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Development of Induce Systemic Resistance by Plant
Growth-Promoting Rhizobacteria, Bacillus
amyloliquefaciens EXTN-1 in Practical Application
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SUMMARY

Soil drenching or seed priming (10° cfu/ml) of Bacillus
amyloliquefaciens strain EXTN-1 stimulated seed germination and
growth of about 20 crops used without any harmful effect. Furthermore,
treatment of B. amyloliquefaciens strain EXTN-1 showed a broad
disease-controlling spectrum to the plant diseases caused by virual,
bacterial, and fungal plant pathogens such as. cucumber mosaic virus,
tobacco mosaic virus, potato virus Y and Pseudomonas syringae pv.
lacrymans, Ralstonia solanacearum, Colletotrichum orbiculare,
Magnaphorte grishia, and Fusarium oxysporum.

When B. amyloliquefaciens strain EXTN-1 was drenched to lettuce
grown in hydroponic system, population of B. amyloliquefaciens strain
EXTN-1 was similar or increased in the rhizosphere, while the
population was gradually decreased up to 10 fold in the hydroponic
solution 4 weeks after treatment compared with initially treated
population of the bacterium. In case of cucumber, soil drenching after
seed coating with EXTN-1 showed best disease protection and plant
growth promotion in soil as well as in hydroponic system as method of
application for EXTN-1.

Treatment of EXTN-1 increased H>O: amount in early stage and
induced the expression of resistance genes, PR-la, HMGR, PAL.
Mechanism involved in induced systemic resistance by EXTN-1 was
revealed as simultaneous activation of SA and JA or ethylene metabolic
pathways and pre-treatment of EXTN-1 reduced germination and
appressorium formation of conidia of Colletotrichum orbiculare on the
leaf of cucumber with increase of callus formation. Furthermore,
treatment of EX'TN-1 promoted growth and quality of lettuce grown in
cool season with consistency of the effects and inhibited the bacterial
wilt on tomato caused by Ralstonia solanacearum for 4 weeks after
treatment. When EXTN-1 was applied to bell paper grown in
hydroponic system, fruit color and quality were improved. In field
experiments, treatment of EXTN-1 resulted in controlling of fusarium
wilt on pepper until harvesting season with only application to
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seedlings, and decreased incidence of powdery mildew and downy
mildew on cucumber. Taken all together with above results, B.
amyloliquefaciens strain EXTN-1 can be considered as a promising
agent for commercialization.

Six kinds of Cyclo dipeptide {cyclo(L-tyro-L-pro)} were identified as
elicitors inducing systemic resistance, which were purified from butanol
extract of EXTN-1 grown on TSA medium. One of them,
cycol(IL-tyro-L-Pro) induced systemic resistance on cucumber against
Colletotrichum orbiculare and also increased expression of PR-la gene.

For commercialization of B. amyloliquefaciens strain EXTN-1,
culturing medium was confirmed with addition of glucose, yeast extract,
soybean powder, CSL, which produced a cell concentration of 5.2X% 10°
cfu/ml. Based on this result, EXTN-1 powder was obtained with the
concentration of 1x10" cfu per gram. Population of EXTN-1 in granule
or wetable powder type maintained initial population up to 12 months,
while population of EXTN-1 in a formulation type for potting soil
decreased up to 1/10 level to the initial population of the bacterium at
24 ‘C. Each formulation types showed a promising effect on the control
of cucumber anthrocnose up to 50% level when a compared
agrochemical was considered as 100% in controlling efficacy.

In conclusion, B. amyloliquefaciens strain EXTN-1 selected in this
experiment can be used for plant growth promotion and improving
product quality of vegetables as well as inducing systemic resistance on
vegetables to plant pathogens. Furthermore, treatment of B.
amyloliquefaciens strain EXTN-1 reduced the incidence of tomato
blossom rot caused by calcium deficiency in high temperature season,
which indicates that application of EXTN-1 improves physiological
status of plants.




CONTENTS

Title : Development of induce systemic resistance by plant
growth-promoting rhizobacteria, Bacillus amyloliquefaciens
EXTN-1 in practical application

Chapter 1. Introduction

Chapter 2. Biological activities of a selected rhizobacteria which induce
sytemic resistance in crops

1. Introduction

2. Materials and Methods
- In vitro expression of ISR by EXTN-1
- Environmental factors to ISR expression
- ISR spactrum by EXTN-1 in major crops
- Application of EXTN-1 in hydroponic culture
- ISR mechanisms by treatment of EXTN-1
- Fractionation and bioassay of ISR inducing substances
- Practical application of EXTN-1
- ISR elicitor fraction from endospore of EXTN-1

3. Results and Discussion
- In vitro expression of ISR by EXTN-1
- Environmental factors to ISR expression
- ISR spactrum by EXTN-1 in major crops
- Application of EXTN-1 in hydroponic culture
- ISR mechanisms by treatment of EXTN-1
— Fractionation and bioassay of ISR inducing substances
- Practical application of EXTN-1
-~ ISR elicitor fraction from endospore of EXTN-1

