C~48 h -
FIH dH,0 ¥ Ba01 1 PMBOI JE & S5 5 1.0
0Dy (é,\] 10° cfu mL_l) ’ %Mﬁﬁ%&f%ﬁﬂ%
B5 1.0 0Dy, (493 x 10° cfu mL™") - B3
4 1R B 85 B F N B R R DABE I Bk 1T A SR K
¥ CPG BB R & A » A6 I E N i H A & JEl
§220 min » Z1% > FEEK 6 mm HYEALR K
B CPG B &R & A > 77 A0 3 pL Ba0l B¢
PMBO1 » #8841 & 3 uL dH,0 - & ? 28T
ARFEEE JBRLUFE R KM E Baol B
PMBO1 ]I F £5 2 75 &7 B Y01 & (Singh
et al. 2016; Lin et al. 2018) -

AL 2 FEAR B O DA [E7E A il 400
WRE > Ho A ELEIRA R REE
HYVERE > RIEBURA LR 2 f AR B R F il
s B AETT A E AR - 5 S HL Ba0l 82 PMBO1
HoEREENLBREEER P 16 b [F
RIGEFEE 0.1 ODg > BEFEF5 S mL - & 3 d
% BB DL 2,851x g @0y 7 min > AGHY 1.5

mL FIERPMEROE - DUEH 12,470% g »
8 min B0y 2 > Hf& 2L 0.22 pm (9 millipore
filter (Millex-GS, MilliporeSigma, Burlington,
MA, USA) &8 - W75 4°CH A - [F I 26
AR B R > W EUE SR CPG BB A /Y
HHOFE > B8 CPG IR B & A B IR 1% B
Ly (2,851x g» 6 min) > DL dH,O % 2 2 1.0
ODgy * HLUFMIKWEE IR © RALE oF 17
WER - CPG i AL = 1: 2 7 ZEEBIFCERL
3 mL ZEE R 28°C I Sy 2.68x g
2d1%& > AR CPG BRI EA - DUETT
FRE Z EETE -
ME A BIRE DB AYIRE Z P RA R >
FEFREVERIREAE S - g
253 Ry ARG P YK Bl (swimming) B3 RE R 1H]
AT (swarming) » R HIELEERERE ST - 3 I(E
A& 0.3% 1 0.7% agar 2 LB B2 5L - S fifg
W Yot 16 h FREREFE 1.0 ODg, > 1
DIggta 3 L e N EEA TR BREAREE
FESEERY 37°C ~ 8 h 1R B 7% f A Y i (B I o 1 T
st T (Lin 2015; Cao et al. 2018) ©

Ba01 Ed PMBO1 NGBS ERE L
DO3R{E A EIE

& iR B B ol B 1540 > Ba01 B PMBOI
B EINH B EEMBE 28/ 0 #28 Ball
B PMBO1 {17 75 i 97 B T /28 4= 2 #0011 P S
FHIE - PMBOL 1% 4 £ 7 fili 55 B HY A /7 50
Ba0l o (R » A EE( [ HE (55 B Ba01 B2 PMBO1
EEREMFHELEESMHREZESN - 7
15 2 AR T B 5 AP T S LB Bl CPG
RRETEA > SN — BRI I E Y LB B
CPG /RfEFEA—IG CFEREREN 37T -
10.73% g 3 FMFHEHEZ BN 28°C ~ 2.68x g) -
Y575 95 B RSN245 ~ RSN371 %% LL 100
uL (1.0 ODy,,) * 7 fi 9% & RSN373 ~ RSN439
B EAILL 200 uL (1.0 ODgy,) I FH B 5 ER AE
T8 > PNEFEES AR ZEEEZL) 20 min -
SEAEHARS > 43 RIEL 500 L (1.0 ODy,) 2 Ba0l
#1500 uL (1.0 ODg,,) 2 PMBO1 ¥R & 1A 4
EHELE © 20 min & > FORE# 2 6 mm JEAK
F it ARSEE: % 3 uL Ba0l ~ PMBO1 5 3 pL
Ba0l + PMBO1 JE &/ 6 mm JE4k A I
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BB 28 CAERAG - 2 d R A H AR RUEATHI
HIPE > B2 > 41 Ba0l =, PMBO1 47 51| B Ba01l
+PMBOIAHELZ P < 0.05 - RIEfIZRIEH <5 »
st Ba0l 81 PMBO1 2 4 £ R > HY 2 k2
FARRE > I ZFE 0.1 ODg,, > BFEF 10 mL K
RELBEEEE 37C)  Waplit0~3-6~9-
12 ~ 24 2 36 h #ETREMNE » A GraphPad
Prism version 8.0.2 > [/ two-way analysis of variance
(ANOVA) T4 7317 -
FYIERZAGHEIE
RERALBD S AR RSB 1Y S mL LB IR A
B AL W 16 h» AR R &
FRHERER 0.1 ODgy > 1A 37TC T H S 4 h 1Y
EE&E-4hf& > HULBREHEEMESR
0.1 ODy, > Wi LLEEFL 1,000 pnL 7 B & A 12
L% (Haggag & Timmusk 2008) - &R
HE R 3EE R 3TCIEEE48 h > H2L1,000
uL dH,0 HOERE 2 Ri% > AL A 1,000 uL
2 0.1 % crystal violet (Sigma, St. Louis, MO,
USA) - A= 00 FHETT 44 & 10 min > FF[H
1,000 pL dH,O 5t 4 2K SEROTIERY 12 FLE
CEREz 24 h 1% > FFLIIA 2,000 pL 2 30%
acetic acid DLJ7f# crystal violet (Arrebola et al.
2010; Algburi et al. 2020) - F#& 10 min /& > DA
100 pL SrHEE 96 FLEE T o DAIEYE{E ODgy E
A - K Ba0l 2 ODgy 5% 5 100% > MiETHE
PMBO1 V)RR LR H o7 EE > #EATEREL - DL
] 5% B9 5% % o 4 #£ 17 Ba01 B2 PMBO1 iy 4 &
RRME - LH0~3-6~9~12+24+36-
48 hETTIRAEHIE - ol HA M & A A YR -
TR LT R B 1 AR ROR & 39 A AT
FaHl o #tEG 45 5 F) B GraphPad Prism version
8.0.2 » Ll two-way ANOVA #E{T45EH457#7 »

