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A

AT ED HIZHT2 0 | #AREY) 2 T E & TE R T2 LT S o L BRI
WIERIREHE b BRI VIRHB L L5, <O ZWH N L THEATAW I AR
JEAES R H— 2R, BRI RZEGOES BAIER RE S —BEERR 6 NS BAR KA
BIRSAE AR F BRI OLE VLR L TS, £, AROBTICH D . SRR
EHBE ZTHE R RSP - TR E S TTBIRKR AW G IR BT 78R ORRIL #h— BB, MERE
P, b BERofgRIJE LB L T 5,



B1E S

v U %t (Cucurbitaceae family) #8#)121LF = 7 U (Cucumis sativus L.) . A 7 >~ (Cucumis meloL.)
AA 71 (Citrullus lanatus (Thunb.) Matsum. & Nakai) , R TF ¥ M ORA 27 U w2 (Cucurbita) 7% &
NEFNTEY ., SEFHICIE. 96 B, £ 1000 FE3(F7E9 2 (Renner and Schaefer, 2016), F£7-.
v YRS, AT CTREE LTRSS TS, LirL, v U RHEWICIE, SRRE, ME,
ANAIR EOIFRENERE L, SEIERWRDIEAEL, HELSISR T LRI TY
% (Agrios, 2005)

TUREMDO 1 S THDHF 2 v VIid, BREMICEERFETHY . BARTIIHRICHERE OFR
{EfFiEfE 1L 10,300ha, UNFEEL(E 548,100t & 72> T D (BMOKEREN . =0 VT, BIAR.
BB, 9 EATIE, AR L S0 AL, EORENEAET L Z EnRHwE SN TS (HARM
Yyl B #% : https://www.ppsj.org/mokurokuhtml), ¥ =V VJFED 1 > ThHLHX =20 9 EATH
7 2016 FHEZ I T D F ML, 3,205ha TH Y FEFEREE S 27,955ha & 72> TWnD, F-,
F 2 U U PRIARIC OV T SRR, 543ha TH Y | IERHFREFEAS 8,380ha TH D, F=2v U b
GO T, BRI BT 2R ENRIL. LFERRREOE N — RN > TV D28, w7
AR I K 2 EAIMTER O HBLNE & 72 > Ty % (Fungicide resistance action committee, 2018;
Ishii et al., 2001; Lebeda et al., 2010; McGrath and Wyenandt, 2017; Miyamoto et al., 2010), ZEF%iZ
2TV EATIHTIE, A bu eV SRoKRifl, 47 7 51— b AF LR TPN AKFIA,
U T = VKRRNF, N FAE T RARRAL WY A KRR OREPEN S TE
. DMI A, SDHI #l } OF Qol ANz sxt9~ % FAIMME R O HELA A S 41 (Ishii et al., 2001; Miyamoto
etal, 2010), ¥V VRERTH, 7YX A M ELKRAL A 27800 T ISV
KIHF, FAT7 7%= b AF KA ~ BT ARKRMAFEORENET SN TEY, ~ 7 IH
Wk 2 AN E O HBL A SV TV 5 (Miura et al., 1994; Takamatsu et al., 1993), —J7 T,
AR, AEM 2 T HEI R 2 B 2 AR RR OB SO TR, A1 7Ly
> a7 U T (Bacillus amyloliquefaciens : AT-332) . @275 —7" (Trichoderma atroviride : SKT-1) .

[ 5 7 /35— ® (Talaromyces flavus) : SAY-Y-94-01, R k% Z —®/KFA| (Bacillus subtilis) 72 E D
P D, FTo. Z AW L DM EOEYBLRICBET 2858 AR HE I T 5

(Chincholkar and Mukerji, 2007; FHT, 2003; Kim et al., 2011; Shimizu et al., 2000; Shimizu et al., 2009) ,
BLERTRWNZ 212, T OMEMEIKIC X AR Tk, REEOREICET 2 ®EN 2V, MEY
X, FfETH - TH, BARDAEHPIRHECWEEEZITO ZLNHMON TR Y . HEWIHF ISk
U CHN AP BRAZ BT D 7201, ZFZARDRMED 2 408k - FE L, i T 2 0ZEH
b5, BRxIRGINAFET DMEM TH 503, HHEICEENSZRICHFEL TR Y, HEORE
& THEEORIBIC L > TR D3, 4x<10 7006 2x10° / g Wl HEOFIFH CHEET 2 Z I3 L <HH
N TW% (Whitmanetal,,1998), Z4L5 OREHRIE, THEBAEY D DREVITE (3 2 EMRIBL RO
Rl R CE DRt E R L Cnd, EERIC, fEE I CH 2 RO TN G RS -



WESOME S A PES D 2 AGHPEM A3 . AEIR IR B L2k LTI R 2~ 2 & 3B 5812
725 T3 (Ueno et al., 2016; 2019; Tamura et al., 2019) . [Lifailikic & 2 R E 1L, HFRAYICE Y
ICRL< ., HIIC K > TRENRR D Z LN O ZERBRIAED D HIEPIET D RN H D, L
2L, EARIRN O 1580 OPAEM DINLE - IRAFRZ IO ORAEY) Z I T R I B O #HNZ
B4 W& 1T, IR, BIRARF T, BIRENO HEOHED SN OMAED & B L . RA(F
TH7a Y7 FRFETIN, TNETIRRESCHIEZR E4 & 1,800 LU EOEKRS BRI
Y7 A~ 2 U — (Shimane Microbial Library) & L CRIESN TS, £ < DOBIRDRAF S T
BY, S SBERROTNTIE, AEYIRE IR OB ERICH T AT RE 2RI DFAE LTV D ATREMEDY B
Do

T AR TITEARENTHBE S VAP RGE SN TV L BIRMER T A 77 ) —%
EHLT, 2 UHE Grav 5 EATH, 20 VRIER, =20 U SAHE) ORERICH
MBI 2 BRR T 2 BB TR 21T o 7o, 13 DIV BERIT 25670 £ ~H  (Ganphung et
al.,2019; Ganphung etal., 2020) ¥ % & 32, A A HEYHE2 (Ganphung © 2017;2018;2019; 2020
a,2020b) THIAK R A X —FFK Lz, RiiSUIINHICRBEROBERE LM TE L DL DT
»D,



F2E STSIRIZEDF=2v ) 5 LA TROIHIZHR
ZAVE TIT Streptomyces JEEIZ X 5 AEWBLIFRIZEE T 5 WF5ES° Streptomyces JBE D ERET D 2 IR
REFFEEM BT D983 % < 174 T 5 (Shimizu etal., 2000; Tamura et al., 2019; Ueno et al., 2019) ,
ZAVE TITAMIFEE T, BARRRILT Tl Sz STS1 8K (Streptomyces blastmyceticus) 73,
FBREL LT, A XWNE DI, Fa v ) RIAW, =20 VEERZMEd 52 L 2Bl
TWS, LaL, B LV TOREH HNICTE THRY, £ 2 TARETHE, ERNKUESL
TOSTSI RZ MW T2F =20 ) 5 EAZTROIHIZIRIZ OV TR~ D,

F1H STSI BROBEBEORMENR X =27V 5 A ZRORMIERIZE 2 HHE
1. B RO FSE
a) HERE R CHREEY

fEfE & LT, Fav U (A ek, XA fmgklat) 2 v, ol r2=v
RERL 15 [AAREEES, Eehksy - 2% (220 mgkg) . U > (2775 mgkg) . U v
L (220 mg/kg) . 77 (220 mg/kg) ] ZMMZ7ZERZ 9 em DAY ARy M TREFHL, N—IF =
A N CHEo oMz, X2 VIIAT7ABNTEESE, 1 ENEREMT LI ECEFTIE, Eh
WZHW=,

HEE & LT, ¥=27U 95 EAZIRNE (Podosphaera xanthii) 2O STS1 # (8. blastmyceticus) %
MWz, $2v) 9 EAZREIZ, TOBBOX2 v VERCHREELEZX27) 9 EATIH
WAENTABNTAEBTIELXF 2V VOELRICBHE L, A ¥ a—F— OERETT 12 K], 15
BT 12 KR, 20-25°C) THEH X E, EBRICHW,

STS1 #kiZ, TOREBRE (¢p1.8x18 cm) (210 ml BiEL7ZY ¥ WA « A7 n—AFEK (PSA)
RS (2 v A EFIVF 200 g, 2= b5 20 g, K20 g/7888K 1 L) ITHE R TfHF 72, STSI #K
FEE T cm DT T AF v 7 % — LA L7Z PSA FEHCRBAE L. BT, 28 °C T L 7=,
1 BRI PSA B5 i CHs 8 L7- STSI A2 a7 AR—F— (8 mm) T Dk, vy —LHR(Z
ol L=, BFER T, 28°C T 7 HREIRS#E L7z, 7 HIEES# L7- STSI #i& 27 R—F— (8 mm)
TR E, ABRE (03.0<20 cm) |2 20 ml 577E L7z Luria-Bertani (LB) #5541 (NaCl 10 g,
Bactotryptone 10 g, Yeast extract 5 g /Z& /K 1 L) IZBAHE L7, Blithk, v —% U —> = —J— (MMS-
3010, Tokyo rikakikai, Tokyo, Japan) % F\ T, 25-27°C | 130rpm T 7 HFIEZEGE L, B4 (C
FERIZHW T,

b) ¥ =D Y ~DOERES L IRHM L OBIE

F2E, FH1H, la) TR HEZHNT, F1ENERRMATL2ETEFTSE X2 %
7T AT 7= A(10x20x5 em)IZ 1 JLEEX 57K » Mol ~7e, 2, 91 Hi, la) Tilk7z
F k% W THEf L7z STSI RO BIRZ X 2V VI 1 Ay H72 D Iml TOEELE LT,
KX & UC, LB IRIAREHIZ [RIAR O FIETRBE L7z, B L7eF 27 U i3A v FaX—F%— (O
FRES T 12 B, RSB F 12 BE, 20-25°C) (C 24 BRRRAE L7, TD%., 27U 9 EATHE
(1x10* conidia/ml) ZHEFFE L, A > FaX—F —NIZRFF L7z, #E 7 HRRIZ, 1 Xd7D 5Ky



ROFX 27 VEOHBERE PO A Lo TRE L, BREZEH L, FRiL 3 Bk
L7,

FEIFE = {(4Ax3Bx2CxD)/(4x5)}x100

: RBEEAEER 50%LL_E R A%

© IRBEEE R 20%LL 1 ~50%LL F O (K%

C IRBEERE R 10%LL_1~20%LL F OfE (K%

D RBEERER 0.5%LL_E~10%LL T OfiE (K%

SRR L

m g Q % >

2. ER

STSLEEDF =2 U 9 EA ZIRITKT 2R 2 TR A T 572012, STS1 HROAFTLEE 24 Fefil
xR a2y EATHREEHERE LT, TORE, STSI AR L-F% 2 v VIETIX, MRXT
5 LB MO L Z L Lz 2 VEEL el LT, 2 L < JRBEHER A IH Sz (Fig. 2-
1A), JEMREEIE, STSI BRALERX & LB AR LB X TZENEH., 0% TN 100% T~ 7= (Fig. 2-
1B),
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Fig. 2-1 Effects of pretreatment with strain STS1 on powdery mildew lesion-
development in cucumber plants. The whole leaves of cucumber seedlings at the 1-leaf
stage were pretreated once with strain STS1 suspension-culture or LB liquid medium
(control) by using spray (1 ml/cucumber seedling) and then kept at natural conditions
in the laboratory for 24 h. Plants were then inoculated with suspension of Podosphaera
xanthii (1x10* conidia/ml). Disease incidence was investigated at 7 days after
inoculation (A). [Disease index (%) = {(4A + 3B + 2C + D) / (total plant leaves
investigated x 4)} x 100], A = number of leaves with and infected area > 50%, B =
number of leaves with an infected area > 20%, C = number of leaves with an infected
area > 10%, D =number of leaves with an infected area > 0.5%. (B). Three independent
experiments were conducted, each with 10 plants. Bars represent means + SD. Asterisk
indicates significant difference (t-test, P < 0.05).



%280 STSLERORRIROMMENF 278 ATREDK T HIFIL G 2 D E

1. MBI RO

a) B K OMEREY)

M L LT, T2 ) (5fE b)) 2z, S VI3 2E, B 1H. lay TR~k
FHIEZ L0 el LT,

B E LT, F27V 9 PATIREMLONSTS] BhZ2 ERICHW, TNEHOHEIT, 52 3=,
B1HI, la) Tl 72 HEIC L0 #EE LT,

b) ¥ =Y D E~D STS1 FRORTLE & R FEOBEE T E R R FRFEOEE

2w, B 1HL la)TRALHFEZHNT, H1ERELRHTIECEBTISE L2V ) %
TTAF w7 r—A (10x20x5cm) (1 LEEX 5K » Mol ~_7-, 28, 1 H. lay T
Te k2 IV CHEf L 72 STSI RO R ZF 2V UEEIZ 1 Ry b7V 1 ml T OMEZELE L
7o WRRIX E LT, LB ZFEED FIETRHE LT, WP L72F% 27 VidA v Fax—F— O
FRETTF 12 R, BEEF 12 KR, 20-25°C) (224 BEIRFF L7z, £, =27V 5 EAZIRE
(1x10%*conidia/ml) ZH#fE L7-, B 7 H&IZ, ¥ =2V VEOUR (I1X1em) Z{EkL., 77 b
Tz /=)L Tha— (12vN) ZMcAT, FRT3 HEFEFLT, BEALT, Bk, 1%y
Ry 7=z T, 1 BEfGIC, e LeFa v VEEOX2 DY 5 CA RO RIEE
SFEARREE (4 /XA BXS50-33FLA-3, %58 : 400 fi5) CTHIZRL7-, MK L LT, LB Bz H
BEOIFETRMELL T, a2V U9 PATREBEM L2y VIELBE L,

2. fHR

STSIBEDF =T U 9 EA ZIRITK T 2R 2R A T 572012, STS1 HROAFTLEE 24 Ffil
X2y ) FATREEZHEEL T, F2v VE L TORTRELHE L, TOME, STSI £
ERE L2 %27 VE ETIE, HBXTHD LB RO ZRLE L 72% 27 VI L1
WLT, ¥20Y 5 EATWHEORTFHEENE L <Mfl Sz (Fig 2-2),

10



... LG N g G R R N
Fig. 2-2 Effects of pretreatment with strain STS1 on conidia germination and
conidiation by Podosphaera xanthii in the cucumber leaves. The whole cucumber
seedlings at the 1-leaf stage were pretreated once with strain STS1 suspension-
culture or LB liquid medium (control) by using spray (1 ml/cucumber seedling)
and then kept at natural conditions in the laboratory for 24 h. Plants were then
inoculated with a suspension of P. xanthii (1x10* conidia/ml). After 7 days, leaves
were cut into small disks and immersed in lactophenol-alcohol (1:2 v/v) until the
chlorophyll was completely removed for 3 days. Discolored leaves were stained
with 1% cotton blue in lactophenol for 1 h. Infection behaviors were monitored
under a light microscope. C: Conidia
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% 3f1 STSLERDERIEOBABERF 2V EATRBEDEBTICEX D E
1. MBI RO
a) B K OMEREY)

M L LT, T2 ) (5fE b)) 2z, S VI3 2E, B 1H. lay TR~k
FEIZ X0 i L7z,

EREE LT, $=27 U 9 EAZHEROSTS] A2 EBRICHW -, ZNENOEI, 52 3,
B1HI, la) Tl 72 HEIC L0 #EE LT,
b) ¥ = UEE E~D STS1 HROBNIR & 55 EE DR 15 K OBLE

F2E, H1HL la)TRALEHFEZHANT, H1EPELRHTIECEBTISE L2 v I
XU 5 EATHE (1x10*conidia/ml) ZHEFE L 7=, #FE 10 HRICH 2 3, % 1 Hi, 1la) Tk~
7207k % DT L 7= STS1 BRORE /IR A ¥ = 7 U BEICHEERE L7, XHRIX & LT, LB ikikE;
WA LTz, 7T AF v 7 r—2A (10x20x5 cm) (2 1AL SR Mo/, H28E, 5
1 i, la)y TR~ 5EZE W THEE L7z STS1 MROBEERKZF 2V VEIZ 1 Ry FH7ZD . 1 ml
TOEFENE L7z, sfRX E LT, LB iR Z [0 FIECTUEE Lz, B L7=F = v V35
BREN O BIREMTICREF L, A2 HZIZ, BLFXOF =7 VIEDOYIF (Ix1em) ZVER L.
1% 7 VA VT T e RIZEDEE E KR RS REE 21TV, B BEE8E (Miniscope TM3000,
HITACHI) %RV CHEIZ L=,
2. MR

Fav U9 EATIHITHT D STS1 HROMBIZNRZMET 272012, F=27 U 5 EALTIHED
AFERE 10 H 21T STS1 BRZRALEE L7z, £ DRER. STSI MRABUB L 7=F 27 VETIE, F=2 v
U5 EAZIREO A DORRENHER S (Fig.2-3 : STS1), —J5, ®MBX T 5 LB iliikEz#o
HEBMELT2FX 2 VETIE, $=2vV 9 EATWREO T OREIIMER SR> 72 (Fig. 2-
3 : Control),

12



Control

Fig. 2-3 Effects of strain STS1 treatment on the inhibition to powdery
mildew in cucumber plants. The whole cucumber seedlings at the 1-leaf
stage were pre-inoculated with a suspension of Podosphaera xanthii (1x10*
conidia/ml). Ten days after inoculation, the leaves were treated with strain
STS1 or LB liquid medium (Control) and then kept at natural conditions in
the laboratory. Two days after treatment, mycelia growth of strain STS1 on
the cucumber leaves was observed by scanning electron microscopy. C:
Conidia of P. xanthii, M: Mycelia of strain STS1

13



AR STSLERDIBHEBRDORILELX 27 )HE ATIROMH ORREFHZE(L

1. MBI RO
a) B K OMEREY)

M L LT, T2 ) (5fE b)) 2z, S VI3 2E, B 1H. lay TR~k
FEIZ L0 i LT,

B E LT, F27V 9 PATIREMLONSTS] BhZ2 ERICHW, TNEHOHEIT, 52 3=,
1, la) TR HIEIC L0 Mg L7z,
b) ¥ =Y D E~D STS1 FRORTLIER & 55 FE OB 5 B K ORI R OB £