Referances

_Xi_



Chapter 3. Identification and purification of ISR substance from EXTN-1
1. Introduction
2. Materials and Methods

- Isolation of Cyclic despeptide
-~ Bioassay of ISR fractions from EXTN-1

- Isolation of Cyclo dipeptides
- Identification of isolated compound
- Physico-chemical characteristical study

References

Chapter 4. Commercialization of Bacillus amyloliquefaciens EXTN-1

1. Introduction
2. Materials and Methods
- Mass production of EXTN-1
- Development of application for seed coating and soil mixture

- Preservation and greenhouse test of EXTN-1

3. Results and discussion
- Mass production of EXTN-1
- Development of application for seed coating and soil mixture

- Preservation and greenhouse test of EXTN-1
4. Formulation procedure of EXTN-1

5. Summary

References

- xXil -



= A

Alg HE

B IR T s J O S
A 2 A AT TN B I e

A 2F FEAFAHA TASEXTN-1)9 AEGY 54 A

Al 1 A Al A ettt 6
A 2 A AT B HE 7
1. EXTN-12] ZAIA] HFE ot 7
7} A TFF9 FAZRA drer 2 mutant A e, 7
U HEFA &FH Aolol g FEAFAFL] W 7
o AE LY %A zolo 9 SFEAFTAAL WHE 8
. EXTN-1¢] 213 AlZ2=xz 2o} @ 87 ¥ v 8
Ul EXTN-19] S T E ittt s e 8
2. SEAIFA BHO FAFETE HIF i 9
7F 9o)eraIE WHEE Al 2 X HF 9
3. FEAEY 28T EXTN-19 Fo3E84d 84 29Ey AA ... 9
7h 2.0], A3 HISE, Tk 9
W o8 Z Q] WAIET A i 9
o} B et EXTN-1 B E T oo 9
4. A AA A EXTN-1 HB]FE T oo 10
5. EXTN-12] XA B 7] ZF oo, 10



7}. EXTN-1 237 F A2 2 radical scavenger * g o} &%t

90] ZANA LY BRI A o 10
U, EXTN-1 #F3ol] 9% JFA AR & e, 10
o}, EXTN-1 # o] & Qo] THe AT FF e 11
7. EXTN-1 3o 23 A AR LE o 11

6. EXTN-1 A B8 AEHHA ZHA i, 11
7F Ral B A AR 11
U SAE SAAEAY AEHA 12

7. €2 AEAAL 4 L EA A 12

8 EXTN-1 T2z} F&5 Yo 23 A EHW WAET o 13

Al 3 A AT T o 13

1. EXTN-19 ZAIZ B oo 13
b EAFAE FFY AT B¢ R mutant AT e 14
U, AE2P9 <A ztold 9% FEATAdY] TH 15
o}, AdPe 4A xtolo oF FEATAHL] TEH 17
2t EXTN-10 €3 AEFx Zol P FHI] ¥FG i 18
O, EXTN-18] ST E et 20

2. SERBA O] FAHFEF TIT 22
7F., Qo)EFA wurdE A 2 A B 22

3. FEAFAH AT EXTN-19 Fo2ZAEE 34 =9y HAY .24
ZF 20], AF, HEFE, ZTE 24
o8 FQE] A AT A s 24
. B e EXTN-1 A8 E I oo 25

4, =R AMAA L] EXTN-1 B I oo 27

5 EXTN-19 SEA A Z1Fl oo, 34




7}. EXTN-1 @3 4adF A8 ¥ radical scavenger * gl <3t

90] ZA A BAIAF A A A (o 34

., EXTN-1 #Fd 93 XA FH1RF F&E e, 35
t}. EXTN-1 gl ogt o] FH MEEA T& v, 36
2}, EXTN-1 A a@o] 23 A3A SAR TE e 39
uh, A2 A% GAZ FE AP 2 VAT GF 41
HE, EXTN-1°] 93 SERAEFAE AZFA e, 42

6. EXTN-1 AAF 23529 AEZTA AHAA e 43
ZF B2 B3 A AR 43
U, 2AE FAEAY AEAA 46

7. SEATTAAL 224 L FEZ HA 48
8. EXTN-1 ¥ox2at ZZoo] g AEH WAFT s 52
b L < OO 54

Al 3F TAD(EXTN-1D9 #=AFE 429

4 ' 71T 84

AT A A A e 71
A 2 A AT AT st 71
1. Cyclic Dipeptide €] B-] v 71
2. EXTN-1 A4 gAE o Wo]fxdx 28 A e 73
3. Cyclic Dipeptide BEB] i 75
4. Dipeptide@] BFBFT2 TFTH oot 77

