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cereus" " E AW A PR E B G AR E YR E « A
AICHIGER s £ SN0 Y25 Ui 78 BTN — R A5 B BAL U SR SRR - o) ol
EVITEEBaORE &% - IBRIT RSB i mR %
AT DA MRS 2R 07 BT 205 ~ 4R - 8ff - 16 K32k
2 BRI DL S B Ba0 1 & 2 i RS W HRETEERE A
B Ba0l £ RAHBHAE AN E S AR I ER (surfactin) 7%
RV - DUHEERR AL RAEP A S 82 BB iR 2 275 -

MEIERTTIE

HEEK - BENRRIEER

B 5 BB I Streptomyces scabies PS07 (PS07) V1%
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i Bacillus amyloliquefaciens Ba0l (Ba01)"”5s & AL B HE Bl
REEZEFL (0.5% yeast extract, 1% tryptone, 1% sodium chloride 5z
1.5% agar ) = SEF5|E8PS07E1Ba01 1 [FI R E (Y BB > {35 FMueller-
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1.75% acid hydrolysate of casein)®” o 7B (s F i fef 7 5%
FPIRE S TR o 3 B R BB $A BRI 2 HETE 5 S 48 Y
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PSO74EF R YMEFEI BE RS % > 12100 ul 1 ODgyy (~10° cfu/
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TABLE 1. Dilution rate of metiram and chlorothalonil

Common name Concentration (a.i.’) Brand
80% metiram WG' 2000 ppm (1600)° Polyram®
1000 ppm (800) (BASF Societas Europaea,
500 ppm (400) Germany)
250 ppm (200)
125 ppm (100)
62.5 ppm (50)
75% Chlorothalonil WP? 1700 ppm (1275)" (Ihara Chemical Co. Ltd.,
800 ppm (600) Taiwan)
400 ppm (300)
200 ppm (150)
100 ppm (75)
50 ppm (37.5)

! water dispersible granule

% wettable powder

* active ingredient (ppm)

* concentration of recommended dilution rate (rdr) in controlling potato late
blight
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E 1 BaO1RILI3TC » 200 rpmBEIEE > N EFEERE
1~3~5TRE pHImBRERH BRAEEE - SEEEHE
TT=EEE o KRR ECE % - SR GraphPad Prism 5 (GraphPad
Software, CA, USA) DL AF 8 BE 5T HT (two-way analysis of
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i Ba01 LUK /i S350 43 BISE & Ba0 12 4H 51 2 H i Bl EL A< HI g 40
PRIEE S 2 B SERIET =8E » RIS E I



{THIEE o B8 $58 F F GraphPad Prism 52Atwo-way analysis of
variance Jz Bonferroni S5 1% LE B T4 AT 04T ©

BiEERHR

By T MRS R S VU S ER R 47 I B2 Ba0 LR & i FH
W EHEREE  DRAEE S E REFPSOTIINHIRUR - HILF]
B ZEER SR - B HRE (W - AREETEAGAER
FEE) DI400 ppm R AM/KERIEDETE /NG - DUREIAKE %
[z o P B BN U BER4Y1.2 cm > [EEL2 mmE
PBEER O ENERR LR o TR ¢ () IR
hnddH, O & R4 5 (2) REMMTRR ; (3) IUARRIEITE
W (4) 10" cfw/mL BaOl4NEBSFIR © (5) i It S RS
SR EEBE &10° cfu/mL Ba0l » i #FEPSOT R — K i
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SR N2 22 REEE2x107 cfu/mL BaO1 iR 5> il B gE ]
HAEHNEEFE (minimal inhibitory concentration) 2 FHUEME -
BIPEf3H8 ug/mL » POEZEIERE0.5 ug/mLIL[EEZEL B/ N &
PLL13000 rpmBE 025788 » AR A G e OB R BRI R
EF Al B pellets » PURBREREEE » UE-80CUKFE » 247N -
T4l Epellets PA250 ulZLfiR4E &R (buffer lysis; 30 mM Tris-HCI,
10 mM EDTA, 10 mg/mL lysozyme, pH 6.2) & » WHTE37°C
HREEEE30476E - B MIAS00 ul Trizol reagent (Ambion, Life
Technologies, Carlsbad, CA, USA) » JE&I94) - WEFE S8 © 0
A200 WlE R G S REFE2~3788 o $#E 2L13000 rpm24°C
HUEREE T B0 155788 - 1R FOBIR R Y T E A 08 A
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100% Z B BB O T 2 Z 02— BRI LASS CRZ
BTz IET% » PL20~30 ul RNase-free water[A7%  F|FINanoDrop
One (Thermo Scientific, USA) HIERNASLE - HkEEA260/28071
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cDNAS X