2w, B 1HL la)TRALHFEZHNT, H1ERELRHTIECEBTISE L2V ) %
TTAF 7= (10x20x5cm) |2 1 BRX 5 ARy P olf~7z, 2 &, 51, la)y TR~
Te k2 IV CHEf L 72 STSI RO R ZF 2V UEEIZ 1 Ry b7V 1 ml T OMEZELE L
7oo RRXE LT, LBIRIAREHZFIREO FIETUEL L7z, WP L7eF 2 7 ViAo FaX—F—
OERRST T 12 Refl, BEAR T 12§, 20-25°C) ITRFF LTz, 2D, F 20V 5 EAZHHE (1x10*
conidia/ml) % 1, 3, S KON7 HRRIZEFEL, A v FaX—F—NIZRFF LIz, ¥=27 V5802
AR 10 HRIC 1 KB SRy o, 1 EHEZVOFavVELETOXF2TY HEATD
IR OIRBEI RS 2 A U7z, SEBRIE 3 [l 0k L7z,

2. MR

STS1 ROEFFRIE X ITRRX & U C LB RIRR A = 7 VICHTLEL L, 1, 3, 5, 7 KT'9 A%
W2, Fa2v U ) EATIHREOR T ZR L, B 10 HERICY 2 7 U O EORBHE R E R
L7, ZOfEF, STS1 MROBEFIRATAIEL 1, 3, 5. 7 L V'9 B TORWRBEEIT, L4, 14.9£3.6
., 15.5£2.9 {, 2.8+2.9 f#. 34.6 +6.4 fHK TN 48.0£7.9 i & 720, *MX THh 5 LB HikEED
98.9+19.6 fHELIEZ L T, ¥=2 YV UEETOX a2 U 5 EA TWEIC L DINBE RS #i S iz
(Fig. 2-4),

14
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Fig. 2-4 Time course of the inhibitory activity of strain STS1 on lesion formation of
powdery mildew in cucumber plants. The whole cucumber seedlings at the 1-leaf stage
were inoculated with a Podosphaera xanthii conidia suspension (1x10* conidia/ml) after
pretreatment with strain STS1 suspension-culture at 1, 3, 5, 7 and 9 days. Control plants
were pretreated with LB (Control) liquid medium. Ten days after inoculation with P,
xanthii, the number of powdery lesions formed was recorded. Experiments were repeated
three times and five cucumber leaves were examined each experiment. Bars represent
means = SD. Means followed by different letters indicate significant difference (Tukey-
Kramer test, P < 0.05).
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FES5H E=—ANTRTOF2IA~D STSL RN X 2TV EATIRORIRIZ G- 2 D E
1. MBI RO
a) LR K CHRAEY

MEEm E LT, F2v ) (W dbe) 2, Fav VIidgE2E, B 1L, lay TRk
FIEIZ L0 HE g LT,

HRE L LT, F27V 5 EATHRE L STS] krka EBRICH W, TR ENOEIE, 2 3,
B 1H. la) TR HEICL D HE LT,
b) E=—/LN\DRATOF =27 U EEEDH ik

5 aRBRIT, 2016 429 A & 11 AIZERRFHOE ==L 7 2 (1§ 3 mxBAT SmxE S 2.4m)
TEMELT, F=2v VT, RIS EREFIECROFERESE L, 1005077 XF v 7Ry MM
—REEE L (A== v 7 A A EFE 150-260mg/ L, U U 70-160mg/ L, # U 7 2 190-320
mg/L) Mz T, FH2E, H1H, layTRRZHFECIVEF L2V 2 1Ry M2 1
KFoEf Lz, £/, BIEE LT, 777K Fh (%5 : BH#E6-U VR 40- U T A 6-~
TH T I15) KHOVS00 fFICAHRUTenA Ry 7 2 (5 €F6-V VFR10- U UL 5) &0E
HIFNZ AR U7z, IREOFREIIATHh3, WARITEE TV, 60 B MHE: L7z,
¢) E=— N N\DRIIZBITDEF 20 9 FATRORBRARE

FELOFETHEIE LicX 2 v VICEH 2 7, 5§ 18, 1la) OFETHEN L7z STS1 FROEEEIE % 5
HZEWMPE L7z, AFEIF 1 EDHZVIZ I ml &2 K9 ICEFNE LTz, TEHE 15, 20, 30 KO
60 HZIZF 2D U 9 EATIROREZTE LTz, tRXE LT, LB #IKRRG A RO J7 1k T
BL7,

2. FER

E=— bR TOF 2T YRR B RIS AT DO E A TIRITHRT T2 STSL RO i 2h R 2 A L=,
STS1 BRZAFIEHMPIZ 5 BZLICF = v U B FICREZAF L, ©fE 15, 20, 30 KT 60 HIC
X2 EANTIHRORBELBIZE LT, TORER, STSL MR X LXK TIIREREVDBIES
iz (Fig. 2-5) . EHE 15 BBISHRIX T EA ZHRORENBE S IAD ., B 20 X 1OV30 H
ZiE, REmEWIFEIR SN2 o 7o (Fig.2-5), TO%, MRXTO 5 & ZROFEEF, EAE 60
HETIZHEM L, —75, STSI ROFEETIL, MMRX LR LT, 9 EATHDOREAEFTE LS
il s Tz (Fig. 2-5),

16



Control STS1

Fig. 2-5 Effects of strain STS1 on natural powdery mildew
infection in the greenhouse cucumber. Cucumber plants were
treated with a suspension culture of strain STS1 at every five
days. As a control, cucumber plants were treated with LB liquid
medium. Lesion formation was observed at 15 and 60 days after
transplanting.
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6 SREBEIEN STSL MROFHIZ 52 5

1. MBI RO
a) HEEAE

HEEATE & LT, STS1 #RA FEBRICH =, STSTARIE. 552 &, 5 1 i, la) TR/ HEIZLY
el L7,
b) HEEREIK

MR L LT, o7 VAl (OAT 7 7 U AR S, fisy : 7vF7=1), U7 Ik
FEl CARPEEMEASH. sy MU 73V —L) 3,000 (57 R OVE L 2 & U ARRIF (AL
FRZEEAS, By ¥ U 2) 2,000 EAR A FEBRICH W,
) REHLDFREE K OERSM

F—Fr 27 L—7 (121°C, 20 %5[#) L7 LB ZERKEM (200ml) 124 v T AL FU 730K
A M OV L A & LK FIEIDS, 2,000 578, 3,000 {5 AR M OF 5,000 (57 R L7225 K HCiinL
Too BEREZFMUZLBEEZ Tem DT T AF v 7 vy — LICHE Lz, HoCR R m AT
BRL7-121C, B2 %, B 1Hi. la) TR HIEIC K Y % L7z STS1 BROEERIR A 30 pl T o
L, 28 COA U FaX—F—NTEELL, MRXELTLB EREHLO I STS1 #E & AR
LK EHAWE, B2 HRICVYy— L 1KY Dan=—E23 LTI, FLEX S5 Ko~
TAF Iy —VLERWT, FEBRIT 3R,

2. fHR

KFEEIEN STS1 MROBIFHIZ 5 2 D BERE Lz, TORE, Hy T AL, FU 7 vk
IR OVE L AR KRB 2 BRI L 7= LB 2EREF T, STS1 MK 2 H H O v =—#H3
RPHRIX & b LTl S 47z (Table2-1), L2cL., R U 7 PO RIKIZOWTIX, Z O
X, NEoT, Frvy—L 1 Kb oao=—¥L, SBX, ¥yT7 oA Y730k
FOFI R OV L A H K FEIC, 254.5431.5 fH, 213.6£30.0 1. 196.1+29.6 ., KLY 22.2+7.3 (HTH
-7z (Table 2-1),
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Table 2-1 Effect of fungicides on growth of strain STS1 on LB agar medium
Number of colony per Petri dish

Fungicide
Control 254.5+31.5% ar
Gatten 213.6+30.0 b
Moresutan 196.1+29.6 c
Torifumin 22.2+7.3 d

Z Values represent were mean + SD
¥ Different letters within a column indicate significant differences by

Tukey-Kramer test at P<0.05.
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T BEERIREE DB\ STS1 BRDIEFEIC B 2 B 8
1. MBI RO
a) HEEAE

HEEATE & LT, STS1 #RA FEBRICH =, STSTARIE. 552 &, 5 1 i, la) TR/ HEIZLY
el L7,
b) FEHEDFHEE KR OER &M

F—hrZ7 L—>7 (121 °C, 20 47ff]) L7 LB ZEXEH 200ml) Z 7em DTS T AF v 7 v % —
WNZE LTe, HonICisiaRm A e L= 420, B2 &, 5 1 fi, la) THRAZZHIEICE Y HEfii L
72 STS1 R DORFEW & 30 Wl 2&Ai L, 4°C, 20°C, 28°C X V37°C DA > F 2 X—F —NThH;
Bl B2 BRICY Yy — L I BBV Do =—ai L, S0AHEK S DT T AF >
7 ¥ —LaMWT, ERIT3EFED IR,

2. fHR

EEARIR LSt STS1 MROHITHIZ G- 2 % 5B A LTz, £ ORER, 20 °C, 28 °C }TF37 °C
T STS1 FROBAFENBIEL S T2 A8, 4 °C TiE, STSI MROBPHITHER SN noTz, Fv—L 1
Kol oam=—%i%, 4°C, 20°C, 28°C KT*37°C T, Of#, 142.1+43.0 fifl, 199.5+45.4 {#
S ¥ 91.0+28.0 {5 TdH - 7= (Table 2-2),
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Table 2-2 Effect of temperature on growth of strain STS1 on LB agar medium

Temperature (°C) Number of colony per Petri dish
4 0% a
20 142.1+43.0 c
28 199.54+45.4 d
37 91.0+£28.0 b

Z Values represent were mean + SD
¥ Different letters within a column indicate significant differences by
Tukey-Kramer test at P<0.05.
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FEof BE

TR I 6T 5 B BRERIG L, B P AR S NI BE TH 525, A 28 RT3
LIMPUEDREZEZ LT H LTS, £DI2d, (EHRD Z & 722 % REEDBIFEOH L WA S
DORENPMLETH D, ZiE TIZ Uenoetal. (2012) (%, STS1 #E2S Colletotrichum orbiculare (2 X
STHIEEZINDIF 2TV Y RIAFRZIH TE D2 & 2ME L TWD, £/, STSIERIL, K5 b
T Y REMIC T DR IR A OFESRAEFEZ IS TE D Z L AP 52 Lz (Ganphung et al.,
2018) . AMFZETIE, STSLMRARTLBL L72F 2 ¥ U ETIE, 9 LA ZIHOFEBEEAA SR 12 H
flSNTND ZENALIT ST (Fig. 2-1) , [FIERIZ, STSIARTRIABL L72F = v U LTI
9 E A ZIRORT-FIE I Zivle (Fig. 2-2) o & BT, STS1 BROBEEIK OFR IR 72 BT LB Tl
ATALERT. 1-9 H B #4858 L 7= Podosphaeraxanthii (2 X 5 9 & A ZIF D3 AN <= (Fig. 2-
4) . FRICETAEE 5 A E£ T, mWIHISIRE R LI, A by a7 U7 — (Bacillus
amyloliquefaciens, SDSBiotechK.K.) <°748 k%7 —® (Bacillus subtilis, HHYEEKA L) 728D
Bacillus J& & & T\ 72 A RIBGERANDS © & A ZIR 2l 2 Z LTk <mbhTnd, Lol 9
E A TIRITHT % Streptomyces J& B O AR BRANIBITE STV, ASEIOFER TIE, STS1
BRORERIKIL, F =2 v VI LT EEIRZ RS hoTz, LinL, F=2v U OfEE RE
WX DREM EMEIX, STSL BRCITAE S LTV, L7en- T, 4%, EHET 720
STSLRDEFRIKDF = 7 U OFELCREITK T 2 mE A RE T 2 NERH D, AFIET, F =
URIZHEE L X 20U 5 EA THEIC STST RO 2 AL HE L7245 R, STS1 #k2Y P. xanthii
DORIFITAE L, BEEL TW ARk F2Blg s/ (Fig. 2-3) . —MxAVIZ, RF3RIFHEFICIL, *
FF =R B-13-7 0B F =8 L MWIRIEE OMIdEE R X O lR 2 815 S E 5 R

(Fridlender et al., 1993; Zhang and Yuen, 2000) <>{&5r 1 DfbE54% (Kimetal., 2011; Lee et al., 2005;
Park etal., 2006) 23BH5- L CW A AREM N H S, F£7-. Kimetal. (2019) (. S.blastmyceticus 12-6
KRDSAEPET % cyclo-(Leu-Pro) M U 9-octadecenamide (Z X - T, C. acutatum A OF Fusarium oxysporum
DR K OE R DOFEREOHMEFRFAE SN Z L 2#HE L7z (Kimetal, 2019), & 512, Kang et al.

(2020) (%, S.blastmyceticus 2 HEYIE I B 2 0 721 Tle < EREMFICTEZ 5 2 L 2HiE LTz,
T, Nguyenetal. (2016) (. STS1 #RODOREHE A K AR IR H 2 #1 3 2 BARZ E b & s
ERRENTW D AR Z R LTz, S 612, STSLERD, i L THFF I —EB2AETE L2 L2
LML (F—#7%L) o 7RV EOPaALXIIBIT X T —EBRETFOREIL. 5 EATHH
Wt Uit 23 2 v ST A (Nirala et al., 2010; Yamamoto et al., 2000) , 2L 6D
FERIL, STSLRIC R 2 X FF—BAEENRF 2T Y 5 EATIRENRT 5720 OBEERER D 15
ThsHZ LEmRME L7, —J7, Nietal (2019) (%, S.blastmyceticus JZB130180 737" &7 7 —E Kk
BN T—BEEET DL EERE LT, 4%, STSLEKROEL T —BIEHER T =T 7 —EBIEEIC
DOWCHHAE L, WEMH & OBYRZH SN T HLENH 5, Streptomyces JEF 15, S F X E74HE
Yim IS R L CIflh R 2RI EZ AT S Z L8 HE ST 5 (Shimizu et al., 2000;
Shimizu etal., 2009; Kimetal., 2011) , L72>L. STS1 ¥ CI3dIME 2572 212iL, BN TE T
W2V, LIeo T, 41k, STS1 BROEEE AIRITAFET 2HHIME 2 LIS T 20 EN D D,
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ARFFE T, STSLEEAY, E=— T ZANTHEE SN ZF 27 ) TO H E A TIHEOEEEZIHT
XHZLEPLMTLE (Fig. 2-5) . STSLEkOE:H ETOHAfIL, 20 °C 725 37 °C DF THI%
i (Table2-2) | STSL#KIX, F=7 VU 5 EATHREOBRIZHA S TN DWW DO EH
DIFE T CHFHA[RE Cdh o 7= (Table2-1) . — AT, F =2 ¥ U ORI i 72 1% 25-30°C T
&V | P.xanthii OlaFF3FX, 20-30°C THILEIN D, ZiLHDORERIT, STSLHRA F = 7 U 3kss
BRE T, BIBRICFIF TE 2 HEtEZ2 R Lz, L L, EBRORIEEREEICB O T, £ < OME.
SKIRE, UANVAIRBREAET D120, 5k, 9 EA ZIRELINOFRFEEIZT 2 STSL BRO M%)
RE@BG LV TRETIVLEND D, ABFIETIL, S.blastmyceticus STSL #£23, F = o U THAE
T2 P.oxanthii 12X 255 EATHREMEITEDL 2 EE2WALMTL, STSLEEN X2 7 UIREDIAE
EHHIT D 720 OH LAY RO BRI T& et 2R LT,
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EIE BRENOTENLOBEHONBEE R ) —=F
TEIZIE, BEPOSERMAEMNGFEL TR, HEOME - HEOREBICL - TERD
23 4x100 075 2x10°/ g ¥ TR OFPH TIHEET 5 Z E N L < BTV 5 (Whitman etal., 1998) .
IO ORERIT, TR ) DRI E T 2 AR OB A R R TE D R AR L
TW5, ZHIVE TIZHRENO L5 O OMAEMDOIEE - (RIF0EI O DI 2 -\ TR
JF B O B3 AR O WS 134 722 < | AEWIR IR E O BBRICFIH FIRE R A A FE L T D
AREMED B D, & ZTCARE T, BIRENTHORE SN TEAEM DRI STV D BIRMAESD 7 A

77V —&iER LTz 27 U IR OIHENIRI A fTRR R B OPRRIZ OV TR~ D,

F1E BRERIIET CERLTEPOOSMERX = v ) RIREOERETICE 2 58
1. MR ROFHE
a) HERE

B & LT, = v U RIAEWE (Colletotrichum orbiculare (Berk. & Mont.) Arx [syn. Colletotrichum
lagenarium (Pass.) Ellis & Halst.]Z F\ 72, = 7 U RIEJRNE X, TOEBRE (91.8x18cm) (2 10ml

S31E L72 PSA AR HUCHE 2 TRHT 72, £ D& 9 20ml 577 2F v 7 2y — L (EE 7em)
253 L CE 8 72 PSA BEHIICRAE L, 25-27°C T7 HEEE L, EBRICHW-,

7o, BEE L LT, BARRIIH CERE L 72 1380 & 20l S AU 7= 0B 165 Bk Ve, &
B O D53 BEIL. Lemtukeietal. (2016) O HELZHWT, 7V Er—/L XA~y 27 & LT,
RAF STV D 0 BER 2. LB RIS CHIJH S W7z, £ 0%, PC-1 AR (X 2 —F 10g. R
27T R 10g, ET7EA10g, AHTF R 10/ /K 1L, pH7.2) X% PS AR H 3 ml [ZF A
L. BERT, 25-27°C T7 ARG R L, ERIZHW,

b) XtlRFEE &L

PSA 5z FIV T, BERE & % = 7 U RIS B O XHIERT 8 %2 1T 5 7. T PSA Bii CHs 48 L7
Fa vV BRI 2 EA S mm DALy R—TF =T DEEE, PSARHICHAE L7, ZD&%, 45
em B L C, BiEMREHN—/3X—F 4 27 (Ef 8 mm) (Advantec® Filter paper) % &K L7z, &
D& FIEREM R — =7 272 LR TIET PC-1 ik VT Ri 28 L7 B % 30
pl OB 72, Dk, BEET, 25-27°C T 10 HEEGE L=, MRX L LT, PC-1 kAR %
WFR LT, 165 RD A J—= 7 Tld, BRT 2O v v — L E MW, BRShRTIE, &
WTI0BD Y v — L&Az, EBIE2 R IR L,