- XV —



A 4 F 2ATF(EXTN-1)2] s 33N E

Al 1T A A e 109
A 2 A AFE E HPH 111
1 IS 918 ZABTHA G 111
2. EXTN-1 @39 &2 2 AEXHF Z]E/N L 112
7V, AEA S AHFFFH AR 112

U, 22 FA B HAIE 114

o} AR Z2AE P AT THG 114

2, A AE VS oo 115

3. AR edaH AP 2 AFAAA, olFed SHEA 115
Th AFEL] SAFTTFAIE i 115

U, RS9 A AAA FAT 117

o} A o3 A BEA FAL 118

Al 3 A AT T T 119
1. il oEe 93 2 FHAE 119

2. EXTN-1 739 Zx2 2 AEAHT 7]s/Nd 122
7V, AEAET A HAIE 122

W 2T FEA AW HAIR 127

- XVl —



..130

HAE FxEH AH PD

o},

132
132

2 EXZA} ...

3} %
a}

, °13

A
B e
3] .

d

o SAEHA

[*]

=

7}.

137

137

i

139

9

8o

7} A

4.

...140

A48 AHQF .

... 141

ry
sl
M

!

- xvil -






A1gA E

EY Foe AEAS #APdAY bISFS s E vEdlE B FHFY
u] B Eo] 4olrta Qv 53] 4 E A (thizosphere)ol 4olrte v E
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AEol HAY FF5Y F v HAES 2 Eo] ol& 7EIEE ¥HEAA F
AY, EoFE 98 7= 3o F, EE8A Ao 83 dA4x uA
5& 53 AEAS5EXN 2dE FH3HH =33 FAYER, HCN,
siderophore 52 A4S 3 HAdF A4S L AE Y gA| 23 A E
W oA g3E 2HA 3

[Beneficial Effect of the Plant Rhizobacteria |

Rhizosphere
Microbial
Community

Phosphorous
solubilization

Fig. 1. Effect of rhizobacteria on the plant.
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e HT ¥FY FALgo wE FAAEA L NAE ot AFH F
ok FHAFAN 59 P B FHol g RAoE JidE
EoFo AEHy FH FEEFAA ZHAA EH|HE JEES A
o] Aolrte SRR AEAF X FFS Hsio

ojSo] = BL §93% J|%Fig 1) FdME ZEuBE] Ai3E 7
AEAL FAVZFE HANAsE Fo WA dy=E ddYEHia Yok
Trichoderma, Gliocladium<:2l Awrd d 7 FFold& Rhizoctonia,
Fusarium, Phytophthora 5 & WAA F8 EFH AT AAEIA LA
Abe 51 9o Trichodermin, Gliotoxin, Gliovirin (Howell 1985) %
A 59 FAEAL At A7 dFEEolt. 1 & Verticillium,
Penicillium, Chaetomium spps ¢ #FE QI 3A o] &%}

ZA AT ASANE Bacillus, Pseudomonas, Burkholderia % %< ©|&
3 AEEH WA FEL o)F1 oy FE 5 HAddd I FA
71 2S zteo), 3 oo Eu|stE FAEAELS BYH, Psudomonass HE
= BurkholderiaZ:ol Al 27 %+ Pyrrolnitrin, Pyoluteorin, 2, 4, D-acetyl-
Phluroglucinol, Phenazine =& & 4 29 Bacillus%9 72 $o+e
Z 2 Ttulrin =¥ Pimaricin FE=d% 9 A S o] BisHo| AU

SZHANTL A B9 oA AiEHE BHEFHG FIAES U=
Atol7bm wabA Bg] ®Hdols g ZdAAMTEEC EAFT. ol FF
Z A2 ASEJTAAMT (plant growth-promoting rhizobacteria) &
gle] HEHolu WiFel ZIAstEA AU AMAstE AE ASANT
(deleterious micro-organism)e] AS& AT ¥ olvzgl EFHAAL =l
9 FJozRE AES HI T}

o]} z+& PGPRY 9% 715z AE9 ASEIHNo] dojy=d
AR ESzARTE AE ASxo] EFES A AHEASSH
o] F=y A A YebFt}, o]E #FF7} A4St siderophored] 9§ 7%
o] A «#HA YEdYl EY WolA<9 ion 7% A, chitinase, beta-1,3-
glucanases HATFY TAAE £ & JdeE T4 AN 1 2 I
AN5L 71 AEHAFS AT =3 HAdTe] A8 JAE 5 3l
= FAEA BEuld 93 AEHe WAadeE B2 AEFH g AT
g oz AjgEHAA gt

ool AN PEA 2% 7jFoz A Kloepper(1992)= A€ R 71HH]
ZAATE ERFH 3% o g @ AFAFA olebAH wH o
HAg 7ZA2E BR3P =3 PGPR ¥#5F9 EYU AHErte=z )
EHRE =9 F AU o] FFE LolFAHTS AT F U= B
AL AR FEdx EFsln oldANE aARFoR HA"E & 3