BEEEHUH 2 RNAZE DI DNase (Invitrogen, Carlsbad, CA,
USA) & > EFREARS DNA (genomic DNA, gDNA) DU &
% EEERIT T8 K8 EDNA - P FITURBO DNA-free™ kit
(Invitrogen, Carlsbad, CA, USA) - fREEKitAVIERAED B ZEHL 2
RNAHYgDNAZFR » W45 H I High-Capacity cDNA Reverse
Transcription kits (Thermo Fisher Scientific Baltics, UAB) 2 ug
RNAJZ #5575 cDNA -

ENBF fx B2 4% B2 & B E 85 /X FE (Quantitative reverse
transcription PCR, RT-qPCR)
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(surfactin) Z:AsrfADY > K 2 BIE E R HELE BAHR 2 BA
nrA, gInRFcodY® PHIFIHE < 10 ulfl&1 ul cDNA template
(5 ng) ~ 5 ul 2X SYBR Green master mix ~ 0.5 ul IEEEZ51F (5
uM) K3 ul dH,0Z [ - FF StepOnePlus™ Real-Time PCR
system (Applied Biosystems, Foster, CA, USA) #f7RT-qPCR »
HZ FERZFE B LL95°C 7 min#E{TDNASEME (denaturation) » 3f7
PL95C 10 sec &60C 30 secHEfT40fEfEER » 12 LL95TC 15 sec
60°C 60 sec95C 15 seciEfTfE#EHI4R (melting curve) HIE °
248 1) StepOnePlus™ Real-Time PCR systemfit & StepOnePlus™
software (v 2.3) #EfTcycle threshold (C) valueZ3 A7 » A2 44
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o MAEBaO1AYES 57 > 5250 ~ 125 ~ 62.5 ppmELPU &K
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EBAPSO7ILFEI R B 1 RIF » (EPSOTHYE &= A B &Y T &
(P<0.001 : Bonferroni test) » MAEFHIKEF » FrAHYRE S E
EFH0 cfu/mL > BURESMEEPSOT AAEEIIRE - MWL

£/ 0

e



14 J. Plant Med.

PS07

PS07

Ba01

Metiram [y

Chlorothalonil

2Xd of
rdr

4Xd of
rdr

[l — ~ RIS BV S SR IS RS, scabies PSOTELB. amyloliquefaciens
BaOl4 R 22 -
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ppm Bz PUEFEZERH200 ~ 100 ~ 50 ppm (8Xd, 16Xd, 32Xd of rdr) 22
BEHIAH - 5 BARNI10® cfu/mL PSO7 2 #1 T3 3% 7 A 10° cfu/mL
BaO 1 41 B4 07 iR YMEERLBIEI RE 7 4 | > D4 ul ddH,0 YRR
R B EEA - rdr: BB R SRR R -

Fig. 1. Effects of metiram and chlorothalonil on the growth of B.
amyloliquefaciens Ba0Ol and S. scabies PSO7. A. Treatment of
metiram at 2000, 1000, 500 ppm and chlorothalonil at 1700, 800, 400
ppm (rdr, 2Xd, 4Xd of rdr). B. Treatment of metiram at 250, 125, 62.5
ppm and chlorothalonil at 200, 100, 50 ppm (8Xd, 16Xd, 32Xd of rdr).
10° cfu/mL spore suspension of PSO7 and 10% cfu/mL Ba0l suspension
were seperately spread on YME medium and LB medium. 4 ul ddH,0
were used as a negative control. rdr: concentration of recommended
dilution rate in controlling potato late blight.
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FRIE AT #l 45 BS540 - BaOl B 0 150 ol DU & S 20 S LA 4t
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=~ S U IR B A PS0T K BaO 1AM - IR B I B AL A7 0E
2
DIM-HIRRER LA, 10° cfu/mL PSO7EL B. 10° cfu/mL Ba0l (£
LRFE10° cfu/mL) 43 BIEL 1532000 ~ 1000 ~ 500 ~ 250 ~ 125 »
62.5 ppmB O FZERE 1700 ~ 800 ~ 400 ~ 200 ~ 100 ~ 50 ppm
(rdr~32Xd of rdr) F:[EEZREE - WHYEEO ~ 1~ 3~ 5~ TR
Wit BB ZZPS0THLBa0 LIV A RIHT - SHHEIE 23 B =E1E
AT SRS Sy

