RA BB 2 AR R E RV B 150 B B 3% B A

BB F R T FREarIFRER R ER

FEE" - BRIRAL - BEEE - BRES - &HZE
TEREEZEGETEEENRS
“mE{EE - E-mail: kuocc@tdais.gov.tw

W

b

WAREF ZE AR EE  (Bacillus amyloliquefaciens) A ZFfliff & (Bacillus spp.)
Hy—7E - RIS R - BARANEE - RN - TS8R R SRR A -
REFAENTIE ~ 7K~ ZZRSAEYVIREAIL « AR - WAL F R E DA
TEVIRE NI H mbs 2% - ARAVDETEYR =0tk s o] DUE £ S EGUAEYE
41 iturin A ~ surfactin 81 fengycin 55 - "JHIIIRIFR RV AE & § EE A 4ERAEEDY)
TREN A A Y E A TR FE - EMIRTURIEMAEYIN AR » BT 1 oy g
RUEHE AR Z (protease) - df4E 7 fiRlE 2 (cellulase) ~ Bl 7> fil# 22 (amylase)
EAREHT o> ARl 22 (lipase) » FELRFRE A AR E M (phosphate-solubilizing) - A
TEVIRCE 77 (R R AR 1B S MEE (volaticle organic compounds,VOC)
AVESL  EAMEYIERB{EAE4E (plant growth promoting rhizobacteria, PGPR) IHAE -
A EFEYIE D UR S E - BRIHITEEE 2 DL gyrB BLRE TR L S AR i
FUSTATEALE Y - Al R0 & A E AR R A P DU S AR R R - R
BHENEY) < HE H#E - el EEE - REAVNEE ) 2 FHRE - FIH
B B A Y R B R B AR UNE ~ I EVERF8ORE ~ EVEEEN
a0 AR 1 PRETEUE RS R E R Fusarium spp B [RANE BA B2 2 HE DT8R -
BEEPRAL ER AR H Ehifi 2 %40 (Biolog system) ~16S rRNA £ gyrB gene f3ll53HfT
& - 0 RRALEA 2P fUARE (Bacillus amyloliquefaciens Tcba05)  A1[f PCR i
A H Tchal5 ik e - MR H OGS 2R A (iturin-A)~REDEMEZR (surfactin)
ZH— DNA R B » 80U Teba-5 EtkEAEATIAEYE 2 /) - &h/D 8
EEMNEE - ZHPEREENT 750 | R EEE - HEEK 4 REREA]
# 10" cfuml > PAEFE TR 10° cfuml - 53 5 {8 F EEhts - HE R4
£ 10° cfuiml - (& G8 #1151 T2 M B H 8 BT A sl - i = Bl i
FHfEIEERAE R - A5 PEmEE 2 A Lofy A AR B. amyloliquefaciens Tcba05 (g
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RS K TCBY407 - 101-007 £ TC2-8 itk » 4 m] A3 (R = R i i Z P fE 222
40% ~ HEZPREN Z ERIEE 30-40% » BURILEIREAWENIG 2B - RER
T EAMBCER A EYIR S ZP5asrHh - WSepp m b B a2 - ATz HESh 4

VIR SRR i (b 2 AR -
BRSERE @ Bk SR - s - P -
Al B

AR R 22 22 B H B EINER - CH R IHESGEEM R EY
ZIRasE MR - R EEERY AU 7 L 1 (EA] - R AR ALIKRHER RV A
TEYReaERVE 4 NI IS LSRN 2 e mE M - HER AR
IR A YIS RS AR - I E RS FH R E A E L o R B2 R
SRVt - DR REERIR R B EHVEEE - WIDHEEHNRE mLENE L 2
HATE R 2R — - RIS AR 8T 2 b 58 K e it ATETEY)
PER S M TRGENS (integrated pest management, IPM) 1 » ST AE KB IAYRSE
JiTAZ— (Jacobsen et al. 2004) » NEHBIAFFRACEEREENER & - FERE
BEEEREHVRIEE - BATEVIRESAESIIFREREAEER  FE—Ms - HWE
WA GEADUEE: - I H R E - RRBEmIYZ S -