=
s
o
N

i
-

4! o of

Pom 3 Qo] gAY o] FF 9 uiolejx W} R F Bl A3
U4 232 Jelidth Leemane 3 3A Pseudomonas 23 A
AHoz AgEAL gNAY siderophoreE AT F gl 79 %
F(wild type)®] ISR BlX A7 E& 53 FAEZ] Y siderophores
29 A do EA QA glolx FhulolAd e Fusariumel 93 AES
HS A 5 JSS FHIAH

R
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PGPRel 93 FEAIJAHL dxHoz FAgHA EA3= LPS
(lipopolysaccharide) 7} elicitor2 283t A EA] AFH F=E 93
ANZE HAEstsE Ao BuFe}, &= 33-'4” Pseudomonasoll <] At
5+ nanogram ©@9¢ SA”7} ISR A% EZZ FHEIIUe= A7 B
HAo, o]ekzol ISP—PGPR°ﬂ 3t A EA AIHo] FEHWH AE
ZZA o] gadste 9% ZAAME 737 dojvis, phenol ¥ phytoalexin
o AFgd THE WAEZS FVMAA AFY HUT IAYezREH
Z4EE dAste Aoz gd#EA Ay o9 L AFAHL ISRUInduced
Systemic Resistance)= #A3t#, HAT-7|F A EZ #AANA dojy=
AN F AT (SAR)FH vl FASE Re =z AZrE o
& ISR-PGPRl 913 F =442 jasmonic acid ¥ ethylene A}
of &t ZAE=E® 1 9 2 - 37FA 9] o1& FHEHZR &Z wWo] 7]zo]
Sl AR AFHA L Y=o o)} B W] 7ol #HE A
I[SRS o] &3t AESTAHYA v T3 GME AF3HA 2 Ho|t},

ISR-PGPRel| 9%t AEETA WA= 2 7FA FEo| sty ’7‘7‘—‘103
ATHAAL Yoy FEFHAE TRV} Y RAoE2 RuHIdo AE
g2 BAE Y% ISR-PGPRTFE HE Ud4 89 T n¥y:E=z =3
Qe AY o] Hel FHE ISR-PGPRTF9 dAE A Ao &4 2
EFA ol AlEEY. £d F ISR-PGPRTFA 9sta &Aool x5
W g dRdTsS 213%?‘5}04 W oaAls et E W Y (soil-borne
pathogen)e] 74 f-ol= ¥ E UFo] ISR-PGPRES H=3 HEF wHATF
o] HF4 —r—roi ol HES os ¥ TS Hrpsoh

ISR-PGPRel| 93t FEAIFY AL EGHATANA BeE A4 4
g &3 IFHAA = oA AHEd ISR~PGPR Tt delxo
£G4 HAAE7] HEoith &S H$ ISR-PGPRTFF+ ISR 715% ohy
2} 2 4-diacetyl-phloroglucinol, phenazine % pyrrolnltrm 9 daERF
siderophore, SAS < Al ALE =4 olzid EA L ISR-PGPRTF 9
A ETHA HEA 3‘.5._-%3 AEA7lE 8o g Azd)

A 1A AL 9e

F71}AE ke AME2 &4l Eﬂf‘?} 01‘4 A= e IFAE GE
of =% WA 2L JEAFH 2.2 Mz dAHAR JE FA
AT FEAFY 2ATS o] &3 "3 fﬂr—‘l A Ad ESFUH 23l
T THUTE ol&stq HEAY ZA4F Had dE AFHE {FEAA A
HE WAStE WHoE dd 18 ATl ALHAE HEY Fxio B

o BAY 2dF Aol EAE AXGE PPz Lo ssanz
2 gl W estn FAY AR 5 AddA 2AS e A
Holold 1 U4 AAIgel W Ttk AT E PGPRE (plant

3 % olug e

growth-promoting rhizobacteria) 8 F+E=A43A %
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o AFEN 5L SAd 7t FE ol W RS FFEA, F7) ©
23 ge adRE FA U F£ demz Ad EFY Fglo] wol
=Aqsts 2ATS WAoR BAo| #7282 AAY 5 Y& AN2d

=

Aol ot Add ngd <dAF
A Alg AEY ZTE 8 AE widE
7ol Agsle vizAl Yedy olE AFA ZATFY AEFAHol ALK F
A HEA o) i BUEIYo] F g3}
AR ZHNA FEAFALL o] &3 ¥ HAHLS TAY FEA
@3] algel ot o2 FAZo) FAlo FHEeo] sHFEH I EAHSATT
oW Ex Wajo] 2= @3 FHYsA FLI}EZ FHA ol &l A
g daaEc. 33 AgA SddAE FXU AE T A diide]l ¥t
7HX 7 e EAC FeslngE ZAAAel i J|gHoEZx FAMT
2 2A471 glow 3§ o3 FEd FAHEe] HedEE o 48&3% 7t
Aol Wi Eohatalc
ZUY o §EAFA B ATE 90dt] FHHRE AlF o] ofF ZxHFH
A axz Jdn ALI}E Y43 FAHME A e ol2A E3n U
t} 9= AL E 90dw %% u]l= Auburn W% Kloepper L& &
ZAoz we dF7t FyFoln ZAMT 2 WA ZAAN T (Bacterial
endophyte) & 402 % ZEA Wolr|ze] A 1 o] %
A ot B AFA FAE EXTN-#5FE 2278 71FAEFG 435
Zgo o5l 7|FAEL AFABAHE EFH(PR proteins) & A AY =
2 Ao 7+3} Phytoalexin 2 2 #}Aits Fao Aitel ot XA
o] HHF = HoZ AP} EF Pieaters Sl 23t AW A E ¢
3t A 2o §5x8AHS JA, Ethylen 28 £33l olFoiX& Aoz &
#1292} Mahaufer, Park 59 Z3E& ®W Salicylic acid B2 ¢]3}
Az HHEPS & F Y} ol 2L AFE B3 AT NorvartisAtell A