RSB SthREC 5/

E#52Z (Solanum tuberosum) ZIREH &
R EHI > S e (‘Ken-
nebec’) - THIE G $ AT S UKIEEBERH
FHEE 75% HiE  IEN GG &R G R -
FEoFREEA oF HE B pcsk Ba1% » DA 1 268G R B
fr s/ NE S > B HIR AR 400 mg L' RE
fEoK (Bl > & adE) 30 min > 2 25C
S RFANEEZ | BRAIFEE o B EEHE

rere

]

0% FH1H

%+ (Euflor, Schermbeck, Germany) %4 (#
Xzx BBELKR) BBRA BR¥EZR
aEE ) D31 RS » SEE
ROHBH (EHRESARAE > a8Hdbm)
121C ~ 1.5 kg ecm™ J§ [ 20 min - fEREEE R
28 d BIATAEf TR - slBallif 7 d JEfEE 2 9
(Hyponex Corporation, Marysville, OH, USA)
120 Pt 1% Al 1k o & R & CPG IR
RRETEEL BN 28C 2 d - FORIF R (0.3
ODyy) BT 150 mL (7 W 22) > 5 Hk s —
e 15 d NEBERBIZEMZABL (ER2
BEHREHRIET BT RHEKIET) » FEHE
VgV AR ERRET 858 (Phukan et
al. 2019) > i K] log-rank test #EF T4 4T °
BaO1 B FA¥IRAGAETRC ROS RiEEN
pEatEpeR I 2L (8 )7 758142 ROS BfH
%7 > diaminobenzidine (DAB, Sigma, St. Louis,
MO, USA) Ei 2°,7°-dichlorodihydrofluorescein
diacetate (H,DCFDA, Biotium, Fremont, CA,
USA) « 1A DAB ozt f - 28 d KA & #2
G #E4 RILL 150 mL (0.3 OD,,,) ) RSN439
40 8O0 % 1 150 mL (1.0 OD,,,) 1Y Ba0l ~
PMBO1 = EHJE A& » AL 150 mL (1.0 ODgyp)
R AL Bk S FU AR I PMBOS (Wang et al. 2019;
Ho et al. 2020) {F R IEHIE4H » &40 3 Bk (r
ERGNERy T 0 8 oy ) - BB EARE 7 d MAEEE
2 5% (Hyponex Corporation, Marysville, OH,
USA) 1 ¢ BEfE{L AlE F o H 3% 0E 24 min
% > BTHUME R B2 EE (THZF T 07 3 (ERRATR
IMEER) B EH 0.1% DAB Z JEHF - A
SeEstE g > F 5B B 100 kPa 2 Rocker 400
O EEEE CRERR > 68SkN) B
ZEHh R 15 min o HUHI{& - BIER BETEN
DAB A 24 h > FABERIEF 75% TEIE & 25%
FEle LbrEEak R (LAFR/KINE L - R f
R RG IR Z BRI SOCRY /KB fE » FEHEE
GEMRE) ERZEOERARFE ROS RHif -
5 ByWfi# Ba0l ~ PMBO1 & RSN439 H[7]
HUZ A 0] DUAE B O 4 B e bR 2 7 4R ROS -
B2 /Y RSN439 ~ Ba0l ~ PMBO1 43 5l # B i
ODg F03~1.0 LOMMHEZFR - L1 :
| "I H R RERE R FIH—EE
B85 (Terumo, Tokyo, Japan) #EfTHE R 2 EH%
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f& > 2L 0.1 mL (1 ODyy) HY PMBOS {F 5 IE
G4 - 3 h {2 BRESHIER BT » i=RIER
75% kG & 25% BEEE R GRS S0CHY KIS
il LppiEsk 2 > DL phosphate buffered saline
(PBS, pH = 7) FEJEEER 2k » REKER
=R E&H 20 uM H,DCFDA F1 2% dimethyl
sulfoxide (DMSO) #J PBS - fF## 150 N E
ZEHhE 15 min > (B4 &R (Zeng et al.
2015; Farzand et al. 2019) - {8 F PBS & 2
R 1% % B |7 1% 2 8 Ot B fi $ Olympus BX53
(Olympus, Tokyo, Japan) #{2Z - £ FHE§7 ex-
citation/emission: 460-495 nm/470-495 nm
(Lumencor, Beaverton, OR, USA) -
Ba01 foafGinE SR BRI
PMBO1 fy 3 71 7 At I B1 22 o s e — A% A
ZHEYEE  BHRNEREFMRK AT
KA - RELLL PMBO1 f ¥ B G %
Mk Ba0l B & EAERZEFMBE BT -
2RAEYIEEE  BREEGHTHI R 4 8L S
tEbk (BRI 7 A 8 7)) - AT
(1) HEEEK 5 (2) HB:fE RSN439 (150 mL ~
0.3 ODyy) 5 (3) H 2% Ba01 (150 mL ~ 1.0 ODyy,) 5
(4) 3 PMBOL (150 mL ~ 1.0 ODgy) : (5) [A
% 7% £ RSN439 (150 mL ~ 0.3 OD,,,) #1 Ba01l
(150 mL ~ 1.0 ODy,,) 5 Kz (6) [E]HF 3% RSN439
(150 mL ~ 0.3 OD,,,) FI PMBOI (150 mL ~ 1.0
ODy,) ° B P52 ZfHME 28 d 1% > #E{T 150 mL (0.3