fR4% BCC Research FYIZTIEH - REKEEEMSHE 2012 5 499 {(F35
JC » THET R 2017 FREE Ry 675 (B30T FEAMKERR 6.2% - Hireikdg
VIREET ISR 2012 5 21 (@350 0 & 2017 FRpk&ESR 37 @3 F
HEKER (CAGR) £ 12%- £V %E b EaEns 2 LhE R 2012 F/Y 4.21% -
pEhnE 2017 4y 5.48% - HURAYIREEEREEIERFREGEKE - 288
VIR ESEM T 0 BIFEE Y PRSI 5EA fET) - 28RN RV
Hinn 2y 0 FRETE - BEASENEYEMEYER - LA YR
RyEVIREE 2 RIR - EmBAER RS - WERE I Al R A R R
HyfErEE (R etal. 2005) - fEFAE VIR SRR ST 5 T BRI ELLISF iR & (Bacillus
spp.) HYBHSE R 2% - EFIE S B2 HTAE It s #% J1 (B, thuringiensis)
FHCPL Business Consultants &8~ » 2007 - 2008 &k JE A im S £ EKAEY)
REETSELELY Ry 53% FF 2010) - H b se FAP a1 EY RS - HARmb
PRI B AR EARE (B. subtilis)  JR(LEMIZFFMRE (B. amyloliquefaciens) -
EIRFAIARE (B mycoides) ~ MREFAIFREE (B, licheniformis) kg /NofF ARG
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(B. pumilus) % (&—) - R R BHER R EDTE EAYRER] - Z2L% E/E RIS
Y S B - B & A1 P R B BA B R e s 0y S 22 6]~ vl B DB E. (antibiotics)
HIFHRIREEVA R ~ A ST R R  E A E SIS E R 2 A&
(e ERE VI A & SGA EEY)E A DUR K EE{ER] (Pal et al. 2006; Cawoy et al.
2011) - WALHEAIEF AR (B. amyloliquefaciens) /& fy—4r @ MEVIRE > ZBE
PRES ALK ERY a-amylase fz protease » [A|Gfl Y MR BLFRIR R AL AR A B.
subtilis fH{L » Rtb i F-H 2 E 30 2B, subtilisd iy —{EoofE - 7 Welker et al.
(1967) &M DNA hybridization Z#E{THT5e > S AL ST R ALRA LR SF AR R 2
FRFHLE 14,7 - 15.4% » H. &2 DNA guanibe-plus-cystosine [%47 (G+C%)
ELZINA =22 » R FIE A 2 A AR B Ry R [V R - /F 1986 4F Bergey's
Manual of Systematic Bacteriology Y733 » TINRFRA bty S FAR B o0 M8 Ko L1
TLEE © 1B 2KBEZ T TR REVITFE LA o-amylase FYFRIAAZSE » 7 %22 Priest
FNIEAAEEAT] B3R » Rk oF fOAR iR H R 2 B AR B 2 A R Y R
(Priest et al. 1987) -