SEAFAS dodE 3EEA L BTHE ME3o Actiguardeb= A
2 AwE1n vt BTHE 719 sg93s E7|3e] 18 datA

ST O

el

w7 APole B FFe FA Fon A AFY Poirlw
o

2

L

ol

A8 A He BASE AHE /P B SAFAHE A o)
gome A 3MdEdoz B vk o9k T SAHSE Hop F
EA AYAPE FEdte =ATY AE&se @A AFLoE2 FEHE A2
o}z gloey FFEHE 7R 3 FATE ol 8T HE AFo] FES

d3 Ag #gsd o APrES o8 FEAYY 2dT AEAF
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A 27 F=AIAY AT EXTN-19 AEFA
5433 (A1AF-FA)

A 1A XA

ZAVNAES o] &3 AESFHLAE AEZH Hotrte €2 v

F 3l AEsEA AEREY FHY FI WPE ASHES JAFH
ABASE X8 715 sdHez &3e Vol & & UTh
olE WAES Fga 73L& ¥FA(antibiosis), %M (competition) T < 713}
S F£o2 3% g2 A7/ FHA e AESH YA T8

m_.

Holgt & 4+ Aok ANAR L FAG FBo] AAY A W o 1%
ohugl HZel %ol 2AHE WAL T UshlE 97 g 1
gy} olspe WAL EQRA L JF me 2d FEr we g
oot e E4o] ATAH wAMe) RS AHAE T A
W7t A

26 AEHEAN A% AA WolrlAe B AvE ATE W
Ao weln A uAEe] §871508 ofd 1 FgrIzte] et
gl 2] AR AREH PAle) FaslFez A4 Uk HTe
AT ADE nY zAAT AT A FEAFHE ABYAT o
& gAEN Bolust ASS WAL 2B UF AFPL AT

E37F Aok

ol& Yol ZAVAEC 3 FEAFAHL 7IE4 PGPR (Plant
Growth-Promoting Rhizobacteria) oA AE<9 ASE& FAHSIAIIE
Plant Health Controling Rhizobacteria 42 7Ide]l o YU Aolth.

uls

= geAggol TAE AZL AE wWel o gAPo] Fobd B oby
b wewsEn 455, AXEgs 2 ARAGY B 59 5o A
g2 sbder. o AW AL WAH, £F 5 ARH A 9
@ sEds B ool 9Re) dotd B4 =W F AL, 1L, FR AE
dool @ AP gHAh olg e =W MAERY SHL HIo
setpel @ MR HTHlE Fol A% BALYRAS HF T & Y=
feremA fedt. B ATE FEAVY T T SAMRE o
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Al2d A 593 By

1. EXTN-19] ZAA 3 23

7 =AY 59 8435349 2 mutant AW

EXTN-172] <3l 35 7 EYGY EEXF I =AM U
o] AAA WigE A7) 98] rifampicinel WA #EE AuE g
t}. rifampicin (Sigma Co)& Acetone © =< 1000 ppm< stock solution
= AxF oS TSA 718w rifampicing10, 20, 50, 100, 200ppm <]
57 A%E & ug Z4zF WA 87.5cme] MEZUHH B34k
AT EXTN-1& -80 °C 2 RE® FF2 2 BEgdo] TSA uix
olA 28CE 2441 wigE FFE  AMgsgT. EXTN-1¢o] HEdH
rifampicin  F7MlA &= 28CE 39 #i%3Id oS FyNE =alUs
rifampicin 100ppm ¥ E=7F2 @Al o2 WAL = 100ppmol = =}
WA s A
WAdFTFo Fds8HS 2AEH7] 938t Wild type & FR A28 AW
Fusarium oxysporum, Colletotrichum orbiculare, Rhizoctonia solani,

2

Phytophthora capsici, Pythium ultimum, Botrytis cinerea °| tj3F A &3}
A& Pt =3 0] d-H e FEATH AHL dilg &
Aintr] 2olg VERAGE BFde 25 F AE EXTN-1¥<
10%cfu/ml ¥ =2 HEs AFPHL 2T g BE 3FF 2ol
2 C orbiculareZ 10°cfu/mlo & 3tad silwet77S 0.0019%2 HA7bs o)
= Y HEFI}ACL.