(A) AU759/760 (Rs specific primer)

PS-IS-FIR (race 1)

3,000 bp

1,000 bp

250 bp

ODy,,) RSN439 $ fdi - 3fi [7] [Ff 3% J# Ba0l 5
PMBO1 (150 mL ~ 1.0 ODy,,) ° tERHART 7 d fii
{E%5 2 9% (Hyponex Corporation, Marysville, OH,
USA) 1 X » #EfEI& AT I - 550 E R G 8%
ZHE MR E RSN439 1% - Fr@fEfT 14d> DL
Z AR 8L (disease index) (0 = J2 AR »
1 =0-25% %8 -2=26-50% %8 -3 =51-
75% Z 8 ~ 4 = 76-99% Z /4 ~ 5 = fEHMRIET)
Bl HRERE (wilt severity) © & (TEREE x
Z AW SE)/(EREERE x ez ARR
aE) x 100% 515 (Chamedjeu et al. 2019) -

R

BB MREZETE
o R B A B R Y TTC 80l M s A
2-3 d 1% » BRI IRA B ANEE 5 BlTE -
HHEEMA T SME R H G HAE
RS MR FIHEFMERE R — %5+
AU759/760 (Tran et al. 2016; Tsai et al. 2017)
RSP IpxC B R 7 51 #E 17 08 iR 0 4 BR 9%
[F B AT B iR 282 bp AY RAT (& 1A) » HEE I
4 ¥R Ry B RE o 59 0 Fll I8 2 F Al & race 1
— M 5] F PS-IS-F/R (Jaunet & Wang 1999;
Lee et al. 2001) ¥f 4 P55 $5 2 & 5% 1 insertion
sequence IS1405 #E {7005 » &5 3 /& RSN371
R EE £ THEA 1,070 bp HYFRH - 1 RSN245

(B) 630/631 (race 3)

1,000 bp

306 bp

Bl 1. BREFMHEE ZEE - (A) IR ASHREE—E515 AUT59/760 € race 1 H—{£5[F PS-IS-F/R

R J:i"rpm 282 £ 1,070 bp A/NETE + (B) Fl[H race 3 H—M:5]F 630/631 FAIEH _E3EIE 306 bp A/N1Y
5%F o (1 =RSN245; 2 =RSN371; 3 = RSN373; 4 = RSN439)

Fig. 1. Identiﬁcation of Ralstonia solanacearum isolates. (A) The DNA fragments 282 and 1,070 bp of R. sola-
nacearum were amplified by R. solanacearum specific primer pair AU759/760 and its race 1 specific primer pair PS-
IS-F/R, respectively; and (B) the DNA fragment 306 bp was amplified by R. solanacearum race 3 specific primer pair
630/631. (1 = RSN245; 2 =RSN371; 3 = RSN373; 4 = RSN439)
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RSN373 F1 RSN439 Eik I i LL R (18] 1A) -
TAFIFE 630/631 (Kubota e al. 2011) 2| F-%f (4
I & 38 %y prophage gene RRSL 02400) & Hi
race 3 7 M4iE 45 5 25 FH RSN245 ~ RSN373 #l
RSN439 B #kE4: 306 bp A& (B 1B) » 1
RSN371 A LR - HHDL E&E IR HER » 8%
2 HE T RSN371 /5 race 10 ffij RSN245 »
RSN373 Hi RSN439 HI| k race 3 o

RAIL B S BIEE Ba01 B IEESN K
Y SN =

7 Ba0l 1 PMBO1 43 Hil 8% & A 8 A & HE
B ~ Bl - Sue R - ARER ROBRE IR
5o 2830 Ba01 811 PMBO1 B ELomihE AR -
Vil ~ alAE RE - BB R EUABRRE ST (B 2A) -
TE By B EL A BRRE JJ 7718 > Ba0l B2 PMBO1
ERVE B/ NEE R - WEE A SR A Y
ZHEHY 5T IAEE T > Ba0l B ESRAVAE ST (un-
paired ¢-test, P-value 435I 5 0.0025 ~ 0.023) ([&]
2B) - 5340 BEEBS s HIRESE - REER S
ERrg A PR » Ba0l fl PMBO1 B2
FI0EE4E (B 2A) > 57BH Ba0l B2 PMBO1 &
BB REES) - (HEEE B IhE -