QR ERBEOREER VETHMSETHOEE

L= I R=N= I =N —THEZG L, BEBRD BB OS L, £D%, L
=Y TR R AR v THiAIA, Lia32 VT MRV CEEmE R A RE Lz, ERIE
AEAE 1 PEMEE (Miniscope TM3000, HITACHI)Z FWT, BlE2 L7,

2. FER
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AR IR O 138D O 3Bl S AU 7- 0B 165 R & = o U IRIEIR A O Xt 8 21T - 72, %
DR, RHHRX & Pl UC, = v U RIEIR A O W #E AR A, FEat AU IS BN & Fv 7= BRI,
39 ¥k (GT1008, GT1013, GT1014, GT1019, GT1020, GT1022, GT1023, GT1024, GT1031, GT1036,
GT2003, GT2018, GT2022, GT2026, GT2037, GT3001, GT3012, GT3020, GT3020, GT3023,
GT3024, GT3030. GT3033. GT3035, GT3039. GT3042. GT3043. GT3044, GT4001., GT4005.
GT4010, GT4012, GT4023, GT4024, GT4025, GT4027, GT4028, GT4029, GT4035) T~ 7= (Fig.
3-1), £72, ZOHT, MRX LB LT, F o0 U RIAWFE O FE e mfED, 50%LL i Sz
FRRIL. 4 ¥k (GT1022, GT1023, GT4027, GT4028) T ~7= (Fig.3-1), GT1022, GT1023, GT4027
Jo O GT4028 Tl *HHRX & bhig U CLERAET 23 L < il S 47z (Fig. 3-2A) , GT1022, GT1023,
GT4027 KT GT4028 DAFIE FTOF = U U RILE B O B 3% m A 1L, 1542.0£310.6 mm?,
1684.8+137.2 mm?, 1418+169.3 mm? %2 O} 1651.6+89.0 mm? T ~>7- (Fig. 3-2C), — 5. XX T
DOF =7 Y RIEIF #H O HHE AT, 2488.7+209.0 mm? & - 7= (Fig.3-2C), £7-. GT1022, GT1023.
GT4027 KO GT4028 1F1E F CIE, s a8 1T = v U LRI B 0 1 5% Sl o ARl S 7= Bk @l
gZani- (Fig.3-2B),

25



G T1036
G T1035
G T1034
G T1033
G T1032
GT1031
G T1030
G T1029
G T1028
G T1027
G T1026
G T1025
G T1024
G T1023
G T1022
G T1021
G T1020
G T1019
G T1018
G T1017
G T1016
G T1015
G T1014
G T1013
GT1012
GT1011
G T1010
G T1009
G T 1008
G T 1007
G T 1006
G T 1005
G T 1004
G T1003
G T 1002
G T1001
CT

1%k

-k

—1%

G T 2046
G T2045 -
G T2044
G T2043
G T2042 4
G T2041
G T2040
G T2039
G T2038
G T2037
G T2036
G T2035
G T2034
G T2033
G T2032
G T2031
G T2030
G T2029 H
G T2028
G T2027
G T2026
G T2025
G T2024
G T2023
G T2022 *
GT2021 1l
G T2020
G T2019
G T2018
G T2017
G T2016
G T2015
G T2014 -
G T2013
G T2012
G T2011
G T2010 o
G T2009
G T2008
G T2007
G T2006
G T2005 ~
G T2004
G T2003
G T2002
G T2001
CT

(=]

—ik

bk

1%

1k

00S
000C
000¢
005¢€

—_— N N
(=39 3=3%
(== ]
(=R} (=]
a

=
EN

Mycelia area (|

G T3044
G T3043
G T3042
G T3041
G T3040
G T3039
G T3038
G T3037
G T3036
G T3035
G T3034
G T3033
G T3032
G T3031
G T3030
G T3029
G T3028
G T3027
G T3026
G T3025
G T3024
G T3023
G T3022
G T3021
G T3020
G T3019
G T3018
G T3017
G T3016
G T3015
G T3014
G T3013
G T3012
G T3011
G T3010
G T3009
G T3008
G T3007
G T 3006
G T 3005
G T3004
G T3003
G T3002
G T3001

cT

—k

%

00S
0001
000¢€
00S€

N
w
(=3
(=]

00S1
000¢

Mycelia area (mm?)

G T4041
G T 4040
G T 4037
G T 4036
G T4035
G T 4034
G T4033
G T4032
G T4031
G T4030
G T4029
G T4028
G T 4027
G T 4026
G T 4025
G T 4024
G T4023
G T 4022
G T4021
G T4020
G T4019
G T4018
G T4017
G T4016
G T4015
G T4014
G T4013
G T4012
G T4011
G T4010
G T 4009
G T 4008
G T 4007
G T 4006
G T 4005
G T 4004
G T 4003
G T 4002
G T4001

CT

13k

=

00S
0001
00ST
000T
00S¢T
000¢€
00S¢€

Mycelia area (mm?)

Fig. 3-1 Antagonistic potential of isolated microorganisms from soil in Gotsu city (Shimane prefecture)
to the growth of C. orbicular observed by dual culture on potato sucrose agar plate. GTxxxX is sample
code. Bar: represents + SD. Asterisk indicate the significant different compare with the result of the
control (PC-1) (t-test, P < 0.05).
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Fig. 3-2 Dual culture assay for in vitro inhibition of the growth of Colletotrichum orbiculare
mycelia by the isolates GT1022, GT1023, GT4027 and GT4028 on potato sucrose agar (PSA)
medium. Mycelial plugs (8 mm) of C. orbiculare and paper disks, were placed on PSA plates,
4.5 cm apart from each other. The paper disks were inoculated with a suspension (30 pl) of the
isolates GT1022, GT1023, GT4027 and GT4028 cultured in PC-1 liquid medium. PC-1 liquid
medium was inoculated on the paper disks as a control. All petri dishes were incubated at 25-
27 °C for 10 days (A) and then a mycelial tip of C. orbiculare near the GT1022 colony was
observed under scanning electron microscopes (B). The areas of C. orbiculare mycelial growth
were measured using LIA 32 software. Experiments were repeated two times and 10 petri dishes
were examined for each experiment. The bar at the top of each column represents the standard
deviation of the mean. Means followed by different letters are significantly different according
to the Tukey-Kramer test (P < 0.05).

27



Fofi BRLUIOBEOBBRICE DX 2 v Y REREOMBIZIE BETFHKF)

1. MBI RO
a) HEEAE

PR & LC, = v U RIS E & OV BER GT1022 ¥k, GT1023 £k, GT4027 £k & Y GT4028 £
ERHWZ, ENENOREIL, B3 F, F1HIL, la) TR HEIC LD HE LT,
b) fa-TRRER DFHR

FXav VRIEHEIL, K20ml OFTOFT7AF 7 vy —L (HERETom) (ZHELTEDZK
MNFERREH CRean~50g, > abE20g, ER20g/RB/KIL ) ICBMEL., BET TR 7 BIFES
B, TFEERIS T, RMPEREZIC, > Y — VICHREKZEES, a2 E KIS S8,
ZOWREIKE 2 HOT 42 a—/X—TAM L, WA EZERER, 20508 (1,600xg, 10 53#)
(7 =7 b 70 4,000, AREEFHRASH) L, a2 RINEICEDREICHN T,
o) AEMREL

SYBEE OBREBIIL, 553, 9 1HE la) TR LY W Ls, BERE O ADTENET,
o VU REREORTREOMHEICLVFE L, LRROFETHMLZX 20 U RIEREO
Jiel - % 45 Sy BlEEE O FE T 8% 10% conidia/ml & 725 K O IR S 7=, xtFRX L LT, PS RIKES
HIZ = 7 U RIARE Ol 12 8l S E 7= b o &2 vz, R L7-Bmikix, B=IC LT T A
F v 7 r—A (17x25e¢m) WNIZHRTZAT A RHZAZE T Lz, A4 KA Z A2, 30ul §°
O3 FTICH F Lz, 1 T, BEERT, 2527°C DA F 2 _—F —NTHZE L=, K538 24 FRH
%, BFBMBE T CX 2 v Y RIARE Ol 13 F 2704 U, 3 3E80E. 1 2 Fid 72 0 la+ 50
B ORI FER 2L, BARFEZEH U, EBRIT 3 FEY IR L7, &F 900 [HOMT%
B LT,

2. R

SyBER (GT1022 Bk, GT1023 Bk, GT4027 BEM O GT4028 #k) DRFEIK L ¥ = 7 U BRILIH i D
FHEBALATA FHTATHF LT, =20 Y BIRE ORI R2HE Lz, ZTORR,
SRR & Hele L CL 4 BRORSRIRAAAE FClE. F= vV RIDHE O FHFENE L <l sz
(Fig.3-3), 4 ¥R TI&, GT1023 ¥R RIL, GT1022, GT4027 K U GT4028 kK & Lol % &
&7» o7, GT1022 Bk, GT1023 ¥k, GT4027 FRK& UF GT4028 HROBSRIEDAFAE T TOX 2 7 U JIH
TR OR T RIERIT, ZTh, 0%, 333+10.0%. 0%&X 0% TH-7- (Fig 3-3).
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Fig. 3-3 Inhibitory activities of the isolated microorganisms on the germination of Colletotrichum
orbiculare conidia (8x10* conidia/ml). Experiments were repeated three times and a total of 300
conidia per experiment were examined. The bar at the top of each column represents the standard
deviation of the mean. Asterisk indicates a significant difference (t-test, P < 0.05) microscopes.
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B3H B LIABEERIR L X =20 ) RIEFRERTFORSEEICL 5% 20 ) RIEREOR
GBI
1. MBI RO
a) HERE kK CHRHEY

HERE & LT, = v U RIER E & OB GT1022 %, GT1023 ¥k, GT4027 4K U8 GT4028 4%
RV, ENENOREIL, B3 E, F1HIL la) TR HIEIC L0 i LT,

HEEm E LT, F2v ) (W dbE) 2V, S v Vi3 E, B 1L, lay TRk
FHIEIZ X0 i L7z,
b) faTRRER DFHR

F = U U BRIHIR A ORI, 53 =, B 1LHEL 1b) TR B X0 %l Lz,
c) ¥z U ~DOEBFERCEIE

B2, B 1L lay TR HEZAWT, B 1ENTRERTLIETEFTSE X220
BT AF w7 r—A (10x20x5cm) |2 1 ALERX S Ry g oli~7=, 3 E, F1Hi, 1b) Tk
RIEFEEZRAOCTHER L7oX 27 U RIARE O 2% 3 7, & 1 f{i, lay T~/ HEEF AN T
Hefif L 72 GT1022 Bk, GT1023 ££, GT4027 £k} O GT4028 B DB HRIZ 8x10% conidia/ml & 72 5 &
DNTIRE ST, RIRRIX L LT, Z8BIK R OY PS HRIREF HIIZ 3% = 7 U BRIFLIF B8 D il - 4 Ml S 7
LOEH W, M LUZBRERIL, 77 AF v 75— (17x25 cm) WIZWR7=F 2 v VI T
L7z, BB, 27U 1EEH0 10ul 950 10 AT T L, i T, BFE - mEsEL0ET.
2527 °C DA »F a_X—X—NTHE L, #7 A%, # FLSToRBmEZHE L, £
D%, M T Cx 2 v ) BRILRE OO 2858 Lz, WEmEE, hr—y 7
— R = —CRBE AT L, B A BB OS Ls, £0%, FL—y 7=
— & AF v F—THiriAI, Lia32 V7 F 2 W CRBEEBZAE LT, $2v VEEDF2TY
RIGIFH DR F1X, LT OFETBE L, F2v VEOUN (Ix1 em) Z{EkL, 77 h 7=/
—b e Ta—) (12vv) ZMxT, |RET3I HRMHFLT, BAaL, 1%y N7 —%x
T, TR, P leXa v VEE EOX 2 v U RIAWRE O 12 P BEMEE e L,

2. fER

B (GT1022 #£. GT1023 Bk, GT4027 #EK TN GT4028 1K) DOEF#EIK & ¥ = v U BRI DR
FHERIEAGL, F2 UV VELRCH LT, $2 U U RIAFHOFRBEEMEEZHE Lz, ZO/RE, i
X &bl LT, 34k (GT1022 £k, GT4027 ¥k Y GT4028 1K) DORERIEAFIE FTlE, ¥ = 7 U RIA
I K DB S 7 (Fig. 3-4 A). —757. GT1023 BROEFEIE TId, JRBETZ R L)
Ihigino7c (Fig 3-4 A), GT1022 ¥k, GT1023 £k, GT4027 Bk K O GT4028 FRDEFERIR DAFAE T
TOX = vV RIEFREOBRBE AL, i, 5.9£11.6 mm?, 92.1£42.6 mm?, 5.2+7.8 mm? }x O}
2.6+2.5mm? Td > 7= (Fig. 3-4 C) . 5 HRIX T d 5 75 B 7K B O PS HRAAREE H1C OB i fEI L 109.7+39.1
mm? & X 87.6449.1 mm?> Th - 72 (Fig.3-4C), F7o, ¥a U VEETOX 2 v U RIAWKER O
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JRGATEN 2B U= RE 3. GT1022 KK, GT4027 kK& O GT4028 £ Tl M+ ZENIH < Tu
7o DIZxF LT, GT1023 B4R CTlE, B33, KX & RkicBZ S (Fig. 3-4B),
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Fig. 3-4 Inhibitory activity of the isolated microorganisms on the germination of Colletotrichum
orbiculare conidia and formation of anthracnose lesion in cucumber plants. Suspension of C. orbiculare
conidia (8x10* conidia/ml) in the presence (GT1022, GT1023, GT4027 and GT4028) or absence
(Distilled water: DW and Potato sucrose broth: PS) was applied with a dropper (10 pl/drop) at 10 different
positions on the cucumber leaves and incubated in a moist chamber at 20-25 °C. Seven days after the
inoculation, anthracnose lesions formed (A), germinated conidia (B) and the lesion areas (C) were
recorded. Experiments were repeated three times and five cucumber leaves were examined for each
experiment. The bar at the top of each column represents the standard deviation of the mean. Means
followed by different letters are significantly different according to the Tukey-Kramer test (P < 0.05).
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B4 B L= 0BEEORRROAILEIZ K 5% =2 v U RIARFEREH
1. MBI RO
a) HEEAE

AR & LT = v U RIEIR I M OV BB GT1022 B, GT1023 £k, GT4027 #4 K& O GT4028
Haefnwic, £ ORI, $3E=, F1H, la) TRANZFEIS I D BEiF L7,

i & LC, 2w (BFE: b)) 2z, v D2 =, B 1. lay TRk
FHIEIZ X0 i L7z,
b) M FRBROFER

F o U U RIHE ORI, %63 5, B 1EIL 1b) TR HFIEIC KV HEfi L7z,
c) ¥z U ~OEBFEROCEE

F2E, BH1HL, lay TR HEEHWT, H1ENEERHTOIETEEIE X2V U %
TG AT w7 r—A (10x20x5cm) (2 1 LEEX 5K > Mol 7=, &% 3 &, 1 i, la)y Tk~
7o k% AV CHEfi L 72 GT1022 B, GT1023 Bk, GT4027 Bk K& TF GT4028 BROE#EIR 4 LFid*
2T VIR bHEY ., Iml FOEFENHE L, X E LT, PS AR MZ RO 5T
RLBR LTz, ALBRLToF 20 ViAo F 2 _—F— OB T 12 K], BER T 12 Kf#], 20-25 °C)
23 HERFF LT, 0%, F = U U BRIHHE H I EIK (8x10* conidia/ml) % F = ¥ U IZHH
BRE L7, B, =27V 1EHZD 10 pl T2 10 23S F Lz, i Pk, BFER - s
TR, 2527 °C DA > F 2 _X—F —NTHH L7z, #/ 7 B, 1 F LSBT OmEBEmE S 2 1 E
L. Z0%, JFEME T T o v ) RILREOMA O 288 Uiz, RRmET, hLr—
TR R I = TR R L, Wy BBV OS5 LT, £D%, FL—v T
R RN— % AFX X F—THiRIAA, Lia32 V7 =AW THRBEMEZHE L7z, ¥=27 VEEDOX
2 U U RIEHR O FIE, AFOFIETHBIEZE L., =27 VEOYR (1X1em) 2L, 77 k
Tz /)= Tha—)b (12v) AT, |BR T3 HRHFLT, BAal, %2y hor7—
ZINZTC, 1 BR#IC, R Lzxa v VE EOF 27 U RIERE O 12 P IEmEE cEls L
77