AL B ZF fE AR I (Bacillus amyloliquefaciens) 7 3 F _E #¢ f7 Fy i &A%
E #f (Bacillus subtlis group) o » L& @& B. subtilis ~ B. pumilus ~ B.
atrophaeus - B. licheniformis ~ B. amyloliquefaciens ~ B. mojavensis - B.
sonorensis ~ B. vallismortis #{1 B. tequilensis = (Achetal. 1991; Huang et al.
2012; Wang et al. 2007) > HEIZEEK & Y& # 5 (United States, Food and
Drug Administration, U.S. FDA) & fifi 5 AR G B B 2 B8 1 50 € Fy &2 4 Y B
(Generally Recognized As Safe, GRAS) (3 2011; Huang et al. 2012) - DJ{:4I I {E4%
16S rRNA S35 54T B BEETEAETT ITS Fe I 0 ig 8L 2 51 EL % > HE R FE S
MM 2 98.1~99.8% - ¥ > BE S5 Ay A 3 B A B A (b S 8 S5 5 i B A
B0 A By ik BE B o Y 2F AOAR G 1T 8 o B & Oy - BRPBEREREHE A DNA JiE
5 (DNA gyrase) - DNA gyrase ;& GyrB Bl GyrA ZEHFT4HE > 77 RIH gyrB
Bl gyrA gene FiEigt o FIH gyrB BRI TER - LA ING EAR R R AR
T H SRS TR 75.4%~95% (. 2011; % 2008) > AR A LB SF FARE
PR ~ #AKSFEARE (B. licheniformis) KAG/NaFfEifE (B. pumilus) 5 4 P&
RIRRR U & BT Y SR AR R AT TRURRA R & 7y - TRALE P AR R R & i AE
HEr 7 AR T SRR [ HY A Y - Hp & aminoglycosides ~ B-lactams -
polyketides 71 small polypeptides =5 » A [E]HY Q) E 0T [EIH 7 IR B EE A
fIHIE A (Hsieh et al. 2003) - H bl SOAR B B A b i oty 2F FO A B Py 728 22 1Y
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lipopeptides 91 » FHFEE; ZHY R AREEEEZE (iturins) ~ FREZE (surfactin) BLEHZE
(fengycin) - HETFEELAIAY iturins group 9 - iturin A iR EE LB 32 5 56 2 W)
' (Phister et al. 2004) - Iturin AR S—fEHiEEAENEI - IL{E &) & BlH
R L B R B Y [ S o TR P R &Y 0 (e T EHE LR R 0 2
BAMMER 2 EN > (EEMEE A RN o S BRI HE %
G AN -2 2F - G ERRCR(BE 2007, Besson & Michel 1987;
Peypoux et al. 1979) - iz (surfactin) fy—fH 2 fUiR B8 < Al e A= 2 B
HERR A=) S D& MR BA 2 fEERY) (isoforms) - 40 surfactin A~B & C» —
fi 35 T 2 I BT R RS B B A T - bR T B — R L2 5 mnE AR Bh RS
INEEERED  PiERIE R (Hsieh et al. 2004; Hsieh et al. 2008; Peypoux et al.
1999)- BFZE (fengycin) Fy—l doF A5 B8 < A BR P A RE IR LB B Bt
A28 TS AR R B R ATAH R - S H Loeffler S5 AFrdsEi (Loeffler etal.
1986) - &M E FIBREINGUEHRE (Rhizoctonia solani) EAHIH £ RIIR -
SFRZBFRIMEME - HIREAEYFAVEER 2 e - RIS Tt
ZE AR H AR AT EE 42 2 surfactin Bl fengycin % lipopetides » 2B 7 Induced
systemic resistance (ISR) HYSZJE - W] LAEEMEYIE AU S e YA & Z T3
(Ongena et al. 2007; Yang et al. 2009) -

HAIE AR AR E SRR AEE 2L 8
(Alejandro et al. 2011) - {540 E[E7 Certis /A E]FA 2011 £ EiHY Double Nickel
55™ BB B () » 2012 SEROEAESEBINNGER » FRT R B.
amyloliquefaciens strain D747 » 3 S R W) E0 0T H B B B W - Bl e
9% (Powdery mildew) ~ SKfER (Botrytis spp.) ~ K {&J% (Fire blight) ~ ZEBEK
(Alternaria spp.) EHBERL (Xanthomonas spp.) < o tE4h > EIAFEEEIZR EEEEL L
2013 7 5 HEXIHES TIPS A 2B Rl @A m 2 FYRE A
PR =] P 188 BIRFFE HRA LIB SFfEAR B (AR SR AR ) R dm MR o i
ViR R lES - WAk E A S S R/KEREYR - BINTTEREEZE A
GEEYE Y ERAT  ER ML EREREE . Bacillus amyloliquefaciens Ba-BPD1
W HRETREAREREAING AR ZBR - &t alE#E R B
amyloliquefaciens Ba-BPD1 E#k[EFF EATAEYIAER ~ BREE a2 Uk
(s 2011; 3 2012)- L 2013 A RF AR VIR R SR LR B flo R i 45 2
AERIRE AR A E] - SRR IR e R 4G e = AR T AR A F] - BRIk
AL S FAR B NME B ATER IR EV 3 4 - SH el DR A EYIE BB s -
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[FIRF R R RIS (R EPRDRINY) - INILEREE B 2 DhRe AR B 2 i
RER > TREERAVEIEELDNEE o B RIS R R Z IR AR BRIk
FEHHT EHE -

£

Table 1. Commercial formulations of Bacillus-based biofungicides

EUN WSt R AL Bty 2F f AR B B B 3% ~ e 3R LA S5 I e R HE AT

= i ©

BN E b Z S AR B ik = (Alejandro et al. 2011)

Product Bacillus spp. Target Pest Crop Manufacturer
Avogreen B. subtilis Cercospora spot Avocado Stimuplant, South Africa
Biobest B. subtilis Sheath blight, blast, Rice Appliedchem,
brown spot Tailand