Ba01 BHfSinESHRE L8]
TR #ERGEER > Ba0l ~ PMBO1 & 1]
RN B 85 5 fli B RSN373 Bl RSN439 »
ifi ¥4 7> RSN245 B RSN371 JIf & A& #5 /N 1l il
(& 3A) » 4% i unpaired r-test 4 & > Ba0l
0 4 BR 5 R E AV RCR L PMBO1 fHEE BB
EMER (R 5 RAEREE S fif
HEREGENHEMBEEZEN > &8
28°CHEE 2 d 1% > HL 100 pL JEIR R HETTE
& o EEN 70% CPG i f& 8% & K (1) RSN439
B 6.9 x 10" cfu mL™' > T &% Ba0l =%
PMBO1 J& i f1 RSN439 41| 1 & 07 ok 4 [F] 4% 5%
% > Ba0l JE)E 1] RSN439 Y HB[F E 6.47 x
10" cfumL™ + 1.36 x 10" cfu mL™" > {fif PMBO1
JE % HI T RSN439 7 i & % & 2.35 x 10"
cfu mL" + 0.67 x 10" ¢fu mL™" o [t Enst R
BUR R FARE TR S — AR
M BB EHFMRE A &2 ZRASHHYNEE
W o 3538 unpaired ¢-test #7407 > Ba0l B

rere

]

0% FH1H

PMBO1 JE & $1 5 75 i 75 11 30 fi 88 2 2 #1154
> {H PMBO1 &R A0 2 SR % Ba0l £ (P
=0.0092) (f& 3B) -

TEKBIRE JHEN DT HE > 7Y 0.3% LB B A&
K% 8 h{% > BaOl FrE A 2 HE AR K
66.78 mm + 2.41 mm - fif PMBO1 9% F15
EHKRI A 40.87 mm + 3.31mm > 81 PMBOI £
tL > Ba0l HELFEAYKENFES) (P < 0.0001) ([&]
3C) - MFRMEBITHEE SN T HE > 1 0.7%
LB &AL E 8 h1% » #3 Ba0l (F % ¥
B & 59.26 mm + 6.53 mm) fH# > PMBO1
(32.72 mm + 2.64 mm) B {ELBHBITEE
(P <0.0001) ([& 3C) -

Bao1 B2 PMBO1 ¥ SinESARE <
| N3k E AR

FHRHRHEA S EEYRE SR > M
SRR ENINEERH AL 28 > FHt
PRETR & BB 2 fi A2 5 Ba0l 821 PMBOI1
EEERANMHESLESHFEE 2K -
Ba0l ~ PMBO1 S{HE & RN EH BEREEH
% & RSN245 ~ RSN371 » RSN373 = RSN439
Y LB [E 5 5% 38 A B A /N LA #0 6 el (J]
4A) > &4t Ba0l 5 PMBO1 BURE &K 2
IR - AR A R (R 3) - BLASSRAUR -
Ba01 2 PMBO1 JE & F ¥ 7> & §% 2 B R B
Al AN 2 fNHIRE ) - HHE 4B AR > 52 6 h
1% > Ba0l 2 ODg, #2212 > % PMBO1 15 © %
%524 h > Ba0l 2 ODg,, L #2731 5 » iy PMBOI
(2 £ (& 4B) - 45 %7K > Ba0l f£ LB /R &
Brg A4 RS PMBOL B ([& 4B) ©

RAC B 1RI2 E Ba01 ~ PMBO1 FEAY
TR e/ E =R

AR A BB AL R S AR R R R R
TEYIRE LU REEE Y 22 R B 2 1= ARG -
[R5 crystal violet biofilm assay 2t H| Ba01
B PMBO1 2 PRI AL B F R & 2 R A
BRAE G ECRETT - R4S IR - DL Ba0l HYZE P fE
T B R 3% By 100% » 1 PMBO1 9 4= 9 B A= i
B4y EE AR 99% » 3 7 R Al 4 B 1 A
(& 5A) - 55 BEESTHE 2 A REREALY)
R AR R 2 RN B (% ETTH (R 12 FLEE 5
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Extracellular enzyme activity and phosphate solubilization
2. RGN ZF AR B BaOl FS K ARERBLABERE J1 01T © (A) MO KRR EMEBLAWERE 1 2 HIE - S4AR
flot: 3 E AR - (B) BaOl 81 PMBO1 ikt e B (BRI A/ N2 LLET - BaOl 25 BB ARAE 2GS L PMBO]
& o 4iE1{dF unpaired r-test (Prism 8.0.2) ; " {£3 P<0.05 > 7 {£3% P<0.01 o

Fig. 2. Analysis of extracellular enzyme activity and phosphate solubilization in Bacillus amyloliquefaciens. (A) The
assays of extracellular enzyme activity and phosphate solubilization were performed with agar plates containing specific
substrates, and each assay included 3 technical replicates; (B) The comparison of transparent zones on medium produced
by Ba0l and PMBO1. B. amyloliquefaciens Ba01l has better ability to secret protease and cellulase compared to that of
PMBO1. P-values were calculated using unpaired ¢-test; and ~ represent P < 0.05 and P < 0.01, respectively.

