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O = A3 Table 5ol4 Hol&= ZAF 2 AF-olA AE&H PGPRT

B. lichenitormis K113 P. fluorescens 2112+ vl -$- Tﬂr‘*? I ERR =
TUE & T UG ol AFEute} o] AEAAZIE2H
AH18L TAA, IBA, IPA (1: 1.5 26), B. licheniformis K112 IBAE
A5 2E9 ABASH ]A‘: B. subtilis AH18%} B. licheniformis K119]

HPLC #412 &3te] g1 4 e, & A AHg¥ PGPR

a T
AZ 2 cytokinin® 3 F7F9 zeating AT E AS &4 = 2
o] A} o &
A =

=
Balete A% FeEsE dnE A4S O & A

< B. subtilis AH1S,

7Hd ‘jr7] = PGPR+t

Table 5. Mechanisms of plant growth promotion and drought stress resistance induction by

the selected PGPRs.

Functions B. subtilis AH18 B. licheniformis K11

P. fluorescens 2112

IAA (175 kDa)
Auxin IBA (203 kDa) IBA (203 kDa)
IPA (189 kDa)

Plant growth Cytokinin - * -
regulation Jasmonic acid + + —
hormones

Abscisic acid + — —
Gibberellic acid + + ++
2,3-dihydroxybenzoyl- ) ) )
. ) . 2,3-dihydroxybenzoic Pyoverdin
Siderophore glycine—threonine )
—threonine (808 Da) (1,958 Da)
(883 Da)
Antifungal fungal cell degrading fungal cell degrading
o $-1,4 glucanase —
activity cellulase (55 kDa) cellulase (54 kDa)
Tturin A gene 2,4-DAPG
Antibiotic —
(1.5 kbp) (210 Da)
Plant stress resistance + ++ +
induction (ACC deaminase) (0.9 uM) (4.3) (2.6)
Phosphate solubilization ++ ++ +
(calcium phosphate hydrolase) (63ppm) (59) an




O olgte Axz & u, PGPR 5 B. subtilis AH18%} B. licheniformis K112] 2] &4}
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S A FHE AE8T o don, AA aFef EvtE AEAIA 2 A F 75
ogt AEAGZHNEHNE AT F AU 53] &7, Qo] AlgH, 1F EnE F t
%3 2o Fab wolol M AYE auxino 2 FrjEE TAAC Hlsle] Ve FRE O %
& FTAEolo] S FAd 4 Al T3 F PGPR wFEQ W&o oste] a9}
EnES AFFH5olM AYAEZRE HEHE & F AT

O ©Y7]'s PGPR 2 B. subtilis AH18, B. licheniformis K113 P. fluorescens 2112%
AEWA SO 2 B subtilis AH182 siderophore®} B-14 glucanase, B. licheniformis K112
&3 iturin, siderophore®} B-14 glucanase, P. fluorescens 2112% siderophore®} A&
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AL, 3 T PGPR 5% B. subtilis AHI8 (auxin,

siderophore, B-1,4 glucanase genes), B. licheniformis K11 (siderophore, iturin, B-1,4

glucanase genes)¥} P. fluorescens 2112 (2,4-DAPG, ACC deaminase genes)®| <413} A&

WA=, 2Ed 2 A¥s FeEde 5o A5 primerss AZste in situ X7
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o]-§sto] A Ftste] wE V|FRstel AA 9 gssore] ArAbg o R a5 A AA] o A
s3] WY F e dxe d 2EH 2 g 1539 A FE AT B 1
A3 3099 Ax 2EHE 203% 50 mM vx9 19 2EHE oM E PGPR w5
Aol oaf 25 dx % a9 2EYE ghEo] wig B yeye e 2EYH S AEA
frEss A5 & AUtk E=g PGPR #F Ao mE 139 Ax2EdH X~ A
Lol g aFEE e dwAy AAbgeEol A e W xtelE AR A3 PGPR T F %
glo] oA 2Edx A FE= FHAA CaPR-10 (pathogenesis-related protein 10),

ACCO (ACC oxidase), VA (vacuolar H -ATPase), Cadhn (dehydrin-like protein), sHSP
(small heat shock protein)e] W& Z7}¢ ADK (adenosine kinase isoform 1T) 7% =}9
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SUMMARY
CEXTLY

Rhizobacteria, which inhabit the rhizosphere of various plants, can stimulate plant growth
and disease suppression directly and/or indirectly. Several reports discussed the
improvement of crop productivity with the biocontrol agents, instead of chemical fertilizers
and agrochemicals. Additionally, by the reducing of environmental stresses such as drought,
high salt, and heavy metals, PGPR lead to produce crops without losses. This study
focused the plant promoting ability and environmental stress reduction by the selected
multi—functional PGPR: B. subtilis AH18 and B. /licheniformis K11, and involved on fungal
plant disease by biocontrol ability of these strains. The selected PGPR B. licheniformis K11
and B. subtilis AH18 produced the auxins as well as antifungal cellulase, and siderophore.
Both have mechanisms for the solubilization of insoluble phosphates.

An synergistic effect was seen in the growth of red pepper and tomato when the soils
were treated with cells of both Bacillus strains. B. subtilis AHI8 could produce JA, ABA
of plant growth regulation hormones and B. licheniformis K11 produce JA, cytokinin as
well as auxin. Red pepper and tomato were increased growth of roots, stem, and leaves up
to 20% and suppressed fungal disease such as Phytophthora blight by the strains.

This research involved the best composition of mutual complementary bacterial consortium
by each strains antagonistic function such as the production of antibiotic, siderophore,
antifungal cellulase and solubilizing ability of insoluble phosphate.

Synergistic biocontrol effect between B. subtilis AH18 and B. licheniformis K11 was
confirmed through co-treatment of two single culture for red-pepper Phytophthora blight
suppression. B. subtilis AH18 and B. licheniformis K11 were formulated by producing
endospores with enhanced heat resistance. The antifungal activity of two Bacillus
formulators by heat-resistant endosopres was maintained for 6 weeks at 54°C and 7 days
at 0°C. In red-pepper field spreading outbreak of Phytophthora blight, the non-treated
pepper were died above 409%, whereas B. subtilis AHI18, B. licheniformis K11 and P.
fluorescens 2112 co—treated (consortium treated) pepper plants could be survived up to
80%.

Plant tissues increase ethylene under the environmental stress. An increased
concentration of ethylene in plants can cause inhibition of plant growth. The ACC
deaminase produced by PGPR can reduce the plant’s ethylene concentration by cleaving the
ethylene precursor ACC ; consequently these can stimulate the growth of plants. B.
licheniformis K11 have ACC deaminase activity for the reduction of environmental stress

such as salt and drought. Untreated pepper and tomato were dead after fifteen days of
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drought, whereas the PGPRs helped pepper plants to tolerate the drought stress. Even
under the salt stress of 50mM NaCl, pepper plants could subsist when the pepper were
treated with B. licheniformis K11. Difference of protein and RNA pattern in inoculated
pepper were confirmed using 2-D PAGE and DD-PCR method under the drought condition
for 30 days. As 2-D PAGE, 6 differentially expressed stress proteins were identified by the
strains treated pepper; pathogenesis-related protein 10; adenosine kinase isoform 1T;
vacuolar H+-ATPase Al,; dehydrin-like protein; early nodulin ENOD1S;
S-adenosylmethionine synthetase. Among the stress proteins, specific genes of ACCO,
CaPR-10, VA MH+-ATPase), sHSP (small heat shock protein), Cadhn (Capsicum
dehydrin-like protein), ADK (adenosine kinase) genes showed higher differences of
transcription in the B. licheniformis Kll-treated drought pepper compared toward the
non-treated drought pepper. These results will lead to the development of microbial agent
for organic farming by PGPR. Using the novel multiplex PCR and Real time PCR
monitoring method, B. subtilis AH18 and B. lichenifomis K11 could be detected until the 20
days after the inoculation in the field soil, P. fluorescens 2112 could be observed until 30
days. Pathogen P. capsici could be monitored to decrease on 20 days by treatment of 3
strains consortium until 50 days in field soil. The selected PGPR were able to increase the
stress resistance of crops in drought and saline soil conditions as well as to suppress
fungal disease of pepper. Treatment of PGPR can be applied to organic farming in the

stressed and pathogen-vulnerable conditions.
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Table 1. The domestic production of red pepper in Korea.

Cultural area Total production Production amount

(ha) (ton) (Billion $)
Rice 979,717 4,768,368 8.53
Pepper 60,842 414,135 2.30

(Dried + Fresh) (54,876+5,766) (160,397+253,738) (1.11+1.19)
Chinese cabbage 37,203 2,325,330 0.63
Tomato 6,749 438,991 0.62
Garlic 31,766 374,980 0.53
Soybean 117,552 198,752 0.52
Radish 27,130 1,277,483 0.36
Korean melon 7,077 199,752 0.33
Pumpkin or squash 9,327 339,097 0.27
Barley 60,849 200,485 0.25

Korea National Statistical Office, 2008

G A e Eote AwE duA s vd A, oA s dd ol a9
8 AwES A Loz 7 Bol AuE= HBAT w(Capsicum annum), 3 F<F
glujolell A A = PAE ¥IFE(C. baccatum), BAF shufu] 2o} Zpwo] 7} 2FF] B
W 22 P vl F7F Sk WAE AWM (C. chinense), tHlZ= RIAEES dPow sl

T FWMA(C pubesces), W& EtHtAFIR W= BAF ZFEA(C fusscens)
Tol AR EFA7IED FLFLFAEA, 2006]. 1139 P red pepper= FH W 7}

AFE 2FoRRE JHA et S8 FEste] HHAAU AT EsHIEd Y
AFAIAA, 2006]. B, EluEtel s sl so] gl SHka ) dE o RFE =Y
Atk gtH(Table 2).
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Species
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Jacq.
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Table 1. Classification and characterization of Capsicum sp.
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A& 2 AAte HAE Fode AEY AFS FAse ZUvAE(PGPR)o] &4
3} [Kloepper &, 2004; Belimov &, 2001; Hopkins %, 1999; Kloepper &, 1989], E¢o 25
Y auxin 59 AEAFHN S22 A dAlste B2 ZHnAEE] EHa doH,
o] 5] AsterA A5t Ade IHEI vk B, AEHATS Aslcte =2S Aiksks
v A=l g Al = wWel Hasal v, 2007 F- 5, 2007a; - 5, 2007b;
T T, 2006; 4 &, 2006a; A &, 2006b; ©] &, 2003; °] &, 2001; °] &, 2000; °] ‘&, 1999;
o] &, 1999; Georg &, 1998]. 28y dAA7IA = AEANGEHF I AEH Ao st A 3|l
ek AEAS A= ol s ey o VeESs vdsHA K vl A
ol g Aok ol THAVAEE el WHE H AAEol #I A= HaEo Xl Abe
7F A4 $ltHGeorg &

Bacillus subtilis AH18 %j
B acillus licheniformis K11 Antibiotics

ACC deaminag

siderophore

salicylic acid

Pﬁeudomona:'i( fluorescens 2112

* Plant growth ¢ Plant stress  Plant disease
promotion resistance induction suppression

See:, Stem, root Drought, salt etc.

Fig. 1. PGPR consortium for red-pepper farming.
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2 AFd A= ou AEFFGoR A /e AInAES] TFE(Table 1.1)S ©] &3}
o] A3, siderophore % cellulase AAts, auxin A2ts, Q2785 59 2 71#5dE A3
By mAlE #59 AAAY FHRHSES FASAY. AARAY SRS A4S s NE &5
o] x> mFAR e g IAge] A1 AEAGFI o] ¢ MEAFES FAHHS
2 ddstglorn, Al 2 gRe JiE AAvAE dFo] FrEHelal FE Ao R AY Ee
AEEZ 7 : = WHE Addste] FHA o AN

Table 1.1. The consortia candidates of the selected antagonistic strains by previous

research.
Antagonistic strains Antagonistic activity References
) ) ) ) Antibiosis
Bacillus licheniformis K11 Woo et al, 2007
PGPR
Bacillus megaterium K139 Antibiosis Jung et al, 2003
. .. Antibiosis
Bacillus subtilis AH18 Jung et al, 2006
PGPR
Bacillus thuringiensis BK4 Antibiosis Jung et al, 2003
Chryseomonas Iluteola 5042 Antibiosis Yun et al, 2001
Antibiosis
Pseudomonas fluorescens 2112 Lee et al, 2001
PGPR
Pseudomonas maltophilia ANM5 Antibiosis Kim, 2004
Serratia proteamaculans 3095 Chitinase Lee et al, 1999
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Main culture

| |

Heating stress for Field test

resistant end ospores
1 =

Adding of Carrier @

1 Commercial uses

Packing &
Pilot product

Fig. 1.1. Large scale producing of the consortium culture of antagonistic rhizobacteria for

commercialization.
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7hH 79 2EY2E ol &3 WAXA =
B. subtilis AH18¥} B. lichenitormis K112 A A|3tE st & 2EfAZE
A z21S ZASFA Y. B subtilis AH183 B. licheniformis K119 € 2~E#H XS 7}ste] E
s A7) e 4 2k HE I f HA APES AAskAT 37TCAA 7241 3HE b
o sFul Fgul Aol A v St B, subtilis AHI8%} B. licheniformis K11& 27y 37, 40, 45, 50,
55, 60Tl A 2A17F &3 4 2EHAE Jheto] 4 A4S 28 §F A8 =dAA 2
AHE A il FYE AEE Jolde AS AAST] fste] 80TeolA 157 A

5 3 A w=wdte] WA H colony-forming unit (CFU)E EAF9] & ZAbsEA U

o 7

(1) Dipicolonic acid®} CaCly 5o mE WAYXA 5
B. subtilis AH18%} B. licheniformis K112 ¥~ A} @A S S7FA1717] $138F4] dipicolonic acid
o} CaClhel v&%d ¥z 258 ZAMeYEY. H7FAZ AFE3E dipicolonic acid®} CaCle=
Bacillus WA FEAe] sE® Yehtbes Ao o529 HA77 XA I vA = 3=
AR HokTth 719 <l dipicolonic acid®t CaCle= B. subtilis AH18¥} B. licheniformis K11
o] ¥z FAFE A T A2rEH2E JFet= A7) #HIFet o, 5=+ dipicolonic acid
49 05,1, 15, 20, 25, 30 x 10°M< H7Fstgl L, CaCli= 0.7, 14, 2.1, 28, 35, 4.2 x 10°M
2 247 At g4z A& 80Tl 1517 Aglete] dFIAEE AA 5 LB

agar plate %ol A4 colony forming unit (CFU)E AZ3 A& ¥ A4 319}

eh. A AA S AAE AR R A T A A

B. subtilis AH18%} B. licheniformis K11, P. fluorescens 21122 44 A A sE $5Fe] A
A st Alds sk AlAle] Ar1E A, 78, Bys 918ke] dipicolonic acid, CaCly # 4
TEE AdYste Axd A4 FASE HbstAoh AAEY 23S dEo] 7hesd FEdE
(25ml)ell F3toh.

B. subtilis AH18%} B. licheniformis K11, P. fluorescens 21122 B A A s}l wpE& ZHA] 4
HelE F43517] 98t 7HE AN F A AL A AHS AAEAT A TS o
Nl sEINZA] AR BAWE A 7IEH Wyl wekA B, subtilis AH18¥ B.
licheniformis K112 54Col A 653, P. fluorescens 21125 45Col A 85, 54T A 653+ 7}
d ABANE S AAstRon, 0TolA 743 AL PP Alds AAs Ao A8 71 =+
AES IaeE g2 AZTE 47 80T A 1583 A sl LB agar plate ol A]
CFUE Al&% Aoz st AAFes A 48715 2 A+ G 6704 Fvlste] 1
Fulty 87 W B. subtilis AH18%} B. licheniformis K11, P. fluorescens 2112 A &5 =%

At ETe) 4 RARE A we MFAUnoR AME wEA,
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vho 2T A A AE Az R A T A A

(1) sS4 FrgAe] 44

AA el 714 A%, fE, Bds flete] FUIEAE ol &t FIHAE oY RAAEA
A71Qo2iE AES Aol APt Algne FrGAE T HETO] 53 FUH
Ag ezl el 2 dFFeith 7R AFE S AAskATh ZAAL TR B subtilis
AH18JJr B. licheniformis K112 LBuJA| oA 37TCANA 4A17F vkt wj koS 7z F7] e o
12 H&2 4o 54TolA 6577 waste] 15 Aoz sHete xa5E AU P
Auorescens 21127 30Tl A 6A1ZF v et S 7 F7]|gAle 1.2 &2 499 1AHE
b 45C 7ME2=Ed2E 7o) s|Aede A& dATE gelstidtt

(2) & A AA R AJE AlAE Al R A T AAHE AlY

B. subtilis AH18¥} B. licheniformis K11, P. fluorescens 21122 & A A 3= $3te] A A
2 W3 AlYS skt AAE WMo RE 22 B osubtilis AHI18%} B. lichenitormis K11, P.
fAuorescens 21125 vl gste] AAs FrigAled 1:29] H&2 S Y& WAoZ gAY A
AFY 2 719 GFHUlFrol Al AA AFe] ol AMgste= A Tkt

B. subtilis AH18¥} B. licheniformis K11, P. fluorescens 21122 XA A slo] w2 A%
HstE FAs87] flste] 7Hd M A RS AAstAT A@ 9] 7+ dEvls sENEH ]
Alek AAAs Alg7|=3 Wl Wl B, subtilis AHI8¥ B. licheniformis K11-& 54Tl
F ot PAAAAE S AASEE Al P. fluorescens 2112% 35T A 1253 714 A A
Jstdch Al 712 & ZF w79 AEA A Frkt A ERS g CFUE
st th. B. subtilis AH18%} B. licheniformis K112 A A|FCS 2 A 2gk x 48]
T F 6/ F 67EES FHEte] 15nt ¥2F 5 A8 P, fluorescens
AT 127H“‘ T 125 BFS THlste] 15Fetd 7 A &5 ARSI 219
A &2 B. subtilis AHI18%} B. Ilichenitormis K11, P. fluorescens 2112 8] <}
st Fe s Wl AR Hasts WHo R STt

o5

=

-

>

D
o N
y
>~

>
ro{t Uoh
L
o
HU

o
N
T

o o 2o
Ho -{O S

o

= ‘l\]

o b
il
_0|L

o
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2

A A L AFY FERNT AES A7 7‘017} BT 22 A3
9] 113F potol]l aLFAW el P apszcz«] FFAE 13 TED 10° CFU/mIE #FHFs 1
197 £4(@28TC, 70% %) Agstden, 29 3 6571 7FEd4dd Algo]l £ A AlA
S Aot 10° CFU/mDo} o, %3 Al AFAZIEA Fr71H o2 B Felst
AT
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AV B. subtilis AH183} B. licheniformis K119 & A A Al 3}

olx o] Ao M B, subtilis AHISY B. licheniformis Kl1°0] 11539 AA=Z=R3 115394
WA A F vAES Zol AYds w 7S AHEIPS w Hop AYAa3r o] Y&

]_
Ao 5, 2009a). ol#e AR F vAd=s A A = AASstaA st ont

nAEo] GU4E AHA= NE AAS st B. subtilis AHI80] HHAR1 -9l UA =
o} B. licheniformis K112 ARASA vt weba] 2xp7F wholst = Qe 218 25 AA
goret F Bacillus &°] <A stE ] FHGEHZ 6/LES AT F A Aok B AFdA
v HAZ 2HEE 5 Jde & Hrh B2 &9 o] EYH, AATRACA e F EFY
Bacillus &< 3 AFo=Z Al AAS stz & of 483 5 Je M2 AASS $HS

dins ity

(1) Bacterial strains and growth condition

Bl Fel¥ B. subtilis AHI8%} B. licheniformis K112 o|n] 139 A7 9 33
Ay WAool HEH vl s (multi-functional) AEAAEZH ZHAMF(plant  growth
promoting rhizobacteria, PGPR)°]tHA %, 2006a; 2006bl. ¥ Bacillus & Luria-Bertani
(LB; 1% bacto-trypton, 0.5% yeast extract, 1% NaCl) &2 01X LB ®{XE #A 37C 9
sttt CFUE SAet7I91s] A4 wiAl& AHEE 45+ 15%9 &S H7betdo +

7VA Bacillus %2 2%, 15914 52T 7A€ Aﬂw 2 X0l A §wr | 7Fsdlem A 2=
v 31CE YErWth. F Bacillus 9 ZAA/AE tHs7] A&l 2+ B. subtilis AHI8
o} B. licheniformis K11 50ml¢] LBel| &3t ] ko wE o %%8’ ME &5 LB 4%
o s ZASEA Y. LB iAo A F Bacillus® FEHl& Seto 2 g4d] AE 4 gl
S A2 P 540l dolste] F mAES FEst e of# ol T AAAR LS 59
Hor 4 NbEste] Pt s gl AETAE excel2 HERH ST