2. fER

R (GT1022 £k, GT1023 #E. GT4027 #E &N GT4028 #£) OE:#R%E X = 7 U FEITHILEE
L. Ok, ¥ VREFREOI T2 FLT, ¥ U RIEROFRMEREZRE Lz, TD
TR, IR & Bl LT, 2 Bk (GT1022 BR KON GT4028 £8) DESFWEAFAE F Tk, F =27 VU BRI
SR BRI X DIREETZ RS < avfz (Fig. 3-5A), —J7. GT1023 & OF GT4027 #HROEEERIL TIL, W
BEFE AR ITMH] &7 ds - 7= (Fig 3-5 A), GT1022 ¥k, GT1023 Bk, GT4027 ¥k OF GT4028 Dk
TRDIFAET TOX = 7 U RIEFE OFRBLHFEIL. T2, 0 mm?, 65.8+40.9 mm?, 51.4+51.4
mm? & N 6.5£21.8 mm? T&H - 7= (Fig.3-5C), XX Th 2 PS RIAET HL T ORBEEAT X, 72.3+38.9
mm? Tho7- (Fig.3-5C), /o, ¥V VEETOX 2 vV RIEFEE ORI TEI 2 852 LT
fEd. GT1022 BRATY GT4028 #RTlE, fFHIFENIHI S TWeolZx LT, GT1023 AT
GT4027 #£ CTld, MTHER OMHEZRERY, *HIRIX & FRRICBIZ Sz (Fig. 3-5B),
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Fig. 3-5 Effect of isolated microorganisms on anthracnose lesion formation in cucumber leaves.
Whole cucumber seedlings at the one-leaf stage were treated once by spraying the isolated microorganisms
(GT1022, GT1023, GT4027 and GT4028) suspension-culture (1 ml per cucumber seedling). Potato sucrose
(PS) liquid medium was used as the control treatment. Treated cucumber plants were maintained at room
temperature (20-25 °C) for 3 days, and then a suspension of Colletotrichum orbiculare conidia (8x10*
conidia/ml) was applied with a dropper (10 pl/drop) at 10 different positions on the isolated microorganisms
suspension-culture-treated leaves. Seven days after the inoculation, anthracnose lesions formed (A),
germinated conidia (B) and the lesion areas (C) were recorded. Experiments were repeated three times and
five cucumber leaves were examined for each experiment. The bar at the top of each column represents the
standard deviation of the mean. Means followed by different letters are significantly different according to
the Tukey-Kramer test (P < 0.05).
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FEoH BE
AR IRTHE T CHRIR L 72 188 (4 His) 22 BB S 7z 165 BRZ2 JHW T, F = 7 U BRIASH B OBLER
R ATRE R A DIRR ZAT o T2, EOFER, RHIFFREE TIE, 39 BRANGHIRIX & Ebf LT, #i
hRAER U, Flo. 4R XRX & e LT, 50%LL EOIfIZIRE2 R LI, b 4R F =
TV BRIEIRE ORI G 2 585 B BMREE CEIE LR R, ERIERO N R S iz,
F2FICHFEH LI L 21T, HOAEFHRFICIE, ¥TFT T —EBB-13-7 AT —ERE, HEmHRIR
B OFMInEER K ONIRIR 2 86 <& 523 (Fridlender et al., 1993; Zhang and Yuen, 2000) <K%+
DiLEY (Kimetal., 2011; Lee et al., 2005; Park et al., 2006) 23B85- L CTW A RIEEMERH D, HF 1+
TlE, STSLEEN X TFF—BEAEFEL TND I EER LIz, 5%, 2O OEBEBAEFET D068
BIZOWTHFHLHET DR ER D D, BIK LT 4 BRIZOWT, BFRIKIC X 232 4
FRAE L7z, EORE., 48k (GT1022 £k, GT1023 £k, GT4027 & T GT4028 #£) DOEFFRHK TN
A E L MHl Lz, —J5 T, WK L CORBI RSS2 R 2 T84 LR, 38 3Eon
SRAEBDIH S 4L72 GT1023 X° GT4027 #R1%, ¥ = 7 U BE L TORPLER T, JRBEE R A #f] © &
minoTe, O &I, GT1023 X° GT4027 #RI%. F = U U BRIHIR I 2 il 4 2 B 2 £ ET D
NEFFSTVDEN, T2 v VEETIE, 21D OWE % EE TE RV ATREMESCAERE SN WE N
I L0 | RSO S ATREMENN S 2 B iz, F72, GT1023 X° GT4027 B F = v U 3
ECTEFTERVAMRBEDLE XL, 5%, HFLSRETOIXNERSD D, RENIC, RIFETX
2 U U BRI O 133, IR B CORBEI LB R R b Mo ToRRIE, GT1022 R T
Sz, A7 by ar s Y7 — (Bacillus amyloliquefaciens, SDS Biotech K.K.) <°7 K% 7 —®
(Bacillus subtilis, HJEELPERESAL) 72 & OEWHIBLBRAIN B < I HAVTUW D23, FRIEIFNH 2 41
T4 2 MBS BRANT D e, ARIOFRERICL Y, HELDHEESNIZRO R 7 Y —= 2 T8
FEA I SR O BB SR v RE 2R T AE M DPRIRIZA N T H D wREME /R Evlz, — 5T GT1022 ¥k
WZOWTIE, BRRICHIAT 27205 E LWIIEN KL E L 0D, F 4 ETIE, AERTX 20 U R
JELIPE A L kE LTl h SR & 7 L7z GT1022 #6% FHV T, GT1022 BRO RS, =N K O 21 -C D il
RN OWTHRE LR 2R 5,
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FA4E GTI022 HROBERIRIZ K 5% =2 7 V RIER OIHIZE
55 3 T CIE, BIRENO L3 O BES AT X DR EDBRO FTREME 2 REET 5 72 DIT
Xav VREREZHNT, EREL NV TORAY Y —=2 T 54700z, ZORKE, BRETH
T 1HED & 3B S 4072 GT1022 BRI LV (6 = & U BRI & i C & D AlRetE 2 B 52 LTz,
T, AETIE, GTI22 RIC K D3 = 7 U BRIHIR DI RICOWTFE L B D,

FI1H GT1022 HROBERIEDOX = 7 U RIAIR IR 5 FRMBI B R ORI ZE b
1. MR O G
a) LR XK CMHLRAEY

HEE & LT, 2 v U IRIERE L O BERE GT1022 #k% W=, ZnEnomEiE, & 3 &=,
1 E0. la) T2 kRIS L0 HEE LT,

fakfEm & LT, Fav ) (0 db#) 2V, a0 ViEE2E 61, lay iz
FIEIZ X0 i L7z,
b) faTRBROFER

F o UV RIHIR A ORI, 53 =, H2 85, 1b) TR HIEIC KD Kl Lz,
c) ¥y ~DOEFEFERVELE

F2E, B 1HL, lay TR HEERANT, H1ENELRHTOIETCEETIE X2y U %
TTAF v 7 r—A (10x20x5ecm) 12 1 LEX 5 Ry b olfi_7=, %3 2=, 6 1 i, la)y Tk~
7o HiEE TR L7 GT1022 RO #E K Z Lo F =2 VIEIZ 1 Ry bH7Z0D ., 1 ml 300
T U 7=, ®BRX E LT, PSRRI Z RIAR D FIE TR Lz, UL 2T VidAf v ¥
Ne—— OEERET 12 B, BFEET 12 BERE]. 20-25°C) (23, 5. 7 K9 HIEMRFF L=, =D
%, F = U BRIES # R (8%10% conidia/ml) % % = 7 Ui FHERE L 7=, BRVEIRIT. =
U TEDHZY 10 pl T2 10 2257 F L7c, i T, KR - =R, 2527°COA U F =
N —NTHRE L7, #E 7 Bk, I F LGB OmBmELRE L, 20k, EFBHEMEE T
TH =2V U RIAHE OMF O 2858 Lz, WBEmfEIL, PLr—3 v /= R—il~v—H—T
JREEH A G L, B A BBV OS5 LI, EOH%, FL—Y U I RX—= =% A% ¥ F—Tit
Frirdx, Lia32 ¥ 7 b &AW CRBEREZAE Lz, $2 v VE LEOF 27 U BRIEHROKEIX, LA
TOFETHE L, F2 T VEDOYR (1X1em) Z/EKRKL, 77 b7 =/ —/L - 7 a—/ (12
VvV) EIZ T, |E T3 HRMHFL T, AL, 1%y b7 —% 4T, 1 K%z, el
T2Xa v UV EOF 2 v ) RILE O 1% LB CRIgR LT,

2. FER

GT1022 BRDOE58 A ¥ = 7 U BEICHTLEE L, Z D%, REFIZS = o U RIER A O 12 T
LT, Fav URIAFOFRBEEMELY A Lz, ZOME, SRX L LT, ¥ 7 U RIARE
ZHFET 2 3-9 HANZ GT1022 FRORIKZ NI L7-cX =2 7 VE LTI, Wb X =2 v Y RIEA
R L DIRBEE R I S 4v7c (Fig. 4-1A), GT1022 BROEF#E IR % 3, 5. 7 KOV 9 HENZ L
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L7eFx 2V VELETOF 2 v U RIEHEORBEmAEIL, ZAZ27, 0mm?, 7.3+15.9mm? | 7.1+27.4
mm? TN 11.5425.9 mm? TH o7 (Fig. 4-1 B), X TH 5 PS IR MIA 3, 5. 7 L T'9 HHA(
IR L72F 27 VI ETOX 2 v ) RIERE ORBE I, T2, 72.3+38.9 mm?, 71.4+39.5
mm?, 128.1£33.6 mm? 2 () 98.6+41.7mm? T > 7= (Fig. 4-1B), F7=. WHWEEH D OU A Z1ERk L.
faFRF A LTz, TORB., F= v U RIEHE 2T 5 3-9 HATIC GT1022 BROEEFEIK 2 /L
BL72F2 v VEETIE, SR EE LT, Wb = 7 U BRI F O -5 2E 050 S
7= (Fig. 42A), L2»L, 3-7 HETE B LT, 9 HETCIL, RFRIEOIHENIMLL . MERERK
b I (Fig. 4-2A), GT1022 ROE:FEHK A 3. 5. 7 K OV9 ARNCALEE L /cF 2D VU HE T
DOF 27V RIAREOETRRIL, TNRE, 0%, 9.4421.1%, 7.5£24.1%% 1 70.1+24.2% T >
7= (Fig.4-1B), —J ., XX TH 2D PSRAEREMZ 3, 5, 7 &9 HANCUHE L% =V VE E
TOF =2 vV RIEFHE O HFERIT, Wb 1006 Th -7 (Fig. 4-2B),
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Fig. 4-1 Durability of the inhibitory activity of the isolate GT1022 on the formation of
anthracnose lesion in cucumber plants. Whole cucumber seedlings at the one-leaf stage were
treated once by spraying the isolate GT1022 suspension-culture (1 ml per cucumber seedling).
Potato sucrose (PS) liquid medium was used as the control treatment. Treated cucumber plants
were maintained at room temperature (20-25 °C) for 3, 5, 7, and 9 days, and then a suspension
of Colletotrichum orbiculare conidia (8x10* conidia/ml) was applied with a dropper (10
pl/drop) at 10 different positions on the isolate GT1022 suspension-culture-treated leaves.
Seven days after the inoculation, anthracnose lesions formed (a) and the lesion areas (b) were
recorded. Experiments were repeated three times and five cucumber leaves were examined for
each experiment. The bar at the top of each column represents the standard deviation of the
mean. Means followed by different letters are significantly different according to the Tukey-
Kramer test (P < 0.05).
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Fig. 4-2 Durability of the inhibitory activity of the isolate GT1022 on the germination of Colletotrichum
orbiculare conidia in cucumber plants. Whole cucumber seedlings at the one-leaf stage were treated
once by spraying the isolate GT1022 suspension-culture (1 ml per cucumber seedling). Potato sucrose
(PS) liquid medium was used as the control treatment. Treated cucumber plants were maintained at
room temperature (20-25 °C) for 3, 5, 7, and 9 days, and then a suspension of C. orbiculare conidia (8
x 10* conidia/ml) was applied with a dropper (10 pl/drop) at 10 different positions on the isolate
GT1022 suspension-culture-treated leaves. Seven days after inoculation with C. orbiculare, the
percentage of germinated conidia was measured. Experiments were repeated three times and a total of
1,000 conidia per experiment were examined. The bar at the top of each column represents the standard
deviation of the mean. Means followed by different letters were significantly different according to the
Tukey-Kramer test (P < 0.05).
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H2fi E=— AT RTOF 27 Y ~0D GTI022 FRAED X = ¥ ) RIEBDORFKBICE 2 5 H8
1. MBI RO
a) LR XK CMHERHEY
A & U o v U BRIERE R OV BER GT1022 BRE Vo, TR ENOEIX, 5 3 &=,

% 1EL la) TR FIEIC X0 B LT,

i & LC, 2w (BFE: b)) 2z, v D2 =, B 1. lay TRk
FHIEIZ X0 i L7z,
b) M FRBROFER

F = U U RIHE ORIk, %63 . B2 8, 1b) TR HFIEIC KV HEfiF L7z,
¢) E=— A NTRTOF 27 I RO FHIE

BRERIT, 201945 H & 7 HIZEBKFENO E=—/L 7 Z(E 3 mxBAT 5 mx& & 24 m) T
Fhi Uiz, F=2v Uik, RS EEAFIECLIVEE L, 105077 AF v 7Ry MMI—
W= (A== v 7 A A %EFH 150260 mg/ L. VU PR 70-160 mg/L. 5 U 7 A 190-320
mg/L) ZMMAT, HFH2FE, FH1H, lay TR HFECIVEH LEF2 YV Z 1Ry M2 1#E
KFoEE Lz, 72, BIEELT, ~Z 77K Wk (% £ 6-V VER40-H U 7 L 6-~
JHTT L 15) KOVS00 fHICAHIR LIo A RR Y 7 A (A EH#6-U VBE10- Y UL S) &
HIFN AR U7z, IREEOFRREIIATHh3, EAITEE TV, 30 B FHE: Lz,
d) E=—ANTRZBITEX 2 7 Y RIERORREE

FRLOFETHRES Lic¥ o 0 UREMIRIZE 3 5, 55 1 #i, la) OHFETHE L7- GT1022 #Ros;
B THIZEMHE U, AHET 1 EH-VIC I ml &5 X ) (CEENEE L7, Ef 30 H#
WZF =0 U RIHRE (8 x 10* conidia/ml) ZMEFHEHAR L, B:E 7 HRICWBOERImFEZ A L, 7
HERRER 2 Uiz, WEEmEAEOREICIT, Lia32 Y 7 &M, WX E LT, PS kR H
Z [FIRR OO J7 15 TR % = 7 U BRIAIR I O 1 2 $afl L 7=,

2. FER

E=— T RATHE LT 2V U IR COF 27 Y RIAFRIZ x5 GT1022 #RO Ml s R A i LT,
GT1022 HRAFEAIMFTIZ 7 BZEIZF = 7 U 3E RICHMEZEQEL L, El 30 BZIZF = 7 U IRIER
P AR Lo, TORER, GT1022 BRALEEIX TIE, xfHRIX & bl LT, JWBEER O Ml 23 8lg S
7= (Fig.4-3A) . XHRIX KT GT1022 BROMEMAR S 7= » OIFBEERTRIL, T LI, 69.4+5.6% K%
W 14.5+£7.9% Cd > 7= (Fig. 4-3B),
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Fig. 4-3 Effects of the isolate GT1022 on anthracnose infection in greenhouse-grown cucumber.
The greenhouse experiment was conducted at Shimane University between May 2019 and July
2019. Cucumber seeds were sown in plastic pots (9 cm diameter), and seedlings at the one-leaf stage
were transplanted to 10-liter pots (30 cm diameter). Whole leaves of cucumber plants were spray
treated (1 ml per cucumber leaf) every 7 days with a suspension culture of the isolate GT1022. As
a control, cucumber plants were treated with potato sucrose liquid medium. Whole leaves of
cucumber plants at 30 days after transplanting were inoculated with the suspension of
Colletotrichum orbiculare (8<10* conidia/ml) using a hand sprayer. Development of anthracnose
lesions (A) and the percentage of anthracnose lesions per plant (B) were measured 7 days after
inoculation. Asterisk indicates a significant difference (t-test, P < 0.05).
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% 3H GTI022 BRDREIE
1. MBI RO
a) HEEAE

PEEAE & LT, GT1022 #kZ H\\ 2, GT1022 #Ri%, %53 =, & 1 fi, la) TR HEICLDY
el L7,
b) DNA filitt - F#L L OV — 7 = o R fighfr

DNA OHIIEIZ 1%, PCR enzymekit: KOD FX (TOYOBO) % iV 7=, LB ZERKE5 I THE3% L7 GT1022
FRERE L2 > 7 COENEERY . 200 ul 7 =—7 OWNEERIZE®EA%, 500 W, 30 B[ (2 [a)
B UERAWTOMBYLE L7z, ZO%, = —7|ZHEK 11 ul, 2xPCR Buffer for KOD FX
Neo25pul, 2mMdNTPs 10 ul (PCR % >~ b KODFX (HPEE#FEAS4E)) KM OVKODFX Neo 1 ul %
WL, 16S rDNA % g X¥7=, 77 A ~—Ii% D1 (AGAGTTTGATCCTGGCTCAG) 1.5 pul K
P2 (ACGGCTACCTTGTTACGACTT) 1.5 ul Z 7=, PCR )it 95 °C, 30 B BLERT | 95 °C,
30 FOI#. 53°C, 30 Fbf), KUV 72°C, 147 27 MRl Z 30 -4 7 VDR L, 72°C, 10 ZrfH OEAL
BT 10°CIZfRFF L, FEBRICH W=, SR> 7 rs50u ZEi2, v—F ¢ 7 Buffer3ul %
WML, 7H v —27 2 25 ul $95437E#%. 135V T 20 43 [HE X KE (COSMO BIO, MyRun) L
Tre 7HABR—=ZAFMT200 Ml BE=AT7 T AT He—A05 gl TAE 50 ml ZiRL, EFL
YOBRAWCERMRES YT, I RY 7Y =20l 2%, EBRICHV -, KIZ, DNA i %175
72, DNA #iH}1Z1% Gel/PCR Fragments Extraction Kit (HiYield) % v 7z, EXKENI%, 72 —XA
FIVZERINER A FRET L. HEIE S 7 16STDNA % &7 /L 28] 0 BV | DF Buffer % 500 ul #A0 L
720 55 COBE TN EZEICRM ST, 13,000xg, 30 B 058 L. DF Buffer & (V%
KER5y % B4 . Wash Buffer 600 pl Z %00 L. 13,000xg, 30 B[ Oy Bl L 7=, & OO 13,000xg,
2 Syfim oy L. K5y & BRZE L7-%. Elution Buffer % 30 ul ¥isIN L7z, 2 70 RILREFL. 20,600xg
T2 orflE 05 BEL . DNA ZHhi L7z, DNA #fifHik 4 pl Z & 12, Big Dye Terminator v1.1 2 pl,
5xsequence Buffer 1 ul, 774 ~— (32uM) 2ul, XOEEKZ 1MLz, 7714 ~—I%,

11f(TGRGTTTGATCMTGGCTYAG) . 514f(GTGCCAGCMGCCGCGGTAA) .
532r(TTACCGCGGCKGCTGGCAC) . 536R(GTATTACCGCGGCTGCTG) .
785F(GGATTAGATACCCTGGTAGTC) . 802r(TACCAGGGTATCTAATCC) .
906f(AAACTCAAAGGAATTGRCGG) . 920r(CCGYCAATTCCTTTGAGTTT) .