48 h B AR GEE - WHELIERER SR RSN439 ¥ SinERIRES /]
FEREIEE 12 LB P - e RS -

Ba0l A LB i Ei A B 48 h BN E B4 5 $% T MR B 1 & A P ) RSN439 1% 15
B PMBO1 (19 1.6 f% (P < 0.0001, t-test) » B d - RECHIRZ AR (B 6A) « 18 F b F
Ba0l f* 12 LA AFERE B hREREE  FHREESRER JREUER - W NATIL - ##
%z PMBO1 1 ([& 5B) - it RSN439 = RSN373 Y E 5 E N 9 d 1% > §d
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B. amyloliquefaciens filtrate

3. AL AR E Ba0l BHIGIFERE ZAEST » (A) BREFFHERIFR (1.0 ODgy, : RSN245 »
RSN371 #8f& B 100 pL > RSN373 ~ RSN439 #8f& & 200 pL) ZEHKHA casamino a01d peptone glucose (CPG) [H|FE
BEA L ﬁ)ﬁkﬁ%ﬁ » 53R 3 ul dH,O A1 3 pL Ba0l (1.0 OD(,OO) & 3 uLPMBOI1 (1.0 ODy,) SEE/E ~ 8
4R £ 5 (B) BaOl B PMBO1 %8 /R 541 RSN439 2 1% B 8 45T - Ba0l JEIR )4 A WA HI RSN439 fy 4
£ » RSN439 & (1-0 ODyy) * ALY ZFEIFEE BaOl B¢ PMBO1 JE/K © CPG Frgghi=1:2: 7 ZEhBIRCE K
3mL ZEFEK 0 0 28°CHEEE 2 d 1% » 1T RSN439 HISBGTHE - 70% CPG BF &R (E R ¥HR4H © (C) Ba0l B
PMBO1 K8 s R ST B4 b 2 % AR/ Ngest - AHE PMBO1 » Ba0l HEGRAVR T Esi/ﬂ@bsbjj
Wit r-test W EAFRFRAH Ba0l EREE 7 {03 P<0.001 » 7 {03 P <0.0001 -

Fig. 3. Bacillus amyloliquefaciens Ba01 inhibited the growth of Ralstonia solanacearum. (A) 100 pL of R. sola-
nacearum RSN245 or RSN371 and 200 puL of RSN373 or RSN439 (1.0 ODy,,) were spread on CPG solid medium,
while 3 pL of dH,O and 3 pL Ba01 (1.0 ODg,) or 3 puL PMBO1 (1.0 ODg,,) were dropped on left and right filter pa-
per, respectively; (B) the bacterial counts of RSN439 after incubation with BaOl or PMBOL1 filtrate. Both Ba0l and
PMBO1 filtrates cannot inhibit the growth of RSN439. The 3 mL of broth were mixed with 1: 2 : 7 ratio [1.0 ODg, R.
solanacearum suspension : filtrate of B. amyloliquefaciens (Ba01 or PMBO1) : CPG broth] and incubated at 28°C for
2 d. 70% CPG broth was used as a control, and P-values were calculated using unpaired #-test with Prism 8.0.2; and (C)

B. amyloliquefaciens Ba0l has better swimming and swarming ability than that of PMBO1. P-values were calculated
using #-test; and  represent P <0.001 and P < 0.0001, respectively; each assay included 3 technical replicates.
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# 2. fHEPMBO1 > BaOl HIfI & $4 B HMWEAE 4RI R 0V 2RI (2 - 278 RSN371
FIRLE « GEHIR rtest o EEAHRETYE 3 B - (R85 - IR 12 d 4R I 2R
Table 2. Ba0l possessed better antibacterial activity [fi$2E RSN245 () B E - JRNE 12 R

against R. solanacearum compared to that of PMBO1.

P-values were calculated using unpaired z-test’. % 1 ¥RZ H ([ 6B) - % % log-rank test #E{T

Rs Ba0l (mm) PMBOI (mm)  P-value éﬁﬁ‘]ﬂﬁ » RSN439 43 jl|Ei1 RSN245 ~ RSN371
RSN245 31.08+3.64 21.77+131  0.0140 A1 RSN373 th#z 2 P-value £5 0.018 ~ 0.040 f
RSN371 2833676 11.05+£040  0.0115 O 013 > H RSN439 WY EIEF i m » #F 1K
RSN373 4346080 3864199 00177 & RSN439 #f %?’%%Zﬁjﬁxﬁfﬂ Tﬁ@@ A
RSN439 46445106 3855+2.11  0.0044 Tfﬁ{ﬁﬁﬁﬂﬁﬁﬂzuﬁf &(5H B RSN439 #:{T3kEs -

“Rs = Ralstonia solanacearum. The unit of inhibition zone
diameter: mm.

(A)

PMBO01 Ba01 RSN245 RSN371 RSN373 RSN439

Ba01 + PMBO1
(B)

-o- Bal1

ODggo NM

1
0 3 6 9 12 1518 21 24 27 30 33 36
Time (h)

4. Ba0l 81 PMBO1 R &/RE S E R ERNIFINGEIER - (A) K 200 pL (1.0 ODgy) KIS ZEFH LK
RSN439 &7 5 AA2 )7 casamino acid peptone glucose (CPG) £33 4L » B2 28°C < JEAXA 2 A F 3
uL Ba0l ~ PMBO1 (1.0 OD,,,) BV ESE &7 5 (B) mt@dﬁ%q@ffa** Ba0l £ PMBO1 j#* Luria-Bertani (LB) j{78&
BEEHLATAE R (DL ODy, 7o) © 853814 37°C > #H 10.73x g " {RFE P<0.05 " fRFE P<0.01 - 77 {R3
P <0.0001 -