Folgi 2ol oigh A&7 @) 2ol nlo)g] 2(PPMoV)E 3 39) 2
3 owlo]H AT HEZRE HFPol Samsun FRO F23Yon
F 9o SR EXTN-1& HEF tg 4F £ 49 2822

RE Qo4 Virus F98 HESFAL

jod

~ B

Y. "AEA FH Hold A F=AFAH 2+
EXTN-1 @59 HX A =& #9387 98] 10° 2 10° cfu/mie
1 SRFAdt &4 3578 Dul(Samsun)Ho) EXBFE ot

& 17 7% 458 2ASAT



o, AdAde FF Holdl o7 FEAYAY 2d

oo] BFAW waAle tlxE AE9e Fe 10 2 10° spore/mlE &
zx a9 d7 Adstan. 24 oo riee] 3F fE EAAH RS
zZbzte]l AWz FEI g FFRF 2B6C HEAL 244 AAANYN F
e 2P0 A 159 A ¥WrE ZARSHE T

. EXTN-19] 21§ A EFA Wo} @ {FH7] WG

EXTN-1 Mol 3 282 wo} 2 AEAF vA= FTFE A}
93l 3P FZAHESY =EU(clay soil)E FAITA 205FS FA 8
o] A &Asgct. 2= 1% sodium hyphochlorite solutionel 283t 3 A &}
o ERaF stgoen EXTN-17FE 10° cfu/mld] sE2 FAIE 7
Z} 2A1ZF AAE b EFREAY. TAE 7H4e] FAE S92 AMGXE
E( 12x15x8cm)oll BAZ FAES #Fdte ol AFAAFS 3F
A ZAFSIATH 207tX19) 5%, #HAF 2 GAFY dorst S
EXTN-10] vjxl& d3&S FAste] EXTN-19] 2 EAFF3 spectrum=
zA et A 39tk EXTN-1 WA E FA%e 1 x10° cfu/mlE 558
243 e 2AE 1970 HASFGI FE Ao dEzve 4T %
A A d g 19z ARG FF:EAT. AT AELS AET,
o, =5 57, 23wy, o2, wg, FF¢, dF(2Y), &5, £ F
(29), FERAEH), SFF(ES23),37, F4, FHY, EvtE, & 3
o] Qo 3FF AFE AMUAFAAN 2FA FHsH FAIFAH. 1
Helg 3urEagon wEY gFHojjon AHAL wixste] JMP(
SAS Co)E FAAE stEth.

IR

ul  EXTN-19] &ddx
~Rifampicin WA EAE Ad EXTN-1RE 48A17F &<t =3, 28Tl A
wlost &£ 1 x10° cfu/mlE BEE 2H3T 243 AL FRHFd &
7} HolAlzl @l EF Samsun FAe} FHolAF|A] FL #FHl FAE A
TdEEA 193 AA st gAFEAT IF 109, 204 F g £3 1g
ANe AFT L AHAAESF 9 miE 718 F 9L serial dilution ¥
t}S 100ppm rifampicing 7}3+ tryptic soy agaroll ='#3dte] BElxA g
Z cfug FA3AT

~EXTN-1 TF9 ESUH LEHo|E XASY] {3t &34
N2dg o]83Art. FAL EvtELIW FAHMNIHACO)S

_8_
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A A ALgEAT deolF: 2FH(FE)E oAt E FHd
EXTN-179 F9¥ 22 104 cfu/ml, 106 cfu/ml ¥ FX &2 3t 657}
A AEE FARSR T 156 A 2 R Ffe] EXTN-1 #5F9 ¥
£g zARRT. YEEAE F9 lec® ARFE en 2H UEL
Wy 1g3 AT AAbstdch

2. F=EAFY 2 FQFFE7T

AT HAH =1& %“}ir_x} LolfEY I9dE w©xH
Arh d9E = EXTN-1A- 2ol o &3+ aA 9=
ﬂHﬂEHW*m%gﬁzi%ﬂH7va%q =35
g o) xolx s ZAB R XF FEXFA H}

3. F=AYY 2AF EXTN-19 Fe 24 &4 29eqy 1Y

7} Qo] A5 WiF, %

EXTN-1 (Bacillus amyloquifaciens) 38942 10° cfu/ml 353 o],
A wFE 2 &2te] ZHzF 50 ml A #Fse AFZER ARE XA}
0}9\1‘1}. 400ml 8 WAAFPEEC] FHY TFVEE AL o 639ty
g ] 3A

.o Fas) wAadgdA
¥ F s =d4 (Magnaphorte grishia) 2 B 7Z|R 3% ( Bipolaris
oryzae) °| W3 FEAHAHES AAsAT. EXTN-12 3}0-1— 159 E<F