Fig. 2. Effects of metiram and chlorothalonil on the survival of PSO7 and
Ba0l in M-H broth. Seperately cultured A. 10° cfu/mL PS07 and
B. 10° Ba0l (with final concentration of 10° cfu/mL) with metiram
2000 ~ 1000 ~ 500 ~ 250 ~ 125 ~ 62.5 ppm or chlorothalonil 1700 ~
800 ~ 400 ~ 200 ~ 100 ~ 50 ppm (rdr~32Xd of rdr) in M-H broth
were calculated the amount at 0, 1, 3, 5 and 7 days by serial dilution
and spreading plates. Data was demonstrated as the average of three
repeats  standard error of the mean.

50 ppm B AT Z FAEME - RIBIRA R EEGLRA A R
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(B =AEEB) -
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B =~ S Y S SRS R & Ba0 L PS07 Z AU -
A, JEARRH PEB R © 10° cfu/mL PSO7Z FA T R IR YME
[E AR F o RINGEISm250 ~ 125 ~ 62.5 ppm K MU GBI
200 ~ 100 ~ 50 ppm (8Xd, 16Xd, 32Xd of rdr) Z ZEH ~ 10" cfu/mL
BaOl 41 M7 R DR BERIEA B0 DAL 1 EEBE & AV R BE A R AR
Fi b e 4 ul ddH,ORVFE B Ry & B IRAH - B JEAK A At BasH
thir 2 stk - "M" RFEREMH - "C" ARUARARE - 4
#1{sE FGraphPad Prism S#RE& 17 LA Bonferroni testiE 17 g ji iz i >~
HiRlhE > GHEIRER = EE 2 VI EE R » ((F
P-value<0.05 » #*{XFZP-value<0.01 °

Fig. 3. Inhibition effects of the combination of metiram or chlorothalonil with
Ba0l on PSO7. A. 10% cfu/mL spore suspension of PS07 was spread
on YME medium. Metiram 250, 125 62.5 ppm and chlorothalonil
200, 100, 50 ppm (8Xd, 16Xd, 32Xd of rdr), 10° cfu/mL Ba0l, and
Ba0l in combination of metiram or chlorothalonil at the ratio of 1:1
were separately added on paper disks. 4 ul ddH,O was used as a
negative control. B. Statistical analysis between groups in different
concentration. Data were represented as the average of three repeats =
standard error of the mean. P-value was calculated by Dunnett's test
with GraphPad Prism 5 software, "*" and "**" represent P<0.05 and
P<0.01, respectively, as compared with each treatment in different
concentration. M: metiram; C: chlorothalonil.
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FEREPSOT— RIBFFMETTIRER - WHETT (1) RISMIEEE - (2) DU&
FERBBRETE © (3) BaOlJEHE - (4) RIS MELIBaO1LAL ILLBNE & 12
EITIREL - (5) VU BB EBa01 L ELBIR &% TR EE - 3
DL (6) HEFEPSOT/E Ry IE¥TRAH « (7) HpRHAdH,OfE Ky A i
45 o EERIHIE250 ~ 125 ~ 62.5 ppm - {7 PO G FZERE 200
100 ~ 50 ppm (8Xd ~ 16Xd ~ 32Xd of rdr) FYJEFE ©

Fig. 4. Inhibitory effects of metiram or chlorothalonil combined with Ba0l on
PSO7 by using potato tuber slice assay. Treatments were as follows:
A. applying treatments 1 day before PSO7 inoculation, B. applying
treatments 1 day after PSO7 inoculation that conducted treatments of:
(1) metiram, (2) chlorothalonil, (3) Ba0Ol, (4) metiram in combination
with Ba01, and (5) chlorothalonil in combination with Ba0Ol. And also
applied (6) only PS07 as a positive control, and (7) only ddH,0O as a
negative control. Metiram 250, 125, 62.5 ppm and chlorothalonil 200,
100, 50 ppm were tested.