Fig. 4. The combination of Ba0l and PMBO1 has no synergistic effect on inhibiting the growth of Ralstonia sola-
nacearum RSN439. (A) The 200 pL (1.0 ODyy) of R. solanacearum RSN439 suspension were spread on CPG solid
medium, and 3 pL of Ba01, PMBO1 (1.0 ODy,,) or Ba01/PMBO01 mixed suspension were dropped on filter papers. Plates

were incubated at 28°C for 24 h; and (B) the growth rate of Bacillus amyloliquefaciens Ba0l and PMBO1 (expressed
in OD,,) at 37°C with shaking 10 73xg; , and represent P < 0.05, P<0.01 and P <0.0001, respectively.
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B70% 1

3. JL[EfEA Ba0l 81 PMBO1 ¥ RSN439 SEANSEINHIER » 4aT(EA rtest - A ELBOR & 0 2 8L B A
EEZE:EE% M2 SR -
Table 3. Clear zones were measured after incubation, and P-values were calculated using unpaired t-test.

Inhibition zone (mm) RSN245 RSN371 RSN373 RSN439

Ba01 15.26 £ 0.46 10.30 + 0.69 1643 +1.13 16.16 £ 0.42
PMBO1 14.18 £ 0.24 11.11 £ 0.89 13.75+0.73 15.41 £ 0.44
Ba01 + PMBO1 15.41+1.27 10.57 £0.92 16.99 +0.75 16.05+0.30
Ba0l v.s. Ba0l + PMBOI (P-value) 0.8568 0.7051 0.5140 0.7238
PMBOI v.s. Ba0l + PMBO1 (P-value) 0.1746 0.5055 0.0058 0.1070

(A) (B)

150 3
-e- Bal1

o 4

= 99% -=- PMBO1

o 100 S

(@)} c

£ 8

= g
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S sof o

[

o

O 1 1 1 1 1 1 1 L 1 I 1 1 1 1 1 1
Ba01 PMBO1 3 6 9 121518212427 30 3336 39 4245 48
. . ) Time (h)
B. amyloliquefaciens strains

5. RALEB SRR Baol Eii PMBO1 AEWRE AR B AE S BLFF B B 2 AR R » (A) Ba0l 1 PMBO1 &4
EVIAEIRETIAHE © (B) Ba0l B PMBO1 it Luria- Bertani (LB) IRREIT R 2 E R (DL ODgy 1) © FFE
B 12 fLB - R Ry 37 i 852 P<0.001 » 7 {85 P <0.0001 -

Fig. 5. Biofilm formation ability and growth rate of Bacillus amyloliquefaciens Ba0l and PMBOL. (A) B. amylolig-
uefaciens Ba0l and PMBO1 have similar level of biofilm formation ability in LB liquid medium; and (B) the growth

rate of B. amyloliquefaciens Ba01 and PMBO1 (expressed in ODg,) in 12-well plates at 37°C without shaking; "

“represent P < 0.001 and P < 0.0001, respectively.
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Fi DAB B H,DCFDA # {754 (0 8 47 41 B 1%
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DA B2 B &L TRET  # A YRR H: 4l A
FEBESE TP R IR ey H,DCF » 174 B0 i
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—MRREIZZE R ROS RETEANETIUE -
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AED S - 2L T70% ik > MAEERA
KRBT AG IR o MBIZE 57 75148 RSN439 +

Ba0l = RSN439 + PMBO1 [Ei S ~ #=E >
Al WAV EE R o HAG ) U E S8
AT 100% ([& 7A) 5549 » DL H,DCFDA Z4ta k%
#E— 35 43 B Ba0l 81 PMBO1 0] & JA & fl 6
RSN439 $2f&# 3 h (&34 i1 ROS WEE - HEER
A H > Ba0l 81 PMBO1 £ 555 RSN439 77
TENREDE B a el S% ([ 7B) » #UR Ba0l
Bl PMBO1 $#78 7[5l 2% 75 At s BT A Pk L (A RE 2
HESLZMEREEDUNRE S 2B
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6. HREBFNIHE RSN439 BEGRE T - (A) BB FIEMERR 15 dRAVEE - BREBSMHEREE
TRIEELRGTE R 0.3 ODgy, ~ 150 mL > falBRal 5 #RIERK ¢ (B) (EM Prism 8.0.2 #E{TF/EREE » fERAEAYE —
RECHs Day 0 W EEfE&RGRACH - LBI% 15d -

Fig. 6. Potato bacterial wilt pathogen RSN439 has stronger virulence. (A) The symptoms of potato plants infected
by one of four Ralstonia solanacearum isolates shown at 15 dpi. Potato plants were inoculated with 150 mL R. sola-
nacearum (0.3 ODg). Each treatment included 5 potato plants; and (B) survival curves of potato plants after inocula-
tion were graphed by Prism 8.0.2. (dpi: day-post-infection)