926f(AAACTCAAAGGAATTGACGG) } 1} 1511f(TGGHTACCTTGTTACGACTT) % FBa (1 v 7=,

D%, 96 °C, 1 rHBSLEE, 96 °C. 10 #[H. 50 °C, 5. KT 60 °C. 4 W OBSLIH %
25 A Z ARV IR L, 4°CIZRFF LTz, £ D%, DNA ZFEH3 5720, 4M BT R U 7 A 1l
KR 99.5% T4 /) —/L 25 ul ZUIN L, 15 3 fIfREF L 72, 20,600xg, 15 s3fElimOm B L7z, B
ZhRER, 10%T X J —/V 7% 25 ul iz, 20,600xg, 15 /im0 BE L, EEE5EelckRE L,
Z D%, HiDi 75/L A7 2 R (Thermo Fisher Scientific) 20 ul Z ¥ L, & fif SB7-, £ D, 95°C,

10 3 MBVLER, 5 KR CREF L7, AR L=V 7200 290 77 L— k (&4
AT FTT 4B IBL, TL— BT ZTHELE LT, —7 T AT (Applied Biosystems 3130
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AT A I T FTAY) LTz, £ D%, DNA Data Bank of Japan (DDBJ) % ]\ T blast f&55 L |
ClustalW 2 X MEGA-X % W\ CREUH 2 /ERL L 7=, 9 2RO T — X 1L, 7 —F —_— 2R
MO AT LT,

2. FER

GT1022 £k 16S IDNA IR D > — 7 =2 AT 24T > T2, £ DOfER, GT1022 #RD 16S rDNA O
2R3 1554 bp TH Y . Burkholderia ambifaria strain AMMD  (AF043302) & 99%LL EOFA[EME %
~ L7 (Fig. 4-4), GT1022 ¥£® 16S tDNA OHEXELFi%, DDBJ/EMBL/GenBank 7 — & —~X— X
|2 LC496395 TEER S 4172,
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Cupriavidus metallidurans CIP107179 (EU024161)
Burtholderia cenocepacia LMG16656 (AF148556)
Burtholderia vietamiensis ATCC BAA-248 (EU024180)
Burkholderia multivorans ATCC BAA-247 (EU024178)
Burtdholderia ubonensis CIP107078 (EU024179)
Burkholderia dolosal MG18943 (HQ849079)
— Burkholderia cepacia NBRC14074 (AB680546)
—— Burkholderia ambifaria srain AMMD (AF043302)
©  GTI022(LC496395)
— Burkholderia contaminans LMG23361 (1X986975)
_L Burtdholderia lata ATCC17760 (CPO00150)

Burkholderia andropogonis DSM 9511 (JX986957)

— Burholderia ghimae CIP106418 (EU024181)
——Burkholderia gladioli NBRC13700(AB680484)

—— Burkholderia planiarif NBRC104884 (AB682218)
| Bukholderia thailandensis CIP106301 (EU024174)

Burkholderia pseudomallei ATCC 23343 (DQ108392)
4‘_ Burkholderia mallei ATCC 23344 (AF110188)

Burkholderia caryophylli ATCC 25418 (AB021423)
Paraburkholderiaxxenovorans CCUG 46959 (D87109)

(- Parabrdolderiaphytofiimans CCUGA060 (KTST7640)

Paraburidolderiaphymatum CCUGAT179 (AJ302312)

0.01

Fig. 4-4 Phylogenetic tree based on 16S rDNA sequences of the isolate GT1022. A bootstrap consensus
neighbor-joining tree for the isolate GT1022 was created based on the Kimura 2-parameter distance
matrix (1000 replicates). Cupriavidus metallidurans CIP107179 (EU024161) was used as the outgroup.
The scale bar represents 1% sequence dissimilarity.
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FAH GTI022 BROBERIBEDOX = 7 U IR IC X3 2 R E &M
1. MBI RO
a) HEEAE
HEE & L, 2 v U IRIERE L O BERE GT1022 #k% W=, ZnEnomEiE, & 3 &=,
51 la) TR HEICE D HiE LT,
b) fa-TRRER DFHR

X = U U BRI O M IR, 53, 1L 1b) Tl 7z RIS K0 i L7z,
¢) RETELEDOHIER:

%3, 1 HIL la) OJFETHE(R L7z GT1022 BROEFEIR (Iml) (2% = v U RIEFRE % 1x10°
conidia/ml DL CREE X, 25-27 °C ITERFF L7, RRX & LT, PS WA IR = ¥
Y BRI O T 2SR S T b 0 & VT, 24 R[5 12 2 418 0 BRI % 13 043 Bt (1600% g,
1053/) L. kiEEBRELREZ, T0%, LEMICIEEAK (1 ml) 2Nz, BEIREIER L,
B L7 (Soul) 22 m 7 A7 z=a—)L (20 ppm) ¥RINO PSA E5HINZEAT Lz, BAi.
2527°C T L. 4 BAICF 2w V RIARE O 2 1 =—8 2 HE Lz, EBR e, £ X T 10
Moy —VvE MW, EBRIX3 R R LT,

2. FER

GT1022 kD F = 7 U RIAIH B IS xE T D R ETE A A LTz, £ ORER, GT1022 fRZ2 LB L |
D%, FaU U RIHEZ LI L, GT1022 BRZBRER b E-RAER M 41, GT1022 #RIE.
oy U RIEFEICR LT, BEIEMELZ R L2 (Fig. 4-5A) . XFHRIX LT GT1022 #RALERIX D Z i
Oy —L I b oan=—4iL, 83.8x79 L0 EHTH -7 (Fig. 4-5B),
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Fig. 4-5 Antifungal activity of the culture suspension of Burkholderia sp. isolate GT1022.
Conidial suspension (1x10° conidia/ml) of Colletotrichum orbiculare were treated with the
culture suspension of Burkholderia sp. isolate GT1022 at 25-27 °C. As a control, potato sucrose
(PS) liquid medium was used. After 24 h, the supernatant was removed by centrifugation and
then added distilled water. Each conidia suspension was inoculated on PS agar medium with
chloramphenicol. The inoculated plates were incubated at 25-27 °C for 4 days and the number of
colony formation of the C. orbiculare was measured. Experiments were repeated three times and
10 petri dish per experiment were examined. The bar at the top of each column represents the
standard deviation of the mean. Asterisk indicates significant difference (t-test, P < 0.05).
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FES5H GT1022 IRERIRTICAET 5% =2 v U RIERE xS 2 I E O R
a) HLAHE

HEE & LT, = v U RIERE &K O BERE GT1022 #i&2 fvW iz, ZhENoOHIE, 5 3 &=,
B 1HL. la) TR HEICL D HE LT,
b) faTRRER DFHR

F = U U RIHE ORI, %63 . B2 8, 1b) TR HFIEIC KV HEfiF L7z,
¢) GT1022 DEFEIEIK (GT1022CF) DM

GT1022 MRDOEHRIBIK OPFFNIZ Y ¥ A £ « A7 a—RA (PS) {RIKE A V7=, PS KIAES
HUFFBRE 12 2 ml T2 L, 121°C » 20 73fElA— F 7 L — 7P ZICIBRICH W =, 553 &,
% 1EN. 1a) TR FEEIC &0 ¥ L7 GT1022 % PS iiikss (2 ml) (CBHE LT, Bk,
7 B 130 [El5/ 5y CHREGRE R Lo, IR R B I 3E Al 7 ¢ /12 — (0.22 pm) (RephiLe
Bioscience, Boston, USA) TAil L7z, ZHEZE#EERE LT, FEBRIZHW, X E LT, &
PEFROD PS ik IRES % [FIRR O J7 A CRRBL L 7= b 0 & AV =,
d) BHTEZ AV IR IEIR O 5B

AT NZ/RT CE #HHHTF =—7 MWCO500 (SPECTRUM) % FV T, GT1022 FEDOE:EIE
W58 U=, GT1022 ¥ROEEEIEIK 2 ml & A=Y ~F/R7 CE & HF 2—7 MWCO500 (=
AL, BE LTz, D%, 800 ml DEEKEZMA =D —HF T IR F v 7 AX—F —%
T, BEELRR D, BT 22— 7% 4°CIC—BfREF LTz, 2%, BT 22— 7 ODWNIRK UMK
EENEN, 2ml F TR L—H— (NA-1SGS, 7 AU VA&t T L, BT = —
7 OWHZ MWCO (>500) | BHTT = —7 DOFMEZE MWCO (<500) & L CEBRIZHW,
e) EWMRELE

AWEMEIT, =2 U U IRIEREORFFEFOMEN L VAL, ERROFETHE L% =
0 U BRIEIF B O - % BRI IR 8% 107 conidia/ml & 72 % X 5 IZIRE S 7o, fBRIX E LT, PSR
REEHIZ X = v ) BRIERE O 2 B S e - b oz vz, R LB, Bl
TAF 7= (17x25 em) WICW T AT A AT A F Lz, 274 AT A&, 30
ul 0 3 FTICHE T Lz, i Tk, BFERT, 2527°C DA »F a_X—F —NTH#E L7z, B 24
Rt L PSS T CF = v U BRI E Ol TR F A A Uic, Il r33E80E. 1 2372 v ia
+ 50 EHF ORFHEFRAFE L, RRFELRE Lo, ERIZ3IERY IR L, G5 900 f# D
FaBE LT,
) EiERT /L% AT BERIRIR D 4y

GT1022 BEOEFZRIEE 2 ml [ EOFRE = F L &2 Il 2 CTofidfhit L7z, Z OfitH#EfEEL 2 Bl
ViR L7z, O IZEE T VRS (84 ml) ([ZI3REKE ML, 37 7 2az2HnT, =
ANARL—Z —|Z XD JE T T 2ml £ TG Lz, BT VA FRE L7oKERZFHR L, BARIE
IRFEERE — T L RIEER KRR & L CEBRICH W, £z, B F AR SRR AR L —4
—IC X VIBE T T2ml £ TN L7, BT L& RE LIKREZR L, IR 7
VRIS KRR & L CEBRICHW T,
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g) Egsru~ 77 +— (TLC) IZX2H%H

Choma and Grzelak (2011) ®F5ik% FHVWTC, TLC L TOMENEIEZ R L7z, GT1022 HEDE:
FIER oop) g7 v~ 777 4 —H7L—k (TLC) (Silica gel 60, Merck KGaA, Darmstadt,
Germany) (ZARy ML, My HiE=TF /L=1:1 () OREBREEZ AW CEH I,
JBBAR. TLC 7' L — MR L7= PSA RS (7 0T A7 = =2—/1 20 ppm IRIN) 1ZE S &7
PRIFIA A (> 1x10° conidia/ml BA |) #WEFHE L7z, 7L — MIWEBIZ LS TAF v 7 r—2A
IO 7212, 7V I TE, 25-27°C, BEREFTTRREL, 7'L— b EOAEFIEF O
A LT,

2. FER

GT1022 BROEERIEIR AT L, F = v U RIAFE O HFELHE L7z, TOME. GT1022
HROBEFRIEIRIL, =27 ) BIDRE O3 FE 4% L <l L7z (Fig. 4-6), £z, KEIEIRE
MW500 LA B & DLUTFOESIZHEEL . =7 U RIAWE ORI F LA Lz, TORE, WTi
D5 THAIRIX & 95 & PR Sz, LaxL, MWS00 LLF Oy & i LT,
MWS500 LA o5y C o i 758 2EMH 23 e S vl (Fig. 4-6), XFRRIX, GT102 BRESZEIEK .
MW3500 LA EJ O MW500 LA T DR 3F1E, £ 88.0+4.3%, 8.1+4.1%. 8.6=3.2% M N 41.1+
5.0%Cd o7 (Fig. 4-6), F7=. GT1022 FEOHERIEIR & FElE = F /L Corfidfith L, TLC Z AT,

BILIEH O WA Lz, ZORE., GTI022 BN AEFET DX = v U RIHIRE I L <, il
SR AR TWEIL, B F LRIR TH - 7= (Fig.4-7), & HITHHIE IE, B4 (121 °C, 20 45 [H)
IZZETHY . HWEEE T, B ST, AFHILRIIR A CHR S (Fig. 4-7).
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Fig. 4-6 Inhibitory activity of culture filtrates (CF) of Burkholderia sp. isolate GT1022 on the
conidial germination of Colletotrichum orbiculare. Experiments were repeated three times and
a total of 300 conidia per experiment were examined. The bar at the top of each column
represents the standard deviation of the mean. <500: fraction with molecular weights of <500
of CF, >500: fraction with molecular weights of >500 of CF. PS: potato sucrose broth.
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Ethyl acetate Heat treatment
CF Insoluble Soluble C CF

Fig. 4-7 Thin layer chromatography (TLC) bioautography of the culture filtrates
of Burkhoderia sp. isolate GT1022. Samples were spotted onto a TLC
plate was sprayed with a concentrated conidial suspension (>1x10°
conidia/ml) of Colletotrichum orbiculare in potato sucrose agar medium.
The inoculated plate was kept in a moist chamber at 25-27 °C for 7 days.
CF, culture filtrate of Burkhoderia sp. GT1022; Insoluble, ethyl acetate
insoluble fraction of the culture filtrate of Burkhoderia sp. isolate GT1022;
Soluble, ethyl acetate soluble fraction of the culture filtrate of Burkhoderia sp.
isolate GT1022; C, culture of Burkhoderia sp. isolate GT1022; Heat treatment,
autoclaved at 121 °C for 20 min
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FHoHi GTI022 BROFEREY X =V VRFEEOBEAREFRICEHF L%
1. MBI RO
a) BERAH
HERE & LT, T2 7 VKRG OINE (Botrytis cinerea) ., % =7 U BN (Corynespora
cassiicola) . ¥ =7 U RET T AREIHE (Phomopsis sclerotioides) K ¥ = 7 U D 5K 5HH
(Stagonosporopsis cucurbitacearum) & 53BER GT1022 ££% V7=, GT1022 #&i%., 55 3 &, &5 1 Hii,

la) TR HFIEIC LV LT-, =0 VBEHNE (C. cassiicola) . % = 7 U JREAOYHEE (B
cinerea) ., ¥ = U VARE T AMBINE (P sclerotioides) K OF = U D5k E (S
cucurbitacearum) 1%, TOFERE (91.8x18 cm) |2 10ml 731F L7z PSA Rhfnks HIZHE 2 THHT 72,
ZOW%, K20 ml FOTTAF v 7 vy —L (HAET em) (7E L TEID PSA ISR L
25-27°C T7 AR L, ERICHNT,
b) iRk

PSA Btz FIV T, GT1022 Bk & F = 7 U SRR EH O X 21T > 72, T PSA Bl TR L
7% 2w VIR Z B 8 mm D ALY AR— T — T VEkE | PSAEMUCRIE LT, £k, 45
ecm B L C, BiEMREHN——F 4 X7 (B 8mm) (Advantec® Filter paper) * &K L7z, &
Dk, PIEREH~—/3—F 1 271 a@jﬂi‘:f PS kiR Z -V T 5548 L7- GT1022 Bk %
30 pl FOMFEL | B, 25-27°C C7 HMEEE Lz, SHIRIX & LT, PSIRIAE A LB L 7=,
EERTIE, HFXTSHOY Yy — V&AW, FBRIT 3 E#YE L,
OEEmBOHIEE

=2 TR Rl = —THE#EL G L, HESpzRB<BY OS5, £O%, ML
=V TR R AF ¥ F—THiAAA, Lia32 V7 b E AW CHE L JIE LT,

2. fER

AR SR T D T HED B 43 B S 7o GT1022 Bk & % = ¥ U IR O xtiRe 548 2 PSA K52 v
T, fTo7, ZORER, MIRX & i LT, GTI022 ¥kiZ. WFho X o7 VIEREOEELEE %
Pl L7z (Table4-1), MRXICHITHF 27 VIKENDYHE, ¥ =0 VBEHRE, ¥=2 7 KRE
T ZARIEIRE MO 2 v U 0 DA R O W EE AT L, £ E ., 2962.04341.0 mm? | 2874.3+338.5

mm?, 2647.3+233.0 mm? & O 3224.3+108.0mm?> T -7, —J7, GT1022 BEDOIF(E FIZHIT HF =
T UIKEDOIRE, =2 VBEHRE, ¥=2 7 VKTV AREHRELOF = 7 U2 5555\ E O
B AERREIL, 1859.0£197.7 mm?2, 1646.4£209.0 mm?2, 1670.5+265.2 mm? & O} 2166.3+391.5 mm? T
-7z (Table 4-1),
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Table 4-1 In vitro inhibitory activity to plant pathogens without (a) or with (b) the Burkholderia sp. isolate
GT1022 in a dual culture on potato scouse agar media.

Mycelia area (mm?)