FEEPSO7— KA FIBa0 DR & T {5250 ~ 125 ~ 62.5 ppm MU
AEEHE200 ~ 100 ~ 50 ppm ZFRH - DR AEFEFEPSOT— K%
Jiti FHBa0 17 & 45250 ~ 125 ppmE Y & SEZEAEF200 ~ 100 ppm
HIpEE » A BRI HHEENS. scabiestH4FELE > B B EA
FRIEAH - BFHAPSOT B AR AIHIHIEUR o (H BB R FE Ba0l
PSO7AIHIHIZCRAE L (BIVUABEIB) o & F] LAHERRAEPSOTHEfE—
KA — Rz HBa0 DR & 55250 ~ 125 ppmE{ U&= K HE
200 ~ 100 ppmZ FEHE - ¥EFHAPSO7H 4 HIHTSER -
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Fig. 5. Effects of metiram and chlorothalonil on the expression of surfactin-
producing gene and genes associated with nitrogen metabolism in
Ba01. Ba0l was separately cultured with 8 ug/mL metiram or 0.5 ug/
mL chlorothalonil. The expression of srfAD, tmrA, ginR and codY
were measured. The rspJ gene was used to normalize the data and
the group without chemical treatment was used as a negative control.
Data was represented as the average of three repeats T standard error
of the mean with GraphPad Prism 5 software. P-value of the gene
fold change was calculated by one-way ANOVA. M: metiram; c:
chlorothalonil.

BORAECEE:  INBEEE S AP E R DI 2 B —07a77
EZ G > IR ATE YR E T AT R, -

B 82 BB 8 7Y 6 TR R R SRR R b L A e
E o R A BN R E A E - ERE R
TERERIEHE - BAEEEE  MEB S EE R e BRH
TEHE B —E 2 E - A LB EER » DUEATA
2535 Bacillus amyloliquefaciens Ba0l (Ba0l) BEFF(NIE 3598 i
NI - BT 2 LEREE RN 45 & Ba0 1506 5 85 BB i 2
—(EESPRIERYTT A -

Bacillus LA FEANAEFIVEE - BINECE - RIME ~
(LEREER| iz R IR AN 2 M - ARAERFEHEEE
HE R Z il T &R (spore coat) ~ FHEJE (cortex) » R EKHY
T T (spore core) K IRFEAMEfid TDNAZ /B SASPs (small
acid-soluable DNA-binding proteins) FT4HEK » (15— KM
(LB F 2 B EN AT H73DNA » BH T ZHE B
HERIEHUMER R 2 « (i Streptomyces i H AL H 44T 7
EESMEEZ F T o EH B RN BB - (AR E AN
WA T 2 i3S HE AT AR B L ER B ] B oA i
FEMZ PERY IR R R e 15 M B U SR B S8 172 Streptomiyces
scabies PSOT (PS07) £ EHIHIARABa0l ([E—) < Bacillusty
AROEFREGZIeBEETOHE - 87 - & WELE
VorosZ A OB, velezensis SZMC 6161 T8 iR FL
FEHEHA (dithiocarbamates) HYREE - AR5 (maneb) ~ #5579
B (mancozeb) Ff3fEM (thiram) 55 > ARIZBUHIEAVIRE (6.25,
12.5, 25 ug/mL) FL[ERFEA/NE » FEE AIEEE (0.9 ODg 2
0.1 ODygy) = S5 5] Ja5 B e Ak B B S - AR e B g
7 $HERAH > 7£62.5~2000 ppm (BRUREES0~1600 ug/mL) HIR
&> BaOlWEEAFEAVIRE - HNEZZE RIS M T H
SEBET-OURCEE o MAERASM62.5 ~ 125 ~ 250 ppm (B RURE 53 7l
%50 ~ 100 ~ 200 ug/mL) HYRE - AR ILERAE3RE T RIAE
EEFAVES - RN AT REEL N L AR A R (R AR
RS RS (B —B) -