(2) Preparation of inorganic carriers

2 ATl AR FIEHAE ATl s thERrekH A ti7lE e 2717F 0.6um ol skl
F7IEA RS AR =], ol SRWETE e Aol 671 ol WA xR <HEA
2 FHS At gEstdrts ol A A ofg A™olAv A 5, 2007]. ol
Az, ddAow Fea e AA ASdelEMG 513, AF 4E), 4 AlEdo]lE NaA
o} NaY(RL=d gid)oldtt. BE A= darste] 80ToA 29 &t AZRAA AHEE9
o} &4 9 pH Ast7] A= 1gs 10ml o S/l ¥l 10%9] slurryE W & pH
meter (Corning, Lowell, MA)E o] &3t S48ttt GAle dxA7|= Al5AFAE 9

s wralxl vhol o},
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(3) Production of Bacillus endospores by heat-treatment

A]

A 2EYAE o]&3 ¥x S A F(2007)0] Ex3 WHES HPste] AldESAT H
B. subtilis AH18 ¢+ B. licheniformis K11& 50mle] LBol Z}z} HE3slal 37C oA 3¥¢&E°
et om, mt & dAEgste] dATS 3|7ste] b4TAA 1A EXE & & ~E

o

&
3

& o

|

2 WAEAE FEART AT G4H F, Ho } 9,1% YIFY AEZ= 80T oA 1023 7t
Aste] R APEAIZATH o] B & Aol e YAdA wate Fwi= 24 10° CFU/ml At

(4) Formulation procedures and stability assay of the formulation

AelA A TGN F 7HA] 7242 Iml A& @A 5gell Aol AASE st xE Eet
28 24 FUYO6 x Tcm) & e 1g¥o] & AAS 24 e Az 4 249
T FEE 0%W/wWRded, o] FEe @AV TA = 4ol cakingo] dojuA| sk
HERET JA9 HHE AT & ds BT e 232 I3 HE HEA= F%A
b g7l AR W e i vhakete] 45T Al Fa 20 HA oz 270 d A
AL 2] NFE AR Yo ZAstY xS AAGHY T4 A8 H S {4
AE#(1 x 10cm, diameter x length) o Iml® ¥ i S-S A7) &) FgpdEo =2 <
TE 2 5 F o] 45T di*‘oﬂ FaL 7%% W o s AEsE IATE AT BE

] N/No versus time

(5) In vivo pot test

B. subtilis AH18¥} B. licheniformis K112 G Astd A A2l nF9H AT 1F:YLE
A5S AF37] s8] 28T, 50% w=9 AEZwjdado]s F(Capsicum annum L., &
-Seminis Korea Co.)7} o] % ojdE FE(90.0 x 90.0 x 70.0 mm)olA AAAct. =7] 9
Zol7} ¥ e ASAH e 153 X EC nFAW I Phytophthora capsici® zoospores
2x10* spores/pot CFU/mL #FHE3te] 147 $2(28C, 70% &%) g, 29 & A3}
MAE AAZ 10 CFU/pot A ate] A% ASA7IHA F712oz wHS &8
THTYe Agd 13 XE

st wasllh AgENs HEe w
I3 A

ot
1o

RN R ot it
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6) Aol 15 AW 35 A

AA ) E¥ ¥ F B. subtilis AH18%} B. licheniformis K119] 115 @A 2 $-

__I__

ol BE Ao oA AAe nEAAERAS AT ZAlo aFI T A A
uF 2P F£E 3 st 15974A 3 #elEdi nFre] Awe oo w
A

, BE AYTF 27H4 Wol mg) 2%01] %-{% <R }_/gg\_a;ﬂ SPSEEPSEEANPE *r?i
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3. a7 ANEF 23

(1) Mditse] 7148 45uad AxAgde 74 2 24

75 PGPR = B. licheniformis K11, B. subtilis AH18¥} P. fluorescens 2112+ X+
AFAHWLRl P, capsicis W FE3e] EntE ASSHWQ Fusarium oxysporums W53k Uf
Q H

~HAEPL 7R WS $53 PGPR #F 50| tH(Table
] A

A
N
o
U
=
. o
>,
S
:
2 o
of -
&
1>
i
0%
o
by
N,
Ir
SE,
ro,
2

a7k = ACC deaminase A B. licheniformis K119 F W& 715 dF=2 A4
B #FE 2% FERILOE £d, 2FATIH 8N RS R 4F Ads s
T FHA Y AXAY TS AASAT. olF F ol Table 1.3914 H= AAH 7709
ME A AEES A2 2ete] dInAE ALAY FHFSZ No.o 194 No. 11744
EF 10 RIS 7SS o5 F A e BT EY Tl Bacillus sp.EA EA 34
= T AV BHE frEel 7hed w48 AASE vhsstERE A SR W
g Aojgt AzEn

Table 1.2. Antifungal spectra of B. licheniformis K11, B. subtilis AH18 and P. Auorescens
2112 against plant fungal pathogens.

Suppression Rate (%)

Pathogens Plant Diseases
Strain K11  Strain AH18 Strain P2112
Phytophthora capsici Blight 91.5 935 90.0
Fusarium oxysporum Fusarium wilt 93.2 92.1 705
Corynespora assiicola Brown spot 66.8 55.5 65.5
Botrytis cinerea Gray mold 89.2 92.6 62.3
Rhizoctonia solani Sheath blight 92.6 96.2 66.5
Pythium ultimum Damping off 51.1 68.8 55.6
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Table 1.3. Consortia composition of the antagonistic rhizobacteria for inhibition of 2.

capsici.
Strains B. subtilis AH18 B. licheniformis K11

B. megaterium KIL39 No. 1 No. 6
B. thuringiensis BK4 No. 2 No. 7
P. fluorescens 2112 No. 3 No. 8
S. proteamaculans 3095 No. 4 No. 9
C. luteola 5042 No. 5 No. 10
B. subtilis AH18 - No. 11
B. licheniformis K11 No. 11 -

(2) 24 A2AYd FRIZO i ovivo pot S 3 ZH WAl 2 AFSe Hlal

S7el A AEErA #3F9F 1179 AaAY TRES Ao r w2y wasal 134
AZ2AS AES AAFIT. 1 A 8719 A HFF RE 50% ol mEadw whAls
Uehilon LA AAsE wIsigd. 53, B

[e)
g, 1FAH WAE AlFodA = 69 AAAY Y F ARADE AYshA g LFHI
Ae Aol YEhYE BEH AAAIY A Fol A s 50%0]de] WAl TS UESlaL, ols F
A2AE 1T No. 119 WAool 7HY =skoh whekA, B. subtilis AHI8% B. lichenitormis
K119 =3 HAA&AIE No. 112 15949 WAl so] 7MY gdsit= A4S ¢ F A (Fig.
1.3, 14). &, BE& AgFodA 154 FHYH ARG 19 AFEHsS g

. lichenitormis K119] Z3&<l ALAY

Fig. 140lA ¥+ AAH B. subtilis AHIS¥ B 2l SH I
No. 11 AxAlge] 74 & 484F 052 Yt 1%, 27987 A3 A5
A g W ALE 2T HEFe o] £ FUAW, 15T AFom 9y w4y
of FEAJLAE BT A2 FRE A TANE BTk wEsA Age] $4 3t
A ARG B 5 AU olg 2L Are D3P PAE BE o nF YFHASE
FA AAE $58 AnAgelths RS BelFE Aol
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Fig. 1.2. Phytophthora blight suppression and auxin production by the selected antagonistic
rhizobacteria.

Suppression of Phytophthora blight (%) = [(No. of total pepper plants) - (No. of infected
pepper plants)] / (No. of total pepper plants) x 100. The plants were watered every 5 days
with 50 ml of sterile water. Values are expressed as the means of three replicates, each
containing 20 plants. TAA had been estimated absorbance at 540 nm with Salkowski test.
Concentration of IAA means the highest value of IAA of 72 hr-culture. Standard errors

were determined at P<0.05.
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Fig. 1.3. Phytophthora blight suppression by various antagonistic consortia.
Either B. subtilis AH18 or B. licheniformis K11 was mixed with on of the 5 different
selected antagonistic strains. Values are expressed as the means of three replicates, each

containing 20 plants. Standard errors were determined at £2<0.05

Fig. 1.4. Phytophthora bight suppression and plant growth promotion of red-pepper by the
various antagonistic consortia.

N, treated with only P. capsici;, C, treated with only water; No. 1 from No. 11, treated
with P. capsici and consortia of antagonistic rhizobacteria.

Each PGPR strains of 5 x 10" cells was treated. The plants were watered every 5 days

with 50 ml of sterile water. The pictures were taken at the age of 15 days.
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Fig. 1.5. Phytophthora bight suppression by the consortium No. 11 on the P. capsicr

infected field soil.

N, treated with only P. capsici; C, treated with only water; Pot 1 and 2, treated with P.

capsici and consortium No. 11.

Each PGPR strains of 5x10° cells was treated. After 20 days of treatment, the antifungal

activity was determined. The pictures were taken at the age of 18 days.
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A4 A4AQ No. 11 ] F AFAEE o] 45 w444 47

2 A

71 93k, ME 59 B. subtilis AH18%} B. licheniformis K118 27 @& 02 w3k 7
I T gAFE A HES wiYe A, i dsom wYgs AS HE Al &85 A
S 77F 371 A gEte] 9 WAlT Y A TS AT FAMGSE A GE5S vl
&3t A vHwstAS w 9 HATY AS5HTe BT AUA 2HE HolX AR o
S & =83 Aol AR 2t AA YEWT S £8 ATFodAE =2 o
H TE A 9 T EE EA
vl 7

Fig. 1.6. Phytophthora blight suppression and plant growth promotion of red—pepper by the
treatment of single cultured strain or co—cultured consortium.

N, treated with only P. capsici, C, treated with only water; 1, treated with P. capsici and
sole cultured B. subtilis AH18; 2, treated with P. capsici and sole cultured B. licheniformis
K11; 3, treated with mixture of P. capsici and sole cultured B. subtilis AH18 and sole
cultured B. lichenitormis K11; 4, treated with P. capsici and co—cultured consortium of B.
licheniformis K11 and B. subtilis AHI8. In single treatment cultured PGPR of 10° cells was
treated sole. In mixing treatment sole cultured PGPR of 5x10° cells was treated. The

plants were watered every 5 days with 50 ml of sterile water.
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Table 1.4. Growth promotion of red-pepper by the treatment of single cultured strain and

co—cultured consortium.

Fresh Stem Leaf
Treatments

Weight (mg) elongation (cm) number (ea) size (cm)

None 14+1.5 6.3+0.6 10+1 2.5%1.9
Water 97+1.1 11.3+0.8 13+1 45%1.9
AHIS8 38+1.2 7.4+0.8 11+1 3.1x2.1
K11 34+1.5 7.5%+0.8 12+1 3.2x2.0
AH18+K11 82+1.2 10.9+0.6 15+1 4.2x3.1
co—cultured 37+1.1 7.6%0.8 11+1 2.8%1.9

The plants were watered every 5 days with 50 ml of sterile water. After 20 days of
treatment, the growth promotion activity was determined. Values are expressed as the
means of three replicates, each containing 20 plants. Standard errors were determined at
P=<0.05.
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Fig. 1.7. Cell growth of PGPR strains on large scale fermentation.
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Fig. 1.8. Effects of various carbon and nitrogen sources on the growth of B. subtilis AH18

, B. lichenitormis K11 and P. fluorescens 2112.
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(2) A2AH 2T AA s}

7h 7t 2EH2=E ol &% HABEA

B. subtilis AH18%} B. licheniformis K112 Xﬂ?ﬂlﬂg Aste] tE2EY 2R 3 ExHA
AN&E DA A3} B ficheniformis K119 A% olvu] W1 B. subtilis AH182] 7}E =
EY 2 ol A= 21[H 5, 200713 %%6‘}74] 55CAA 71 =& AP 4 se WEY
AtHFig. 1.9). T3k wjFAHE R wjko] 55T 7FEAEHAE FAS u wSFAIZE 7247
AANA 7HE =& AP ES HER A webA, B. subtilis AHI18Y} B. licheniformis K11
R 72X 7 wjFde A 55T 2A1%F Aglste] FAE AT UME 2EH S IAE A AA
stol] o]-&3t7] = 3t

(1}) Dipicolonic acid¢} CaCl, s @& 2 Fx%

MAL A A E Y8 B, subtilis AHI8Y B. licheniformis K119 ¥ 2} f 2% FAA7]7]
st Aoz xzabe] dFEZ EAStE F7]9<Q) dipicolonic acid®} CaClE #7}1sho]
EA RS ZARIE ST Dipicolonic acid®] A5+ FEE MES= g ZAA A F
I 12%7HA nEEE EAEH, Ca¥'d 48 FAete] A NIl Bolate EHolE &
4 A Jang 5, 1995]. ¥ A= B. licheniformis K119 7% dipicolonic acidE ¢ &
FrEE HEsE A3 Fig. 1.103 #Zo] dipicolonic acid® 7Fell o8 108] o]Ae] Ex} A
=597 Jebgth a8y, B subtilis AHI82] 799 dipicolonic acid® 25 x 10° M
ol HE Ae o3ld AIAES AAtE A= 9 T AT WA B

subtilis AH18% B. lichenitormis K112 A% ZA3 A A 50 x 10° M9 dipicolonic acidZ
A7bske Blo] 7HE ZEE&AQ AR ZAFHSI

CaCLZ F=¥= A3 4$ol= Fig. 1.109] Aol AH 7.0 x 10° M& F718e
B. subtilis AH18¥} B. licheniformis K11 2+ 7MY =& ¥ 2 555 YeERAT. 9]
o AWz B u B subtilis AHI8Y B. licheniformis K119 5.0 x 10° M<¢] dipicolonic acid
9 70 x 10" M9 CaClxe #H7bstel g3 7t 2Ed s WAEAE FEshe Zlo] 7H
&4 Foz FAESIT
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Fig. 1.9. The effect of heat stress on spore formation of B. subtilis AHI8 and B.

licheniformis K11. Values are means of 5 independent experiments. Standard errors were
determined at P<0.05.
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Fig. 1.10. The effect of CaCly and dipicolonic acid on the spore formation of B. subtilis
AHI18 and B. licheniformis K11. Values are means of 5 independent experiments. Standard

errors were determined at P<0.05.
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g AgAAE A @ AN A
(1) o4 AR AANE NEE AAE A

A z3Q B. subtilis AH18%} B. lichenitormis K11, P. fluorescens 2112 A AA A 9]
23 AAS ol et FAR] BE Atk AALAIY A AES BHAYUY dad
glucose®} &FFH A AE ALE-3F 71w %] (Table 1.6)e] pH 6.8, 30C, 180 rpm, 7] %

¥ 8 L fermentor (KF-8L, KoBioTech Co., Korea)E o]-&3}]
shlth. oleldt s & Fopaa WS Faste] F71&39 AXA T A7)l
S HE oz AA A (Table 1.5).
dAeete] AFEA7aL, A S st spore /3 Wi Al (Table

=5 AASsEA T Spore @A A= vi eI H A Y] H] & o
827} Hir&s FYstdon, HANMARZ AEE FAsE MASAAZIE] (F Aol AA &
A& HAEAAS] AAstE st AMEt= FARE 24 wel FAIE A B, C 3T/FE
TEsto] AFESFAtHTable 1.7). BA W3 A F & AAlFo 4 DEo] 7t Feld=(25
mbol TS hFig 1.11). o€ A AAAst AJg8o = AiE A AA(Fig. 1.12)+= 7k =13
Az A HAAHESE S5

AL
Z _ lome
0% %o MU ol

rob

r

Table 1.5. Optimum conditions for on large scale fermentation.

PGPR strains

Conditions
AHI18 K11 P2112
Time (hr) 72 72 9
Temperature (°C) 37 37 30
pH 7.0 7.0 7.0
Air ration (NI/min) 2 2 2
Agitation (rpm) 200 200 200
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Table 1.6. Main culture media of large fermentation for microbial agent containing B.
subtilis AH18 and B. licheniformis K11.

Materials Amount (%)
glucose 2
corn dipping 2
Ammonium sulfate 1
KH2PO,4 0.6
K>2HPO,4 0.4
MgSO;4 - TH20 0.3
MnSQO, - 5H20 0.05

Table 1.7. Additive materials for the formulation of microbial agent containing B. subtilis
AHI18 and B. /licheniformis K11.

Additive materials

A(%) B(%) C(%)
culture medium 89 80 88.7
Glycerol 7 10 10
Tween 20 4 6 1
Na-propionate 0.3
Span 4
Total 100 100 100

Endospores producing induction
Dipicolonic acid 06 x 10° M
CaCl, 0.7 x 10° M
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Fig. 1.11. Liquid formulation : Storage test for a commercial agents. Commercial culture of
B. subtilis AH18, B. licheniformis K11 and P. Auorescens 2112 for pilot production.

Blending of additive materials and packaging of B. subtilis AHI18, B. licheniformis K11
and P. fluorescens 2112 for liquid—type pilot production.

Fig. 1.12. The pilot products of antagonistic microbial agent formulated with B. subtilis
AHI18, B. licheniformis K11 and P. fluorescens 2112,
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o AR AAER SARE A e AN I 52 USE 2L B AUG
RIEEEED
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737}# EXPPJ Pl mA = FEFs x A FARE H7ME Agok FAE HUbekA
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BEA ﬂ B, licheniformis K117} 38k o=z ¥ 747 32 10°CFU/ml )4 oF
AatAl FAHE S g & F dNew, FAsE HUbsAY 544 OLE R e I B e
xFol 7} AL gAYt welA B. subtilis AH18%}  B. licheniformis K119 714 XA} Aol <
& AAstelM = FAE H7be 22 bFAC & S FAA Feva A4ET vkd
2EY27F EARe] b g Z 9SS v E AztEn a2elal P Auorescens 2112
o A% 2713 10°CFU/mIdIA 45C, 54Tl A BEFE lagdAw FA= 7k f53 4
#Hglo] BE AlAFO] g5 EWE L AR Abdstal ko

0ColA 73 A tdAd AdS AAS A3} B subtilis AHI18¥ B. licheniformis K119]
A% FAeE T FAR ATl 100 CFU/mIe MFE §A8 % P. fuorescens 211201
A FAgFe FAR APl 10° CFU/MmMIY MFE FAskAk(Fig. 115, 116, 1.17).
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T 2 AFE NAAE Fouk FARANA 25 o 2 S AT F AJL P
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upebA] 7R AFAIERD a1 AL A AIFATRE v Fo B o, v& al
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Fig. 1.13. Stability of pilot products at 54C, 6 weeks-storage of B. subtilis AHI8. Values

are means of 5 independent experiments. Standard errors were determined at P<0.05.
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Fig. 1.14. Stability of pilot products at 54C, 6 weeks—storage of B. licheniformis K11. Values

are means of 5 independent experiments. Standard errors were determined at P<0.05.

_61_



12

10 N ~ A /
8 i
6 i
o 41
« —@— AH18
- —O— AH18+A
2 - —W— AH18+B
—/— AH18+C
O T T T T T T

0 1 2 3 4 5 6 7

Days at 0°C
Fig. 1.15. Stability of pilot products at 0C, 7 days-storage of B. subtilis AH18. Values are

means of 5 independent experiments. Standard errors were determined at P<0.05.
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Fig. 1.16. Stability of pilot products at 0C, 7 days-storage of B. lichenitormis K11. Values

are means of 5 independent experiments. Standard errors were determined at P<0.05.
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Fig. 1.17. Stability of pilot products at 0C, 7 days-storage P. fluorescens 2112. Values are

means of 5 independent experiments. Standard errors were determined at P<0.05.
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oh 2 EAAE A 2 AAE S A
(1) ZAAE g F71EAe] A4

wHEAAS S g FIHAE AAsH] 9 7FEebEAE AldES AASY. B subtilis

AHI18% B. licheniformis K11 w59 &3 F7]FAE 54TolA 65752t &lste] HE4

o7 FIGA Zeolite, Nllites AA3AtH(Fig 1.18, 1.19). P. fluorescens 2112 T+ &

& F7IHAE 45TColA 1IAZEEt TME2Ed s HAPS B3 HITASE F7IEA HI800,
il

Zeolite, IlliteE A A&AHFig. 1.20). AAT F7)FA¢ Zeolite:x: (F)H-FEHEH T3S
Aola, Mlitew (F)eF Lol EZEYH 3o, HIN0S (Aol ER o2 HE T+

‘?:‘9;?‘?}. A3 F7IEAEe] B3 JH = Table 1.8 WAkt

Table 1.8. Information of selected inorganic carriers.