Bactophyt B. subtilis Pseudomonas, Xanthomonas  Cereal, Vegetable Novosibirsk, Russia

and Fruit crops

Companion  B. subtilis Rhizoctonia, Fusarium, Greenhouse, Growth Products,
Pythium, Phytophthora, nursery and USA
Sclerotinia ornamental crops

HiStick?® B. subtilis Fusarium, Rhizoctonia, Soybean and Becker Underwood,
Aspergillus peanuts USA

Kodiak B. subtilis GB03 Rhizoctonia solani, Cotton, legumes, Bayer CropScience,
Fusarium, Alternaria soybean, Vegetable ~ USA
Aspergillus crops

Larminar B. subtilis Alternaria, Botryodiplodia, Vegetables, fruit Appliedchem, Thailand
Fusarium, Phytophthora, trees, ornamentals,
Colletotrichum, Corticium rice, and field crops

Rhapsody B. subtilis QST 713  Rhizoctonia, Fusarium, Turf, ornamental, AgraQuest, USA
Pythium, Phytophthora Vegetable and fruit

greenhouse crop

Serenade B. subtilis QST 713  Rust, powdery mildew, Vegetable, wine, nut  AgraQuest, USA
Botrytis, Sclerotinia and fruit crops

Subtilex B. subtilis MBI600  Rhizoctonia, Fusarium, Field, ornamentals Becker Underwood,
Aspergillus and vegetable crops  USA

Balled Plus B. pumilus Rust, powdery mildew, Soybean AgraQuest, USA

Cercospora spot, brown spot
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Sonata B. pumilus Rust, powdery and downy Vegetable and Fruit ~ AgraQuest, USA
mildew Crops
YieldShield  B. pumillus GB34 Rhizoctonia, damping off, Seed treatment, Gustafson, USA
Fusarium Soybean
\otivo B. firmus Root-knot and Reniform Cotton Bayer CropScience,
Nematode USA
EcoGuard B. licheniformis Dollar spot, anthracnose Turf Novozymes, Denmark
Taegro B. amyloliquefaciens  Fusarium, Rhizoctonia Tree seedling, Novozymes, Denmark
FzB42 ornamentals and
shrubs
Double B. amyloliquefaciens  Powdery mildew, Botrytis,  Vegetable and Fruit  Certis, USA
Nickel55 D747 Fire blight, Alternaria, Crops
Xanthomonas,
Pseudomonas

A This formulation is composed by B. subtilis and rhizobial cells.

— ~ Wb B S 7 AR B (Bacillus amyloliquefaciens) 2 i 8 3752

(—) FENEEEGEEE TR
A Bk S AR B M BB R S AR R 5= 97) (Bacillus spp.) » &R
[P MR - Frie RratE ~ BAREETE - TEE) )58 KSR AHE - RE 5
AT » AR T3 7K ZE R ARG NS - I RAE pH 2- 10 AYEREEZ R »
EAME R85 A REEEE R 30 -40C @ B RN BB DUES
NAEFET - B iHsess BER LB S AR R A YN A EDIEE - IR A
2GRS > NAERCED FAEEEAEERETEEMHEE R
solanacearum) A EHFEHIREEE (Chen et al. 2013) - DIFEIASE » o4 F Ak AR e
a-amylaseit T5Efl%t (Argirakos et al. 1992) » FTAEAHYBFFEER - LM 2 1
PR AT DI A8 R B A R - AR E &1L (Rhizoctonia solani) ~
MREURE (Botrytis elliptica)~ #FAiZ= /8% (Fusarium oxysporum f. sp. lycopersici)-
H489% (Sclerotium rolfsii) ~ #iiF} 45 9% (Phytophthora capsici) ~ ##55 £ /& H
(Pestalotiopsis eugeniae) =5 (Hf & = 2011; #f 2012; Hsieh et al. 2003) ; 41E A
JREFEFFIERIEER (Xanthomonas campestris pv. campestris) ~ fHi#& &K