Katayama’® A% Bacillus cereus, B. megaterium, B.
subtilis &z Bacillus sp 1T &4 VU & B 5K 41 %% 1,200 mg/L (200
ppm) AYERERSEA FfOEA R - HAF T DI3fE0.5 me/LIUE
HIAERENEE ST - B E VTS EIERE b 2 FUR T RR R A
(methylthio group) BRFEHEE (hydroxyl group) ZHEE S ARATRLE -
TERTALAZE S > 575200 ppm PR ZAERE I E R EEE - o
Bacillus N EE R 5 TEARZEH > BaOlFEAE2200 ppm (A X0
& 150 ppm) HVRE T AERENZHE « I - EEHUEASR
FEREI AR R B AL > Zhang®E AV FAB. cereus NSIHYE &
TERFEOREE1E0.06 ODgof%2£0.04 ODgy > ZEHIIL A & 5 221
FINSIHYAE & - AR FEEL - (ERMRAEREESLIR
B WEA EIYES  BEE AR (8 TB) -

1EBa0 FAEEH L EHERES BN B - #H R SME2Ba0l



SN > HAHEIA A RS B Ba0 VR S HIFEHE » ST
EABa0 R & LA - BPSO7TE A EAFAIHIHIZCR » BR a5
R B0 ML £ (B ~ [ =) o 0 AT AE Y S A ELEE Y
FEIER - RELInEAONRE - aEWMESEMEYZ
TRERIREE N A Ry 1-6/NIE > T DU & EL ORI AE AR 197K
Ho ERERR1.5-3.5KY ERNARRER R WA AR E
ZPRER o BT Ba0 LY A AT -

TEARIZC T > SE3 05 S VY & 2 RRE 53 BB Ba0 1 & &
% - EHAPSOTAVIIGIRR. - BLE T Ba0 DY A B E =R - |
(B R B SRR EE (B =) » HETAE[RINE » RLLR
HBA0IERAVEE BT > RILEHEEERIT RS MEEHIA
B VEE B R APSOT 2 IRl R s » (NI R SRR
ZE R 5 BE SR AN A SR BN B B - BABa0 UE& i RIS 2
BRBEZNTELEF o 1A R 5y FYPSOTEERERT ~ 121
K Jti FBa0 IR & o 5250 ~ 125 ppmERIHEEFERE200 ~ 100
ppmZ BEH R EH E 2 PSOTA T HYIHIRUR - BU8 B BiE
FHAEER B B AR AR R (BIPY) » > (R 2 FH B R - S8
TE T M R T TR (7575 % i B Ba0 1 14 FH P JE FH A 30051 A
L BRR (8 F Ba01 o] REZE A= 2 GlBG - 6 FLRE IR/ (2 (3
B P BEHE FEE YN SER BT Ba0 1 S R IR DL
SEREERE ST 0k o

AEEHN I BHEEE R R ELE LB 2R EER
(denitrification) ¥y/HEZ A © Yang® A B 7201 1AEEEH %
B IR SR P P s A S22 > R AU A P R B R R
KRS (pathalonitrile) FYZER & 2 S 4 E SUIGIRNVHETT -
Hp oS WEnag  WRERBBENRE - AR
o E g RIGRIE AU SRR - FiH LHEIIRER
JEC? o FERFRAE R AT o DR B0 4 £ 2 RIS HE Y
AR RS R TREENS - REZEAsrfAD - ZEIREA S
B A E N mrABLginR » DA R B4 A
B2 HNcodY » PRI S IRA1G HRAE =5 > HERNKRY
JE@IE R (B7X) » EREUTW ST g HE &R m R EN
Sy SBUEEIEIR AR R - AR AR S0 AR A
RFEHE - RIS S w2 N g B0 IS HE
M R