Plant Pathogens PSB (Control) GT1022
Botrytis cinerea 2962.0+341.0 1859.0+197.7*
Corynespora cassiicola 2874.3+338.5 1646.4+209.0*
Phomopsis sclerotioides 2647.3+233.0 1670.5+265.2*
Stagonosporopsis cucurbitacearum 3224.3+£108.0 2166.3+£391.5*

Asterisk indicates significant difference compared with the control (t-test, P < 0.05).
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HTH FEEEN GT1022 ROWFEIZ 5 2 B8

1. MBI RO
a) HEEAE

A & LT, %2 v U BIERE L OV B GT1022 & W, TREROEIE, 6 3 &=,
% 1EL la) TR FIEIC X0 B LT,
b) HEEREIK

HEREIK L LT, A — YA RAFIH 80 (Vo7 AR EtE, By - Fx 7 &) 800 fi%
AR U7 KRA CRIFREEEMRASHE, oy 0 B U 7Y =) 3,000 f5AIR, ~y 7Y
v M OKFIAl (A AREEERXSH, iy 747 72— R AT L) 1,500 f5AIR, £ LA X KRl
F (ERACFE RS, RSy - 7 29U 2) 2,000 (558K, UYLy 7 ZKRH (ELEE
RS, flsr 0 v mARAAF L) 500 FEARRK O a vF ) A7 a7 70 (OAT 7 7Y
FHEREH, B 1 ZAFT =, A= U L) 2,000 (577K 5 LI V-,
o) BT R R &M

F— k27 L—7 (121 °C, 20 43[d) L7z LB ZEXE: M (200 ml) (24— %A RAKFIA] 80, k
U7 KA by 7V MAKFIAL, L AZ UKFIAL UYLy 7 ZAKFIFIR R g v T
R 7a T TR, 800 AR, 3,000 AR, 1,500 5 AR, 2,000 {5 AR Y 5,000 {5A78R & 72
HECHINUT-, BEIEARIM LU LB EREHAZ Tem DT T AF v 7 v —LITHTELT,
TR AN L7 RIS, B3 L BB 1L la) TB72J7IEIC K0 M L 72 GT1022 #RoD
B % SO w9 %A L, 28°C DA »F a_X—HF —NTH#E L7z, ®RX L LT LB BHOARIC
GT1022 BEZ&AT L= X & Wiz, 5% 2 HZICY y— L I b Ooag=—HKEit Lz, &
WX S DT T AF v 7 v —LZHANWT, EBRIT 3 MR LT,

2. FER

BREEIED GT1022 BROWIHIZ -2 DB LA LT, TORER, A — VA4 RAKFIH 80 2k
IMUT=EEHTIE, GT1I022 RO am =—JR il Sthuie, LasL, B U 7 I LKFAL by 7Y
YMARFFIKR O a vF ) Ay 7a 7 7 TlE, 20t < FELVAZ KFIFITIEL
HIMEGR S 72 o Tz, Fiz, U Y by 7 ZAKFFIOFFE F Tk, GT1022 #£D =22 v =—Hud
XL LT, L Tz (Table 4-2), XX TOI ¥ —L 1 ldH7h D= =—HiT,
20244226 I ToH o7, A— VWA RAKFAI 80, ~NVU 7 I LKAl Ky 7Y MAKFIAL £V
2B KR, VY Ly 7 ZAKFFIKR O a vF ) A7 a7 7T, 0 8, 131.9+32.0 &,
161.4+17.5 18, 190.4£19.9 &, 320.3+26.1 ffl & O 159.1+23.8 & Td» > 7= (Table 4-2),
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Table 4-2 Effect of fungicides on growth of isolate GT1022 on LB agar medium

Fungicide Number of colony per Petri dish
Control 202.4+22.6% by
Morestan 190.4+19.9 b
Ososaide 0 e
Rizorekusu 320.3£26.1 a
Shochinisuke 159.1+£23.8 c
Torifumin 131.9+£32.0
Topgin M 161.4£17.5 d

Z Values represent were mean + SD

Y Different letters within a column indicate significant differences by
Tukey-Kramer test at P<0.05.
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FEf EBE

AWFSETIL, Burkholderia ambifaria & /&M% 7R Burkholderia J& T & % GT1022 £R72%, %
=27 VBRI OBEALET, FREFRF2ME L, BIMIBW TS F =2 v U RIE O RN 2§
HlT 22 LWL LT, SBIT, Fav U RIEHEOERDOEREIE, GT1022 BROIFEIZ L -

TREYZ T2 EN LN Uiz, ZIVETI Burkholderia J&\Z X 2 R4 i 0> A=A kR
WZHOWNWTIEL, WL OO &2 % 5 (Elshafie et al., 2012; Ho et al., 2014; Miyagawa, 2000; Tagele et
al., 2018; Tenorio-Salgado etal., 2013),  B. ambifaria \Z-2\ T & Pythium ultimum <° Rhizoctonia solani
78 EDW OO EHRINERE IR E (25 2 Pl R @t ST S (L et al., 2002; Parikh
and Adesemoye, 2018; Roberts et al., 2005; 2014) , F 7=, Tsuchiyaetal. (1995) %, Pseudomonas cepacia

(B. cepacia) 73, invitro 38 X invivo THIRIZIRAZ R LT Z & 2#E Lz, LU, C orbiculare
WL o THIEEZ SNDIRIAIFICKT 2 B. ambifaria ONHIZNRICES T 2 #1372\, B. ambifaria
I%. cepacins (Parkeretal., 1984) . bactobolins (Seyedsayamdostetal.,2010). burkholdines (Tawfik et
al., 2010) . enacyloxin Ila (Mahenthiralingam et al., 2011) hydroxyquinolines (Mullins et al., 2019) &
O pyrrolnitrin (Schmidt etal., 2009) 72 & OHEME Z AT 5 Z & AHE ST\ 5, £72, Mullins
etal. (2019) %, B. ambifaria DHEKZ L ICRR DUIEWEOARRIK ZFF>Z L2 @G LTz, &
12, Groenhagen et al. (2013) (X, B. ambifaria 7> Rhizoctonia solani . (¥ Alternaria alternata (2%}
L CHEMNR RO E 2 EPET 2 2 & 2 Uiz, AIFZETIE. GT1022 BRI, KIEHTE
OHEARZREL, BRAREELIH L (Fig 3-2, 3-3), 72, HE#EERPICY & 500 uL@ﬁ’F
i = T VSRR TR BV E 72 MG E DN FAE L TS Z L2 50z Lz (Fig 4-6, 4-7), L7and
> T, A%, GT1022 BROFEFIEHIAAET MBI E 2 85E S22 & T GTI22 ¥R E o F =¥
U BIESRE OIS 2 NS TE DR B D, £, F a2 v VWK TO GT1022 ko
F o v U BRIEROFERIHI R A Uiz, £ ORR, FBEAKIL, GT1022 #Ra AT L T 3-9
HZIZx = 0 U BRI 2 R L 723551 bl Sz (Fig. 4-1), S HI2, S0BERE GT1022 1%,
XU UMK L T BRI R E RS oo le, —FH T, Fa2v ) %L’C‘O):\": 7 U BRI
B ORSFFFERIT, GT1022 R B84 % 3, 5. KOV 7 HRNCALEE L 72581213, 30%KilTH -
7eD3. 9 BRI OMER OEEFRETIX, 70%LL BT L., fHEEK S # %‘—Eéh?‘: (Fig.4-2), Zi b
OFERIL, BSRBICB O TIE, 7 B Z &2 GT1022 # % % = v U HIIRICILEES 2 Z & 23R
THHZLZREB LI, FEB, AFFETIE, Eo— T ANTHRELEZEF 27 UIICTHI S
GTI022 BRZWIRT 5 & ¥ 2 v U IR OFE AT, F L <Hfil Sz (Fig.43), —RAIZ, %
vV O EI f 208 B FPHIT 28-35 °C TH D Z EMNP B AT > T D (Grimstad and
Frimanslund, 1993), 72, % = ¥ UHEHEORAEIHE 22T 20-30°C TH 5 (Kishi, 1998), A
MFFETIE, GT1022 13 20-37°C TH =2 7 U BRI E K L TR Z R T MimEZEET 52 L %
oL TWS, ZHRBOREIE, GTI022 B3 F 2 v ) OFERG T I ESE ¥y Y
REZIH TX 5 AREA/ R LT, S 51T, GTI022 #RIZ, =2V VREOHRICFIHIN TS
A% O75>0)“i§l DAFE T THEIATRETH o 72 (Tabled-2), A5 OFERIT, GT1022 B3, %
20 U OPBRICEFEEN SN2V OO EA EHAGDETHENTE L2 L 2R LTz, Tk
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T, GT1022 ¥Ri%. Botrytis cinerea, Corynespora cassiicola, Phomopsis sclerotioides, ¥ J T
Stagonosporopsis cucurbitacearum DOHE #EALEH HIHLE L7z (Table 4-1), B. ambifaria 1%, ST
AEREFR) = v FCTHARICHEAE L, IEFITHEBRDOILNMGEH A AT H/ME O 7 V—"7"ToH 5 B. cepacia
BERD—ETH D (Coenyeetal.,2001), RFMAIT TIL, GT1022 #Ri%, A, By KL OHE) O
JRIFEAR T & 5 Burkholderia J& DFE & 138705 7 L— RICALE LTz (Fig. 4-4), 5. RFiRE
By, AZARr I A/, BRLOWENT 7'm—F 2 HWT, AWHBLRAIE L CTERT 5729012
GT1022 RO LB HET 2 MER D D,

ARETIX, Burkholderia J& T % GT1022 #E23F = 7 U (RIAR 2 ED X = 7 U ORpEEZRT 5
T2 DHF LWEMRIBIERAI OBIFEIC BB T & 5 AlREME AR LTz,
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FESE GTI22 KROBERIRICE DX =2 U U R OIHIHR
04 IR, BREITHET O LEN GBS GT1022 #R23, BH L~ Th ¥ o v U RIA
REMH TELZEEHLNITL, OF 2T VIFFIZOWTHIETE 2 a2 e L7,
IR FICIT, 1 BRFEE TERERSH Y, WINBIEICKEREEBLY 52 5, LHEFEEOH
TR K E 2B % 5 2 29RIRE I Pythium B35 5, £ 2 T, AETIX, GTI022 #RIZ XL 5%
= 7 USIARIRE  (Pythium aphanidermatum) OIFIZHFIZHOWTEEL <R B,

B GTL022 BRDEERIRBF = 7 U MHIREOEAREBICE 2 5%
1. MBI RO
a) HERHE

MREE LT, F=2 v UNHIRE (P aphanidermatum) & 578 GT1022 ¥k v 7=, GT1022
HiZ, ZVta— A hy 7 L LTIRIFESNTWD D%, LB EREH CHIE S 7=, £ D%,
LB iR 3 ml (B HE L, BEER T, 25-27°C C©7 HREHRERE L, EBRICHW -,

FI3E, F1HL, la) THRARZZHEICEI VMR Lz, =0 U NAREIL. 2019 412 BR K
NOBGOX 27 Vbl L7z, =0 U VAREIL, TOFERE (p1.8x18cm) |2 10ml 4731E
L7z PSA RIEHEFHICHE X CTFHT 72, 2D, F120ml T2 77 AF v 7 v —1L (B Tem) |
IVE L THED7Z PSA BRI L, 25-27°C T2 HIEIEGE L, EBRICHW =,

b) XHIRFRER 1L
LB%%&%%%wT(Hwnﬁ&%zvUﬁﬁﬁ%@ﬁ%ﬁ%%ﬁok@ﬁ%fﬁ%@%ﬁ

EREH—/"—7 ¢ 27 (E£8mm) (Advantec® Filter paper) % &K L7z, £D%k, PLEKR
FAAR—/8—F ¢ 27|84 L= GT1022 #% 30 ul AR L, WEER T, 28 °C THi&E L7, 4% 3
A2, TOPSARM TR LIcF 2 v VRREZERE 8 mm DA/ R—F—T V&, #it
PRERAS—/N"—=F 4 A7 5 45 em BEL T, REHUCRAE L7z, Biitk, WEE T, 28°C T3 H
ke Lo, fHRIXE LT, LB IR 2 PUE R E R — =7 ¢ A7 [ LT, FEBRTIX
BEXTSHDOYy—L &2, EBII3ERYIRLT,
¢) HEmBEONIELE

M=y o IR R— v — I —TCHELZ G L, HEMDZRIBV LS, TO%, L
— U TR B AR ¥ F TR AAA, Lia32 Y 7 b EHWCHEEREZE LT,

F&

2. fER

AR LE T 0 T8 B 0B S 72 GT1022 k& % = U U AR 4 LB ZEREFHICRHIRFRS
EL, FaU U IAREOEEREZRE Lz, £ O/, FRIX E i LT, GT1022 HROFFE
T, F= 7 USAREOEREFTSIH SN (Fig. 5-1A), *HFRIX &Y GT1022 FRALE X |2
BI5F 2y USNAHEOEBEEMIL, i, 3034.8+202.2 mm? & Y 1626.6+296.8 mm? T
- 7= (Fig. 5-1 B),
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Fig. 5-1 Antagonistic effects of Burkholderia ambifaria isolate GT1022, on the
growth of Pythium aphanidermatum (A). Antimicrobial activity of the isolate GT1022 on
the growth of P. aphanidermatum, observed in a dual culture assay with (LB) and without
(GT1022) the GT1022. (B) The mycelium growth area (mm?) of P. aphanidermatum with (LB)
or without (GT1022) the GT1022. The asterisk indicates a significant difference compared to
the control (t-test, P < 0.05).
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28 GTI022 BROBERIKDI X = U U MIMIREDEE FRIFICE D%
1. MBI RO
a) HEEAE
B & LT, =2 v USAIRE (P aphanidermatum) & 3B GT1022 Bz W=, =7

U SEREJE A K O GT1022 BRI, 555 &, 85 1 8, la) Tl ~7o HiEIC K 0 i L 7=,
b) FEHUFRER & BER S

V8 Vo — RFEREEH (10% V8 Y= — A 0.02% CaCOs, 1.5%%EK) (X, 121 °C,
20 A — R 7 L—TE Ltk EBRICHW,
¢) kT RANBK OFRR

F30ml T OFTTFAF v 7y —L (EHEIem) ITHEL THEDE V8 ¥ o — AFERKEH (10%
V8 ¥ = — A 0.02%CaCOs3, 1.5%FEK) 2T PSA K5I CHeaE L CRW =X = v U SEARE 2
ML T, 25-27°C THEAE T, 4 HIEREE Lo, &%, WEEL L1748 —7— B mm) TSV
X WMEAKICASTZERSem DHF ATy —LOHFIZRIEL, A rFaX—F— CLRET 12
REfH], WEARE 12 IRffA], 28-30°C) 1T 24 KR FF L7, £ D%, 2ml OJEFEKEZ I Z 72 1.5ml F =
—7ICHE R E AL, 4°C BFER T C 1 REREIREFL ., 25°C BE R T C 1 BERIRER L, lEE T2 S &
77
d) EMRELE

STBEE OAEMIEMEIL, ¥ 2 U USIAYRE OB E R IFOIMBNC L VRE Lz, Lo HIETH
B 72% = 7 U SRR OlFEdE 1 (5%10*zoospores/ml) & GT1022 BRDOE: % 1:1 TIRE LT,
KTHRIX & LT, LB IRIAETHILC 2 = 0 U SEARIR B Ol E 2 B S B b o2 Hlvnic, s L7
WIRT, MBI LT TAF v 7 r—2 (17x25 em) WNIZW_RTZA T A RH T AW F L7z, A
TA RTZ2Z0%, 30l T2 3 i F L7z, i Pk, BEER T, 2527°C DA »F aX—F —
TR L7-, H538 2 B, B FCx =2 v VSR @ Ol E 7R F4TE L=, EE
THEEIX, 1 DT 72 0 WEE T S0 EHR Ol TR AR L, EETRIFRLEM Lz, E
BRIZ 3 Bl 0 L7z, At 450 [EolEE 2858 LT,

2. fER

GT1022 BRORGHRIK & = v U NI E Ol E T HIRAE L, AT A4 R TR LT, a2 v
U SERGIR R OWFAE TR R AT LTz, T OREE, SRR & Hie LT, GT1022 BROEF#IRAFAE
TiX, F= v U SIRREOWEE T3 IENZE LIl Sz (Fig 5-2A), ®HRX LN GT1022 # D
BRI DAEAE T CTOF 2 v U SRR Ol EFRIFRIL, L. 100%K% T 0% Th -7 (Fig.
5-2B),
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Fig. 5-2 Suppressive effect of Burkholderia ambifaria isolate, GT1022, culture on
Pythium aphanidermatum zoospore germination. (A) P. aphanidermatum zoospore
germination on a slide glass in the absence (LB) or presence (GT1022) of the GT1022.
(B) Percentage of germination of P. aphanidermatum zoospores in the absence (LB) or
presence (GT1022) of the GT1022. A P. aphanidermatum zoospore suspension was
dropped onto slides in the absence (LB only) or presence of the GT1022 and incubated
in a moist chamber at 28-30 °C in the dark. After 2 h, the percentage of zoospore
germination was determined under light microscopy. Experiments were repeated three
times and a total number of 150 conidia per experiment were examined. The asterisk
indicates a significant difference compared to the control (t-test, P < 0.05).

60



% 3H GT1022 BROBEEIE N X = U U MR ORKRIZE X b8

1. MBI RO

a) HERHE

MERE & LT, F =2V UNIAIRE (P aphanidermatum) & 538 GT1022 £k W\ 2, =7 U
SRR E L, You et al. (2019) DFFIEIZHE-> THE LTz, NV T AOHT- 2 g 1 ml D
KEMcZ T, A— 27 b—>7 (121°C, 20 77ff) L7-E5HUZ T8 PSA BSMICEE R L% 2 U U 37
R ZBAE L, 25-27°C T4 AME:RE L=, GT1022 ¥kiE. 55 3, &5 1 i, la) THl~~7= HiEIC
K0 LT,
b) HEERAEY

L LT, v ) (5 dbtE, ¥ 3/ et 2Av, ko2 =v
Fz=RE L 15 [AARIEEESEE, BRhRy - 2% (220 mgkg) . U “BR (2775 mg/kg) . U
2 (220mg/kg) . #t (220mg/kg) ] ZMZ 727 T AF w7 F 2—7 (30x200mm) (T 1 RIFEREL .
NR=2F 2T b THEoTZ, Fa U VIiEArFaX—F— CEMET 12 B, BFER T 12 FR,
28-30°C) THAFIE, WENEMAT L2 ETEFSE, ERIINV,
¢) ¥=2U U ~OEFEFERUBIE

FRTHRAREFEEZHNT, NESEBHTLIECETIR X2V I 2T TIRAT v 77—
(10x20%5 cm) (2 1 AWEEX 5 fH3 2l 7z, EFE TR IEEZHAWT, o v U SRR E &8
FTLIEANY N T ADFET 0.1 g % 0.2%DFEREFH (50 ml) |2 <72, @K (1 ml) & GT1022
ROR:#R Gml) ZRA L7z, KX E LT, LBIRIREHIZ S = 7 U NS B OB 2 185
LicbDx v, R LZBERIZ. 77 AF v 7 7—2 (17x25 ecm) PRI F 27 VI
T Lz, BEIE, =) 1LEEH7-Y 4 ml FOMRTICHERE L-, PEE%. SCRET 12 B
M. WEARN 12 RffA], 28-30 °C THZE L7c, #EFE 1. 2. 3, 4 KOVS HRIZAEFRZMAE LT, £
FRIT, (EEEREEE =270 5K x 100 THELZ, F=27 ) ORTORYEOETIT,
UTORETHE LT, ERICHW X2 7 Y OREERFL, 1%y b7 —%Mx T, 1 K
MBI, Yetd L= 27 ) O A2 G2 BEmeE TRz LT,