Zeolite Illite H1800
Color Brown Yellow White
Appearance Fine powder Fine powder Fine powder
Bulk specific gravity 2.6 g/ml 0.15 g/ml
pH 6.7-7.0 8.4 6.5-7.3
Si0g 71.13 52.01 774
AlO3 11.12 30.5 12.79
Na,O 0.94 0.43 3.12
CaO 1.34 0.01 0.56
Typical Fe;03 2.31 2.3 0.45
chemical K20 2.11 7.26 541
analysis, TiO2 0.23 0.46 0.05
Weight % MgO 1.35 0.25 0.17
SO3 0.12 - -
LOI 6.36 4.49 -
P20s - 0.02 -
MnO - 0.01 -
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Fig. 1.18. Influence of inorganic carriers on the heat stability of endospores of B. subtilis

o

AHI18. The graph above shows the result of measurement on one week basis, keeping

inorganic carriers during six weeks in 54C.
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Fig. 1.19. Influence of inorganic carriers on the heat stability of endospores of B.

licheniformis K11. The graph above shows the result of measurement on one week basis,

keeping inorganic carriers during six weeks in 54C.
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Fig. 1.20. Influence of inorganic carriers on the heat stability of P. fluorescens 2112. This
graph shows a decrease of the number of P. Auorescens 2112 according to each carrier.
We have examined with the way on one hour basis applying to heat stress dyring on

hour.
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(2) EZA A BAIREE AJHE AAE Az

B. subtilis AH18%} B. licheniformis K11, P. fluorescens 21127} wj<k® A ejol A B.
subtilis AH18%} B. licheniformis K112 F 7194 Zeolite, IlliteE, P. fuorescens 2112+
A H1800A, H1800B, H1800C, Zeolite, Nlite Z+ztell wj kel z} Fr71ghA]7} 1:29] H|&o]
2 Aok ol#fg H&ER FUIEA 1gd 500uge] wgdo] SVt E o] olE |

S

guldel 14 ATEFE su Wit greree] I AU A% 2% AFEA

Ath(Fig. 1.21, 1.22).

‘ ; !
Fig. 1.21. Powder formulation : Storage test for a commercial agents. Attaching of carrier
and packaging of B. subtilis AH18, B. licheniformis K11 and P. fAuorescens 2112 for
powder-type pilot production

Fig. 1.22. Storage test for a commercial agents. The carrier that microorganism and carrier
was mixed in the ratio of one to two was packed and packed it again by one gram. At

first, uncolored plastic bag was used and then, colored thick plastic bag was used.
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B A < BAA BEE W3} F

Y

A%, e B AAIA WEte] mE dAe kB E A7) f1ete] B. subtilis AH18%
B. licheniormis K11—°— NAFOZ AFe LFEA o] Dad FEFr o] FAeE AE
T 9 6N F 672, P. fluorescens 2112+ 12 g 04 15wt} B. subtilis
AHI18¥} B. licheniformis K11, P. fluorescens 2112 A A%< i 5%

Ho= etz a FAMEdY. dgvln FENEH o] A FAHSE A E 7] Eel uhet
B. subtilis AH18%} B. licheniformis K112 54ColA 65, P. fluorescens 2112 35T A 12
T o= AdsA T
a2 hAA A B9 B osubtilis AHI8S AR s F FR{o F/IFA 229 vEE
FEoF oF 100M7FEF ZAaAA EAY FEE CFU 10° o4 #AA12 3 Control= o 4=
A FasEA GAtH(Fig. 1.23). olo| wksl| B. licheniformis K112 A 43s F FH{Heo F7]
A7k EA FEE 65 FE oF 100W7hEF A EA] FEE CFU 10° o) #4114

ARk Control +E o0& H4astAthFig. 1.24). ©l¢t 22 A= B subtilis AHI8% B
licheniformis K110] 43t 2} AAFo| A7t 12 b Fo|A ZolE HOtE AS L}E}
ok 23402 B subtilis AHI8% B. licheniformis K119 2 A A slol| A A g3sk H7
Zeolite, Illite7t thtnl=r w20 FH o] AAZ A WS} AJd7|E& S23] A7)

UEt AT 53] Zeolite®] 4 ©7H7F A gt skl 2 oy zo] glo] AAbH] At
& Z=&o] Hee Az
P. fluorescens 2112:= A 3to]7]d 54TCoA 6575 At Aol B7Hsste] 35T A 12

T Y sFewstE dFSHT. xAE AASt= B subtilis AHI8% B. licheniformis
K119 A$ ¥xRAFAd oz Qs A7) oM HFEo] FHUSAAN P. Auorescens 2112
v Aol AT glo] F7|ZE BEA oE RS AAd. F 5FEFY FUIHASY
Control® 2 3#3d A3} Zeolitedl Al 718 43 BEFS et (Fig. 1.25). 7] F7]
A gt F oA £38t9S Al Controlell Hl&| FE7IgAlel A ¢ CFU 10°~10" 7} of &
o2 qto] FolEE AL & 2 402 Controlol 4|3 35TCeA2e] HE
so] FZIFHAANA ¥ fFeitte ABE dS 7 AT 53] Zeolitew 125 #7HA] CFU%E
£ 10°8 fAgoR A3 P Auorescens 21129 FLA A 3ol 2o B GAYS 27
& F A

A kA AFS 0ColA 7L AN A3 B, subtilis AHI8Y} B. licheniformis K112
79~ Control@} Zeolite, Illite =54 10° CFU/ml ©]7d2] M4E §X893 P. fluorescens
2112 1= Control# BE 7 A oA 10" CFU/ml ©]4e /M4E §A39th(Fig. 1.26,
127, 1.28). B& FI7|EA7F A2 A =2 tGgA S BHAgXH I F Zeolite’} FY > 2
g BoF3h
2vzy o] v M w52 B. subtilis AH18¥} B. licheniformis K11, P. fluorescens 21129
AN FEAOE AMEE 7 e FUIEAE AT HollA AA nF-Aoltt 53 Zeolite
= A4 FE 5 3 YU A"side FEES 7FAR Aol B subtilis AHI8% B,
lichenitormis K11, P. fluorescens 21122] A A slo] W& AA3ES 23| 7lsshA & A
o7 Helth
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Fig. 1.23. Influence of inorganic carriers on the heat stability of endospores of B. subtilis
AHI18. The graph above shows the result of measurement on one week basis, keeping

inorganic carriers during six weeks in 54C.
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Fig. 1.24. Influence of inorganic carriers on the heat stability of endospores of B.
licheniformis K11. The graph above shows the result of measurement on one week basis,

keeping inorganic carriers during six weeks in 54C.
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Fig. 1.25. Influence of inorganic carriers on the heat stability of P. Auorescens P2112. The
graph above shows the result of measurement on one week basis, keeping inorganic

carriers during twelve weeks in 30C.
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Fig. 1.26. Stability of pilot products at 0C, 7 days-storage of B. subtilis AH18. Values are

means of 5 independent experiments. Standard errors were determined at P<0.05.
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Fig. 1.27. Stability of pilot products at 0C, 7 days-storage of B. lichenitormis K11. Values

are means of 5 independent experiments. Standard errors were determined at P<0.05.
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Fig. 1.28. Stability of pilot products at 0C, 7 days-storage of P. Auorescens P2112. Values

are means of 5 independent experiments. Standard errors were determined at P<0.05.
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AFAH A P, capsiciEs BFHET 3R B. subtilis AHI18%} B. licheniformis K119
2h =1 <l 2ol B. subtilis AHI18 (B), B. licheniformis K11 (C)<]
G5 AR 7 FFe AAE HEste] ARSI S o EX4 wWAlHo] £& Ao R LE
Ly
%

AR E3E eIt Ade melEr. 53, 3Awsl 34 144 A9
o B4TeIA 653 mpstel ststzzoz AR AAE AsdAgelE Byt

=
o7 A
subtilis AH18¥} B. licheniformis K11 ¥ E%F 15394
oA AAE BT Rl 2HAANE 1Y =3
A, 2N Nollel AFu A% 4 AAE 3d9) faddol 75d nioy WA

e A0 AL A deEd

Fig. 1.29. Phytophthora blight suppression by high temperature tested pilot microbial agent
(54°C, 6 weeks).

A, pathogentAH18+K11; B, pathogen+K11; C, pathogen+AHI18; D, without pathogen; E, only
pathogen.
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A} B. subtilis AH18% B. lichenitormis K119 & A A A 3}
(1) B. subtilis AH18 and B. licheniformis K119 73 A4

AL Ol AFAAL 5L A $71 0 v BEE B
b 222 A8 s

=2 %2 oAatAl st AASY LAGRAG 7%
Eom)en wegel 0A HEAE BAY FARHE Follt AL WAAOR wolA W
o Z AAS PA ZAUE Al AAGE BoIE FE/D F Aok el F%Y A
2 W F Sl sl Tl F b s s Sdael @ Az ek
A s BHol gy WEe] F FRe LA GYY AT/ HAS wW AF dM Aoy
A ABWAT WA A Y L ALEE LB HAF A48 37CA4 som
» -

J‘%} wok et 5A17F & B. subtilis AHI8% B. licheniformis K11% 10°cfu/mle] =7} =@

71& 5o} (result not shown). 12y} o] F F/F9 Bacillus A& Z715%7F 27
3}04 g iAo EAlol HEstun AEFNS a¥rE, 10%fu/mle] FE7F 2 A E =
5 AFo]l S o ¢ doy, o] AJHe] AU B. lichenitormis K119 A5 A A5
A8} ¥ 31 (Fig. 1.30, 2-3h interval), B. subtilis AH18°] 5 x 107 A=A 7]o] =e3F 3A|7F o]

1 of\

ool ehds AR 9 9 4 otk ol2E 99y Axe] Auzi: 44 o
UM & FF7 Aot WER §A457] oI W W, TAR FHs AcH FYS
Axg & 92 Ao ARFAh WA, B2 AAFE LA o §5t1 LA WolF o
Adtel LR SAHA EA Fn W oA B FARAE A g w2 Ay,
B oATAE, 4 AgHoR T F UL gol 4 AAALeIE B F FHALTo|E

2% AASE A FrAR AAsA
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Fig. 1.30. Competition of B. subtilis AH18 and B. licheniformis K11 in LB broth. Note
that the growth of B. licheniformis K11 is inhibited when the cell concentration of B.

subtilis AH18 reaches 5 x 10°cfu/ml. Values are means of 4 independent experiments.
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(2) Stability of endospore-carrier formulations at 45C

A TAE EFekel WE M YRAAL F
A dolny) glsl, T vlgE] ol 34
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olvb B. subtilis AHI8%} B. licheniformis K11-& z+zt 10°0) 9} 107
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o2l ¥ At (Fig. 1.31B). ¥
60 A= AFEH o 10 SZ8 Atk 2y, AR A NN A AN B,
licheniformis K11 B. subtilis AH18¢] 2| &te] whe} Z Ao A HXHA] AFEo] E7ea A
&S5 o 4 AdATHFig. 1.307 Fig. 1.31B,C Hl1l). = 209 o|ZXE = B. subtilis AHI8°] 5
x 10°cfu/ml o|’¢ o= ZFA st wel, B licheniformis K119 Aol oA o] /A = A
Ao Fol5a mpA Yo R #ET 60AA wo® FAe F U= B. licheniformis K11
AIZ7F LB wi Aol Al §lith(Fig. 1.31B,C). o= A= HEH FEoA] + mAES] FH
| AAHA B. subtilis AHI82] F2o] dojdol wel B. licheniformis K11°] 74 A ZE|
Hoj Urbe dixzad FAMSE s Holal Ath(Fig. 1.31A). &3, 7 x5 A Sdto)
ESl NaAZ AA3e FHAE F nAE 25F 53 hAgA S HolFo] nixut 60 A o
M 271 B drenbae] AE vAES & 5 Sldtk(Fig. 1.31D). ©17]14 NaA®A
BEE FASHA st=A 4] 913
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© pH 830 F3dt= ofAbgel A A7 =]t (Table 1.9).

ol TAolY FH7IE] A dd AT Fofstd TS JAD ¢ U= BEYA =
Aoz 2gehA sk W, NaAo] 73k A714dE 2xke] ol R S4& 9Alste] A &
Az ol Ags HXes dde Asa AT Atsdd. olAe #elskr] fdl, A &
el x5 ofg] A= sfoll A 871 459 Rt AES ZALSESIYE Fig. 1.32¢14 W= vl
9} o], Akl pH 5.001ME ¥ Bacillusitd E5 2048714 = @vketA AE AE 71
skt 7t B, subtilis AH189] 7-¢-<ll 409 o] ¥WA E5 AVESSlaL, B. licheniformis K11

A

59l 602 A w2 AFE sk tH(Fig. 1.32A). A= pH 9.0
WY THresults not shown). 1y 7 @714 AEi(pH 11
oA 7 AR 60U FAHD ANSES
1.30% Fig. 1.31°1A4 ¥ A4 P& Ads] Fir Ut
gdokd A E S Eg3 pH 11.00) FNF =55 ¢ T AU 9
Ao Aae dA FAVIAY "HAE ol&ste] AAS e wf AV A oE FAH

H Fig. 1.31C9 A3 XA &) Fa Yrtar AbsH ).
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Table 1.9. Selected physical characteristics of inorganic carriers employed

P
) Composition Porosity . ore Total pore pH(10% Particle
Carrier diameter ) _ ) Source
(wt.%) (%) (! area(m”/g) slurry) size(um)
(m
Si02 49
synthetic 100 90 7 0.084 75 1115 32 Chemworld
zeolite
NaA NaO 11 tech. Ltd.
Si02 39
synthetic 5 31 @ 0.29 14 83 32 Chemworld
zeolite
NayY Na:O 20 tech. Ltd.
Si102  69.6
Al,O; 158
Natural Fe:0s 189 62 0.25 12 6.74 jp ~ Backwang
) Chemical
zeolite Na:O 21
Co.
KO 40
CaO 33

1, 2 .
* “ Pore diameter

and particle size were determined by suppliers.
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Fig. 1.31. Stability at 45C of B. subtilis AHI8 and B. licheniformis K11 formulated with
different carriers. All formulations were kept at 45C.

(A) control, spores in liquid state, no carrier; (B) formulated with natural zeolite;

(C) formulated with synthetic zeolite NaY; (D) formulated with synthetic zeolite NaA.

(A) (B)

2 4

0 2

—o— K11 r —o— K11
r ) 0o
&4 %
3 £
°Z_6 . . Oz-4 - :
0 20 40 60 0 20 40 60
Days at 45°C Days at 45°C

Fig. 1.32. Influence of pH in the stability of B. subtilis AH18 and B. licheniformis K11 in
liquid state at 45C. (A), pH 5.0; (B), pH 11.0. The endospore of B. subtilis AHI8 and B.
licheniformis K11 were treated dropwise with 50 mM NaOH or 50 mM HCI to achieve 5.0
and 11.0.
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(3) In vivo pot test

¥ Bacillus sp.E 7971749 @2 NaA=Z AA33 AL 45T, 609 a3 AL AHE3)
o 1599 WATH AFAGEITES A A, A AAE A AL aFgHe] 3
Aol As #FHA FUrhFig. 1.33). = AgF= =8 94 NaAvwks A 159 35
AW Ay F 4AdAHE &7] stdFate] wlg 2 Aoz WItHA Hap U)o R W
Azkom 5AAFE = o] AEHA AGEF HAAVE Heb S AdFAQ] x99 ¥AS
e 232 (down panel of Fig. 1.33), % Bacillus SAE g3 A WAo] A3 e
A i nF o] @HstA BAlES BHAAF. EE Fo AFZAeE & ATt

iﬂ‘?l Ak AT 1Y Bacillus FAE A8 153 TEAN = F7]1-0], e ol AA

20% o]de] G aHRE YEFH ATH(Table 1.10, Fig. 1.34). ©]#3
1] % %xﬂxﬂi FEsete] 45T ofx7o] e HIHAE TA
S350l ALEA FRes THE AR, AER HAEAAS HHO st
st = S Aolgt ArRHY. & 5 Bacillus 5 sAlol AlA 3 e =
EAA A vEAdadet AFY Solgs A F AEs Aol AHET

Table 1.10. Plant growth promotion by the formulated B. subtilis AHI8 and B.
licheniformis K11 on the growth of red-pepper

Dry Weight Stem elongation Roots

(mg) (cm) (cm)
Only water 46+1.2 7.4£09 4.8+0.5

Only synthetic zeolite
47+0.7 75+0.5 4.9+0.6
NaA
formulated with

56+1.9 8.6%1.2 6.1£0.4

synthetic zeolite NaA

The plants were watered every 5 days with 50 mL of sterile water. After 10 days of
treatment, the growth promotion activity was determined. Values are expressed as the
means of three replicates, each containing 30 plants. Standard errors were determined at
P<0.05.
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tclonie * P @pis
12/ 20 [of

Fig. 1.33. Phytophthora blight suppression by the formulated B. subtilis AH18 and B.
licheniformis K11 on red-pepper. A, only water treatment; B, only synthetic zeolite NaA
treatment; C, Bacillus spp. formulated with synthetic zeolite NaA treatment. The plants

were watered every day with 50 ml of sterile water. The pictures were taken at 10 days.
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Fig. 1.34. Plant growth promotion by the formulated B. subtilis AH18 and B. licheniformis
K11 on red-pepper. A, only water treatment; B, only synthetic zeolite NaA treatment; C,
Bacillus spp. formulated with synthetic zeolite NaA treatment. The plants were watered

every day with 50 ml of sterile water. The pictures were taken at 10 days.
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(4) 15 TA-HT 2A

Bacillus #%9) 97 AAE nFE Ael@ F nF2U Rl f5dte] $H5S I
! 2

% A3 B. subtilis AHI89] 73% 5 x 10’ CFU/g FFo ; 100177};q %7
z

CFU/g«] =2 ‘?‘@ T
= L

T Bacillus7} 15 -4

5
G o5 e A @l olal Awa g
]
2

F eRske A duiste, vl Holh wFdy YA &
4

el 5 AFASFH = dpolt}. w3 B, subtilis AH183’Jr B.
lichenitormis K119 @=wjef & A stdls Wl 259 A3 5 dAsoAA AlY
AfahE B AFAHEY F, 2009 200961F ARPSE E el FAE AASE 2
vtolt}y, 1¥]al, B. subtilis AHI8Y} B. licheniformis K11 in vitro®] 40| vj$- A=
37 7401]/‘1b BABAN FL 7 JAN HAA ES & nFLAY FAHA g LGS
BxAR §GE AR SFAR FAAME AARAN FAUA Fethe AS HHALR
3= Aot}

-_—

—@— AH18
—O0— K11

N 607
O = NWHAROTIONOWOWOO

6 9 12 15
Day (s)

Fig. 1.35. Root colonization by the formulated B. subtilis AH18 and B. licheniformis K11 on
red-pepper pot. The formulated B. subtilis AHI8 and B. licheniformis K11 was resuspended

o
w

in 10ml water and poured into pots. Each B. subtilis AH18 and B. licheniformis K11 strain

of 10” cells was treated. The plants were watered every day with 50 ml of sterile water.
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oh. AAF Az R @Y S T8 BAAL &4
(1) AL A A2

Aol A e AARS BAS FalA JNEe AASE 7lss ol8stel B, subtilis

AHIS8, B. licheniformis K11, P. fluorescens 21125 A #1335+ A A %S A &3kt 94 29
3t AWE 5a B subtilis AHI8F} B. lichenitormis K11& FA| A A gt=2 A A=

= A#sksl
il, P. fluorescens 2112 @502 AA|ststo] AAEFS ALttt AAEFS 4 A4
F7HA FHE AL, AAEE EAA A ARG EJAE wj A& M FEH S o] &5ke] A

AEe Azl v (Fig. 1.36, 1.37).

Fig. 1.36. Development of a commercial microbial agent product.
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87 v AELAA ] NAA] LAQEE AHE TSI FAAE Aoz S T
NEAEI] FAHS HES] BoktH(Table 1.11, 1.12, 1.13, 1.14).