Ba01 BfmaSinE s bR gE I PMBO1 Y B4 » HFER L[ & 33.3% +
MR A B 6 4 2 Jopgyy 2110 (st P 00006 SRR RSN435
o e Rl ZEMAMLL) (B 8B) o I MRS RET -
i RIS 4 B HRk - S i 85) - BB AR
5 s A " Ba0l 51 PMBO1 B AL A UG 2 E A A
BUR - R SR ZF M E RSN439 /Y E 52 o e s i -
sy p - - . PR IS o ZRIM 5 A B B L M AR 45 48 BaOl B¢
B > 14 d 1% 0 HFERKE (disease severity) . N 9
% 95% £ 13.2% ;7 4 Ba0l 5 PMBO1 ffy POl IR SRS RER LB Z AL
o s b ! - ey | RECEMEESE (B TB) -
4 R E R O SA) - TR e o ek (H 7B)
RSN439 1 Ba01 (&AL HE 41 + e i 5 en
20% = 32.6% (i-test + P < 0.0001 » i & 5 76 e
RSN439 7 FRFHAAAHEL ) » 11 []H 288 RSN439 R E R DOR S 6 R & S E S
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RSN439 RSN439 + Ba01  RSN439 + PMBO1

RSN439 RSN439 + Ba01 RSN439 + PMBO01

Phase-contrast

H,DCFDA

& 7. Ba0l = PMBO1 B 5§52 5545 1 RSN439 Jh[a] )i FH SE 4 IAE 772 H PN reactive oxygen species (ROS)
HYZTE © (A) AR PR E (1.0 ODg) 1SS BTN E (0.3 ODyy,) HMECE & D350 150 mL >

24 h % FIH &SRB (DAB) Z4t > WINERRAETEIZ © (B) BB ARG (1.0 ODy,) 1B E
R RSN439 (0.3 ODy,) LASTE 34 0.1 ul > 3 h % - FIJf] H,DCFDA St B - (S Rhss
Olympus BX53 » BB RALFE 200 um -

Fig. 7. ROS accumulation was increased in potato leaves after inoculation with Ralstonia solanacearum RSN439
simultaneously with Bacillus amyloliquefaciens Ba01 or PMBO1. (A) Potato leaves were dyed with diaminobenzidine
(DAB) after soil inoculation for 24 h with 150 mL of B. amyloliquefaciens and/or R. solanacearum RSN439, and laid
overnight before observation; and (B) potato leaves were dyed with H,DCFDA after syringe injection for 3 h with
0.1 uL of B. amyloliquefaciens and/or R. solanacearum RSN439, and laid overnight before observation. The samples
were observed by fluorescence microscope Olympus BX53. The scale represents 200 pm.
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8. Ba0l B PMBO! B REA G S ZH N ZFNE - (A) 3k 6 A - HEfT 2 RAEVIMEEE - X
Tl ARy 4 B 5 fEbR (DA SHEPRZER R IFR) © (a) HEE/K : (b) 378 RSN439 : (c) UK Ball ; (d)
[E]H22,% RSN439 f1 Ba0l ; (e) HZ5# PMBO1 ; () [E]H32)% RSN439 f1 PMBO1 ° 4 7:%% 150 mL > Ba0l
£ PMBO1 /€ B 1.0 ODgy, » RSN439 JRIEE S 0.3 ODgy, © (B) 1 14 d 1% - FE % B Z R E4atE - &t
SHEEF 9 MRS SR PRI + 72 > iDL rtest B RSN439 JRIHAHELEL - P < 0.05 > P <0.001 -
Fig. 8. Applying BaOl or PMBOI can effectively reduce the disease severity of potato bacterial wilt. (A) There were
6 treatments each with 2 biological repeats (4 and 5 potato plants). The figure with 5 potato plants was represented.
(a) dH,O (control); (b) RSN439 only; (c) Ba0l only; (d) RSN439 plus Ba0l; (e¢) PMBO1 only; and (f) RSN439 plus
PMBO1. For each pot, 150 mL of bacterial suspension as described were added, and the concentration of BaOl or
PMBO01 was 1.0 ODy,,, while RSN439 was 0.3 ODq,. (B) The disease severity of potato bacterial wilt after 14-day inoc-
ulation was expressed as the average + standard deviation of 9 potato plants. P-values were calculated using unpaired -test
and compared with RSN439 treatment. ~ represents P < 0.05, and ~ represents P < 0.001. (dpi: day-post-infection)
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a#E 2P KRk FHEEE T ER
HIAEVINIAE © ARG S RARE Y 1943 4
i H A E2E Fukomoto 55— JUEF B » H A 730k
BB - EOIESENEYE - MABEE
EEYIME > s 2R 2 g 7 > W EH A
TEAEYIRERL (Yuan et al. 2013) - BEINAFF%
b 2 AR b 2 fE AR B 7E 4 ¢ 40 Ba-BPDI
CENwE e8> e8adtm) AEY
AL - ELABRRE ST > IR AT 2R IGJE /K R &R
(Liao 2017) 5 PMBO1 (JfR—dn » SBERIE >
R BENTT) REVEREE  FEPIEE
HiE % (Chou ef al. 2013) - Ba0l (5§52
B R EE o AT S 8 R
HI5A%A (Lin et al. 2018) » HAE 73 WA ERAE
R XA > BEFMEEZ (iturin) -
ZFZH % (surfactin) 2 "8 JFH 2 (fengycin) (Lee et
al. 2001) FEHNEYE o AW E BB EE =L
TR ERUEF R I Ba0l JREAHIHE
REAMIHREWNEE ST - ERER AN M
PMBO1 - #£H] Ba01 0] 2% 28 2 4= — A P05
AEREFNME - KRR FEH Z KA SR
FHEAE R 2 Ze Btk 1T 2 ARG DLEE A -
RS o3 bR [E N 73 ARG AR AP 2 & 7
Z WU Horp KRG ] 43 iR 21Ky TR
V) BREEOE - B S8R IBE - PE
HEBLL T ES » B4 Serratia marcescens [
EERA SRR DL T ERREARR > M
B-1,3-glucanase Ay 43 A BEH WIE 58 Lysobacter
enzymogenes C3 % = I\ 5 3 B Ji5 B & 32 9% 21
TR AP0 685 17 (Ordentlich ef al. 1988; Pa-
lumbo et al. 2005) - 2 2L 2 & /7 fRIE YR
FIFEEHVE YR AT UL o (R AR
Pl ERE T (Jadhav et al. 2017) - AG{ERF]
NEEER SRR - 85 Ba0l B2 PMBO1
BEAEMMEAE - Rin - BEREEZE R
([& 2) » H Ba0l £ 57 b A B EL A4 21 2 BE
J1# PMBO1 K > 35 2853 R B 0] BE & T 897 I
H A& - BIA1E B B FIREE 57 g B O] [ fige
730 R R AR AR EE o WGBSR R Y E AR ISR
#1TRE )1 (Connelly et al. 2004) ; ifi o-
Ho3 B AT REBE L (sugar residues) 73 AR {EAE Y
ER o BB R IRE A YRGS DE R
HE R B4 €2 HAY (Compaoré et al. 2013) «