2. FER

X2 U VN ORI TS GT1022 HROMEZNR Z F = 0 U RIE TREFAVICHIE L=,
HIRXTOF 27 UNAREOBEOERIL 2 BETICEESh, 5 BRICETRTOXFa2 7 IR
FE3E L7z, — 77, GT1022 BRDEEZIRDOAFAE FClE, #5E 5 H%E T 80%ITWEFR TH ~ 7= (Fig.
53), Flo, S HEOF 2 v ) OREZBE LR, HRXCIE, 2H0Ia 38l shi
25, GT1022 BROAFAE F Tl MR TOF = U U SEAHE ORI il S 4. IMR-FEk b Bl S
72 7= (Fig. 5-4),
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Fig. 5-3 Suppression over time of Pythium damping-off disease of cucumber plants by
application of suspension culture of Burkholderia ambifaria isolate, GT1022. (A)-(E)
suppression of Pythium damping-off disease on (A) one, (B) two, (C) three, (D) four, and
(E) five days following inoculation. (F) Chronological change of survival rate of cucumber
plants with (LB) or without (GT1022) application of suspension culture of the GT1022.
Entire cucumber seedlings at the seed leaf stage were inoculated with P. aphanidermatum
in the absence (LB) or presence (GT1022) of the GT1022 and incubated in a moist chamber
at 28-30 °C. Experiments were repeated three times and five cucumber leaves were
examined for each experiment. Bars at the top of each column in (F) represents the standard
deviation of the mean. Means followed by different letters are significantly different
according to t-test (P < 0.05).
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Fig. 5-4 Effect of a suspension culture of Burkholderia ambifaria
isolate, GT1022, on the oomycete formation of Pythium
aphanidermatum on cucumber roots of cucumber seedlings at the seed
leaf stage inoculated with P. aphanidermatum in the absence (LB) or
presence (GT1022) of the GT1022. Inoculated cucumber plants were
incubated in a moist chamber at 28-30 °C with a photo period of 12 h.
After 5 days, the cucumber roots were stained with 1% cotton blue in
lactophenol for 1 h. Oomycete formation was observed under a light
microscope. Arrows represent oomycetes of P. aphanidermatum. Scale
bars are 150 um in length.
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% A4H GT1022 BROBTEIR DA ERERTEE
1. MBI RO
a) HERE
B & LT, =2 v USAIRE (P aphanidermatum) & 53 BER GT1022 Bk % 7=,
b) TEMERIE L

X TF T —BIEHEZAET 272D T o E A (m 21 ME¥F > 60 ml, Na,HPO4 1.2 g,
KH>PO40.6 g, (NH4),SOs 0.2g, NaCl0.1g, YestExtract 0.1g, 32K 3.0g, 7KK 140ml) %
W, a7 7 —BiEEEFET S0 1% AL IV BREMIT (AFLIVT 2g, ER
3g. ZABAK200ml) MW, ZAh T —BEEEZRET 57207 I CEAD LB ERE;
H1 (LB ZEREGH 200ml, 7 X7V > 0.01%) &2 Ao, X TOEHIE, 4 — h 7 L—7 (121 °C,
20 3 BICT T AF v 7 v — LIt L, ERICHWZ, EREOTTEE T L 72415
PP E R —3—F ¢ A7 (H#E 8mm) (Advantec® Filter paper) % &K L7z, Dk, &
S5E, B 1AL 1la) Tl 72 57512 L 0 #Efi L7z GT1022 BROESHR 30 pl Z PR EH~_—3—F
A AR LTz, $5Rf%, WEER R, 28°C T2 ARIEE Lz, %, ¥ F ) —E¥iEEO T
T 7 =PI, BHICER SN 7 ) T — = DR ETHAE L, ZAh T —PiErEE, 5
B E %2 —Ly RCQREL, ZBKT3IHEEEL, 77—V — v OFEEH
HL7, WTNOERBRICBWTHXEX E LT, LBIKKREMOL 2L Li=d 0% fAvi-,

2. fER

GT1022 ¥kDFXFF—BIEM, v T7 7 —BiEH, 7 —BiEMEHE L, ZORE,
GT1022 Bk TlE. a7 —BIEENEBE SN0, 3T F—BIEE 0T L B —BTEME e 22
otz (Fig. 5-5),
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Fig. 5-5 Enzymatic (Chitinase, Protease and Glucanase) activities of Burkholderia ambifaria
GT1022.
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FBofi FeTrT—ERlX2v ) INMROEETRFICEZDHE
1. MEL RO
a) HEEAE

BB 15 = 7 U STASIE (Pythium aphanidermatum)% Nz, =0 U SEASREEIE, B 5 E, &
1, 1a) TR~ HIEIC K0 HEfi L7z,
b) #HEETRABE OFRR

¥ o U VIR OB TRRBIRIL. 55 B, 2. lo) TIRATZHIEIC LY HiF LT,
o) EMmEE

AEWIEPEIL, ¥ 2 v U SIS OB E T REFOMENC X VA Lz, B85 ®, F 26, 1c) Tk
R FECE DR L72F 20 U SRR E OlEE T (5%10* zoospores/ml) 500 pl & 1.5 ml D~ A
JaFa—TIZHRIML T, @m0 E (1,600xg, 10 43f) (F—7 v b v 708 4,000, AR HRE
HEASH) Lz, maO0tk,. BiGEREL, a7 77— Aspergillus oryzae ¥, CAS  No.9001-
92-7. 71 50,000 unit/g, HAR{bEL T3NS (0.1, 0.5, 1.0, 2.5, 5.0, 25, 50, 100ppm) ¥
&% 500 pl N T, BRI 2 1B L 7o, S L7 IS LI 7 7 AF v 77— (17%25
em) WICIHERTCAT A RAZ AT T LT, AT A4 RAZ AZIE, 30 pul 30 3 Fnidii F Lz,
W%, BFERT, 2527 °C OA »F 2 _X—X —NTHZE Lo, 552 2 Rt L BMsE Fo%
2 7 U NS OWEE TR AR Uiz, WEE TR, 1 23T 7o v g1 50 fEH oslEE 1
PR A G, WEEFRIFRLR L Lz, EBRIT 3 IEI%;?% VIR L7c, Gt 450 [HoilEE 1% 8lg2
L7,

2. FER

GTI022 BRDOIERIRIZ T m T 7 —EBZRAE L, AT A4 FH TR F LT, a2 v U SR EObE
EFHFRLME LT, TOME, IRIXTOWEFFHIFRIL, 89.1443% Th o7z, —JF. 7'm
77 —¥% 0.1, 0.5, 1.0, 2.5, 50, 25, 50, 100 ppm M L7= X Tix, dEETFEERIIT, TnT
HU. 78.4%1.3%, 77.1£3.5%, 79.1+4.3%. 76.9+3.0%. 73.5+6.1%. 59.3£9.5%. 57.6£9.9% % (X 26.4+9.8%
Thotr, ¥ow USNHHREOWEE FRFEIL S 07 7 —BEEEAICIE S 47 (Table 5-1),
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Table 5-1 Effect of protease on Pythium aphanidermatum zoospore germination

Concentration of protease (ppm)  Percentage of germinated zoospore (%)

Distilled water 89.1+4.3Z ay
0.1 78.4+1.3 b

0.5 77.1+3.5 b

1.0 79.1+4.3 b

2.5 76.9+3.0 b

5 73.5+6.1 b

25 59.349.5 c

50 57.6+9.9 c

100 26.449.8 d

Z Values represent were mean + SD
¥ Different letters within a column indicate significant differences by
Tukey-Kramer test at P<0.05.
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Fofli HBE

P. aphanidermatum 1%, ¥ =7 Y OWEIZK E R 8 L b 2 5 TH{RYL $ODWJ?{$0) 1 >Th D,
Stanghellini and Phillips (1975) 1%, ERIEZEH L TR WEEICBHE L2581 F =27 U 28 87%
DL Ex2WE Lz, Lo L, EFEEOKEHIZIINW ODORENRH D Z ENHMBHIT
W5hHTo & 2T AERER & N OEFEA~ OB ] = 2 R PR O B & Ch 5 (Sigee, 1993) .
— 07 AR R 72 E OEMRIBERR T, TR O U 27 MRV Z ERm b TV D, Fiz,
REIELWT 70 —FThHiHEEZLNLTND,

IHNETIZWL D0 OMEMBFEAID R SV TE N, HH I TV DEO SR,
7o o T, FEPIREBRICE T 2206 ORI O T, K0 IR O FERE TR 5 MEN
HD, AT, BRFEO LEN LS MEME T4 77 ) — (L LI BIRMEm T (7
F U= AWM ORR Z1T o T2, BIRE TR, BARITHE T O 1586 /5B S 7u72 GT1022
¥ (B. ambifaria) 7. F =7 VIRIERE (C orbiculare) OENARAET. lWT3HIE, F=2 7 VETO
RBLER M5 Z 2 Lz, LU, P aphanidermatum \Z X > CHIE R INHF =¥
U SEARR ISR D GT1022 BRO PN RIL E LA DM STV R o7z, £ 2T AFE T
P. aphanidermatum \Z X > THIEH I SN D F = 0 U EAIHITH T2 GT1022 RO R4 FHA
L7z, GT1022 BROREHIKIT, F 2w ViR OB AR AT L lEEFRFLELIIMHI LIz, Zh
B OFERIT. GT1022 BR3F = U U SRR A T 2 I E 2 EE L T D Z L am Lz, AE
BRIZEBWT, GT1022 Bk, T —BIHMH L O B-1,3-7 v T —B TG /e & OFEERIEE 2 R & 7
Molo, oL, GTI022 #kiX, mnW7'm 7 7 —EBiEMEE /R L7z, F£7-. Tagele et al. (2018) %
B. contaminans KNU17B11 73 Rhizoctonia solani DW A EZ#H L. skim milk 55 E T’ a7 7
—BEAEET DL e L, EBRIC, AR TIX, a7 7 —ENRERFNICE 2T UL
K B O E T RFEEPH L2 E 2 LM Lz, 5. 3 LOIHIERE 20 52T 2 %3
Mo 5, GTI022 BEOZNE%E X = 7 UEWIK A Lo R, GT1022 B stz rnd 2 &
72< %:?Uﬁﬁf@%ﬁ%%ﬂbtoé%’(Hmm%%%@bk%:?U@ﬁ?i X
U U STAETREE OJFRE T TR b MR S 72 o 7o, M e LT, GT1022 BRI, F = v Y RIAE 72
ff@<\%:ﬁ)xﬁﬁa_ﬁbf%%%wVAwfm%%%%mﬁ_&ﬂ%%#_&oko
S, B LAV TCIESERF 2V VIREICHT MR EALNCT 2LERNH D LB X
Lbivd,
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FE6E BEBER

IR IR KT D B BRERIG L, I T AR S NI RE TH 525, Wl ] 28 R EEIT
LEPMEDHZEL BT LTS, ED72H, (EHED Z L7 2 RIEDOBFOH LWAEY R
DERFENLETH D, WEMT, R TH-TH, B DR EAEZIT O 2 &0
HONTEY, ZSHELERWMAEDEZ SBE - FE L, HET 52 &%, EWHFICH L AR
AW AZ R T 272 OICEMTE 5 LB b5, EERIC, HEEV IR CTH 2 IR
D 1 B 53 Bl S VT IS A FET D 2 IRIEHEER 25 *ﬁ%ﬁﬁﬁ:ﬁ LTl zh 2R
R ENRE LM TS (Ueno et al., 2016; 2019; Tamura et al., 2019), VT4, MR H B
DY AT BDLIROBIERAE LT, MAEWRBEDNZE - IS Tnd, LrL, (bFER=RIE s
LT % & BABREFHCHEN D 72 W ONRBUR TH 5, [LEEHIEIC & 5 BIRIRIL, HBEAYICHTEIC
Fe< | HIBRIZ X > TRENVER D Z &b ZEBRMAEN D HIRPIAHAET D R H D, L
L. BRI O 1505 DA DI - IRAFLZ IS O 2 T TR 95 U R O i) 2 B
TOMEICEAT HHMEITHFETH L, T, BRRFTIE, BRI O HEEHEY S D HIEY

SEEL. IRMFT D7 R Y =7 EAFTSN, I E TIORIRESOME 722 £ 25 Te 1,800 #RUL L
73 .%TE{'%EECF@74’ 77 U — (Shimane Microbial Library) & L CERFIN TN D, %< O47BEREN
RESINTHEY . ZBBBEROTIZIX, MEHRIRE O BRICH A TR 2B HFEL TV D
AREMER B D,

Z T, AR TITBIREN THORES V2 AEMDPRGE SN TW D BIRMAEN T A 77 ) —%
IEHLT, X2 UHE (F=20U 9 EATH, o UV REREOF =7 USifm) (2FH
RERMAEM DR 7 ) —= 2 T HATO, FIBRA~DOFRIFIZHOWTELE LT,

ZAUETIZ Uenoetal. (2012) 1%, ERIRPNTorfE L 72 STS1 #£72° Colletotrichum orbiculare (& &
STHIEEZIINDF 27 U RIAREZIH CE 5 Z L 2WE L TCnD, £7o, STSL R, i b
TU U BHEMC T DR E OSSR AEFT 2MH TE L 2 2 52 L7 (Ganphung et al.,
2018) . AHFFETIL, STSLHRZHILEL L7-F = v U3 LTI, fimttam~d 2 &<, 2 &n
T O il -5 RO BT R S B | S S A7z, STSL R OB DRI 7R AITALBE T i, AiTil
PR 1-9 H IS 4%8E L 7= Podosphaeraxanthii (2 X% 9 & A ZIF O340 S v, Fr AT 5
A ETiE. BV EZ R L, $£72. STSL A, E=— D ANTHEGESNZF 2
UTDH EATIRDOIEEMEITE D Z EZH LN L, STSL RN HEGEREE T HMmflgh Rz R4
AIREME R ST, AR T, a2 U VIEIZRAEL-X 20 U 9 EA THREIC STSL RO &I
AL U725, STS1 K28 P. xanthii DII-FITHHE L, BIEL TWOERFBIE Sz, —iRAY
W2 RTPRIFEREICL, FF 5 —EB0B-13-7 v B —822 L, MYiRIRE OMIaEE R K Oz
ZHEls S 5WE3E (Fridlender etal., 1993; Zhang and Yuen, 2000) <214+ k&% (Kimetal., 2011;
Lee et al., 2005; Park et al., 2006) 23BF5-L T\ 5 AJgEMED & 5, #iT. Nguyen et al. (2016) %
STS1 BRDOEEFE AR I HE IR I 2 4~ 2 BN L E b GV ER S TV D lREMEZ R L
oo SHIT, STSL BRS, B ECHXFF—RBEZAETE LI EEHALNICLE (F—%72 L) .
T RUKROALFIZBITLFTF S —BEREFORBUL, O EATIRITH L TIEELZRT 2 &R
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HEnTWw5 (Niralaetal., 2010; Yamamoto etal.,, 2000) ., Z 415 OfERIX, STSLKIZ L B FFF
—BAEENRF 2T )5 EATREYRT DIOOEERERD 1 DTHLHZ LR LLE, —
J7. Streptomyces JBE L, S F I ERMEWHEEEA ST A MG R E R TWENHRES ATV D

(Shimizu et al., 2000; Shimizu et al., 2009; Kim etal., 2011) . L7>L. STS1 ¥k CIIMbilmE %554
IZiE, BIBMNITTETW2RY, LR T, 5%, STSLRORTE AIRITAHHET 20 EZ 5
MZTHUENDD, A7 vy a2 U7 — (Bacillus amyloliquefaciens, SDS Biotech K.K.)
LA FF 7 —® (Bacillus subtilis, HOEBPEK L) 72 £ Bacillus J& & Z AV 7= AR BT BRI
WO ELNTIREMEIT D LT E<MBENTWAR, 9 EATIRITHKT S Streptomyces J& D4
PIRIBSBRANIIBAFE S TR, 5%, ERETS720iiE, 9 EA THELSORIRE IR S
% STS1 ¥k Oz SR 2 s L~V TIRAE S 5 LN & 5, ABFSE Tl Streptomyces blastmyceticus
STSLHRAS, F 27 U THRAET L Pxanthii (28255 EAZHZMEFITE 52 L E2HLNIT L, STSL
BRD3F = 7 VIREDOIAZINGIT 5 720 O LUWBAEMRIEDO BT 720 OF|H T & 2 WREHEZ 7R
L7,

— 5 C, AWFE T, R E Z If TE DT MAE DR 7 ) —= 0 TR Tz, 7,
ARV ORI L 72 188 (4 HuR) 2B 3B STz 165 kA W T, = 0 U RIESH B O BIBR
(R AT RE R DBRR AT o T, T ORER, XTIREEEFE Tl 39 BRASKIRRIX & Ebilie LT, 47l
WREZR L, ZOND 4 RRDRIRIX & Feig LT, 50%LL Eofilshiar Lz, £, @k L4
B (GT1022 Bk, GT1023 Bk, GT4027 BEM O GT4028 #k) DORFEIRIINGFHH 4% L <Ml L7,
— 5T, W L CORBER NG R A A LSRR, R ESHE SR AEFE RIS S v
GT1023 X° GT4027 #kiZ, F = 7 U HE L TORPLE T, JREOERZ MK T& oo, ZDZE
(T, GT1023 X° GT4027 #Kid. =7 U BIHIAE 2 #If - DWW E 2 AET DR 25> TV D03,
Xav VIE LTI, ZN00OWE L AR TERUVATRRMEAE SN E M LY . X
(T S AT ATREE AN E 2 BT, 72, GT1023 X° GT4027 KRR F = v U B L CAEFTE 0|
BELE 2O, 4%, HFLSHETOIVNERD D, BEIC, AR Tx = v U IR E O i
FHEEF, A LT ORBEE AL ER R b @Ok, GT1022 i TéHh > 7=, 16S IDNA D2 —
7 AT ORE R, GT1022 #kiX. Burkholderia ambifaria & &\ WHEIMEAZ R LTz, ZHETIZ
Burkholderia J&\Z X 2REM9R I O AEHIBEBRIZ DN T, W< 20t 238 %5 (Elshafieetal.,
2012; Ho et al., 2014; Miyagawa, 2000; Tagele et al., 2018; Tenorio-Salgado et al., 2013),  B. ambifaria \Z
DUWT S Pythium ultimum <> Rhizoctonia solani 72 £ DN < D93 HHERYLMEREY) I F 153 2 Bl
RN EE STV 5D (Lietal., 2002; Parikh and Adesemoye, 2018; Roberts et al., 2005;2014) , F 7=,
Tsuchiya etal. (1995) (X, Pseudomonas cepacia (B. cepacia) 73, in vitro 33 52O in vivo THIHIZHE
ERLTIZEWmE L, Lo L, Corbiculare (IZX > TH| I SNDF =T VU RIEBICHT D
B. ambifaria OME N FANZ BT D8 E 1L\, B. ambifaria 1%, cepacins (Parker et al., 1984) .
bactobolins (Seyedsayamdost et al., 2010) . burkholdines (Tawfik et al., 2010) . enacyloxin Ila