NEAA ] FAA7ME ALket A3 WA A ] A5 500mL AF 7IFo R 21389, /A
Aol A5 500g AlE 7IFoR 1,864€°] AVF A8 FH= Ao UErET ALkl A AleE
7l g et 71eF A 55 AekstS W ANEAAL] dujrbAL 150009 0] A e Ao R
ALREH, 7]EAES Azt el 2500090 HlE 40%HE A Ao st FHol vt
Sote] Z1EAF vl pAAAHe] FEstvkar Azt wek V) EAEFe] A 9dd vA
ES AMES AARD vhA NRAA = 3] AME o R o wAE] BHe JE Hekst
of g3t B &3 A AS NEAFT vuste] AA1 FHANA 95 AAT F 9
S Zo® AsdY



Table 1.11. The unit price of cultivation

3= 248 (%) TFdFhkg) 2279  kgF @i
2] 2% 20 12,0004 600
ST A 2% 20 60,000 3,000
Ammonium sulfate 1% 10 1,650¢ 165<¢]
—_ KoHPO4 0.4% 4 4,800¢1 1,200¢
oamn
KH>PO4 0.6% 6 46,800 7,800
MgSO4-7TH.0 0.3% 3 1,4709 490¥
MnSQO4-5H20 0.05% 0.5 390 730
= 93.65% - - -
./]: I
2,000L fermentor - 3Y 1,050,000 -
712 A ]
Q14 191 - 3d 300,000 -
A 1,477,110 -
¥ A FE7E 0 7399/500mL
¥ Fermentor tiet7F - A&d A9~ TIC AH 7]&
% B7bRA ()W
Table 1.12. The unit cost of production for liquid commercial microbial agent.
=1 24(%) FUFkg) 28FY kgD @7
=YA=E 10 100 140,000¢ 1,400¢
Tween 20 1 10 32,000¢ 3,200
CERY
Na-propionate 0.3 3 15,000 5,000
Hl &F A 88.7 887 1,310,197 1477119
37 A| 2B 7A+H - 200070 850,000 4251
AR
2,000L. mixer - 1 350,000 -
71 A} A H]
Q14 121 - 14 100,000 -
A 2,797,197 -

] e 7H(73991/500mL) + A% 3het7H(1,3999/500mLAl %) = 2,1384
=]

A ()
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Table 1.13. The unit cost of production for powder commercial microbial agent.

5 Z48(%) FdFkg) L2eF9Y kg3 @7}
Zeolite 100 1000 250,000 250¢
A5
Hj < 4 88.7 887 1,310,197 1477.11¢
A A - 200071 240,000 1209
AR

4] Spray mixer - 19 350,000 -
o171 1) 12l - 19 100,000! -
A 2,250,197 -

) FE7H(7399/500mL) + A3 7H(1,1259/500g 41 3F) = 1,864¢
g2 7

A (F)Hr

Table 1.14. Compare the price.

MEA E
3 = 71 & A ¥ (500mL)
o) 3 A A (500mL) A A A (500g)
A7} - 21384 1,8649
o) 714 25,000 15,0004 15,0004

A A AlE Ve hEH ek 7B AH] & Atsile )
1500091 0] A=g Aoz Ats .

% 71EAF] dulrr4e] 250001 H vl 40%H = AEE spAe FrF FFo

% 7|EAE Q

N

B Ao g7 e

N
N
olr

Wl nAYE =
A9 FHNA $902 AT £ US Ao AHad
* BT L ()W
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4, 1.F

A v FEEHIL e B2 uASAAC g5 S4Wstd e S Hol:
WA XS A8 Bacillus sp.& 749 WAEZ A 8313 Q). o] A2 v AEA|A| 7} AH]
kel Eol Eojd wi7hA] Aoflojof dtEE FEVISE AUAMAE AET F Ue HAES
Agstarar otz wolvh, wEbA 2 Ao A Holazte] o3 AAX o R PAAE FEAR

B. licheniformis K112 44 A A sE A A AT A s34 AAEFS 7o 2 3d
o]l kg Fo] ks MAEAAE ML F AL, AA aFAo] e dF 2
A% 13 AE F 6597 80% o] nF9H WALARE AE F AUNUTH o] 1FY
g gk ANk AT AN nFE Hopa A nFHoME W w2 uFAgH W
Aes BYo=zxn & AFoA st A=A A7 AA 571 £ A L7538 78 7]
AEAAZGE s 45T F AAth 53] & AFdA Adst 25398 B3A-8 vAEAA=
@d w#FUE ofyel 2% EE 3FY 5B mAER 7AY A& BF vAEAAE,

< AT ABA d= AEolth A ATl dAujE

ol g FFEN AAWAN kel Ad AEFHA g A

A
[Georg 5, 1998].

a8, B AFA AFESE PGPR w9 B. subtilis AH18, B. licheniformis K113} P.
fAuorescens 2112% A4E7 2D AF24A 7] 2HIAA, IBA, IPA, ABA, cytokinin, JA), A=A
7]12F(siderophore, B-glucanase, 24-DAPG, iturin)¥ 374 =2=E#2x A5  7]12HACC
deaminase) 5% "% st V2SS VM AE B PGPR AAAAdoR 3w HEA
s o9k uF AFEFX W - a3 AuiA Y Ax L adEd s AT F =
B = e vl gdE 715 mAEAAelt =3 PGPR wF B. subtilis AH18% B.
lichenitormis K119 + & 349l B-glucanase ¥ cellulaser= 1FSHW Lt P
capsici® cellulose® ©] ol 42 ZgE 5 Ut 19y A E AXE
H 9] cellulose: pectin o] FAORRE FIE R 7] wEo,
PGPR 9] cellulasei= W99 P. capsici®l AMEB WS Easte] 2days YephA @
o =g 2 A A AFEE PGPRFF A Ae)x AgHE A2 siderophores
Abale] Eokujo] Holyp Mexom AZstozM o= chelatedtsto] Wdto Hol2 &
T5 WallskA Ha, oA AE Hdes PHA SR JAA = 71 4S YERATH

=

T o

p=2
[}

= _{m
2 o2
™
=

o
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2. A7 ALY A5 R BY

7h #@A A 2EAE S % B daAduAEAAY 155E 550 R 2
Hl
[e]

A719] A1E ARADUAEAAL] in vivo pot AEE B3 nF9HIAT 2 1FGS
s Aol nxge tish BAge] 7bg 23 SA AikE 53 44531 2 <
A 7Hg3lsol A B osubtilis AHIS ¢ A E8AE=2%, <A 7183 % g AE ~
Edx A7 297 & ACC deaminase A4 B. lichenitormis K119 F w5 FH A7 AA
4 Nolls HF 2399 WAL AIvAE ALAGez Adsnt. weba], 2 Ao A
= A2AY Nolls tdes AA 153 SEAEAAN 2FdA 1F:5HY 455305 £
AR QT 1Elal AAAIY No. 119 AFEHE F #F o]9jo] nFAWHWAITF2A P
fuorescens 2112 #5352 27} AxAdo g zAdle] &% SuAAA FFUo|A 13221
AR 5E A Bkt A= B. subtilis AH18¥ B. licheniformis K119 Z3-<1

A42AD NO113 P. fluorescens 2112°] &3, A8 vAEAAJA ©A =(Paenibacillus
polymyxa ACl, Z1¥nfo]QHl) A& 3etAAQl JYYE(EFoySdo|=- T2 3R I H
stolerFmefol= A=A, HiolAAFAoldx), A g9 FAY TR sFlaL, 7 v A
=9 Aeske dur P AEAA S A AY wRek HAAl sl A Y 48k T
=& ¥3ste] BF 50 x 10° CFU/MIC R ste] At g, 3atAl4

B Al FA 1 10008 AT 2FSEY AHHE 728 LEYS

HE 247 A& 5L =l A% $ A

fl

r‘&
Bl ro
4N oo
Ho T o

Ly UAE 2nAE HAAFAAY 1F FHO V]S HAE FEFe A
at7] flsto] B sd7Ied dGaFAIRAE Wl AT v sk A A el A B A3
FE 9 2% TE 10€ 7de R sAll 9W =T ®HAI=(P. polymyxa
ACl, zd¥nte]led) RIVUE(SFRISTo|=-Z2H(EIIE SolEgIFRefo]l= R4ts)
Al, weldaFAelA ), FAE diEzek A 2 AFelAMe AaAY Nolld P
fAuorescens 21129 &332 A5ttt 9y Fok Ay E] 73% 7§:‘?; 031001: A x EAo

= ¢}
A g ol ALgEm Qi Serofo A 34 ol 1
AE Tl FAr = ARAGAA 3o A= —“5: 3401]*1 B. subtilis AH18, B.
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Table 2.1. Designes of various treatment type for red-pepper growth promoting activity.

Treatment Treatment type
o Gl = = (flldangbaekgold) Only water treatment
Control Only water treatment

Spray on the leaf

: o)t E djo|d
Agrochemicals (19U E, nlo]all) (AT

Agrochemicals (13 YE, nv}o]al) Soil drench (E%#5)
B. subtilis AH18 + B. licheniformis K11 + P. fluorescens 2112 Spray on the leaf
B. subtilis AHI18 Soil drench

B. licheniformis K11 Soil drench

P. fluorescens 2112 Soil drench

B. subtilis AHI18 + B. licheniformis K11 Soil drench

B. licheniformis K11 + P. fluorescens 2112 Soil drench

B. subtilis AH18 + P. fluorescens 2112 Soil drench

B. subtilis AH18 + B. lichenitormis K11 + P. fluorescens 2112 Soil drench
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ot A =& 10008 34 ste] £ 10° CFU/MIE F%Ed 348k 100mle 58t 2
2N A= B, subtilis AH18, B. licheniformis K119] z}zteo] wjoked S 1:1 (V.V)Qi =
3ste] 10° CFU/mIE 100ml % Ed 3Aste] BFegdon, AxAY 2D P fuorescens
2112 EH 5 Z17te] Ad dEudas E3sle] 10° CFU/mIE 4% 100mld] 3] 4 38}
o TFAY. A T 10Y A= 65474 9 WY F4E ARG Y. gddE e S
to = dddate] o] AEAY F7] AAFIE AWstAAN 24 e FAOE ke gih

gh S5 daAdn A= AA Y] e oA

jukcid

Aol nFASEEZZ 50| Feld HAAAY Nolld P. Auorescens 21129+2] 371 A

e} Ed i l(—):_
Aol A ol9le] TlEAtEo e AFHITS AT AldAES HaF, EvbE,
e, A, dEs e R Ao, Fr A A2 el A 50082k 10008 2

Yatol Aelstgith. RETFEA (F)HF] BFERES vho] AR & AR AHEHYL
S, dEFe ALE (Fhel FATA L000w D45 AGAch FF 20E, B,
AilFel A9 T90A0R, WEe 4% 109 AAow F 38 #EAY ¥ AFEAE 59
o,
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3. @7 AETY 43

P. fluorescens 2112 v+ 24-DAPG (diacetylphloroglucinol) &A% 2 3} siderophoresS A3
Absle] 1 FgW WA TS AW PGPR T F2M, in vivo potd oA AALAIY No. 3 (5.
licheniformis K11 + P. fluorescens 2112) 2 No. 8 (B. subtilis AHI18 + P. fluorescenes
2112)0] 1F9H WAlso] 80% ooz yebya(Fig. 1.3, 14), A4 AaAdez Autd
12419 No. 11 (B. licheniformis K11 + B. subtilis AHI8) T2 H& 139
< Yttt Aol Pseudomonas sp.7y AWYA 0.2 Bacillus sp.°l ¥ste] A5 50| H
o Aoz dyx S Buk olyZHKloepper 5, 1989, Kloepper 5, 20041, P. fluorescens
21127} Abshs FAE A 24-DAPGE 159t P. capsicidl d1g Aslso] w$ 79
3 Ao Huyo]xa gitioe] 5, 2001]. E=3F P. Auorescens 2112 W5+ HA AALAYD
21 B. licheniformis K11 ¥ B. subtilis AHI8 753 7|AEE2% AoHgHolnz A
A No. 119 P. fuorescens 21125 F7}3 3% 2 AFuAE T2 ZALA a}
ol dAFUW Fdste Bacillus sp.2% 74% AAAY No. 113 2599 WAl sE vl
worow wolrt Bacillus sp.3} Pseudomonas sp. & Z%3F 23S AL A9

7hede Hlal ATrs Bokh

W

2

o

ox
o

=2

¢

V!
o ﬂllO_p

2

o
T4

B=)

Ol

21128 F713k 359 A3 AE
o
o

S8 JYRFAD M dag ol A AN FAHFig. 2.1). & 4 % 8%
AT 15 qAe2 ALY, AAUE B R RAAE B A Fig

431 A el

. 10%0149] dsadts »}E}% th(Fig. 2.3). 2714 “’4 3
2 FAF 4 AATHFig. 24). PFx
Foll Aol WA 27| Ao 2 ol el .
wEAge] A4S AvYE AT S g A el 50% A% 4%
=712 A1 ERA g el Hste] 20% AR AFENE HERNATE 459
ol A5 JAIAYE AgFe vsf 30% =] FFEAE HERRAAR F7]
A7l FAETFAA MY =2 AFES UEiden B Aol vis) 10%64 = =
LEbsttH(Fig. 2.5, 2.6). ol 3stAlAlQl JAMUEZF aFo Byl e vvha A7t
ol At 60LAANA A dA ok BA oA FAd A Aeols e A tH(Fig.
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o Aol 2 AFES JEIAAT 4L muadde W AxAY AT}

¢ L A mibE
GEhllE Ao nithFig 28). YR AflAE BE TN AnHon @
o AFES BT 242t Lol A2 AGTAA IS Mudgs 0 S5
& AoE FANUTHFg. 29). o= 1F W a7} FAHAGT Y2, 15 FFA
2 RolFo] WFANEY EA 45 wrlasel 2 Aeshee A4Hnh £ 48 5
g 2719 A% 447 Sol nFANY W FAL 2/ A3juE
® AT 4 o mFAgate] sbsstele Az,

Fig. 2.1. Field application of red-pepper growth promotion and phytophthora blight

suppression.

Fig. 2.2. Procedure of red-pepper seed coating and treatment of the microbial consortium

and chemical pesticide.
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Fig. 2.3. The effects of a biological pesticide, a chemical pesticide and microbial consortium

on red—-pepper length of root on hotbed.
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Fig. 2.4. The effects of a biological pesticide, a chemical pesticide and microbial consortium

on red—pepper length of stem on hotbed.
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Fig. 2.5. The effects of a biological pesticide, a chemical pesticide and microbial consortium

on red—pepper length of root on room temperature.
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Fig. 2.6. The effects of a biological pesticide, a chemical pesticide and microbial consortium

on red—pepper length of stem on room temperature.
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Fig. 2.7. Leaf color of red-pepper treated by the consortium microbial agent.
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Fig. 2.8. The plant growth promotion by the microbial consortium on the stem elongation

of red—pepper on hotbed.
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Fig. 2.9. The plant growth promotion by the microbial consortium on the stem elongation

of red—-pepper on room temperature.
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DRy PAE 2GR ARAGAA L FFALALE DFKBA LA EFA DS
AREIEd GRREADG e 2ol AA AT FFALAYE 2N AKEAS
2 28] 98 eAEAT YHET o 2
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B. subtilis AH18, B. licheniformis K11, P. fluorescens 2112 §HAE A&, QAIYUE
A AT Zﬂﬁ\_f\]"* B. subtilis AH18, B. licheniformis K11, P. fluorescens 2112 A g
TE H2AY st AdAd AEE velHE 2dZE yetlls W fejdo], &7]He],
A F =, Zﬂ T e AN AXAA B subtilis AHIS, B. licheniformis K11, P.
HAuorescens 2112 FA A F7F 71 =& ASFHA5S YE AT (Fig. 2.10). o] Ay = H]
Folgts ) ALAND B. subtilis AHI8, B. licheniformis K11, P. fluorescens 21122 &3%&
8T A HAAZ HAAY #FE A o 7MY 22 29E B o ds Aolg A
%‘3}

& AT Aot JAaAF] Atold wWE V| BEFHI TS HEEy] s 209
TEi AU7MA] 27185 85 A3 ot 2719 AoldA= HAARAY B subtilis AHIS,
B. lichenitormis K11, P. fluorescens 21127} 38}8h-gofoly} FA g FHUE F4d A& 4%
St AAATE 2 AaxA G HE ol "He 23E HAgFX = 39t (Fig. 211, 2.12).
SHAITE AAFTHFHZANA ALAD B subtilis AHIS, B. lichenitormis K11, P. fAuorescens
21127} FAH g7 geser Al uE AxA A v Ao of 35% ddE RS BEst
F Ao AxFTHF SHAME HAAYA B subtilis AHI8, B. licheniformis K11, P.
fluorescens 21127F F-A 2l 7+u st8hsoF A, & AaA Dol Bls oF 20%7FE FdE A
= #ET 5 AAHFig. 213, 214). = A54 SHAAME 209 A F-E 40L7t4 ¢ SA 3
HolH & Haulo] QA9 <tellA #FAE vl AELAND B subtilis AHIS, B. licheniformis
K11, P. fluorescens 2112.0] A2l 7-1} &tehwoF A4, th& AAA el vls] ¢F 15% o]
= SAEHAG(Fig. 2.15). AA 13 A A FH A4S £ F Qe F2HoE #
Ao sejvs By 279 dolius AAFTHFY AxTH, d549] FFo] A4A
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2112 3ol HAo xgo=m HoAAW HAA F7t] H&3les W 2 2V|85T 235
B s Aoz A7
27185540l g5d A s nFAE TS HFoto] 2 A A
C7F Aol nEAHWT Peapsicis 10° CFU/mIE H£35lo] oH
‘ v FAYTFAAE P Enr = 70% ] AxgE o
| dIzeo s o] e YeuA ol ml f3

5 oFel
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AVYE Az Fol At QAT Byow ALd AT
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Hal =& AWEAls S BHAFAAN, dFHALAAeRE FHE A7t olBt o %

AIA TS BT 53] Al o5 ALAIGeA 7HE =2 gHdA TS HolFo 74
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Fig. 2.10. The effects of treatment method on red-pepper on hotbed.

_99_



18

16

14

12 A

8 5 ell=E
Control
—v— Chemical

6 AH18
5 i: K11
= %sz
Q@ AH18+K11
- K11+P2112
5, AH18+P2112
o —/\~ AH18+K11+P2112
3 o :
'

N
o

30 40
Time (days)

Fig. 2.11. Plant growth promoting activity by the consortium microbial agent on red-pepper
length of root at hotbed
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Fig. 2.12. Plant growth promoting activity by the consortium microbial agent on red—-pepper
length of stem on hotbed.
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Fig. 2.13. Plant growth promoting activity by the consortium microbial agent on fresh
weight of red-pepper on hotbed.
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Fig. 2.14. Plant growth promoting activity by the consortium microbial agent on dry weight
of red-pepper on hotbed.
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Fig. 2.15. The effects of a chemical pesticide and the selected consortiaon chlorophyll of
red—pepper on hotbed.

100 +

80 A

60 -

Jo uoissaiddng

Fig. 2.16. Suppression of phytophthora blight by the selected consortia on hotbed.
*Chemical: foliage spray of chemical pesticide; *AH18+K11+P2112: foliage spray of
consortium B. subtilis AH18, B. licheniformis K11 and P. fluorescens 2112
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Fig. 2.17. Field application of red-pepper growth promoting in Daecheon-ri, Yeongyang—eup,

Yeongyang-gun, Gyeongbuk, Korea
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Fig. 2.18. The effects of a biological pesticide, a chemical pesticide and consortium

microbial agent on red-pepper plant height.
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Fig. 2.19. The effects of a biological pesticide, a chemical pesticide and selected antifungal

microorganisms on red-pepper plant main stem diameter.
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Fig. 2.20. The effects of a biological pesticide, a chemical pesticide and selected antifungal

microorganisms on red-pepper plant branch number.
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Fig. 2.22. TField application of red-pepper growth promoting in Jungnim-ri,
Yongmun-myeon, Yecheon—-gun, Gyeongbuk, Korea.