W=z 10° cel/g & A3 QAT TAEFS Y52 ddn TAHLTY
=AW TS Oatmeal WX Bdd =S¥ EX}:-__T 50000 X =}/mi
£, PDA wig7lel 849 ¥ AXNF=HES 10000£A/ml 2 3o 3}FF
209 Bl HFst] 54 AYF 24N 74 H AH LS IRRI 7F
of ejste] A3

ot ®wae B EXTN-1 M &
Fa RBITE AY Ry 2x27E FAFYG 10%fu/mlE =HH

-9-



EXTN-1 #9 WAZAE £2 1g9 lec® FHH o2 AT & F4
st FE:IPr. ZEAEFEMUOmD 24z FFE FXE 25C AF9
LA zANA 4F7R] AEHAEE ZAFA T

4. S A A o] EXTN-1 A= &+

A, Aol e Ao dE AYEAE FAGA 2 A FAAY
Agstgon wE Augds wdd wtth 43 £t o|AE 437}
2 AeAERe FAFS G T EXTN-12 10° cfu/mle] 322 57 Qo 34
How 39 2R At 4€9 208 R 5¢¥€ 169TF FX
ZALSF A T}

e A AT EXTN-19 ErtE AT EvtgHdd g A&
2 AAS7) Y8t F3 A Yo FATFA EXTN-1 #F9 HNTAEHA
2 10° cel/mle) =2 HFFAT AL AANEE FAxde 458
o7 Ax3IAUY. EviEE HEVER] RREFS I3 F 45774 &
AAujg HelolEwl= L F2 Al2=" Aujol] A2AFI FA]e EXTN-1
TFE FYstdvt. AAF 250 Hara] AEulx]olA] 24A12F v g
ZulE&W #2 Ralstonia solanacearum T55 FAUZ 106 cel/mlZ F
ogatget. ol FA] AT LE  Pseudomonasd: TFA  950816-1,

950816-6, 951228-7, 96111-3, H32-5%1 T F ¢} H) w3t}

5. EXTN-1° §=A"43 713

7}. EXTN-1 23 #d 3532 2 Radical scavenger A lo] 93 < o]
ZA Ao ALY
EXTN-19] 93 Oxidative burst®] A ZF2S 93t Radical scavenger
Z X Verapamile, Tiron, DPI(dipenileneiodonium chloride), CatalaseE &
At doldx 23 g e 20]&7]8 3mm discE AW3e  radical
scavenger?t EXTN-1 % Luminol substrateE ®¥F&A1Z1% X-ray film<
2R A A HFFS P& Oxidative burst HZ2 & F A stA .

. EXTN-1 #&F°] o9& AFH Fdx2d
PR-1a promoter gene ¥ GUS reporter gene®] encoding® AM&ZF 2uiF

_10_



Z(Xnathi nc)& ©]&3tad Jefferson(1984)9] GUS &4 =& A3
EXTN-1¢] ¢]3 PR-la promoter gene &S ZA}std

t}. EXTN-1 A glo] 2% 2o] e AxstaaZ
EXTN-1#FE& A3l AJAAE FEAIZ 20|12 Ed Qolatxqyg Il
C. orbiculare(10° spore/ml)E HEF T 4 WL FFA &9 4 (Nikon)
£ o] &3t BAEYTE. EXTN-1 ¥ Bacillus pumilus INR-7 g ¢
3t A ddEE 20]dA B@AHHTY PF& #EA] 9
3t AFgAdel FEE Lol dXHTE HEF 1243

wol, REV|YPA, CallusBA F57F ARSI

et

73
FHv|Fo ¥

§e2

2. EXTN-1 A=d 93 AP FAATd

EXTN-1o] ol A& o #d A= AAH HdE A7) 98k
Hto] #&dH  F A< PR-1la, phenylalanine ammonia-lyase (PAL) 9
3-hydroxy-3-methylglutaryl CoA reductase (HMGR) & AxE €31 &3
AH(probe)®  ©]&3te] Northern &3 ¥Wg ®RA&  A3gsyct.
Rifampicin 14 EXTN-1 #F& 1 X10° cfu/ml $%2Z Y& AEo
A g 253 SEI @8 (FF: Samsun)E 4 A3 2443 @9
2 H4E FAZY AL (-70C) BERG. A5E dAPALAE 715
a3t & & RNAE F%3l3Z membraneo] capillary transferdte] blot&
AT F AEAS &S AFIFAT. A7 FHAE PAE YA
(a-¥P dCTP)E ©]&3}9] labelingdt &E43t ¥&L 3647 AYAz
t}2 washing3d}il X-ray filmoll =& A1 ZH o}

6. EXTN-1 23282 35841 A

7h #eEd 4 84334

TSA R 108]61E A EZM4d 539 EXTN-1#FE HFslo 15
ZF 28C=2 wlgEtdTh wld®E A 8E 80% MeOH=E F£3lo o33 %
TAE AAIF}IAT. FE5dE AEE ALdsE7IE2 FFFHJSH 500mle
MeOHoll Zo T o] AlE9 1ml& #FH39 MeOHE AAZ & E
of =< C-18 cartridge AHS F343led MeOH 0, 10, 20, 40, 60, 80,
100262 &&3te AEHAA Ao FAFAG. 4+t B2 FFF 0%