B

(Xanthomonas citri subsp. citri) ~ #7Z3528%f&E" (Pectobacterium carovorum subsp.
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carovorum) EAEF55% (Ralstonia solanacearum) (Chen et al. 2013; Chou et al. 2012;
Huang et al. 2012; Wu et al. 1999) - £ A > S5LLTHYE K L e o i 258 HH 851
PRAHE - &E BRI EL PCR i g B 16S rRNA gene ~ 16S-23S
internal transcribed space region (ITS) EEEH — M4 IThgEF K~ DNA H EX »
¥ P B I S Y 5 ES A1) A National Center for Biotechnology Information
(NCBI) IWEREREETFYItEHBEE EERFEREE N ZHKE
o5 0 Ry AL B 2F f AR B Bacillus amyloliquefaciens AL - 1% %7 &€ 85 & AL ¥
IR ~ el FOFRINE G - ALl R A 2 EEYR IR AN B E B
HE R A& E & R o Fl % 5 Ralstonia solanacearum -
Botryodiplodia theobromae i1 Alternaria brassicae E.75 &% {2 9] i 3%
FO(E 2011) - ZRAEREBE S RGBS EE H AR Pa K S o
B FEHFF A (competition) ~ £ {E ] (antibiosis) ~ &% 4 i % S &
(induced host resistance) - {€ ## 4= (growth promotion) EdE 4 & &
#HMYESER (B etal. 2009) -
(Z) B REESEYERE

AL S AR B SC A 2E 56 B Al e AR MRS M R 22 B A R o
BEZ (cellulase) ~ EHTEI TR (protease) ~ FREA/TARIE R (lipase) ~ M /1A
%2 (a-amylase) ~ &2 FECE R E A A (phosphate-solubilizing) ZEgE 7 (G5
& = 2011; Welker et al. 1967; Vazquez et al. 2000) - HFiiff5ezEE Bacillus spp.
JEHYAIE AT DLy S e - H B AR E H R Rhizoctonia solani £
Pythium ultimum 4% (Fiddaman et al. 1993) - 5% A &g Bl seny &
AIRZEFUREE Bacillus mycoides CHT2402 #53H H 5 A N5|E /% (indole-3-acetic
acid, 1AA) B1ZR (NHs) 2P - AR R R e & 0 ~ PeNEL e =
TR o AT B RAEEEE (Chen et al. 2010) -
(=) EYERBRAELNETSE (plant growth-promoting rhizobacteria, PGPR)

PGPR {le #EAE Y E R AVEERI AT 70 Wi - %5 PGPRGAEY T ang bk 2B ~
& HRBE YRR A AR ET R EE LR T Ry E R (e A -
S—HEAIE PGPR YRS HEATUEYIE ~ S8 - R8BSk
EADURNY - BRI EEYZERFEENGEEEAR - IR R R
A (Chen et al. 2010) - Idris Z£ A\ %1 B. amyloliquefaciens FZB42 Uiz EMTE)E
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A E LBErEEY) (1AA-like) - JE R FoR4 e EL&EEH
PR ME EoR L4 £ (Idris et al. 2004) - Zehnder %5 A 23
B. amyloliquefaciens IN937a Jifi F £ & A {E¥) L - ml&k 88 & Al Z& 4= induced
systemic resistance (ISR) KZJ& > o] DIEHT CMV Ji3EHY A{R (Zehnder et al. 2000) °
HHEEETZEB. amyloliquefaciens KPS465%& 1 8% &7 indoles ~ lipopeptides
Edproteins » AJDUMEHEARGIRE - R EMFEE (Buensanteai et al. 2008) -
(F9) Pid9Y’Eantibiotics 5L