Fig. 2.23 Field application of red-pepper growth promoting in Gugye-ri, Yongmun-myeon,

Yecheon—-gun, Gyeongbuk, Korea.
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Table 2.2. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on red-pepper plant growth.

o =% F3% 737 A 4= A%
= (cm) (cm) (mm) (W/ZFA) (cm)
A8 107.4 30.1 17.3 12.3 6.8
o} A AL 1015 28.2 17.1 12.1 6.1
AC-1 104.6 271 17.7 12.6 6.7
A DA A 102.8 26.7 17.9 125 6.9

Jraa A AUE AN A3, HEA AFA oF 100089 nFwAT Ao o
Biol mFeyel BuT wyd Aee nFey @y T4 Fud 5 Utk EA
ool WHF NFF BT AANL o BFRE olAsoM, RFGYL WA WA
nEey WAs g% 299 AAGAHFig 224). AAZ wRdWo] Wy T nEE
2 AolAg Aeolmz A2 VABAAL nFGY WY oA E= 134 YAl
2 AEFolE GYUS glol T AWxA gL Az}

_7}5] A ] Sk

o)
7= A ZA}O]Z}C’H 13% ]
3 20%, 66 $-ofl &= 37%<] i1
"ir s °F¢l GAFY TAIE A= o4
28%“/‘“01] 56%°] & ‘?j_“gz%% HAr 1 F AlE IH o] F7iste] o)A 48U A
19.6%7H4 A=A o 55 Aol = thA] srol A 155%9] 1F7F AWl Ao, wt
19 AL oY 65 Aol = T Al &0l FTkeke] 29%9] nF7F AU HAH i
No. 11 (B. subtilis AH18%} B. licheniformis K11)& A2t A&t 3 AL 42
17l 6.6%°] W& IHES BATVE oY W Eo] FUkete] 65YAMA = 15%9]
HHES Hol & A R Al AYE PAEE] GAFY TAIES A+
AA3 vt A Nolld} P. fluorescens 21125 &8 A3t 49+
2897 o 83%°] W& WHES HATE oF A W o] FUkete] 48U A
1 126%°] THES BAoen, I § ot Faste] 5 %l Aol = 10.6%, 65%
o 7%° Ees E%E}(Flg. 2.25). 53] wpA|d 2ApAQl A2 65 A ol = WA &=
2419 No.ll9] 53

S,
z 2 ﬂqo

g oly gl AALAYD Nolld P ﬂuorescens 21129 &8¢+
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No.113} P. fluorescens 21129 &8&)& g9y @ oy g37F FoAHUA 3] & Ao=w

sl A

Fig. 2.24. Red-pepper field attacked by outbreak of Phytophthora blight and re-plantation
for field test of formulation PGPR consortia.

A, red-pepper field infected by Phytophthora blight; B and C, red-pepper field which was
just re-planted.
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Fig. 2.25. Suppression of Phytophthora blight by the mixed microbial consortium in
red-pepper field.
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Fig. 2. 26 Suppresswn of Phytophthora blight red-pepper field by the mixed microbial
consortia.

The picture was taken after 65 days from initially one treatment of the mixed microbial
consortia.

A, treated with two Bacillus consortium

B, treated with two Bacillus + P. fluorescens 2112 consortium

C, treated with commercial bio—fungicide

D, non-treated control
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Fig. 2.27. Field application of red-pepper growth promoting in Miryang-—si,
Gyeongsangnam-do, Korea.
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Fig. 2.28. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on red-pepper plant growth.

-

Fig. 2.29. Field application of tomato growth promoting in Gyeongju-si, Gyeongbuk, Korea.
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Fig. 2.30. The effects of a biological pesticide, a chemical material and selected consortium

‘s
I

No.11 on tomato plant growth.

Fig. 2.31. Field application of oriental melon growth promoting in Seongju-gun, Gyeongbuk,

Korea.
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Fig. 2.32. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on oriental melon plant growth.

Fig. 2.33. Field application of chinese cabbage growth promoting in Gyeongsan-si,
Gyeongbuk, Korea.
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Fig. 2.34. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on chinese cabbage plant growth.
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Fig. 2.35. The effects of a biological pesticide, a chemical material and selected consortium
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No.11 on red-pepper plant growth.
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Fig. 2.36. The effects of a biological pesticide, a chemical material and selected consortium
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Fig. 2.37. The effects of a biological pesticide, a chemical material and selected consortium

-
o

o
a

=23
=3

(wd) y3udy
&

o
t=}

No.11 on oriental melon plant growth.
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Fig. 2.38. The effects of a biological pesticide, a chemical material and selected consortium
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Table 2.3. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on red-pepper plant growth.

R 2Z A5 (cm)
185 24 & 39k =iy
iz 14.2 14.8 145 145
HEZE 15.2 156 15.3 15.4
5001} 145 14.9 15.0 14.8
1,000H) 14.8 14.2 15.0 14.7

Table 2.4. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on tomato plant growth.

ZZFAS (cm)
Al kA
18 2uHE 3utE g
o =T 73.3 78.5 7(5 76.4
NRFEZE 82.1 79.5 83.0 81.5
50014 77 78.0 78.0 779
1,000 79.0 76.0 73.3 76.1

Table 2.5. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on oriental-melon plant growth.

245 (cm)
Al g kA
18HE 2uHE 3urE o
o= 70.0 74.0 72.0 72.0
NFEEE 76.0 78.0 76.0 6.7
50014 77.0 73.0 71.0 73.7
1,000#H 73.0 70.0 74.0 72.3
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Table 2.6. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on chinese cabbage plant growth.

R 2385 (cm)
1HHE 2WHE 3HHE 37
gz 3.0 3.3 3.5 3.3
JREZE 3.5 3.6 3.2 3.4
500K 3.0 3.8 3.3 3.4
1,000 3.2 3.5 3.2 3.3

Fig. 2.39. Field application of melon growth promoting in Gaya-eup, Haman-gun,

Gyeongsangnam—do, Korea.
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Fig. 2.40. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on melon plant growth.

- 120 -



80

60
: I

oz + alo] 7 24 500HH 1,00004

HH

N
=

(wd) P3uag

o

Fig. 2.41. The effects of a biological pesticide, a chemical pesticide and selected consortium

No.11 on melon plant growth.
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Fig. 2.42. The effects of a biological pesticide, a chemical pesticide and selected consortium

No.11 on melon plant chlorophyll content.
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Fig. 2.43. The effects of a biological pesticide, a chemical pesticide and selected consortium

No.11 on melon plant fruit weight.
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Table 2.7. The effects of a biological pesticide, a chemical material and selected consortium

No.11 on melon plant growth.

A4S (cm)

AR =% (cm) 4 =4 (SPAD) 4}F(kg)
e 52.6 50.7 1.19
HHEZE 67.1 52.0 1.25
500HH 69.2 52.1 1.27
1,0004H 66.0 51.7 1.24

gy MEe] A9 "AEYM FHRUAAE NEAAE BFEAtA A4 A 2FRESE A
A RE A FolA FAg Y 7S B HFig. 2.40-2.41, Table 2.7). Fx2 tH] %3
A E NEAA AT 25-32%0] ASTUEdE BATh #5Es 2ANS A HAALA
AAZFAA JHE2FAE Tt en, 45 AA 4-5%F = SulEAH(Fig. 242, 2.43,
Table 2.7). olelgt A= FHVAE MNIAAE G270 Aoz FAAF A3ty A
F& TAA B EFo] TNV "t 7| AFo] FAsA L, 1 é’c‘z}#i 571 |
H S X74A 298 nRAeR Alsdrh U 95 %%k% %ﬂ%ﬂ =

2 eFskoh SR MEAAHEZ A AEA A
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1. A&

4B A5AE BT 5 gt ARWTL I web LE, EG SR, o], L 59
A% 5 g B4 Wsh 4B el W F8E A2 gt JoHE E, 2008]
NG BAzEdd mEH] Y ARBoA 4B 442 2Ad Fr LA HEA
H2ARA Z ABE2Rolrh, AEe] 44 ddo] AEAT2EY FHe HBA Ul )
A sEEe @F BANA, A AN we 99e vAY @A 4% AEs2ES
A A% L G o] WMHAMA, AFEAA ANH Aol Tus) Ax
FAlolth w917 BHES Bal WAL B 54 L trled B £ ARo] s
oF B F7hHQ BHAUE Uk §7 WMol FuHOoT WEHH NBelA 2EdLs Hi
270l YHHo] HEe At W delm YE FLF JFS I 5 Ao 5, 2006

Hopkins &, 1999]. dwtyg oz 2 &0
& 4 (biotic) iEi’ﬂ/\@r =3 =
2EH2A7F 9t AEZ AEYHAE

of A, npole 2t %%O] o W Hd
Efxas T2 344 ES
AL 52 12 59 %Eoﬂ o3t AE ’3?01] 94

b
~
>
>

o
o
N

NS

K

23
oy
=2
=
il
P
lo
ot
hus
2
o,
<k
r%'ﬂ OURK)
o,
i
-
Moo ol
Lo
&
o2
X
d
juled

gk A& H}*—oc weld g FEare] Wsh e "ﬂ o] thAFAH-E-©] Bﬂg}g Ll
& 3"“4-4 WS 7HA 2 Minami 5, 1998]. ol¥ thst A ~Ew 2o ujido] gt
oy 7H4] AE4dEzd =225 Bt s WS 2-AY FHAA TS
St stel] =8 & & AR, G WS We A& 2
dE Eol7] fEiAE ZHAE T F AEA
| dastvta Azhdn, oe
2+43l= A ESEE OS2 = ethylene, abscisic acid, jasmonic acids ©
o] BHIE F3te] 2E# 2 td WojriS AT 5, 2008;
Bageshwar &, 2005; 4!, 2005, <t %, 2004; Shimon &, 2004, A &, 2003; 4 &, 2003;
Hopkins &, 1999; Minami &, 1998; Shivanna & 1994].
TuHod o ESd, 4 54, 7he, Y 34 5 $HoEHYH oy 7 2EYA
A

S We AEL gARIER o EdS Ak olEA AatkE g A& AAFS Algh
sty A E9 59 888 AAZtHGlick 5, 1998; Deikman, 1997]. A1 &4 289 dF o
2 AE A ¢S vA= T8 82 T st dE#:ME 2Ed 2 o5 AAHEHE A
ojelo k= A &9 %, 53] ASto] wolsto] AAetr] AlFtste A 27|dA R wE S
2 AP Grichko &, 2001; Deikman, 1997]. &A1 5k dA F% o]l o=z A Ao
AE A fol= AE ¥ AES At Morgan 5, 1997]. dl€glo] Aty = 722 4
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= W L-methionine®] S-adenosyl-L-methionine (SAM)S A* <37 dAAEFEQ] ACCE o
AtEl & FH e AAEEC ogdlow REaFEth & L-methionine®] SAM synthetase©ll
oJsle] SAMO 2 A3tEojxn ol& A AAFE SAMS thA] ACC synthaseo] a4 ACCS}
5-methylthioadenosine .2 7}®3fE ). o2 A AAdE ACCE ACC oxidasedl 23] 5%
o =2 e, CO,, Cyanidei walE k. 3 UiAEEo| A dE-— Y] AFAQl ACCE t & A
w2ke] f71EHEY g BedEERE vEd Y [Morgan 5, 19971

AEFZ2E2S AEtE 95 PGPR 552 ACC (1-aminocyclopropane-1 —carboxylic acid)
deaminases AJibstth= Aol Barx|o] Qlth. ACC deaminasex o€ #:e] A0 ACCE
&5t &aholtHBurd 5, 2000; Garcia-Pineda %, 1999; Burd %5, 1998; Campbell 5,

=

1996]. AealS A8 s2Fo5mA B BHA(REH 2 ogd) o3y AEA4ds o
AsteE e slo] EAA 2EYAE FU|E Fed), oju] AP ABE] ACC deaminase
S B8 ¢ doH o] §4F o83ty e U 2EH L Yo & 2dT Ut Ma

s 2003; Jacobson & 1994].

ol By ;e HIEste] AMAsE IHAMT T ACCE #3T F e 54, F ACC
deaminase €4S 71X PGPReo] E&Alstd %y HEFE £9 ACCE a-ketobutyrate<h
ammonia® 3} $Ft}[Penrose %, 2001; Penrose &, 2001]. ©]2 Al ACC deaminase &S 2zt

i PGPRell 9ja oA o] ACC7F 2=, A= Felo] ik oFodr ACC FX=A7F
A Hed, s BFE wA8] A8 Aed ¥ B2 Fo ACCE A= HHEOUH

Ak webd AE oA ACC =7t fAasa, 2 T e 2EH2
gdile] vt dolxnr A E 9 “%}2 PN F e B2RE 45 7 UdGlick T,
1998].

ek, 2 Aol M= Brls PGPREF=EC
23 ACC deaminase BAtsS FApste] 1152 ol
oA gkoh 3 o] s PGPR A 2o oA AEAE
o] By A oA Uy = T AT RNAS AAFETA 2 =

MEE 2 PGPR #FE0] AEAA o 7[odst=A AR5 s Bz st

HhHow Add F

Plant roots e

| Ethylene M@Mﬂowh@iﬁﬂhﬁ = | == ACC deaminase
005010 | AcC symivase l

ACC (1-ami
Over Ethylene

i :ﬁ’ ACC )

|

Ammonia,
@-ketobutyrate

Pull out
Plant Stress by concentration gradient

Grick et al, 1997.
Fig. 3.1. Plant stress reduction by PGPR producing ACC deaminase.
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2. A7 ALY A5 R BY

riet

7}, 3

AEEH 2= A3

14
olr

=52 ACC deaminase A4ts ZFA}

A7) 918l WA LB brothol 4l PGPR 55 28T, 24A17F wlgsta A+l ske] A

33k} 343k A= 0.2 M phosphate buffer (pH 7.0)2 F =bd| 7|13t A A A4

o % 3 mM ACCHHE #7713k DF salt minimal B A|[Honma 5, 19789 A3 ZE3ste] 28T o A

297 digelATh. dERTEE ZAAdoR ofFAE HubsHA &2 wiA 9 HAYeR
A

Az, 4 5 e 34 2EH~ A3 7129 843 ACC deaminase b5 =
=
[e)

(NH4)2S045 71 viA1 & AFE-3te] 600 nmeoll A %%LE—EE— ZHgozN ACCE
o] §3l=4 oF-5 AdsdHHonma &, 1978]. %, ACC deaminase A #FS $l3te] ACC7}
= AS w AAE a-ketobutyrate®] ¥ Xé%]:o}lv\ UHPenrose %, 2001; Penrose %, 2001].
QS 9t A® ACC deamiase A tH7]s PGPR w55 AW 3]st 7]4d<Ql 5
mM ACC7} #7He DF salt mediumell Al wj<gstdvt. mi g 5 A& ste] dsds 353t
o] Grick 59 W [Honma 5, 1978]°] wa} a-ketobutyrated %45 = 24
2k sle] PGPR 2] ACC deaminase A4ts S A @atSith

L}, Abscisic acid (ABA), cytokinin®] F= 2 A A

AdbEl t17]s PGPR 5 B. subtilis AH18%} B. licheniformis K11 2t7Z} LB brothel A
30C, 3Yzt st w5 A Fig. 3.29F #Zo] EtOAcE o] &3] ABA, cytokinin®
FAQ zeating &WlE FEsIA 24 dAlAN FEE AEES AY =oAL,
S AFFAZE2E ASES 1 w/ml 52 50% MeOHol o] thg @2 ASE AL§
i = + Sephadex LH-20 gel filtration column chromatography <}

At Z=AAE ABEES 50% MeOH=Z #3833 Sephadex LH-20 columnel
loading3}1 22 2+2He] fractione 0.5 ml/min®] flow rate® 5 ml*® Hokal, Salkowski test}
280 nmolA TFE=E =A43d}o] active fractions F o3, Y ZHe Sephadex LH-20
column®] ©A] loadingste] active fractionS FH3FtF  Sephadex LH-20 column
chromatography ol Al & active fraction& HPLCE o] &3] Al Aok g AES2R TS
AE HudAdrt. TFEZe ABA, zeatin® Sigma-AldrichAtoll A 4 3Fe] AF&3FS T}
HPLC+= reverse-phase HPLC=Z C18 column-% ALE3FF o™ flow rate= 1 ml/min ©] i,
= 20% MeOH¥F 100% MeOH®l %= FHl® &3t & s% Fujr] &uje] &&5&
0-5 &3+ 20% MeOH, 6-36 -Er?} 20-100% MeOH, 37-40 #3F 100% MeOH= 3}%th
[Karadeniz %, 2006].

71—01—l-:.z7] =2 l-:_

rlo ol:o
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Culture Filtrate

Adjusted to pH 4.5
Adjusted to pH 2.5 Ethyl acetate *  Extracted with EtOAc

Extracted with EtOAc
(GAs, ABA)

Water phase Ethyl acetate

(JA)
Adjusted to pH 7.0 L Ethyl acetate
Extracted with EtOAc v

(free zeatin)

Water phase

Adjusted to pH 11.0
Extracted with EtOAc

Water phase

Adjusted to pH 7.0
Extracted with EtOAc

- Ethyl acetate

4 (bound zeatin)

Water phase

Adjusted to pH 2.5 _ Ethyl acetate

Extracted with EtOAc ! (GA3, ABA)

Water phase
(discard)

Fig. 3.2. Flow diagram for the purification of GAs, cytokinin and ABA.

t}. Jasmonic acid (JA)S] F& 2 A A
JAS %S auxin, ABA, cytokinin %3 sdstA wi&et v71s PGPR o5 B. subtilis
el

[e} (e} . e} %
pH 452 ZA3 thg EtOAcE s Ho= H7istal 1687 wdb7]oA] wwksk o5 JAZE &
fr¥ EtOAcTS sttt &89 EtOAcETS 1/2 &% 7% 33 washingstil 7%}
TEZZ FEEAT w3 AEE 1 w/mle FEE 50% MeOHel o] HPLCE A&=
A&kt HPLC 24 € reverse-phase HPLCZ Cl18 columne AF&3t$i o™, 0.5 ml/min
flow rate® £=3t9th &, £ F/He X712 ABA, cytokinin®] 273 FL3HA &

of AAsk3
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2}. Gibberellic acid (GA)°] F& 2 &9l

175 PGPRTTE9 AwAA A+ 242 Holdbrook S [Gutierrez—Manero &, 2001;
Cunningham %, 1996; Costacurta 5, 1995]¢] 7§23+ spectrophotometric methodS A}F-&3}31
o, o] W AA A A H A (gibberellic acid)& A HlZ@ YUY *H(gibberellinic acid)
o2 AZAA 254 nmolA FHEE SHSE WHolt xwA A FAHL Fig. 3.3 4]
Ueld AR gstdon 7 %59 GA3E % Zhdeko] A AT

o

Culture broth 10ml

l Centrifugation
supematant
+ 1M Zinc acetate 0.25 ml,

+ 0.25M KsFe (CN)¢ 0.25ml

l cer&'fuiaﬁon

Supt. 2.5ml Supt. 2.5ml
Supematant Supematant
+ D.W. 7.5ml +5 % HCL (v/v)

+30% HCL(vV/v) 35ml
to be, 100ml +D.W.
l to be 100ml

75min incubation

at 20C
|

!

0.D.
measurement

at 254nm

Fig. 3.3. Spectrophotometric method for the determination of geberellinic acid.
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B. subtilis AH18¥} B. licheniformis K119 75 37ColA 4%}, P. fluoresencs 2112% 3
0CAA 6A17Hs<r LB mediumeol] Aujetst & 84 AA4A <l tri-calcium phosphateE 0.5%
718 sucrose minimal A (SM medium; sucrose 10 g, NH4NO3 027 g, KCl 02 g,
MgSO4-7H20 0.1 g, MnSO4~6HzO 1 mg, FeSO4+7H.O 1 mg, yeast extract 0.lg, per liter)
100 mlell Z}zF 1 ml 2 HEske] & 168A 7H7FA] 200 rpm .2 M Eruj st H A v A5 o

el e A4 w2 E FAHSAT 8 At & S48 flskd 7”*/] HjF NS ZF Al
7 1 ml A tubeo] &4 & F 5500 rpm, HE7F Aol A AAEE Z 02 ml A5HS
33k 33k 5 o] Molybdate reagent (6N HoSOs: 2.5% ammonium molybdate:

10% ascorbic acid: H-O= 1: 1: 1: 2) 0.8 mlE H7}3k & 50TCeolA 2083 HFSAl7] 1L
UV-Vis spectrophotometerE ©]-&3}¢] 820 nmolA F3=E A3t

vl In vivo pot 28& 53 A% W 19 2EYA AT .

aFeh EnfES] ASHIE AFH FdaA HAAA, AP FEelA
ntE FAE 70% oEEd FALERoR
M-S % 5ol v wf 7h#] 28T, 50% F%

FrA g A ahF Ao A 127\]{} %1%2& 5000 lux®] ¥& zo 718tk A7|ell B. subtilis
AHI18, B. licheniformis K113+ P. fluorescens 21125 1 x 10° cells7}A] 8] oFst vjokot s 914
welate] FANS 3|Fete]l SFS 10 mlol F48te] potd 1 x 108 cells¥ & #5F HZF3HA
o1 negative control % THIT 10 mIvrS HY3A A E Ax 2EH A9} 14

AEAAE ANROE ABAY] ANl ALAZHL ATl FRAS EEA ofF

>

AE Aegsl#] &k, 19 2EH A A= 50 mM NaClE 50 ml 4 5 vt} A 2l sl A
s, =2 100 mlY] %E$J AYgt & At 1539 EnEE positive control= A}
olyp

3FAt}. Positive controlS vtk 50 mle] SHFE Agstd o, tE e AHET= A
b = m A E R %1_4. =717 AEAY e 2EY A HES S Hol= Aol yE
W72 gEE T BE AT 20 XER St 3ukEEHS]

ue BN o
o>
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(1) Ax 2EH 2 A3s

olf
(e
=
i,
o,
(07
[‘Bt_"
o
o
N
S
>,

Ax 2Ef 2 FHolA 159t EntEe fojo A By = =l =
Aot Az 2Ed X vAYT, A2 2EHE AT, 2 AEHS + PGPR ¥ A 879
Aot EVES XEOA {edte] &3] H= 2
AP} w2 g2 mpajek gt oju] Aol HXA] G E AAALE
o owkAlE 22 -T2TolA WA tubeel  Hol  H S, two-dimensional
polyacrylamide gel electrophoresis (2-D PAGE) #4133 w9d gspot 9] TAHL2 #|w=wiel
(Genomine(5+), 223l o] F3te] A At HFig. 3.4).