B8 B A 6 B 8 BB iR AU R SE R > AT ST R
Y TR SR LU S SRR - 3 I 82 B HERE T A £
> EHRPSOTE HIHIRER - v H RPN ERRII G - 17
BB R ABa0l g 2 R ZERIT R - HH R EATHEE
SR N AT o I APSOTHE AR 32 (L ERSERI 2228 - fffj o 15
250 ~ 125 ppmBVUE EZREE200 ~ 100 ppmiE & Ba0l » ££PS07
AR RATS KA ETTIREE - SPSOTE A HIHIRUR - BURfER
S FAER RS HAE ST - b4 o EEREERN
R B0V E T IR YR E R A K EAH A AEED
FHL - AR RSB S E AR F30 E R B AR I A R A

Vol. 64 No. 1,2022 17

» DASE RS SRR Y BaO | S B BRAR R AR AU 22 » RACH]
SREMEIT AR > AEERMRRECTIAEKREE
TR TT 2 -

E | s
TR e R 2 2 B st B 1002 R -1.1.5-Rl-aS Bl 17 2
BRE S EYE TS 110LT8 R 7482 -

BIF3TEk

1. Bobek, J., Smidova, K., and Cihdk, M. 2017. A waking
review: old and novel insights into the spore germination in
Streptomyces. Front. Microbiol. 8:2205.

2. Braun, S., Gevens, A., Charkowski, A., Allen, C., and Jansky, S.
2017. Potato common scab: A review of the causal pathogens,
management practices, varietal resistance screening methods, and
host resistance. Am. J. Potato Res. 94:283-296.

3. Coffin, R. H., Borza, T., Alam, M. Z., Liu, Y., Desai, F., Xi, Y.,
Zhang, Z., Beaton, B., Goyer, C., and Coffin, J. 2020. Assessing
the suppressive effects of biopesticides and phosphite on common
scab development in potatoes. Biocontrol Sci. Techn. 30:1133-
1149.

4. Dees, M. W., and Wanner, L. A. 2012. In search of better
management of potato common scab. Potato Res. 55:249-268.

5. Devaux, A., Goffart, J.-P., Petsakos, A., Kromann, P., Gatto, M.,
Okello, J., Suarez, V., and Hareau, G. 2020. Global food security,
contributions from sustainable potato agri-food systems. Pages
3-35 in: The Potato Crop. Springer, Cham., Switzerland. 518 pp.

6. Enciso-Rodriguez, F., Douches, D., Lopez-Cruz, M., Coombs,
J., and de Los Campos, G. 2018. Genomic selection for late
blight and common scab resistance in tetraploid potato (Solanum
tuberosum). G3-Genes Genom. Genet. 8:2471-2481.

7. Fan, B., Li, L., Chao, Y., Forstner, K., Vogel, J., Borriss, R.,
and Wu, X.-Q. 2015. dRNA-Seq reveals genomewide TSSs and
noncoding RNAs of plant beneficial rhizobacterium Bacillus
amyloliquefaciens FZB42. PloS One 10:¢0142002.

8. Feng, R.-Y. 2019. Surfactin is the major secondary metabolite of
Bacillus amyloliquefaciens Ba0l for combating potato common
scab demonstrated by srf gene cluster deletion mutants (Master's
thesis). National Taiwan University, Taipei, Taiwan. 73 pp. (in
Chinese)

9. Fisher, S. H. 1999. Regulation of nitrogen metabolism in



18 J. Plant Med.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bacillus subtilis: vive la différence! Mol. Microbiol. 32:223-
232.

Huang, C.-W. 2008. Potato common scab caused by
Streptomyces scabies in Taiwan — biological characteristics
of the pathogen and an attempted biocontrol by antagonistic
Bacillus subtilis var. amyloliquefaciens WG6-14 (Master's
thesis). National Chung Hsing University, Taichung, Taiwan. 92
pp. (in Chinese)

I, X, Li, 1., Meng, Z., Zhang, S., Dong, B., and Qiao, K. 2019.

Synergistic effect of combined application of a new fungicide
fluopimomide with a biocontrol agent Bacillus methylotrophicus
TA-1 for management of gray mold in tomato. Plant Dis.
103:1991-1997.

Katayama, A., Itou, T., and Ukai, T. 1997. Ubiquitous capability
to substitute chlorine atoms of chlorothalonil in bacteria. J. Pest
Sci. 22:12-16.

Kondoh, M., Hirai, M., and Shoda, M. 2001. Integrated biological
and chemical control of damping-off caused by Rhizoctonia
solani using Bacillus subtilis RB14-C and flutolanil. J. Biosci.
Bioeng. 91:173-177.