SRR B < ORI AR R E A AT E - HRlC A
W B AU EYETER S 170 DL > S EhiAeYE BN S EE YR A
BIEEFEHEAFER AR (Hsieh etal. 2003) -

PHSEEZR (iturins) RfEARE (B. subtilis) DLURGR LM /iR E (B.
amyloliquefaciens) =z ALY (k 2002; BH 2007) » JREs EEHLAEYE - 1
B T EARI &R TRES M, - 1Y 1957 BFHY Delcambe B Devignat H fifiEE
B B. subtilis 443 strain E S 53EEH  HETELHIAY iturins group E1& iturin A ~
B-C-D-E-Hrf iturin A Ry EZE H &% 28 £ MAZE (surfactin) -
Fy— T Rl EAR S A Y P s A 2 BRI AR Y SRS 4R - BA S REY)
(isoforms) > 41 surfactin A~B f& C- —f&i 5% i B E B Bl I R Ak o -
PrEA — LSRR ERES N IME B AR - DIERIS iR (P 2004,
Hsieh et al. 2004; Peypoux et al. 1999) - #§ #2 =7 Bk #5 1 - 26 & #% 41 B.
amyloliquefaciens KPS46 FiE4d: > surfactin BEEEYHIE RICEEY 4 &
ZIhRY (Buensanteai et al. 2008) - &[5 2% (fengycin) £ Vanittanaakom =5 A 2538
FFAREE B. subtilis F-29-3 Ffk 2 & HERT » HIIMEXWE (Rhizoctonia
solani) EAHIRIESRAERINZL » AlERESIVA IEFE A et - HabiiEH
RE R B BARERR FrH R » 18 REF 2 se th 8 B R LR SR fAR Rt B A BERERR Y
B [ENEEEY R EVEER 2 ThEE (Vanittanaakom et al. 1986; Wu et al.
2007) - 4 Alvarez 2 AJREH B. amyloliquefaciens ARP,3 £2& FIERH » 475
Hif1& iturin A ~ surfactin B fengycin ZEHEAK > BN KRS E XA (Sclerotinia
sclerotiorum) EA1ESAVHIHIE 44 R  E YA E BT KIEF R E R
4 (Alvarez et al. 2012) - FAFATEE 2 3 T EZEREIAYYE & KRG & B IR X
HE S IE K & Eet%d]  (non-ribosomal peptide synthesis mechanism) Fr& R (B
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2002; Blom et al. 2012; Peypoux et al. 1999; Wu et al. 2007) -

Z o BEBRMFREEERSHAZER

(—) EXHEHAZHSR

B EEREEHBITE H 700 SHRMEY P E RN E S REHREA
HREEFEDURE D 2 iRk - Hor B190 BIRRER T3 H G K80 n AR HISN - [E
0SS HoAth B R YR R R R B A IR A E R 2 UR - e R A TR
{BESFT ZE AR (Chiou & Wu 2003) - Biondi ZFE2357E B. amyloliquefaciens
D747 Btk > THARME R & RE 2R b A DUA 0 R A 5 5 5 R
(Pseudomonas syringae pv. actinidiae) WEEEHYE  [HHF D747 HHREENER %
gl 21 Kig o HEFEya %] 10° cfu/ml LI (Biondi et al. 2012) -
(Z) HRERMRENEZWIE

PR AN FTEfEE 2 B. amyloliquefaciens SPX-1 GRS H HEFHHEEEEED - 4807
FeNee B AAMIHIE MR AR ZAE T » o RIF B S A T H 255 1
AR RES g > N 4 FAEE > R SPX1 PR Z BT B il e
32.1% - EE¥TIRAHIE(K 67.9% - 558 SPX1 WK A H 5 Ry R
[EINF IR RN A - SRR AR BT BN EE AR - BEASRENAEYE
P2 7% (Chen etal. 2013) - Altinok 5 A Ftft 78R EF AR R B0 52
(Fusarium oxysporum f. sp. melongenae) - 1£ 5 = ##f#% - B. amyloliquefaciens
76A-1 A1 B. subtilis subsp. subtilis B379c » f&E57 R 14.1% Ei 16.6% > fH
IR R 91.5% - BAAER KN Z AR ERR G » [FIRF LW
MEEPREA PGPR I (Altinok etal. 2013) - AT A% ABFTEEHR - FIH B.
amyloliquefaciens KH412 Ei PMBO1 EfRAEHE]EL Streptococcus thermophiles
KH446 EPREEEE - ATBHERERE YRR - BRI ERReE
77 (Chou et al. 2012) - =% A ArémseEanf25ny B. amyloliquefaciens Ba-BPD1 ¥}
TP B - R [ B L B B B A (B SRRV AS BURE T - HH Tt P 7% P R R R K
PRI 36% ~ Jiti /KA - AIFR{REU R R LY 30 - 40% © HhAME ]
MRt Fusarium solani Ji == g7 aaFilstss - ] 10 #81& T HARAE(K
TR < MER AT 58% - H MR BA N AR (B 2012) -
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(2) BRERENEZIHE