2-DPAGE

(Two-dimensional gel l

\ electrophoresis)
Total RNA

SRR Ak

Differentially
expressed spots

First strand cDNA synthesis

Using specific primers of plant stress genes *

Cut out differentially displayed bands

e

Fig. 3.4. Differentially expressed genes and proteins identified by PCR amplification and
proteome analysis under the drought stress in red—pepper plant.

1

(2) Ax 2Ed 2 Adds FAAe] AAA 2d 24
(7}) total RNA9] F= % A XA

JFo} EnpEe] Hy xZ o 2 RE total RNA #2]9]+= TRIozol reagent (Invitrogen AhHE
AbESEATE A AAE o] &ate] mhfgk e 22 1 gol 5 ml®] TRIozol reagentE % 7}st
o] 187F vortexstal A2oA 1087 & 3 12,000 rpm, 4Coll A 1587F 944 238 4
SHAE A tubeZ %7 1 ml B chloroform< 0.2 ml& H7}sta 15% &9F vortex$t &, t}
Al ol 587 WAL F 12,000 rpm, 4TolA 1583 94EE 384 D} oAl d S
A tube® %7 0.5 volume®l] 3133+ isopropanols ¥ il 5%7F vortexdr & Ao A 5&E7F
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_4
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=

&

LY

)

MT

]_

Yoy

ol
ER S

%
e & 2

Jilé}oi RNAE HAAFHG. olE, 12,000 rpm, 4TollA 10237 ¥4
gk 3 75% oE=2 1 mle Yo 5%3F vortexstal, 12,000 rpm, 4ColA 3

RNA HAES AHs A o= dojxl RNA %‘?ﬁ%% ges &l
DEPC-ddH20 (0.1%, v/v) 20 plell *xo]ai, 55TColA 10&37F A glste] RNAS ®2lsteh. 5
%9 total RNAE H7|9% S 5319 RNA«] BEE eldtaL, Nanodrop (ND-1000, Thermo
Scientific, Waltham, MA)S ©]&83o] 260 nmollA RNA &S A260 nm/A280 nmol4 RNA

TEE SAsta FEFedth

=

o

A
o

o o

=

3

=2
-

73]

mE

(t}) cDNAS] &4

Az 2EYs AEHel 13 Bl W total RNAE Oligotex kit (Qiagen, Valencia,
CAE AH&3ted mRNAE sttt 28 mRNA+F RevertAidTM first strand cDNA
synthesis kit (Fermentas Inc., Hanover, MD)E A}-&3}o] cDNAE A3t cDNAE T4
3H7] 93] 1 pgel mRNAC] OligoT primer 100 pmolg A 7Fstal 65Tl A 1057 WAA 7]

%, RevertAidTM M-MulLV reverse transcriptases ©]-&3}9] first strand cDNAE &4 8} 31t}
(th) Primer A%}t

3o Ax 2EHE A FRd A-dHE FAAE @Mt fste] 153 dxAEd
2 #d FHAAES primerg A ZstA T 4, PGPR i A ElA] 2-D PAGE #4914 &
¥deol "g=2A yvEve 8FFe diHE s ]ii National Center for Biotechnology
Information (NCBD) o4 blast searchS %3}o] FHAES SR on of7]d 139 HZE
Z2EH 2 AFA o #EE FAAE FrHA R GEEGY. dEY S EeR
A717F 20 merd =7 ¥ a1, GC ratio 7} 40-60% A% %+ forward % reverse primers Al
Ztsto]l PCRell Ab&-8F3AtH(Table 3.1).
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Table 3.1. Primer sequences was designed based on drought stress genes in red-pepper.

Gene Nucleotide Sequence Protein Name Accession No.

5'- ggttgttgcatcaggcatct —-3° pathogenesis-related protein 10

CaPR-10% BRTEUECTCRR : , AF244121
5'- cttecttgggatgeatatcg -3 (Capsicum annuum)
5'- tgagtggccttcaactecte -3 1-aminocyclopropane—1-carboxylic acid

ACCO* | asies \ , AJO11109
5'- gtecegtetgtttgageaat -3 oxydase (Capsicum annuum)
5'- catgggcaatccattactcg -3 adenosine kinase isoform 1T

ADK* AY695050

5'- atgaacattgacgccagcat -3'  (Njcotiana tabacum)

5'- tgtcggaggtccgatgacta -3'  vacuolar H+-ATPase Al  subunit
VA#* . o ) AY177247
5'- cacgctgtccggtaagaaga -3 isoform (Lycopersicon esculentum)

5'- accactggtgctaacgtgga -3'  dehydrin-like protein

Dhn+* ) AY 225438
5'- gcctecteegtettettetg —3° (Capsicum annuum)
5'- t ttgct -3*  early nodulin ENODI18

Enod18+ - (pasatigcigceacacaga ©o - GARY AJ271815
5'- caatagtcactgggcatggg -3 (Vicia f2ba )
5'- cgt tgtgogotcaatg -3 ~ PR-1 protein

CABPRI | ceisaamdiEiaRRicadia - P AY560589
5'~ ccatacggacgttgtcctet -3 (Capsicum annuum)
5'- tgttgecttgatgat -3 PR-protein-like gene

PR-like gasgslgtiscctigalen protem e sen AF525142

5'- gggagtcctttgecacttage -3'  (Capsicum annuum)

5'- gcccaaaattcacctcaaga -3'  cytoplasmic small heat shock protein
sHSP ‘ . ) AY284926
5'- tgcacctgaatgaatcaagc -3 class 1 (Capsicum frutescens)

(2}) Differential Display (DD) PCR 4F-$-

43 cDNAE template® ato], 115 Hx2Edf s A3 @4 F42 primer® PCR
S5 33Ut PCR WHS-H o 21= template 100 ng, 100 pmole primer (forward, reverse)
1 w0, Tag DNA polymerase 20 unit, 10x PCR reaction buffer, 5 ¢, 10 mM dNTP 1 0
Abgetsl o, HEE2-2 94T 102 13], 94T 30% - 50760C 30%, 72T 30x 303], 72T
2 13]2 gradient PCR3 & 7% anealing temperatureS %1l thA] H A &xo|x PCRE
T33A . PCR ¥ agarose gel #H7]9&S AAS] FFHF DNAE dQlsla, o] E
sequencingste] 48 A7 AL GenBankol A 7]& HuE AZX 2~
< Hl kgl

My N o

a1
_1
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3. a7 ANEF 23

7t A ~EY 2~ Ads 252 ACC deaminase AAHs FAF

2OAGgME I 2EY U89 A xEAQ oEde H4A ACC (1-Amino
cyclopropane-1-carboxylic acid)& —Et%H 3t= ACC deaminaseE AAFst=A] AFE FASHA
th. ACC ®a & 49 ACC deaminaseE AAtst= @M AAELS A& ¥
Al ACC 555 #aAA AfHow ~EH2: qddlo J4 4&
= A4S 3AGlick 5, 1998]. ACC deaminase AHA FAF Ade A
&l Ao A Atd thr]s PGPR #5E°] AFoFE R Ads)
F EE ACCHS Aadozr 3k wjx|oa] Aol 7hs
st R, (NHY)2:SO0s5 Ao ® 3 wjx|oAe] Ao Hlate] @AAsA Ado] sro} @A
ACCE Aoz o8& & v ARLS HAFAT Fig. 3594 & 4 Axo] ACCE

3| 3} a—ketobutyrateg A AFsl= ACC deaminase /‘3 As Aol A B, lichenitormis K11

L)
=
lo
=2
nm
°,
lo
2L
-

SIS u}.

-
1

o
L

K11 AH18 P2112 BK4*

1£ynqoyd-eydre

Fig. 3.5. ACC deaminase activity of the 3 PGPR strains.

Mearsurement of ACC deaminase activity.

The amount of a-ketobutyrate (uM a-ketobutyrate/mg protein/hr) produced when the ACC
deaminase cleaves ACC. The strain BK4 was negative control (no ACC deaminase

activity).
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975 PGPR © B. subtilis AH18%} B. licheniformis K119 2]
915kel 7k PGPR wFE9 wWlFAEZNE ABA, zeating FEIIAUT FEE ARES
Sephadex LH-20 column chromatography2} HPLCES %3] A A5k
*F A5 AS EtOAcE AFE3le] ABA, zeatin F8o g Egstay #AA¥=7|2 F=3l]
Sephadex LH-20 column chromatographyE S$3AIZT &#Eld #8E FoA Salkowski
test9‘r UV spectrophotometer (ABA: 280 nm, zeatin: 254 nm)E &3l A

ThA] 7“’”&20}&] HPLC Al&2 A3t HPLC #4243 ti7]s PGPR o5 B
licheniformis K112 2 &322 ABAE Aitst= 2S5 &<lsklth Retention time 19 min
o|AtH(Fig. 3.6). A, Fig. 3794 £ < <Adxo] HPLC w4 A3 B subtilis AHI8X

cytokinin®] 3 FF<l zeatin'e retetion time 2.9 mincl Al A% Ak

-

0.50 +«— 19 min

0.00 5.00 10.00 15.00 20,00 2500 30.00 35.00 40.00
Minutes

ABA

- LM wuq__

10.00 15.00 20.00 25.00 30.00 35.00 40.00
Minutes

Fig. 3.6. HPLC chromatogram of absisic acid partially purified from B. licheniformis K11.
UV detection of ABA were at 280 nm.

Standard : 100 ¢/ml (dissolved in methanol)

Column : Sunfire'™ C18 5 gm (4.6 mmx150 mm)

Solvent : 1% acetic acid in 20% methanol, 10096 methanol

Flow rate : 1 ml/min
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<+« 2.9 min

2.00

1.50

AU
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o0.00 ‘*)J

0.00 5.00 10.00 15.00
Minutes

«—— zeatin

A

oc.04
{
o.02 \J \‘{J
- _—
o.00 s.00 10.00 15.00

Fig. 3.7. HPLC chromatogram of cytokinin partially purified from B. subtilis AH18.
UV detection of zeatin was at 254 nm.

Standard : 100 w¢/ml (dissolved in methanol)

Column : Sunfire™ CI18 5 /m (4.6 mmx150 mm)

Solvent : 1% acetic acid in 20% methanol, 1009 methanol

Flow rate : 1 ml/min

ot JAS] & # AA

NEAFEH 5283 JAE dWHoR nEAEQ ARAda YiEHE dRsERow
Bdite] Aoy 71AA A, T %cg—_aﬂéoﬂ whgale] AEo] AL RS £
Eate FEAR SEA lu, 2008; <F, 2004]. o JA B Me-JA= He<s Al9lst
3ROl oA A

AatEl= Aol iAo R PGPRY AlwtelA AitE s AL =&50
[Costacurta &, 1995]. HPLC #41A3} PGPRRl B. subtilis AHI’Y} B. licheniformis K11 ¥ &
T retention time 3 minol A g3 JAS @ peakES #FET F ¢ ATHFig. 3.8). o]AL
AT A AFESE PGPR TrFE°] JAE AAtele gAg Aol HollA ou7t gl& xt
olye}, A¥E PGPR W%l B. subtilis AHI8%} B. lichenitormis K11& EFU A 8A] thegs}
A w5 e A= &34, 7144, el o3 2Ef 2o WS zted 2A
3 Ro g Holth

N
2
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<«— 3 min

-
<
040
L JA standard
0.00
1.0v 200 3.00 400 5.00 600 7.00 8.00 9.0C 10.00
Minutes
350
3.00
2.50
2.00
2 g Jf\.
150
1.00
Strain AH1S8
0.50 \f\
000 —— N A \JMLA___/x—_
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes
3.50
3.00
2.50
2.00
> «— JA
1.50
1.00
0.50 Strain K11

1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes

Fig. 3.8. HPLC chromatogram of jasmonic acid partially purified from B. subtilis AH18 and
B. licheniformis K11.

UV detection of JA was at 210 nm.

Standard : 100 xf/ml (dissolved in methanol)

Column : Sunfire™ CI18 5 /m (4.6 mmx150 mm)

Solvent : 0.1% trifluoroacetic acid (dissolved in dH20): acetonitrile = 6: 4

Flow rate : 1 ml/min
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e GASl & 2 AN B

AEs2 32 AWMAAL Z7], AE A%, T2 Zol53, FHEro| #Holsts 2 # ot
[Cunningham 5, 1996; Costacurta &, 1995]. Xwl@ o] 282 AMFEZ2E FApdol=x

2H-8 fEEH A Zae] F7HEE S o] At Gutierrez-Manero &, 2001; Cunningham -5,
1996; Costacurta ‘s, 1995]. Fig. 3.9914 & 4 3%o] t7]5 PGPR 5% B. subtilis AHIS,
B. licheniformis K11, P. fluorescens 2112+ EF GAES A4 4 dtb= A S Holbrook
method& &3ate] Q& 4 UL, AAE = Al FFSQ GAzE ol-&sto] A=Fss ul, B.
subtilis AH18¥ B. licheniformis K11-& Z+7Z 0.6 057 mg/mlE A2k 4 dsleH, P
fuorescens 2112% 3.44 mg/mle] GAS A4ke 4= Atk AEFTZE GAT FAe] TolA o
=5 &8skl FApe ot

i}
e,
9)
)—U
=
!
N

A wol AAHE NEZERoR B AT AS

=AENE AE 5 e dolg 4w

100 A
. GA

B GAny,,

80 - 1 Control

60

40

20 -

Red-pepper Tomato Green onion Spinach Radish

) UOBUTULIIN) PIIS

Fig. 3.9. GA production by B. subtilis AH18, B. licheniformis K11 and P. Auorescens 2112.

GA production was estimated by measuring absorbance at 254nm using Holbrook method.
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IR X S

t}71s PGPR 91 B. subtilis AHI18, B. licheniformis K112} P. fluorescens 21122] <Ak
7F83l%5S molybdate reagentE ©o]g&3dle] FANE A A #F BT FgA <labgQ
tri—calcium phosphateE 3ad < ATl Fig. 31004 Holx= AAH A +5F F P
fluorescens 21122 <1AF 71&3}50] 71 £ko ™ B subtilis AHIS 2 B. licheniformis K11
< 15 ppm A= A7HESes UEHHATE IS 7HEA F7] AFE FEH R Bkl A
| = AEY dF FEolARE BE Fito] E&3lEo] A Eo] APAHer F5T + U
Hrto] &, 2006]. ol ¢l4te] 5L R THAS wY #nk oyt B Bl S =W
M= qass Ul ¢ = Qv mebd o W B, subtilis AH18, B.
licheniformis K119} P. fluorescens 21125 E %o FY3tAS o F&4 Qi) Ea= 2
o] A AHARQ ddddd AP TS d&3d] o WAFHNEHRE AE F A& A

o Azt

e

A

. subtilis AH18 B. licheniformis K11

80

(B) -@- AH18

60

40 4

20 4

o

T T T T T
24 36 48 60 72
Time (hr)

Fig. 3.10. Solubilization of insoluble phosphate by B. subtilis AH18, B. lichenitormis K11

dsoyd d9.a
o
I

and P. Auorescens 2112.
A, qualitative test of insoluble phosphate solubilization by Pikovskaya's medium; B,
qualitative test of insoluble phosphate solubilization by enzymatic test using molybdate

reagent
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Fig. 3.11. Induction of drought stress resistance of red—pepper by the treatment of PGPRs.
A, negative control (drought condition); B, positive control (watering condition); C, drought
condition with the treatment of PGPRs (10° cells/pot).

The positive control was watered every 5 days with 50 ml of sterile water. The pictures

were taken at the age of 30 days.

- 140 -



4
£

\

Fig. 3.12. Induction of drought stress resistance confirmed by stem and root development of
red-pepper when treated with PGPRs.

Negative control, drought condition for 30 days; Positive control was watered every 5 days
with 50 ml of sterile water; B AHI8, B. subtilis AHI8 (10° cells/pot); P 2112, P.
fluorescens 2112 (10° cells/pot); B K11, B. lichenitormis K11 (10° cells/pot).
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Fig. 3.13. Induction of drought stress resistance of red-pepper by the treatment of B.
lichenitormis K11.

Bl : Drought*, H: Drought + strain K11, [ : Only water

The positive control were watered every 5 days with 50 ml of sterile water. Values are
expressed as the means of three replicates, each containing 20 plants. Standard errors were

determined at P<0.05.
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SO0mM N aCl Control S0mM NaCl
+ K11

Fig. 3.14. Induction of salt stress resistance of red-pepper by the treatment of B.
licheniformis K11.

Salt was treated with 50 ml of 50 mM NaCl every 5 days, and B. /licheniformis K11 was
treated with 10° cells/pot. The control was watered every 5 days with 50 ml of sterile

water. The pictures were taken at the age of 25 days
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Fig. 3.15. Induction of salt stress resistance of red-pepper by the treatment of B.
licheniformis K11.

Bl saiex, [ salt+ strain K11, [0: Only water

The positive control was watered every 5 days with 50 ml of sterile water. Values are
expressed as the means of three replicates, each containing 20 plants. Standard errors were

determined at P<0.05.
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(1) Ax 2Efx Ads dad

g
=
[4 1
O
0,
M~
>
BN
S
>

7% PGPR 559 9dte] 159 AzxrEds AFdAo] iy A &

PGPR 5 % B. licheniformis K119 AZ2E# 2~ A3A FE%5o] 74 Hojyrs AL
& = AATh 2Pkl 30U AxFANA B. licheniformis K11& A d 139 EvlE
o] HgloA wwd ¥y S dolr gkl ACC deaminase bt B. licheniformis K11&
At 159k EvtE oA S5 Agst A, ol F AR AEetA ¥ LT EntE 8
glo} st S 1 Helo A= 222719 @A spotso], EvLE B A= 757 @A
spotse] &A% W ol Ao]l= W TH(Fig. 3.16, Table 3.2). o] ZA AAA 222712 spot =
2 e zbol7t s spotS EElste] @l FAS HAASHY 1 A3 54 spot T
65, 8719 @A (Table 3.2.)& A& ~Egf A WSy WYFe HYL wors w 235
= gz gyt o] 52 pathogenesis-related protein 10 (MW 12.94, 18.96 kDa), 2]
EAAFEZ T 282 cytokinin®] key enzyme?l adenosine kinase (MW 22.47, 42.99 kDa), %
2o E475 % Ed44 583 ##HYE vacuolar H--ATPase, A% ~Ed 2o 9o&] 23 5
+ dehydrin-like protein, universal stress protein¢] early nodulin ENODI18, ACCe T &4
¢l S-adenosylmethionine synthetase & ©|tH[<QF, 2004, Bageshwar &, 2005, 4¥F -5, 2004,
Borovskii &, 2002; Barbara ‘s, 2000; Hohnjec &, 2000; Glick &, 1998]. ¢]# 3 z}o]= ACC
deaminase®} auxing AJ2teli= thr]s PGPR 5 B. licheniformis K11 2|3k 139} Ewu}
Bo Ax 2EH 2 g3t wE dmde] wy zpo|gtar Azt o

—~

w24 2 ACC deaminaseE A4elE= B, licheniformis K118 2 Eo] A8 Fo] Ayt
Aoz AL F Av Ax 2EH2Y 38 Fef AFE T2 Q3 dFxAA A AS 5 Ae
79 2EHA 7 2E#x g

[e)
223 AHAA = 5 e W oh)e} PGPRE o] &3 &
Aolel AZhat),
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Fig. 3.16. Proteome analysis of the drought-related proteins in red pepper roots.
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Table 3.2. Differentially expressed level of major proteins by the

licheniformis K11 under drought condition.

treatment of B.