Lai, Y.-R., Lin, P.-Y., Chen, C.-Y., and Huang, C.-]. 2016.
Feasible management of southern corn leaf blight via induction
of systemic resistance by Bacillus cereus C1L in combination
with reduced use of dithiocarbamate fungicides. Plant Pathology J.
32:481.

Lerat, S., Simao-Beaunoir, A. M., and Beaulieu, C. 2009.
Genetic and physiological determinants of Streptomyces scabies
pathogenicity. Mol. Plant Pathol. 10:579-585.

Li, Y., Liu, J., Adekunle, D., Bown, L., Tahlan, K., and
Bignell, D. R. 2019. TxtH is a key component of the thaxtomin
biosynthetic machinery in the potato common scab pathogen
Streptomyces scabies. Mol. Plant Pathol. 20:1379-1393.

Lin, C., Feng, R.-Y., Tsai, C.-H., Chen, Y.-L. 2017. The
fungicide tebuconazole inhibits potato common scab caused by
Streptomyces scabies. J. Plant Med. 59:31-37. (in Chinese)

Lin, C.-Y., Ni, H.-F., and Lin, H.-J. 2020. Identification and
evaluation of antagonistic actinobacteria on controlling potato
common scab. J. Taiwan Agric. Res. 69:122-131. (in Chinese)
Lin, C., Tsai, C.-H., Chen, P.-Y., Wu, C.-Y., Chang, Y.-L.,
Yang, Y.-L., and Chen, Y.-L. 2018. Biological control of potato
common scab by Bacillus amyloliquefaciens Ba0Ol. PloS One
13:e0196520.

Lin, R., Buijse, L., Dimitrov, M. R., Dohmen, P., Kosol, S.,
Maltby, L., Roessink, 1., Sinkeldam, J. A., Smidt, H., and Van
Wijngaarden, R. P. 2012. Effects of the fungicide metiram in

21

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

outdoor freshwater microcosms: responses of invertebrates,

primary producers and microbes. Ecotoxicology 21:1550-1569.

. Loria, R., Bukhalid, R. A., Creath, R., Leiner, R., Olivier, M.,

and Steffens, J. 1995. Differential production of thaxtomins
by pathogenic Streptomyces species in vitro. Phytopathology
85:537-541.

Meng, Q., and Hao, J. J. 2017. Optimizing the application of
Bacillus velezensis BACO3 in controlling the disease caused by
Streptomyces scabies. BioControl 62:535-544.

Meng, Q., Jiang, H., Hanson, L., and Hao, J. 2012. Characterizing
a novel strain of Bacillus amyloliquefaciens BAC03 for
potential biological control application. J. Appl. Microbiol.
113:1165-1175.

Mueller, J. H., and Hinton, J. 1941. A protein-free medium for
primary isolation of the Gonococcus and Meningococcus. Exp.
Biol. Med. 48:330-333.

Nicholson, W. 2002. Roles of Bacillus endospores in the
environment. Cell. Mol. Life Sci. 59:410-416.

Nicholson, W. L., Munakata, N., Horneck, G., Melosh, H. J., and
Setlow, P. 2000. Resistance of Bacillus endospores to extreme
terrestrial and extraterrestrial environments. Microbiol Mol. Biol.
R. 64:548-572.

Peng, D., Li, S., Chen, C., and Zhou, M. 2014. Combined
application of Bacillus subtilis NJ-18 with fungicides for control
of sharp eyespot of wheat. Biol. Control 70:28-34.

Peng, D., Li, S., Wang, J., Chen, C., and Zhou, M. 2014.
Integrated biological and chemical control of rice sheath blight
by Bacillus subtilis NJ-18 and jinggangmycin. Pest Manag. Sci.
70:258-263.

Peng, D., Luo, K., Jiang, H., Deng, Y., Bai, L., and Zhou, X.
2017. Combined use of Bacillus subtilis strain B-001 and
bactericide for the control of tomato bacterial wilt. Pest Manag.
Sci. 73:1253-1257.

Sarwar, A., Latif, Z., Zhang, S., Hao, J., and Bechthold, A.
2019. A potential biocontrol agent Streptomyces violaceusniger
ACI12AB for managing potato common Scab. Front. Microbiol.
10:202.