(Mahenthiralingam etal., 2011) hydroxyquinolines (Mullins etal., 2019) } OF pyrrolnitrin  (Schmidt et
al,, 2009) 2R EOHEWHE Z AR T 5 2 LN ME SN TS, £72, Mullins et al. (2019)i. B.
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ambifaria DEK Z L ITER R HPIEME ORI A FF>Z L 2 #HiE L7z, & HIT. Groenhagen et
al. (2013)i%. B. ambifaria > R. solani 2 O Alternaria alternata \Zxt L CRHE DR & FF O FRMEME
BAET D T L AW Ulc, ARBFJETIE, GT1022 BRIZ, BEB IR I 5 & 500 LA L OFEEE T F
AR IR BV TE TR EDFAEL TS Z 26T LT, o, FFF—BEESL 7 L
T —VIEEIMEER ST, e T T — ISR S 172, Tageleetal. (2018) 1. R. solani ®
ESRR AN, B. contaminans KNULTBIL ([Z K> TEA SN L 70T 7 —RBIZL o THlHEShZZ &
ZWELTERY, AFETIE, o7 7 —ERNREKRFNICF 2 7 U SERYRE Ol E 133 2 5
Hill L7 L7ehi> T, Atk GT1022 BROBFFRIBHICAFES DM E 2 K84 % Z & T, GT1022
BREDF 20 U BRIIRERCF = U U SEARIR B 2 sl 2 B 6 20 TE S TR tEd & 5,
E7o, Fa v VMK TO GT1022 ¥RO*F = v U BIEE ORHIHIR L2 LTz, £ O,
JRBEFERIE. GT1022 BRAFTALEE LT 3-9 BLICF = v U SRIEH B & BefE L 724551 b il S
GT1022 BRI, =7 VIR L TRV BEIRE RS R poTe, — AT, F2 U VELETO
F o v U BIHIRE Ol 133 RIE, GT1022 BRa #FE9 % 3. 5. OV 7 ARNCALEE L7245 81213,
30%AgM T 7223, 9 HFOLHEE OBER TIE, 70%LL EIZHIIN L, MEERbBE S, =
O ORERIT, BHRBRICEBW L, 7 H ZLI1C GT1022 % ¥ = 7 U AEIRICAIET 5 2 & 03%)
R THDZ LR LT, EEE AFRATIE, E=— AT ANTRE L2 JICTHD
EIZ GTI022 BRZALBES 25 & 6 =2 v U BRI OFEAEIT, 3 L <HIfl Sz, & 512, GT1022 #Rid,
F =2 U VREOBRIZFIA SN THWD WL DO EHIOHFE FTHIERETH -T2, Znb
DOFERIT, GT1022 BRAS, F = 7 U OBIFRICEFEN S5 W < 0O EH &l E TR
TEHZ L%ERLTE, AT, GT1022 #RiL. Botrytis cinerea, Corynespora cassiicola, Phomopsis
sclerotioides, 33 . " Stagonosporopsis cucurbitacearum OFERAEB HHAE L, = 7 U SIAHE TH
% P. aphanidermatum % VT2 32BRClX, GT1022 #RiI%, FERAEFLET TR, F=2T7 UK ETYH
Y2 Bl L7c, B. ambifaria 1%, ZFEZERAERTH =y FTHRICHEAL, FEFITHBDOIRN
Rz HT2MED I NV—T"Th 5 B. cepacia EEERD—H T2 (Coenye et al., 2001), R
BT Tlx, GT1022 #RiZ. AR, #K% CRE DOIRFIR T 5 Burkholderia J&DFE L 13872 % 7 L
— RIZAZE LTz, 5%, B AER, A 2R a 7 A1), BLXOBREN T 7 o —F % HnC,
AEMHIBLERAI & LT 272910 GT1022 BROZ A TET D2 LERH D, AFFRIZE D,
Burkholderia J& C & % GT1022 BR73F = 7 U BIAR /R E DX 27 U OIFFE ZPiFRd 5720 OF L
EMHIPIERAIOBFIC I D HEBRTE D et 2R Lz,

IO DMERERN D, BIRIAEM T A 77 ) IR IF SN T DEMDF 2 7 VIRERE
DHEYIRRE ZIHICTE, 747 7 U =R FE ST DMAED PR EOVIRICFIITE %
WAEMOD A7 V== TICH MY — & DRt 2 R LT,
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W=

FaV VFAROTZEREEDO 1 STHY, 5 EATIR, @R, BILH, 2258, BR
MBI, Nl SESERMENEEL, WEEZE TS5, WROERICIE, #ETt - it
FRPESHE ORI CAL A B BB ZE DM A — A TH 5728, 18 B 72 A T IT X 2 FA MR o Hi
AR L 2> T D, =T, B TWERZE WA RRTIE, MEEOHE Y 2 7 23
DN EEZLNTWD, ZDT2D, WMAEWEZFRI LIZAEDBIFRICET 20808 A CIT O T
Wo, Feid, BREPICAERT 2MAEMITER L, ik O 150 b 58 L I2iE 2 /7 L
T, BRBEM T A7 TV — 2 LT,

AW BRI T S NI ED DB RAF SN TV D BIRMAEM 7 4 77 )V —2 VT, *
27 VREOMHEICOWTHELZ LD TH D, HBONLRRIZUTOLIIZE NS D,

L. STSIKRIZE D% =27 5 LA ZROAMBIZR

AR IBANTT T CTor B S 7z Streptomyces blastmyceticus CTé % STS1 FRIC LD F a5 EAZ
el _xff%)j:fﬂﬁ?u;ﬂ%%nﬂﬁbto FT. BAFERIZEIT D STSIROBEEONRETHE LT, 9

o IR (Podosphaera xanthii) % 45T % 24 IRe]RTIZ STS1 BROEFEK Z % = 7 U IZHTALHE L

To ZDW%, 5 EATHREEZER L, 7 HRIDFEREEZME LT, TORRER, BERNERICE N T,
STS1 #kiF. 9 EATIROREAELIHI L, £z, STSI MRERMLHE L7cF 2 v VE BT, %%
fiEL72 P xanthii O34T ORIFERIH STz, £Z T, > EAIHMREHLIEX=2 7 UEFLRIC
STS1 #RZRMH L T, FEFEHBEICLDBIR 21T, TO/R, F=2v U ETIE, STSI £
DOEANAET LT, Pxanthii D53 ETHFREL TW DRI Sz, STSI RIS F I —E%
HRETAHIEDPHERINTEY, ¥FF—F LY. P xanthii D53 EF DM S U7- o[ REME /A
Sz, T TSTSIARIC L D9 EA ZIRISHES 2 Ml R &2 B A eABRIC L Y A L7z, STSI £k
ZRIEHIRIIC 5 BRI SR L, BREIC ) EAZHRORBEZRAE LT, ZORR, HRIX

T, B 15 B0 5 EATIRDOIED MR I 1L, EM 60 HEZIZIX, MMERRERIZS EA TR
DIAEDHER STz, —F7, STSIBRAWLPEL 7% = v U TiE, &l 60 HE TS 5 LA ZHOF
AT E A MR SN2 o7, £72, STS1ARIE, LB ZEREM EIZHWWT, Dl & $ 20-37 C
TIIAEBARETH Y . HEOBRIKITH LT, MEEZ R Lz, ZAbORR LY. STS1RRIE. B4t
TOF 27 Y 5 EATHOYERICHM TE % AR RR S U7,

2. BRERADOLTENLOWMEDDGHME R Y —= T
FARFGTETT CERIR L7 138 (4 #in) O 0BES /e 165 sRae W T, =27 U BRIERE
(Colletotrichum orbiculare) DFIERIZFI I AT RE 72T DRI AT o T2, £ DGR, xHiReE;: 7 Tl
39 BRASEHHRIK & bl LT JIfR 278 Lic, F72, 4 ROSHIRIX & B LT, 50% LA Bl
WRER LT, 2D 4R X 2 v VU IRIEFRE O E R G 2 5 8% B T BB CHIZE LR R,
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BRI D B EE DS HERR SN T-, B LT 4 BRICHOW T, BERIRIC L D MRl 2 84 L=,
ZTORER, 48k (GT1022 Bk, GT1023 #, GT4027 £ & O GT4028 #F) ORI 1342 E L
<Hl Uiz, E7. HEWIR L CORBEERINHIZIR 2048 U2mE R, R0 m R AR F A )
7z GT1023 #EX° GT4027 #RlE, = v U HE ETORPLEETIX, WER Z MH] TX 2o 7z
73, GT1022 BR M OF GT4028 #ki%, JWBEE A F = v UV E L THIHITE /o, ZNLDOREIE. &
BIEM T A 7T U — IR ST DA DR E OB FRICFI A TE 284EHmD A7 Y
—= JICRATE DR A R LT,

3. GT1022 BROEFRIRIZ L 2% = 7 U RILIROIHIZIR

SRR O 1380 538 L7 GTI022 RIS K D% = v U I E (C. orbiculare) 2k %
PHIZ R ZFAE L7z, £9. GT1022 Bk & RIE I 4 xfiRis a8 L7z, £ OREE, GT1022 HRO{FEE
TTIE, RIEREOERAEFIT, F LI S, BREmDOIRENBIE Sz, £72. GT1022
FROBEFWIZ L0 . AT ORIELMHE SN, £ 2T, GT1022 BRORS K 2 RV LU, &858
LRI K D3 2 7 U B L CORBEER IS 2 A L7, € ORR. GT1022 HROEEEHL D
ATALEE Tl RIS K 2R R mdl S, 2 v VIE ECoRETOREL M ST
Wiz, £ 2T, GT1022 BRIZ K 2 BIAIR Bk 2 #iilh SR 2 B4R L 0 Ji4 L7=, GT1022
BRI, RS AIC 7 BRI S S ICAEE L, EE 30 HRRICIRIERE 2 A TR L €, BIRE2HE L
oo TORER. FEMIA ETORIEIROFRAEMIL, 1/5 LR IZHf <7z, 16S tDNA O — 7
VO AMENTCIE, GT1022 X, Burkholderia ambifaria & 99% OFHRIMEZEZ R LT, TN H ORI,
GT1022 FHkklX. C. orbiculare |2 X > TH| & Z I35 RIEIR 2] T & 2 A[REMES/RIEZ X 17z,

4. GT1022 BRDOEEEIKIZ L B ¥ = v U SIAROMHIZIR

GT1022 BRIZ X 5% = 7 U NIAERS A (Pythium aphanidermatum) (2559 2 #iill 0 R 2 4 L 7=,
GT1022 ¥kiZ LB £5#1 4 FI 7o ehIRFEF 2 AT K 0  SEARE O E R AT 23 L <l L7z, S 512,
GT1022 BROBEFIRIE, SEAREE O LT DOFF 2 L <Ml L7, £ 2T, GT1022 FROFERFH
IR R A AT D720, F 2 v UMK EIZ GT1022 #RORGHEIK & SRR 28 L
1-5 HDOF 27 U OEFREZWMAE LTz, ZORE, GT1022 BROFE T TIE, #f5 A THE
W =2 U VRO FERPBIE SN, — 7, SRIX T, B 2 AN D EWIRRBBIZES
Nl EHIT F 2 7 VAR TOINf A FRIX & it L CL GT1022 BROAFEA(E T CTHIfil Sz,
GT1022 BROMIREHT 2 AT o 124G R, 7 0 7 7 —BIEMEN B S i, IREIRTFIIEAE T D3 %
H L7z, ZNHOREER KLY . GT1022 #8723, P aphanidermatum \Z X > CTH|I & L Z &5 kR &
PN C & 2 A RRMENRIE ST,

ERWEN T A 77 U —IRGF SN TN D S. blastmyceticus T2 STS1ERIZ, =01 5 EA
ZIREMHITE D Z RO o7z, Eo, BIRRILET O LN G 5B S 4L72 B, ambifaria
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ToH 2D GT1022 FROFFRHKIT, F =20 VRN OF 2 7 U SR 2 806l T 5 2 L 3B 578N
ol RBPEDRERNG . BARMAEN T A 77 V) —IZRAF ST LEM D 2 7 U ER
& OREYIFITE OPIERICHIH T & 2 ATREMED VR S L7z,
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Summary

Cucumber is one of the major crops in Japan. However, cucumber is subject to damage that can further
lead to several diseases such as Powdery mildew, Corynespora leaf spot, Anthracnose, Gummy stem blight,
Bacterial spot, Downy mildew and so on. Common control strategies applied for plant diseases mainly
involve mainly the use of chemical fungicides. However, over time, these strategies have led to the
development of resistance towards some chemicals. Conversely, development of resistance to microbial
fungicides has not been reported. Therefore, it is necessary to examine a microbial collection with wide
biological diversity to find new microorganisms with potential for control of plant diseases. We, therefore,
initiated the construction of a microorganism library [Shimane Microbial Library (SML)] to catalog the
microbes originally isolated from soils and plants in Shimane.

In this study, we report the potential of the microorganisms from the soil of Shimane Prefecture, Japan.

1. Suppressive effect of isolate STS1 on powdery mildew disease of cucumber

Powdery mildew, one of the most important diseases of worldwide vegetable crops under field and
greenhouse conditions, is caused mainly by Podosphaera xanthii. Common control strategies applied for
powdery mildew disease mainly involve mainly the use of chemical fungicides. However, over time, this has
led to the development of resistance towards some chemicals. We isolated strain STS1 of Streptomyces
blastmyceticus from a contaminated potato-sucrose-agar culture exposed in the open field in Shimane
Prefecture and identified the antifungal activity of strain STS1 against anthracnose. In laboratory experiments,
when cucumber leaves were sprayed suspension culture of strain STS1 by using spray, and after 24 h
inoculated with P. xanthii, powdery mildew caused by P. xanthii was effectively suppressed by strain STS1
in pretreated cucumber plants. Furthermore, P. xanthii conidia germination on cucumber leaves was inhibited
by pretreatment with a suspension culture of strain STS1. In diseased leaves treated with the same strain
STS1 suspension-culture, mycelia of strain STS1 enveloped conidia of P. xanthii causing them to burst.
Successful growth of strain STS1 on LB agar medium was observed at 20°C, 28°C and 37°C, but not at 4°C.
In greenhouse experiment, there was a significant difference in disease development between control and
strain STS1-treated cucumber plants. Lesion formation of powdery mildew caused by P. xanthii appeared on
control cucumber leaves 15 days after transplanting. Furthermore, lesion formation in control cucumber
plants increased at 60 days after transplanting. On the other hand, lesion formation in cucumber plants treated
with strain STS1 was significantly suppressed. Taken together, our results suggest that strain STS1 might
contribute to the development of a new effective agent for biocontrol of powdery mildew in greenhouse-

cultivated cucumber.

2. Isolation of microorganisms from soil in Shimane prefecture and screening
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In this study, preliminary experiments were carried out to evaluate the inhibitory potential of soil microbial
isolates against Colletotrichum orbiculare using dual culture. Isolates (165) were obtained from the soil in
Gotsu City (four locations), Shimane prefecture. Thirty-four of the 165 isolated microorganisms inhibited
mycelial growth of C. orbiculare relative to growth of the control. Furthermore, 4 (GT1022, GT1023,
GT4027 and GT4028) of the 165 isolated microorganisms inhibited C. orbiculare mycelial growth by more
than 50 % compare to growth of the control. The presence of the isolate GT1022 was confirmed to induce
disruption of the hyphal tip of C. orbicular. We also investigated the influence of the isolates on the
morphology of the C. orbiculare hyphae using scanning electron microscopy. The presence of the isolates
was confirmed to induce disruption of the hyphal tip of C. orbiculare. Conidia germination of C. orbiculare
and development of lesion formation on the cucumber were significantly inhibited in the presence of a culture
suspension of the GT1022 and GT4028 isolates. This result suggested that our research about the construction
of a microorganism library may contribute to the development of a new biological agent that controls plant

diseases, thereby reducing the need for chemical control.

3. Suppressive effect of isolate GT1022 on anthracnose disease of cucumber

Anthracnose, caused by the hemibiotrophic fungal pathogen, C. orbiculare, is a major disease of cucumber
and other cucurbit crops. The control strategies applied for the diseases of cucumber mainly involve the use
of chemical fungicides, which over time, lead to the development of resistance to some of these chemicals.
Therefore, there is a pressing need to identify natural compounds or microorganisms for the development of
new agents for the chemical and biological control of fungal pathogens. Recently, we obtained an isolate,
GT1022, from soil samples collected from a field in Shimane Prefecture, Japan. The presence of this isolate
inhibited the growth of the hyphal tip of C. orbiculare. The germination of conidia of C. orbiculare was
inhibited in the presence of a suspension of the isolate on a glass slide. Furthermore, these phenomena and
the suppression of anthracnose were also confirmed on cucumber leaves. Sequence analysis of the 16S rDNA
region of the isolate indicated 99% similarity with a Burkholderia ambifaria. In a greenhouse experiment, a
significant difference in the development of disease was observed between the control and isolate GT1022-
treated cucumber plants, whereby anthracnose lesions were caused by C. orbiculare on control cucumber
leaves but were significantly suppressed on those of plants treated with the isolate. In conclusion, the isolate
GT1022 can potentially be used for the development of a new biological agent against anthracnose caused

by C. orbiculare.

4. Suppressive effect of isolate GT1022 on damping-off disease of cucumber

Damping-off, caused by Pythium aphanidermatum, is a major disease in cucumbers (Cucumis sativus L.)
and other vegetables. Strategies applied to control the diseases in cucumbers mainly involve the use of
chemical and biological fungicides. We isolated B. ambifaria GT1022 from soil samples collected in an

agricultural field in Shimane Prefecture, Japan. The GT1022 significantly inhibited the mycelial growth of P,

76



aphanidermatum compared to the control in a dual culture assay on a Luria-Bertani medium. Additionally,
zoospore germination of P. aphanidermatum was significantly inhibited in the presence of a culture
suspension of the GT1022 isolate. When cucumber plants were inoculated with P. aphanidermatum in the
presence of the GT1022, a high survival rate was observed five days following inoculation and oomycete
formation of P. aphanidermatum on cucumber roots was also inhibited. These results, therefore, suggest that
the B. ambifaria, isolate GT1022 is a promising source of materials in the development of new biological

fungicides for the prevention of damping-off disease of cucumber caused by P. aphanidermatum.

The STS1 might contribute to the development of a new effective agent for biocontrol of powdery mildew
in greenhouse-cultivated cucumber. Also, our results demonstrate the potential use of GT1022 in the
development of a new biocontrol agent to improve the control of diseases in cucumber, such as anthracnose
and damping-off disease. In conclusion, SML with an adequate containing good diversity was constructed
for bioprospecting research, and the possibility of biocontrol of plant diseases such as cucumber diseases was

demonstrated.
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