Spot No. pl kDa Homologus protein ACCI\GIZSion
12 4.20 12.94 pathogenesis-related protein 10%* AJ879115.1
406 4.32 42.99 adenosine kinase isoform 1T AY695050.1
508 4.25 46.63 vacuolar H'-ATPase Al subunit* isoform AY177247.1
510 4.26 45.95 dehydrin-like protein* AY225438.1
2604 4.67 5476 Tubulin alpha-1 chain P1460
3105 4.89 22.47 adenosine kinase isoform 17T AY695050.1

4101 5.06 18.96 pathogenesis-related protein 10* AJ879115.1
4610 5.21 51.06 S-adenosylmethionine synthetase* P93254
5106 5.42 21.64 vicilin-like storage protein X63191.1
5112 5.40 17.12 alpha-tubulin AJ279695.1
5203 5.29 32.99 Actin-51 Q96483
5410 5.49 42.34 perakine reductase AY766462.1
5506 5.35 50.12 eukaryotic initiation factor 4A D12627.1
6206 5.62 32.96 phosphomannomutase DQ442995.1
6305 5.99 38.33 cyprosin X81984.1
6407 5.88 40.02 Cysteine synthase 081154
6611 6.12 55.80 s oosphate 718924.1
7011 7.01 9.38 putative prepo-beta—,3-glucanase precursor AJ309385.1
7106 6.85 21.62 cobalamine-independent methionine synthase 749150.1
7108 7.07 23.00 Formate dehydrogenase (FDH) Q07511
7109 7.08 14.98 early nodulin ENOD18x* AJ271815.1
7110 7.11 14.29 hypothetical protein AM460452.2
7307 6.78 37.99 annexin X93308.1
8202 7.21 37.72 glyceraldehyde-3-phosphate dehydrogenase AJ246011.1
5505 5.29 50.28 phosphoglycerate mutase AF047842.1
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(2 Az 222 AT FA4e AAFE B B

Ax 2EH 2 AP F5 FdAES] Q7IAES vtgo® A &g o] primer 55 AHS
st Wadd DD-PCRS AAFezA & Ag+, Ax A5, PGPR AgF<lA CaPR-10
(pathogenesis—related protein 10), ACCO (ACC oxidase), VA (vacuolar H+-ATPase), Cadhn
(Capsicum dehydrin-like protein ), ADK (adenosine kinase isoform 1T) f#xt52] AAL4=F
ol Aol el AolE el 4 UATHFig. 3.17).

Cadin® VA*® sHSP* PR-like* CaPR-10*
D W K D W K D W KD W K

ACCO CABPRI enodi8
K D W D W K D W
Cadhn® VA* sHSP PR-like CaPR-10*

D W K D W K D W K D W K D W K

ACCO* CABPRI enodl8 ADK*
D W K D W K pw K D W K

Fig. 3.17. Comparative analysis of amplified cDNA bands from red-pepper roots under the
drought condition.

N, negative control (only drought condition, for 5 or 30 days); P, positive control (watering
condition with watering); K, B. licheniformis K11 treated (drought condition + 108 cell/pot).
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Dehydrine A &2 £x AZIAAANA FutE= AF 2Ed 2o st WS Fostr] 9
slo] v WAyl 7)o W= LEA (late embryogenesis abundant protein) & 1& 2
(D-11 family)ell &ob= @Az T2 A5 FE24 dHiEv ofe &0 dx
A2, ABASE Ta5 18lal AA ol AW ZA¥ = 84 S ol 2004, A 5,
2003; Borovskii &, 2002]. Fig. 3.17014 AxA 2 = 5dolA Axw A3 1341t PGPR
TS A2ld aFoA Cadhne @do] F71EgS t}. o]A& PGPR F9 B
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oA Mzl wARE AL & 7 AW, LA Az AR nFelAE wHe] A

8 b @ Aol wske] PGPR #FE Aeld nFolAE oFabAunt wAnE Ae o

Stk EE 0 s B A el e BARRS wol B AT 6 ARy sz

ANAE 4% Fwel olgdol Fslel nFel Aol FHAA IFS Fu drke AL

wolEeh, kAW PGPREF A PolAE 489 Ag5del 9 & #Fe opyAw o

S s Ae Ax 2Eds gUe AE AUHE o= AR A S FAdos
T

o] - ?i?% olo 7 1 o7
2l &0l /] adenosine kinaser &&= 3 =221
A=)

2] cytokinin®l] <%k AlxE

ytokmm Ao AoJdt= key enzyme B
3] ¥l v [Barbara %, 2000;

ol Deikman,

1997]. &= A=o] Adxy u2 Fo &4 2EHEE e W gol EHjEo] 2EYXA A
ol ¥ejets @i doltBarbara &, 2000]. ¥ ATolA ] Ax 2EHA AHS 5
ol Fstls Wl E= Aol HlmeA TEES & ML, A 2EHS 309 Fol
= Az ‘%E]fi ?r oAt o] yetutk(Fig. 3.17). A% ZE#2 15| PGPR #FE&
Aeer A-H Az Aok v 528l adenosine kinase®] Wd o] uERUA eFoki=tl. ©f

AxAY 1F9] 2EHE APso] fFryo] 2EHA7 &438tH %S
ZE# 2 e 12‘?01] Az 2B~ #4
5 o
‘?—i?‘iol QW](ADK) ol W}F/‘r WE%E}—E =y ‘/}E]r”“ﬂr
deaminase At PGPRQl B. licheniformis Kllo] 150 A% 2E# 2~ A5 H4
Wy ks FHE ] AFX AEHAE FES £ 98-S HoFE)
, PCR9] 2F=S Solgent Co.Abel 2] #] 351 Sequencmg?f} A3}, Table 3.3 H+= AAH
GenBank (http://www.nchi.nlm.nih.gov) 7 Mo|A] W5 99%0o]A (VA A% 92%)2] =<
42 Y tH(Fig. 3.18-24).

Nz rEds ARe

ox EIV”

Table 3.3. Differentially expressed level of RNA in red-pepper by the treatment of B.

licheniformis K11.

Differentially Hormonology ) Accession
Protein Name

expressed Genes from Genbank (%) No.
Cadhn 99 dehydrin-like protein AY225438

VA 92 vacuolar H+-ATPase AY 177247

Up sHSP 99 small heat shock protein AY?284926
Regulation PR-like 99 PR-protein-like gene AF525142

pathogenesis-related protein
CaPR-10 99 10 AF244121
ACCO 100 ACC oxidase AJO011109
Down . . .
] ADK 99 adenosine kinase isoform 1T AY695050
Regulation
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1 AAACATTATGGGTGCTTATACCTTTACTGACAAGTCCACAGCCTCAGTTGCCCCATCAAG
61 GCTATTCAAAGCTTTGGTTATTGATTTTAACAACCTTGTATCTAAATTGGCACCTGATGT
121 TAAGAGTATTGAGAATGTTGAAGGTGATGGTGGTGCTGGAACCATCAAGAAGATGACCTT
181 TGTCGAAGGTGGTCCAATAAAGTACATGAAGCACAAGATTCATGTGATTGACGAAAAGAA
241 TTTAGTAACAAAATATTCACTTATCGAAAGTGATGTTACTGAAAACAAAGCAGAATCAGT
301 TGATTATGATGGCAAATTTGAAGCTTCTGCAGATGGAGGAAGTGTTTGCACCACAGTAAC
361 TGTGTACAACACAAAAGGTGATTATGTTGTTACTGAGGAAGAACACAATGTGCACAAAGA
421 GAAAGCCAATGACCTTCTCAAGGCCATCGAAGCATACCTCCTCGCCAAT

Fig. 3.18. Nucleotide sequences of the pepper-CaPR-10 gene induced by B. licheniformis
K11.

1 CTTGTACTTTCCGTTTGTGATCACCTCAATTTGGTCGCCAAGGTTGACCACAATGGAGTG
61 GCGCATAGGAGGAACATCAATCCATTGGTCGTCTTTGAGGAGTTGAAGGCCACTCACTC
121 CTATGCGCCACTCCATTGTGGTCAACCTTGGCGACCAAATTGAGGTGATCACAAACGGA
181 AAGTACAAGAGTGTGATGCACAGAGTGATTG

Fig. 3.19. Nucleotide sequences of the pepper-ACCO gene induced by B. licheniformis K11.

1 ATCAAAACAATGGAGTACGATGGAATTCTTTTGGGCATGGGCAATCCATTACTCGATATC
61 TCAGCTGTTGTAGATCAAGATTTCTTGAACAAGTATGACATCAAGCCGAACAATGCAATT
121 CTTGCCGAGGAGAAGCACTTGCCTATGTATGACGAACTGGCATCCAAGAACATTGTTGAA
181 TACATTGCTGGAGGTGCTACGCAAAATTCAATAAGAGTGGCTCAGTGGATGCTACCATTT
241 CCAGGTGCAACAAGTTACATGGGCTCGATTGGAAAGGACAAGTTTGGAGAGAAAATGAAG
301 AAAAATGCAAAG

Fig. 3.20. Nucleotide sequences of the pepper-ADK gene induced by B. licheniformis K11.

1 GCTAACTTTGATGCTACAGGTCTAGGAGAACGTACAGGCCAAGTCTGAAGCATAGTCACT
61 TGCTTTTTGACTCCTTGAAACTCGAGCTCAAGAACAGTATCATTCAAAGAGTATTGACCA
121  GCTGGAGCAATGTAGGTGATCTTTCCCATGGCATCAGGAGGAAGAGCAACACGATGTTCC
181 ATCAAACTGTTTTCAAAGACGGTAGCATACAAGTCTCCACCTGTTAAGAGATCTCCCTCA
241 CCTATTTTCTTAGGCTGAAATTCCCATAGTATATCCTTGTCCAGGGCTGGAACAGACACA
361 CCACGAGGGATGTAGACATCACCAGACCTTTTTGCAATTGTCTTCAGAGGCCTCTGAATA
421 CCATCGAAGATGTTCCCCAAAATTCCAGGTCCCAGCTCTACTGACAGGGGCTTGTGTGTA
481 GCTTTTTGACTCCTTGAAACTCGAGCTCAAGAACAGTATCATTCAAAGAGTATTGACCAG
541 CTGGAGCAATGTAGGTGATCTTTCCCATGGCATCAGGAGGAAGAGCAACACGATGTTCCA
601 TCAAACTGTTTTCAAAGACGGTAGCATACAAGTCTCCACCTGTTAAGAGATCTCCCTCAC
661 CTATTTTCTTAGGCTGAAATTCCCATAGTATATCCTTGTCCAGGGCTGGAACAGACACAC
721 CACGAGGGATGTAGACATCACCAGACCTTTTTGCAATTGTCTTCAGAGGCCTCTGAATAC
781 CATCGAA

Fig. 3.21. Nucleotide sequences of the pepper-VA gene induced by B. licheniformis K11.
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1 TGTCCTTAATCTTGTCTAGAAATCCCTTTTTCTCCTCAGTTTCCTCGTACTTCTCAACTG
61 GAACTGAAGTGTCTTCCGTTTTCTTGTCTTCTTCCTTGTGATCACCAGATATTTTGTCCT
121 TCATCTTGTCCTTCAATCCCTTCTTTTTCTTCTTCTTGATTTTCTGTCCATCTTCTCCTA
181 CTACTTCTTCCTCCTCATCACTTGAGCTACTAGAGCTGCTACTTGATCGATGAAGTTTCT
241 TCTCTTCTTTCTTTTTCTCCTCCTCCTTGTGTTCTTCTTCACCTACTTTAACTTTCTCAC
301 CAAACTCAGATGAAATTGCTTGTTCTTCATGAGCATGAGTTGGTTTTTCCTCCTCCTTTT
361 TCCCTAGGAAATCAAACAATTGATTTCCTAGGGAAAAAGGAGGAGGAAAAACCAACTC
421 ATGCTCATGAAGAACAAGCAATTTCATCTGAGTTTGGTGAGAAAGTTAAAGTAGGTGAA
481 GA
Fig. 3.22. Nucleotide sequences of the pepper-Cadhn gene induced by B. licheniformis K11.

1 GGGATGGGGGGGGTGGGGAAGACTACACTTGCTAAAGATGCTTACAATGACGAGAAGGCA
61 AAAATCCATTTTAATTTGAAAGCTTGGTTTTGTGTGTCTGAGCCATATAATGCTTTCAGA
121 ATAACAAAAGGGTTACTTCAAGAAATTGGCTCATTTGACTTAAAGGATGACAATAATCTT
181 AATCGGTTACAAGTCAAATTAAAGGAAAAAATAAATGGAAAAAAGGTTTCTCATTGTTCT
241 AGATGATATGTGGAATGACAACTACAAAGAGTGAGATGACTTGAGGAAGATTTTTGTTTA
301 AGGAGGTATTGGAAGTAAGATCATTGTGATGACACATGAAGAGGGTGTTGCCTTGATGAT
361 GGGTAGCGGGGCAATCAACGTGGGGACTTTGTCTGATGAAGCCTCTTGGGCTTTATTCA

Fig. 3.23. Nucleotide sequences of the pepper-PR-like gene induced by B. licheniformis
K11.

1 TGGCATCTCGAGCACAAAACTATGCCAACTCAAGAACTGGTGATTGCAGCTTGATTCATT
61 CAGGTGCAGGGGAGAACCTTGCCAAGGGCGGTGGCGATTACACGGGGAGGCGTGCCGTGG
121 AGTTGTGGGTGTCTGAGAAGCCTAACTATAACCATGCTACCAACCAATGCGCTGGAGGCG
181 AGTGCAGACACTATACTCAAGTGGTCTGGCGCAACTCAGTTCGACTAGGTTGTGGTCGGG
241 CTCGTTGCAACAATGGGTGGTGGTTCATTTCTTGCAACTATGATCCTGTAGGCAA

Fig. 3.24. Nucleotide sequences of the pepper-sHSP gene induced by B. licheniformis K11.
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New Rapid

Genetic MO'. pring method
AN
If ’fé N

Multiplex PCR  Real-Time PCR

by

Microbial Agent

Monitoring

B. subtilis AH18
B. licheniformis K1

P. fluorescens 2112

Fig. 41. New rapid genetic monitoring method of the multi-functional PGPR strains in field

soil using multiplex PCR and real time PCR.
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(1) Multiplex PCR& ©]&3 ZUE Y

Egel A8t A2A 2L DNA #2]&= MOBIOA] PowerSoil™ DNA kit
S AFE3F9 T PCR & primer £ Table 419 R AX = RAAT B subtilis AHI8 A=
auxin efflux carrier, siderophore ¥ B-glucanase? 3% Fd#2e EAHAAM LS primerZ[$ 5,
20071, B. licheniformis K11 4= B-glucanasel-%- 5, 2007], siderophore, iturin®] 3% &%=k
o] EAHAMLEE primer® 3t tHTable 4.1). 18U, B. licheniformis K119 2% 7]& B
~glucanase®} iturin® primer7} 5olAdo] wot7] wiiLol TE7F =2 AZF primerE Table
413 2ol Al yApelsEA . Multiplex PCRel &= Tag DNA polymerase (Solgent Co., Ltd.)
= Alg3st9 e, PCR2 template DNA 2 gl reaction buffer 5 u, 27l primer 1 ul,
dNTP 1 ul, Tag DNA polymerase 0.2 xlt 32 SH/HFE 71sto] % 50 wl7F ¥ =53k o,
H-$-2  pre-denaturation 94C-5% %, denaturation 94C-1%, annealing 55C-1%,
polymerization 72TC-13% 30%¢ SEAAES 29 cycle FdFAoH, wpA|gto=w
post-polymerizationg 72C-53% 3ttt ZE EY DNAFIE ZI3vAE ALAG T4
T 79 & FsAh

Hm;

Table 4.1. Primer of sequences designed based on antagonistic genes of the Bacillus strains.

. Antagonistic .
Strains Primers Sequence Reference
gene
Auxi aec 1 5-TGT AAA GCT AAA GTA TAC GGA CAT ACG AT'3' Woo et dl,
uxin B ) N N L
aec 2 5-GICACT GIT CAA ATT TCA AAC CTA AAG'3 107

» . sid 1 5-GAA TTG ATG ATA TGA ATG CAA AGG GTA TAG ACG GAA A3 Woo et dl,
B. subtilis AH18  Siderophore

oid 9 5-CAC GO TAA GGT (0 Q0 A8 007
cel 1 5-AGA AGT GTA GAG (CA AAA TGA TAC GAA (GA'3' Woo et dl,
B-glucannase 504G ACA TOG TTA CTG ATG TC GIC-3
cel 2 > T T Al . 207
6 gl CceIA(+)  5-ACG AGG AAA AGA TCA GAT ATG AAA (GG TCA ATC-3 Woo et dl,
~glucannase i e
celA(~)  5-TIC AGT ATT TCA TCC ACA ACG CAA ACC TGS 007
B. licheniformis Siderooh sIAK(+)  5-ATG COC ATC CCT GAT TAA GAC TGT 'TCA GAT-3' T
K11 lderophore SidK(~)  5-ATC GGA ATT CTA GAG TTA TCC AAC CTA TGA Y s study
Ttul(+)  5-CAT GAC TCA CTC AAT ACG ATG ATT TAA TAC-3
Tturin This study

Ttul(-) 5'-TTC TGC ACC GIT GGC CAT CIC CTA GAT ATC-3
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AaAFoz FA49 AanAdE AAE EYAd Agst & dInAEY EYY W&
A3st7] A3, in vivo pot AES HAAsta 157 (HAHo0 =

AE A2A DS multiplex PCRE 3H¢l8] ®.9kth. Multiplex
He Agy sdstA HAAEA

(3) Real time PCRS &3 AgvAE ALAG #5759 ZYHA

o

Real time PCRS &3l B W ZuAE ALAYG A4 #5759 IFE BJ9FS A
Aoz HUYH skt Multiplex PCROIA AFE-8F primers 1= AFE-3te] SYBR Green
based-real time PCRS A&t o, RE ¥HE 272 multiplex PCR¥} &Y 3stA 3k Th.

4, RUHYS 4719 pot EF 2P vRo=,
i = = d & Fele
FulAE AxAQe] EF FH3}, AAAY on oy gl 3 P

FoHrd capsici

W% 7HAE multiplex PCRE &3t 2, BEUHHE Kz}t gt T a9 v
AL AEAnAEZ Frste] FYs 1599 A8 tr]ls PGPR o5 P. fluorescens 2112
o] EYU FHATH RUHHYS fsl o5 Ho|l FxAtel digk DNA primers A %8kl

AAA R @ g HAAaAD AIvAEES] EUHHS 9t dFd AAAD A
Al FA vFez 0d(zero time)FE 104 A o= 60474 ESU DNA S A4S A
Astath. I EFU AxAY AIdu A2 DNA B2 & 93 EF AZF2 O FAZHE

W AHa), @ Bacillus HABT(B. subtilis AHI8%} B. Ilicheniformis K11 &),
Pseudomonas + Bacillus A2 7-(P. fAuorescens 2112, B. subtilis AH18%} B. licheniformis
K11 A&7 2 @ GAF] TAFE AT A =AA A )olA 271e] 1538 SAES
= Ao RE AT 4vkE AT 1FHEe Ade FA9A st on, BE AT 2
MR ol e Foo B2 F5 ZAZHA dojdlo] & HoFArh EY Ul DNA F52
Zt A ad 27 1FR S suE Z&3ske] MOBIOARS] PowerSoil ™ DNA

A A RUEHE 93 multiplex PCR W3S template
DNA 100 ngoll reaction buffer 5 pl, Z+2t2] primer 1 @, dNTP 1 ul, Tag DNA polymerase
02 ul S} 33 FHFFZS 7tete]l & 50 w7t =2 o, w3 Ao FdsA AA G
% annealing 58C 2. & 33} t}.

A
&
o
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(2) a3 EW P. fluorescens 2112°] multiplex PCR ¥ RFLPE %3 7% 2Ugy x4
51 21
1=

o

P. fluorescens 2112°] multiplex PCRE %3 EY4U F48% ZUEHY S 9ste] =2
24-DAPG gene¥ 4 ~Ed 2~ A4 EZ ACC deaminase ¥4 genes F74% AREZE 9
L3l x}t 3T P Auorescens 21122 24-DAPG gene primer?| 7% Pseudomonas sp.= ©]
A= 24-DAPG gene®l phlD gene primerS ©]-83}3 A "H(Table 4.2), t+& Pseudomonas
sp.E¥e AHEAS RIS AT EA Haell, Mspl, TaglES AFE3H RFLP
(Restriction Fragment Length Polymorphism)¥ < 2 A8t th =, tol7t Eokfo] wol &4
st Pseudomonas sp.¢tel EolAd& =ol7] fste], 4 2EdH A A3 =4H<d ACC
deaminase % AH(acdS, Genbank Aceesion No. FJ465155)5 EW 2 primers U AFQlsle] W
YE Pl o] &3 (Table 4.2). PCR 712 template DNA 100 ngoll reaction buffer 5 0,
2+ 7o) primer 1 ul, dNTP 1 ul, Tag DNA polymerase 0.2 @ ¢ 32 S7HTE 7Fslo] & 50
w7t HEE St ow dbg 27 A9} sdeAl AldElY AL, annealing temperaturet
gradient PCR& A A|glo] H A3} A]F T,

Table 4.2. Primer sequences used for detecting of P. Auorescens 2112.