Shoda, M. 2000. Bacterial control of plant diseases. J Biosci
Bioeng 89:515-521.

Su, X., Wang, Y., Peng, G., and He, Q. 2020. Long-term effects
of chlorothalonil on microbial denitrification and N,O emission
in a tea field soil. Environ. Sci. Pollut. R. 27:17370-17381.

Tsao, H.-C. 1993. Potato industry and research. Pages 139-164
in: Forty Years of Evolution of Vegetable Industry in Taiwan.
TARI, Taichung, Taiwan. (in Chinese)



34. Velho, R. V., Caldas, D., Medina, L., Tsai, S., and Brandelli, A.
2011. Real-time PCR investigation on the expression of sboA and
ituD genes in Bacillus spp. Lett. Appl. Microbiol. 52:660-666.

35. Villa-Rodriguez, E., Ibarra-Gdmez, C., and de Los Santos-
Villalobos, S. 2018. Extraction of high-quality RNA from
Bacillus subtilis with a lysozyme pre-treatment followed by the
Trizol method. J. Microbiol. Meth. 147:14-16.

36. Voros, M., Manczinger, L., Kredics, L., Szekeres, A., Shine, K.,
Alharbi, N. S., Khaled, J. M., and Végvolgyi, C. 2019. Influence
of agro-environmental pollutants on a biocontrol strain of
Bacillus velezensis. Microbiologyopen 8: ¢00660.

37.Yang, C., Hamel, C., Vujanovic, V., and Gan, Y. 2011.
Fungicide: modes of action and possible impact on nontarget
microorganisms. ISRN Ecol. 2011: 1-8.

38. Wang, R.-J., Chiang, W. -C., Wu, Y. -F., Lin, D. -L., Sun, W.
-C., Chen, S. -K., Peng, R. -J., Cheng, A. -H., Hsieh, M. -H.,
and Chung, J. -Y. 2011. Technology of potato cultivation and
management. Tainan DARES, Technology Special Issue No. 150.
25 pp. (in Chinese)

39. Zhang, Y., Lu, J., Wu, L., Chang, A., and Frankenberger Jr, W.
T. 2007. Simultaneous removal of chlorothalonil and nitrate by
Bacillus cereus strain NS1. Sci Total Environ 382:383-387.

ABSTRACT
Tzu-Ying Chuang, Ru-Ying Feng, Chia-Hsin Tsai, Ying-Lien Chen.
2022. Assessment of the combination of chemical and biocontrol
agents in managing potato common scab. J. Plant Med. 64(1): 11-20.
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Potato common scab mainly caused by Streptomyces scabies
leads to the symptoms of raised and pitted corky lesions on the
surface of potato tubers, damaging the potato appearance and affects
the economic value of potatoes. Since it is an important disease in
the field, there have been no recommended chemicals or biocontrol
agents to manage the disease. Because of the unstable control
efficiency of biocontrol agents in the field, the main purpose of
this research is to combine chemicals with the biocontrol agent B.
amyloliquefaciens Ba0l (Ba0l) to control potato common scab
and improve control efficacy. Meanwhile, the chemical's influence
of important gene expression in Ba0l is investigated. The disk
diffusion test and shake flask assay were used at first, and the results
revealed that Ba0l was more tolerant to metiram and chlorothalonil
than S. scabies PS07 (PS07) which might be due to the presence of
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endospores in Ba0l. By adopting the disk diffusion and potato tuber
slice assay, metiram 250, 125 ppm or chlorothalonil 200, 100 ppm
possessed the potential efficacy in combination with BaOl which
were conducted 1 day before or after PSO7 inoculation and retained
better inhibitory effects on S. scabies PSO7. Neither metiram nor
chlorothalonil significantly affected the expression of surfactin
producing gene srfAD and genes involved in nitrogen metabolism
(tnrA ~ glnR ~ codY) in BaOl. We anticipate completing pot assay
and field trial in the future and providing farmers an appropriate

combination method in managing potato common scab.

Keywords: Potato common scab, metiram, chlorothalonil, Bacillus

amyloliquefaciens, surfactin, nitrogen metabolism