rere

]

70 % 51

bR T REMBITES » AEIRENTAGHEE
YIRRHTIE R » HEF AR R BV R A 17 BUK EhRE
Jrkas - HAEYIRE E 4RV RE )8 (Bartolini
et al. 2019) > AF5TE5H Ba0l YR AL TEL
7k EhEE 718 PMBO1 £ (& 3C) - {HREiy & LY
FEEMNEME (B 5A) - 2% Ba0l #1 PMBO1
£ 24 h AW A R4 53R > Ba0l £ R HEIR
ek (B 5SB) - AL - B RS F MR
FE T BLKEIRE D EE Z B iR (20 Baol) »
HIP Y 2 & T » 280 KA Ba0l 4 K #
FEELHR » &R BRI T ELK B AR 55 2 B
PR (20 PMBO1) ZRAHE AV E A& -

Br T LAEIRG E RSN - Ba0l 3548 5§52
EEREETURIE - TREDIE R IR BB K
HIRTRE RIS - AT AW 2288 3R - PR E R I
Z ] i Ry — e I AHRE 7 154 (PAMP) »
DAE & E YRS MRS (ROS) HYEEE » 13
SEEYIBUREE S o L - ROS Y B i 17
Ry S Y E £ DUR R ERYE 245 1E (Zeriouh
et al. 2014) - ABFFLE3H > Ba0l #1 PMBO1 47
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Biological Control of Potato Bacterial Wilt Caused by
Ralstonia solanacearum with Bacillus amyloliquefaciens Ba01

Zen-Chi Huang', Ya-Fang Wu®, Chia-Hsin Tsai’, Hau-Ping Chou®, Yi-Hsien Lin’, and Ying-Lien Chen®’

Abstract

Huang, Z. C., Y. F. Wu, C. H. Tsai, H. P. Chou, Y. H. Lin, and Y. L. Chen. 2021. Biological
control of potato bacterial wilt caused by Ralstonia solanacearum with Bacillus
amyloliquefaciens Ba01. J. Taiwan Agric. Res. 70(1):24-42.

Solanaceae bacterial wilt caused by Ralstonia solanacearum has been an important disease
of potato and tomato. Though there were no recommended bactericides, current ways to control the
bacterial wilt included using bacteria-free tubers, rotation with cereals or rice, and applying Bacillus
amyloliquefaciens PMBO1 as a biocontrol agent. B. amyloliquefaciens Ba01 was isolated from healthy
potato tuber, and demonstrated the antibacterial effect against potato common scab. In this study, we
found that B. amyloliquefaciens Ba01 effectively inhibited the growth of potato bacterial wilt patho-
gen R. solanacearum, and it can enhance phosphate solubilization and secrete multiple extracellular
enzymes, such as protease, amylase, cellulase and lipase, which could facilitate the growth of plants.
Meanwhile, Ba01 exerted better swimming/swarming ability compared to PMBO1, indicating it might
colonize well in potato plants. We also found that Ba0l had better ability in biofilm formation than
PMBO1. In terms of antibacterial activity, both Ba0l and PMBO1 can inhibit R. solanacearum race 1
strain RSN371, and race 3 strains RSN245, RSN373 and RSN439, but there were no synergistic effect
between these two biocontrol agents. Furthermore, RSN439 has stronger virulence to potato among
four R. solanacearum strains. Hence, we determined the disease severity of potato inoculated with R.
solanacearum RSN439, and found that the disease severity significantly reduced to 20% (P = 0.0009)
or 40% (P = 0.0135) after treatment with Ba0l or PMBO1, respectively. As for plant defensive re-
sponses, leaves obtained from potato plants inoculated with R. solanacearum RSN439 and BaOl or
PMBOI simultaneously increased the accumulation of reactive oxygen species (ROS). In conclusion,
potato bacterial wilt can be controlled by B. amyloliquefaciens Ba01 effectively due to the inhibition
of R. solanacearum, the secreting of extracellular enzymes, phosphate solubilization and ROS accu-
mulation in potato plants.

Key words: Potato bacterial wilt, Ralstonia solanacearum, Bacillus amyloliquefaciens Ba01, Biolog-
ical control.
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