Arrebola % A\ BH/KSEZFHEFT5EE> B. amyloliquefaciens PPCB004 [k » 2%
B 7 EAEMEE R ERE AR - S IREE R B
iturin A - Sy FIETTREREN IR AT 1 REHE 1 Koyl R &= E B
PPCB004 ERPRERIF R - RERE 2 o R I Ry fI A SR P (Alternaria citri) ~ B8ALfR
JEJ% (Colletotrichum gloeosporioides) EifH &7 % (Penicillium crustosum) o 4%
REIR - PPCB004 EFRI MR B RURIVRCR & E - THG 1 REHE 2 s
Fy 9.8% ~ (& —RpRFE 2 FEfiR Fy 100% - PPCBO004 BRI AT HE B I Y8R
Rz - PPCB004 EMEAT 1 KEEFHAH MRy 28.3% » 1% 1 REEFHH Z FE
KBy 50% o T EHE4HA] B 92% (Arrebola et al. 2009) - #i7x PPCB004 FEHifi &
TSR EIRE - n[DIBER(RE 3 MRENVE4 - Mohamed 5 AJRAIH] B.
amyloliquefaciens PPCB004 Effst& 1-HAEIRA G (1-Methylcyclopropene »
1-MCP) » & 7E45 &R - THRREE 1-MCP {2z PPCB004 Ltk » A%
& % & 9% (Phomopsis caricae-papayae) K s& JH A (Colletotrichum
gloeosporioides) FEAJK_EHVRBEA /N RAERAZE » 755 R B B T < 38 28
b HHIEAH TR Ry 48% B 39% ; THIuEREE PPCB004 + 1-MCP 7 389w 77 |
Ry 21% H1 15% - w] DABHEARE KRR 2 GRS 2 28 BERRIEIIARIVRE -
B IR AH AR L B A (e A AR B B v B 2 S5 (Mohamed et al. 2011) - &7k B.
amyloliquefaciens PPCB004 i 2 AA fi 3% At s i b2 &

= BREBRAERY FREEN B EYRE P RRR

(—) BB FEERE ZHEEEE

J/> 2010 — 2011 A H #E N SRR ] Rt i H I P s 8 -k 2
ffR )& (Bacillus spp.) HYAHE » FII A& B EF fAR B R 8- TR
HURR » Hrp4Rot Tcba0b kM HfE B EZ AW (Fusarium oxysporum) Ei
HEEHER (Xanthomonas campestris pv. campestris) EA& BEiEHTHCEE (B—) -
R TE AR FRAA LA ~ A A H B E 2 4¢ (Biolog system) ~ 16S rRNA K
oyrB ERAETT I > (REAS S - I RS /i LR - fAR i Bacillus
amyloliquefaciens: i 475% & B. amyloliquefaciens Tcba05 DUE{T1& & EalHE -
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(Z) DB

JfE F{HsienZE A (Hsieh et al. 2004; Hsieh et al. 2008) Fr=gZ= 2k » faHl
Bacillus spp. B9PTAE > 5[ F ¥t : ituD-f/ ituD-r €1 Ipa-14f/ Ipa-14r (iturin gene) -
sfp-f/ sfp-r (surfactin gene) - JEH] PCR iy =] HFfréfize > Tcha05S FAfZEE S -
a] 4y FIBElE L iturin B3 surfactin gene 7 E—M: DNA FH E% > &5HH Tcba05
REAEADAYE 2 A8
(=) BB E7aEE Bacillus amyloliquefaciens Tcha05 EERC G 2 BT

ARV EFMAEGE R - TP BT EER T SAHRBACEEI - WIRIIBEEE =
PRALRE B R R pH (E RIS - RER=ENE LA 10 | BEERE (Majar
Science Winpact 10 I) #E{7/NEIE el - <€ 96hr 1RULHE - IS8
A3 6.5X10° cfuiml > #550RT 250ml HEfERE 2GR TEN ML 3 % 2 %%
st RS IR AT T 501 B 750 | A EAERERE - &CH 96hr 1RUNHE - ¥
VEf T B 10% cfuml > AT T-ERIRE 10° cfu/ml -

b

HERER RS IERE
Bl ~ (LI ST TohaOB B s () RILHEEMpeR: (1) Wik

SR -

Fig.1. Bacillus amyloliquefaciens Tcba05 dual culture with Fusarium oxysporum f.

wibRwsres N HEsE

sp. tracheiphilum and Xanthomonas campestris pv. campestris.