Strains Antagonistic genes Primers Sequences
9 4-DAPG B2BF 5'-ACCCACCGCAGCATCGTTTATGAG-3’
’ BPR4 5'-CCGCCGGTATGGAAGATGAAAAAG-3'

P. fluorescens 2112

acdS(+) "~ACACGCAAGCTCGAATACCT-3'

. 5
ACC deaminase acdS(-) 5'-CHACATCTCGATGTTGCCTA-3'

Az Aoz A AU AR A2 Eodd HAYsaLe uw w2y v Fgas
T2 T 7hAaEHE EHE ARz tHPow AZE] 9ste] mEAwW e P
capsici®] RUE# & AA 9 Th

FAEHER] P capsici®l 2 EUHHE S S AdaAd A@3vdEe DNA =59

H

AW el P. capsici®l PCRS 3t primer=2+% P. capsici®l rDNA9Q internal transcribed
spacer regions (ITS)9] A7IMEE nigo g AA o] ALE3FAtHTable 4.3). 28 ZUHH
AP ALAY #F EUHAH TR st PA=AA FUF 04 FE 10 € 422 504
7hA] M3t o, PCRS pre-denaturation 95C-2% % denaturation 95C-30%, annealing
55C-30%, polymerization 72T-1%9 FZHFHFES  30cyces:  Fdsion, wpxwtoz

post-polymerizationS 72°C-5% 331t}
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Table 4.3. Primer sequences base on P. capsici ITS for detection of pathogen in the field

soil.
pathones Specific genes Primers Sequences
Internal transcribed CAPFW 5'-TTTAGTTGGGGGTCTTGTACC-3"
P. capsici spacer regions (ITS)

of rDNA CAPRV1  5'-CCTCCACAACCAGCAACA-3'

O mAZAAE BF vl vA= 9

A4LAD 2= ESrAE A A= JaFs 2Abet7] fste] dest o=
XEE W v 7 XE| B subtilis AHI8¥ B. licheniformis K11& 22 5 ml A &3}
Aok 2Ya vAES Aot 2 FAY dETek 7 rAdES 25 ml A =8 AHEg &
& 20E Yot T 4 AYTE AR o ® AASAT Ay 7Y Fo EGS BT 3g

FARPAR 1PN

2
+ 2ml A= DA -80TCe] Bttt W Bad EG AEE 019‘0}04 A4 )
=% & EYrAE g9 FAS B3P e, Peacock &, 20019 WHO 2 FE3S
QoFstH, 4 go] B¢ S0l
vv/iv) EFES Y AHES FEI F silicic acid column® ®  neutral, glyco and
phospholipid® &gttt o] FolA QAAHE wEst sto] vhsEojx &= wEsid A Wik
fatty acid methyl ester 19:0& W& X422 ¥ t5 MIDI Sherlock Microbial
Identification System (MIDI Inc., Newark, DE)S. 2 X|®4bS AA-A s &4 =71 10
el A 207091 A ake]l FAE A=, 2k PLFA &2 7 AZoA & PLFAS HAE v &2
FEASFA T

chloroform : methanol : buffer Solutlon (1:2:08

RE B9 3}t EAlS SAS version 9.13 (SAS Inst., Cary, NC, USA) L2135 9]
&3ko] analysis of variance (ANOVA)Z #2359t A A PLFA 4171 FolA 50% ©]d<
|

Algoll A Uetde AL 3070RE SA Aol o] &stith. Al PLFA dHlelEl ¢t Biolog Ul
o]El= SAS version 9.13 (SAS Inst., Cary, NC, USA)S o]&3lo] tpdeF EAWo 3jifel
T8 8]l BAS Esto] #4830 Fo ol &4 Ao IFeA Hox = Als 1He] 7
g AEZ FAM AEe] Aolg on|gith. AAPLFA FolA 8 Ax AWAE EY
stebal 54 ®ias 2& Wyor EAEoH, Li 5200600 Wl wE Agak #4 A
EES ol &5t AAts At
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(1) Multiplex PCR& ©] &3 2z #5529 ZUHY

ALAD NO. 119 F A8 ABE B subtilis AHI8Y B. licheniformis K11 multiplex

PCR& &ste] BEdorie o 5dss 54, ZUHI AT AaAY No. 1= #438h=
T AN AEESL 242y B subtilis AHI8S auxin, siderophore 2 B-glucanase® 3529 94
AR T P Z¥A 2 9o B. licheniformis K11 iturin, siderophore % B-glucanase®] 3
pd|
=

FHAAE A o5 A% AnAY AFTFES 4FE F EFony

fe]
F38tal 329 primersS Ao AFE3Fo] multiplex PCRS 388ttt 1 A3

Fl AFE 2] EA4 ofF B AHE A #lste] EUHY & 5 e
Z [e]

Fig. 4.2. Confirmation of B. subtilis AHI18 using single and multiplex PCR in bed soil.
1, 200 bp DNA ladder; 2, auxin efflux carrier gene (1,062 bp); siderophore gene (794 bp); 3,
cellulase gene (1,582 bp); 5, multiplex PCR of 3 genes.
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Fig. 4.3. Confirmation of B. /licheniformis K11 using single and multiplex PCR in bed soil
1, 200 bp DNA ladder; 2, siderophore gene (1,020 bp); 3, cellulase gene (1,682 bp); 4, iturin
gene (2,480 bp); 5, multiplex PCR of 3 genes.
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H At AAAESol = de FES g 23S 7Y nAd=sEe] ASsta 7] w&

o] 7lo Fl® HAAAY No. 11 T4 =9 s
multiplex PCRE 385tk ALAdS £8& 7Y EYFOo=5H Fig. 449 o] B
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Fig. 44. PCR detection of B. subtilis AH18 and B. licheniformis K11 from DNA samples
from field soil.

1, 200 bp DNA ladder; 2, auxin efflux carrier gene (1,062 bp); 3, siderophore gene (794
bp); 4, cellulase gene (1,582 bp); 5, multiplex PCR of strain AHIS8; 6, siderophore gene
(1,020 bp); 7, cellulase gene (1,682 bp); 8, iturin gene (2,480 bp); 9, multiplex PCR of strain
K11 ; 10, multiplex PCR of strain AH18 and K11.
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A dturin RS FFol F HA FRAT IFAAE IustA #AFE £ AN,

siderophore®} B-glucanase gene®| 4%+ 4574 % S8l A S35 At

w o

m
& 2
—‘N( 10
o
[UIO i'm

(7

=

—m

do
ol
ﬁ

7
1

Fig. 45. Multiplex PCR monitoring of B. subtilis AH18 in the inoculated pot soil for 5

weeks.
1, 200 bp DNA ladder; 2, 1 week; 3, 2 weeks ; 4, 3 weeks; 5, 4 weeks; 6, 5 weeks.

3 kb —
2kb—

1kb —

Fig. 4.6. Multiplex PCR monitoring of B. /licheniformis K11 in the inoculated pot soil for 5

weeks.
1, 200 bp DNA ladder; 2, 1 week; 3, 2 weeks ; 4, 3 weeks; D, 4 weeks; 6, 5 weeks.
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(4) Real time PCRS &3 ZAguAE ALA DY BYEHH

SAIY A FFY HEE 57K AAIA L
2 33, El%lﬂ‘jél} Ay, Ax AYgn AL B subtilis AHI8%} B.
licheniformis K11 B 45744 ZF A3t So] FAAE59 TF AtolEs 9T 5 3l

St (Fig. 4.7, 4.8). 53| B. licheniformis K112 5774 4% S+ &<21& 4 A (Fig.
4.9). o]+= multiplex PCRAX B. subtilis AH18°] 4F7}A|, B. licheniformis K11°] 5574 &
ol fFHAAE TEHFEL & AAY A s A sHAR, ¥ F shbe] FAAARY B, subtilis
AHI189] siderophore AA7} 5F7+4] real time PCROlA] &2¥ = ZAo® Hol multiplex
PCR¥ real time PCR &5 W7 xolA thh Aol7F Jd& Aoz Wt & real time PCR

9 cycle #7F F7hETHE Zlol B9l wF Wmst gaddtE A2 A4F wdgos g
=]

& = glen, % 3oy VI fd Sl o Ao R JFS LU = F= 9
onz FH dTe = &A7F Jdvh mEkA, F FFe PCRe ¥ Z85td dadE 2y
& dE 2AE Y F A Ao, real time PCRE WHE3FE EolWA et wy
He 2315 g33vd =] w2t AZhg %) real time PCR 38 A A&AIY 23t
FEo] 7ML A= 5ol FAAEY THEES AT vt gEaAde veEud 4
Rias b 3l ol AFE AEHHORE

Aees AEE F e 7HE T2 ZYEY 7s0] 2 Aon=

j (a) (b)

| | @

@ o

Fig. 4.7. Real time PCR-monitoring of 3 genes of B. subtilis AH18 and B. licheniformis
K11 in the inoculated soil for 5 weeks.

(a), aec gene of B. subtilis AHI18; (b), sid of B. subtilis AH18; (c), cel of B. subtilis
AHI18; (d), spfE of B. licheniformis Kl1; (e), celA of B. licheniformis, (f), itu of B.

licheniformis.
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I 1 week
[ 2 week
[ 3 week
N 4 week

30 7| 5 week

aec sid cel

Fig. 4.8. Real time PCR-monitoring of 3 genes of B. subtilis AHI8 in the inoculated soil
for 5 weeks.

aec, auxin gene of B. subtilis AHIS; sid siderophore gene of B. subtilis AHI18; cel,
cellulase gene of B. subtilis AH18.

35

I 1 week

sidK celK

Fig. 49. Real time PCR-monitoring of 3 genes of B. licheniformis K11 in the inoculated
soil for 5 weeks.

spfE, siderophore gene of B. licheniformis K11, celA gene of B. licheniformis, itu, iturin

gene of B. licheniformis.
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S T A= B, subtilis AHI18% B. licheniformis K11 5% Z+2} 3% 9]

o] S% 9 triplex bands & F UAJTh T, FALT AGH FHE B EEFFHGAH T
AE) ATl X B subtilis AHI18% B. licheniformis K119 A= o] 59 5o] {f3x59]
TEHEe Ay AR T F glAvh ogd Ades AIAE RUEHE AToA g9ye
multiplex PCR 2713 &A1Y 74 A3 AAES 3F 5o 7% primerg o] &3 ZUH

gHol A EY AR A Lo] 7hsd G AVeds BT Aolth

gHA, Fig. 410, 411004 Hol= AAH HAAIA 4 2Iv 8= B. subtidis AHI83 B.
licheniformis K11 E5F 20974 triplex bandE &<k 4 AUTh o] AL ALA o] A
EdYo] FAdHAS v F Z2IvAAE BT 20874 = multiplex PCRZ &21st = gl= A

= nUER EAsta gl Ao AztEn

Fig. 4. 10. Individual monitoring of the triple genes of B. licheniformis K11 in the 3 strains
co—inoculated field soil for 50 days.
lane 1, 200 bp DAN ladder; lane 2, 3 gene of B. licheniformis K11 genomic DNA; lane 3; 0
day; lane 4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days;
lane 9, P. polymyxa ACI1 treated field soil (40 days); lane 10, water treatment field soil (40
days); lane 11, 200 bp DNA ladder.
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Fig. 4.11. Individual monitoring of the triple genes of B. subtilis AH18 in the 3 strains
co-inoculated field soil for 50 days.

lane 1, 200 bp DNA ladder; lane 2, 3 gene of B. subtilis AHI8 genomic DNA; lane 3; O
day; lane 4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days;
lane 9; water treatment field soil (40 days); lane 10, water treatment field soil (40 days);
lane 11, 200 bp DNA ladder.

(2) AAA EYSW FAH P. fuorescens 21122 multiplex PCR % RFLPE %3 F3 74
2]

B. subtilis AH18¥} B. lichenitormis K112 Z3%¥ #AAA A No.llol¢ed L g3 olx
=2 F9Y WAl Y ZdEAnAES AHHQ 2dAS-HET FAE st nFdgy 2
AEA ] R SFAEZA 24-DAPGE AAteli= P. fluorescens 211215 F4ste] 15
Ay WAlsS ARSI EYY 85 F49 RYUHAS AASET EYEYH S fsto P

| =

fluorescens 21127} Eo)stA Aatel= A E=2A 24-DAPGS phlD gene primere} 3H74 2~
g~ d3tE2de ACC deaminase gene® acdS gene ILFFAx S A}
Multiplex PCR 4% ¥+ #3445 Zt7} gradient PCRE %3le] A4 24d& s,

A3} pre-denaturation 94C 5% ¥ denaturation 94C-1%, annealing 53C-1%,

OFO
o
32
EH_E

= X

polymerization 72C-1% 30%, 29cycleE 3%+ & post-polymerization 72 C-5% 0.2 33}
= Aol F FAAS Ao FZAZ = U= 270|A P fluorescens 21122 phlD gene
B acdS gene? HZ mutiplex PCR Z4<& vigto g 3y WAL o7y 343 ES
°] DNA< template®Z 3}o] mutiplex PCRS A A|g+ 23 24-DAPGS| phlD gene® ACC
deaminase gene?] acdS gene EF 30YU7FA] FTEo] @S AT = AJH(Fig. 4.12). E, F
Al Aqa FdE vAAEsF GAY TASE ATl A= P. fuorescens 2112 2*4 =
o] geneE2 TZS Hd B 4 §UAUh BacillusZ TFA4E HAAAYD No. 119] BF 20U 714
SEZ%=d vst P fluorescens 2112759 A 30¥7tA SFo] He Aom Hof
Bacillusd v)&te] Pseudomonas 7} 113 @09 A 5o0] Hoju}r] wfjFEe Aoz A
7+ o},

o, 2e [/ Pseudomonas sp.F TS dE| 9] 24-DAPGE Aabsittar &y A dar,
AA EY Fdx =2 8T wiEd %L Pseudomonas sp.7b EAST uwpElbA],
24-DAPGE Aitste 15399 WAlS ZAv|AEQ P, fluorescens 21129 43t EUE
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S 918t P. fAuorescens 21127} AAVst= 24-DAPGE] phlD genes Haelll, Mspl, Tagls
ALg3te] RFLP 4SS 3l EYE59Y ©WE Pseudomonas sp.7F AAbst= 24-DAPGE
genotyped} WS H Ut} =R EAe] EFoZRE 343 DNA (P)9 in witro culture®] P.
fAuorescens 2112 genomic DNA (P2112)E 24-DAPG phlD gene primer® PCR3}F I, 7]
o] 1 A& PCR productE 3F7F9 A& A Haelll, Mspl, Tagl= RFPL #Asict. = A3
A EYdo 7R E 343 DNA (P)9} in wvitro culture® P. fluorescens 2112 genomic
DNA (P2112)¢] A|3+& A fragment U2 DAPG AAHTF 5 genotype CZ A E3HA A=A 3}
= FFS BA(Fig. 4.13).

Fig. 4.12. Individual monitoring of the two genes of P. fuorescens 2112 in the 3 strains
co—inoculated field soil for 50 days.

lane 1, 200 bp DNA ladder; lane 2, 2 gene of P. fluorescens 2112 genomic DNA; lane 3; 0
day; lane 4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days;
lane 9, consortium No.l11 treated field soil; lane 10, P. polymyxa AC1 treated field soil (40
days); lane 11, water treated field soil (40 days); lane 12, 200 bp DNA ladder.

0.4Kb cm—
03 Kb P—
 —
| ——
o — I
—
—

Fig. 4.13. RFLP comfirmation of amplified 2,4-DAPG gene of P. fluorescens 2112 cell and
it's DNA in the inoculated soil.

Lane 1, Low range DNA ladder; Lane 2, P2112/Haelll; Lane 3, P/Haelll; Lane 4,
P2112/Mspl, Lane 5, P/Mspl; Lane 6, P2112/7aql; Lane 7, P/7Taqgl; Lane 8, Low range
DNA ladder. P2112, 2,4-DAPG gene of P. fluorescens 2112; P, 24-DAPG gene of the
consortium No.11 and P. fluorescens 2112 treated field soil.
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(3) ol AAA AHAESYW AFAHIT P. capsicid D= A BEUHEH

A7NAHE Foto] HAALAYG Noll# HAA&AD Nodldl P. Auorescens 2112E F7}3)¢]
ARG oR 2T nARAAN oste] AA nFdy WATHFORRE uFWo]
Avte AL FAsAnh ®, 1539 BAE 2IuAR 23 ALAY Nolld) &5

= 4o 2 RE multiplex PCRS AFE3te] g doz 1
THAdEE 74 EUH 2 IRtk ARAY AW AAER] B subtilis AHI8% B.
lichenitormis K11 ¥+ 20974, P. fluorescens 2112 5+ 30€7A] zF #5d Eo]
ARAEo] =Z = AL oln] TR LAHST YguE AL oudt). o)ALE B
subtilis AH18, B. licheniformis K113} P. fluorescens 2112°] 1FTH 5 9] o
Wl P. capsici®]l 5o A3l & AT o4 = Ak

et B Ao e uFGH Al P ocapsici®l £0]9 A5 AAF primers ©]
HO A YA EFOZHE P capsicds BYEH |E AT 1 A3} Fig. 414004 H
A2xAIA Nollel Aol vAEAA F4 F 1099 bandE HolA| &9kal, o] o
0¥ = HAEAA F¢ AR FAstA ke band FAFS 50 7HA] LA sHA A
A4 Nodlol P. Auorescens 21127F5 F7Fgt AgFolA = 1093 20¥4+= P
capsici®] Eo°| band’7} YEIYA &kom 3094 FE:= oFskAl band’t WEMRETHFig. 4.15).
a2, AYE mAEEeF A TolAs 109 o] FFE oFalxl bandE 50€7HA &
AANIL(Fig. 4.16), FAZTFAA= 0Ld5E IdASHA vi¢ A& band Fde & F Uy
(Fig. 4.17). o|l¢} L& A= 1394 WAl dguAE ALAY Nolld P. fluorescens
2112957 2 F9Y Rl P. capsici®l AA5S AA A EGUddA Al e FARAAGY
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0.6 Kh
0.4 Kb

Fig. 4.14. Monitoring of pathogen P. capsici in two Bacillus sp.—inoculated field soil for 50
days.

Lane 1, 200 bp DNA ladder; Lane 2, gene of P. capsici genomic DNA; lane 3; 0 day; lane
4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days; lane 9, 200
bp DNA ladder.

0.6 Kb
0.4Khb

Fig. 4.15. Monitoring of pathogen P. capsici in two Bacillus sp. and a Pseudomonas
sp.—inoculated field soil for 50 days.

Lane 1, 200 bp DNA ladder; Lane 2, gene of P. capsici genomic DNA; lane 3; 0 day; lane
4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days; lane 9, 200
bp DNA ladder.
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06EKh —
04Eh —

Fig. 4.16. Monitoring of pathogen PF. capsici in the commercial biofungicide—untreated field
soil for 50 days.
Lane 1, 200 bp DNA ladder; Lane 2, gene of P. capsici genomic DNA,; lane 3; 0 day; lane
4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days; lane 9, 200
bp DNA ladder.

06Eh —
04EKbh —

Fig. 4.17. Monitoring of pathogen P. capsici in the PGPR-untreated field soil for 50 days.
Lane 1, 200 bp DNA ladder; Lane 2, gene of P. capsici genomic DNA; lane 3; 0 day; lane
4, 10 days; lane 5, 20 days; lane 6, 30 days; lane 7, 40 days; lane 8, 50 days; lane 9, 200
bp DNA ladder.
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Fig. 4.18. Plots of sample scores extracted by the principal components on the PLFA. PC

indicates a principle component.
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o - |
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Fig. 4.19. Relative abundance of bacteria, fungi, and actinomycetes by the analysis of
phospholipid fatty acids in the soils inoculated with antifungal bacteria B. subtilis AHIS, B.
licheniformis K11, and mixture of AHI8 and K11.
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ney

Mycorrhizae

Fig. 4.20. Relative abundance of mycorrhizae by the analysis of phospholipid fatty acidsin
the soils inoculated with antifungal bacteria B. subtilis AHI18, B. licheniformis K11, and
mixture of AHI8 and K11.
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Fig. 4.21. Indices of biological indicators by the analysis of phospholipid fatty acids in the

soils inoculated with antifungal bacteria B. subtilis AHI18, B. Ilicheniformis K11, and
mixture of AH18 and K11.
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Fig. 4.22. Biological indicators by the analysis of phospholipid fatty acids in the soils
inoculated with antifungal bacteria B. subtilis AH18, B. licheniformis K11, and mixture of
AHI8 and K11.
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