(TU) EE RS B H B FR v R = B F R S AR VA sTAE

TIEZE R AR EFE SR (Fusarium oxuysporum) Fi5[#E - ELARERYSy
B8 ZHEEFY S G2 R REEE AT - A5 At eR bk
T SF AR R AR BRI 5 - &OR = B NERE DT a5 - AR ERILE
Z2 AR AR B IS - i BT M R S ] (R 40% (RBRE

B o RAA R T EAM SR FIER R En = B HEIPa M - B
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EE BB n] RS e R T ARy S S URC H R e B Rk - SR R EHVIER - A
BN 4 BRREER SR ETCBY407, 101-007, TC2-8 and Tcba05 » BiLEH:Ah

CFFORR BT P ERE  FEREE 5 - 10%  AHEEHR4E 40 - 50% Ay (R
SRR > ARSI EEHERER ZEE -

[ ~ WERR B S F AR B Teba05 g RRHIAT 100x » o] AR H 85 HE S
PRI 22 40% - (70 ¢ HIHGAH/G © iREE4H)

Fig. 2. Irrigated the 100x of B. amyloliquefaciens Tcba05 ferment broth on

Cabbage in the field, after 8 weeks, disease incidence could reduced 40%.

& &8

WAL S R Bacillus amyloliquefaciens 5335 _FJ& 5% Ryl 45 B B B.
subtilis group YRR P MR - JRFS BT 2Tt E R BB PR E B A %
FEINRE - AT LU Z RSN R ~ DUAEYE ~ EAMEBEMEYE - HAplant
growth-promoting rhizobacteria (PGPR) Lfi&E BiLa BHE V)2 A= D S 25 B kAl -
REBIEVIAARS ORI E R AR SR, - HATES N A R A bl 2 faif s 4
PRI & Double Nickel 55™ - B RERCIEAY A VIR SE - BAPNAEARSEETU
A eRgE B AR T EERSE t  BETHAY AR SERIRITE B N YIMRMT: ¢ (1) B892
(BRI ZAEP R AV EE IR > (2) IREEEFEEAVEC R - B4R Sa0
JRMERF L DA BRI - (3) BV EERIRIE IR E M - RN YT
(4) AV EEsURIE &S ARG E B SR E e 2 DR R
T © HeydariZE \B2 RO BRIAIAYBHEE ~ A ARl B RoR Sl - 2 T TG
HIBLSEE A TS IR @ ST E V)R SERRHYERE (Heydari & Pessarakli 2010)
Rl HEPIRSERA Rl Z B RE & > ARAUTRFEDIGRAVEERELN MY - (1) AR
EREMEYERBENTT& - bR E FERE s BRI (L 2B - (2) 2
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Development and Application of Bacillus amyloliquefaciens on
Plant Diseases Biocontrol
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ABSTRACT

Bacillus amyloliquefaciens is one kind of Bacillus spp. It is belong to the B.
subtilis group of aerobic, Gram-positive, peritrichous flagella, endospore-forming, no
capsule and rod-shaped microorganisms. Research on the plant pathogen control by B.
amyloliquefaciens is progressively increased. Bacillus amyloliquefaciens could
produced various enzymes, included cellulose, protease, lipase and amylase. Some
strains have phosphate-solubilizing activity. The lipopeptides produced from B.
amyloliquefaciens can also influence the ecological fitness in terms of root colonization
and also have a key role in the beneficial interaction with plants by stimulating host
defence mechanisms. In this study, we isolated a dozens of microorganisms which have
antimicrobial effect from soil. We select the Bacillus sp. Tcba05 strain which could
inhibit the mycelium growth of Fusarium oxysporum by the antagonistic test. Used the
Biolog system, 16S rRNA and gyrB gene identified TcbaO5 strain as Bacillus
amyloliquefaciens. The iturin-A and surfactin specific DNA fragment could be
amplified by PCR technique. Results showed that B. amyloliquefaciens Tcba05 could
produce the antibiotics. We commissioned National Chung-Hsien University produced
50 | and 750 | TcbaO5 fermentation broths, the total colony count could reach to 10™°
cfu/ml after 4 days ferment, endospores number could reach 10° cfu/ml, the total colony
count still can maintain to 10° cfu/ml after 5 months. We evaluated the bio-control
effectivity of Tcha05 on fusarium blight of asparagus bean in greenhouse and infected
field. The disease severity could reduce 50% and 40%, respectively. The 4 strains of B.
amyloliquefaciens TCB9407, 101-007, TC2-8 and Tcba05 fermentation broth used in

seed treatment can effectively reduce black rot infection rate. Application of different
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broths on cabbage in the field, cabbage black rot disease severity could reduced 30 to
40%. The results showed that the Tcba05 fermentation broth could effective reduce the
fusarium wilt and black rot disease severity, respectively. It expects to commercialize

with Bacillus amyloliquefaciens agent as soon as possible.

Key words: Bacillus amyloliquefaciens, Biopesticide, Antibiotics.
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