_]1_



Bl -10774R] sl Ete] o] B FuiA el HIAF & 23, VWA,
PR-la GUS #4(6G-143=x), 5 A&2458%& AR

. 539 G454 AEEA

=249 GAEAF 3T 24E F2 #£89 AEAA S FAsA
=A% Cyclo dipeptide® 80, 40, 20, 10, 1.0, 0.1, 0.01, 0.001, 0.0001ppm
72 BAstn gx A E2A dEzAeE BTHE 0.01, 0.1, 1.0ppmo 2 3
Aale] BEIFFE Q0lFES Yo 0.1mlA FYJ3ATh PR-la GUSEA
5-1} gejAel o] AR en eolaHHd e FE2AFE HA
Yt BHAERE FUF 1F:A -y TS AE3Ho] A

A

tle rle

7. F =AY 24 4 ¥34FHA

Chemical inducer?l ASA (amino salicylic acid), BABA (Beta-amino
butyric acid)®t EXTN-1& &83t9 FEAFAFo] FotAEA A AR
o AEYHLS AaAgddes EFEHFAFTY bdion FTAEFZToEE vt
UnFE A3t 10089 v dste-2 X330 Zpzte]l AHed= 405
A o] A%k the EXTN-1889<S 10°%fu/ml2 50ml#¥, chemical inducer
= 1mM ASA, 20mM BABAE %3 HA Ao 50ml¥ 13 A& stddt.
el 2%, 713874, oJHIAFE FAFAT dolk TIT AUz 4
Halgom olxwH L FUFH AHES HEE ZAEAH.
13 =X EXANAE EXTN-1, Amino salicylic acid, DL-3-Aminobutyric
acid, @ EXTN-13% Chemical &% HelF Adx o=z TA4T oA E,
zt A FolA dgz 555 AEde AA o] T o|WHF FE £
Ab&tal EXTN-13% Chemical £ Ao we 15348 =3 2 €71 &
718 ZASIA o}

YR EFNAL] 1F AESH g EXTN-1¢ &3 Fusariume] A
o wAE XA EXTN-13€9 X8, Burholderia gladioli %
923-87(Burkholderia sp.) 2 SE34(Bacillus sp)¥F ¢ X8 = 3t
ANEHQen 158D 40574 FAGATG. FAFFUAC cell/mDE FEF
o] 13 #FA7 HU

._12_




8. EXTN-1 #%¥x F&dd 2|d HEW SAa7

EXTN-1 #ustdeted (10" cfu/ml) 100miS 121CE 208 AF3F 1A)7
A5t A4 nHAES AASY 20mle] A8L o] &std] AP
2 AEE 99 10, 100, 1000812 A7 ZFFo @4 s Gu)-5F-
frHE.(Xanthi nc)ell 0.1ml ¥ infiltration $S 153 Erwinia carotovora
SCC1 (10" cfu/mD)& A EFTHS 24A)2F FAX 3t Ha) AEE xA}st
Pr =

Al 34d A44d3 @ uF
1. EXTN-19] AA3 23

FEAGY 28T EXTN-17F(Fig.lA)x 98 71X 284 tus §
o] AEEAR S el ©o] #F = Bacillus amyloliquefaciens24 A<
of ¥ EAdte oz FaAEY dud nxY BFS NS
T HRAE #A3E Folth AEd AHIJAHL FEIE o] FF:
TEEZ AMEE AS A B ASAHNE AT AT Az A=

<)

9 ARE EA = AwE 2o Ba A4 holds WA
5% wgel AAHA Fatn Ax AU B #F Aelo] @ wo]
e = gyhy

& Aol th(Fig.1B). & thda 2129 U7
ﬂﬂ‘QEA*“ 7, opEA ¢ 2 B

= ggHoig.

A B
Fig 1. Vegetative cell of EXTN-1 and systemic protection of cucumber plant
to CMV by EXTN-1 ( A: Bacillus amyloliquefaciens, B: CMV suppression)

._]3-



7F. =AY FF FAH4TAYSS £ mutant AE

Ha Ha FxolA HAAEI 7|F FSENEANRE dovE EXTN-19
24 AL zAey] sk Ful(EF Samsun)E 1 x10° cfu/miel
ez 48 AEY A g 5¢, 104 F ¥ EY H #E &AA
o] EXTN-10] duly} A&As 1 YeEAE AAHo2 ZA3AT o 43
o Z38)3}7] 989 spontaneous mutation® A HA EXTN-19| 100 ppm
rifampicinel ©igt WAS HJ& Aok Rifampicin @ @4  EXTN-1
e 9 #FF7 AR 9E AZA FE TEH ASEFIAeH e
& Ro 2 JEltH.(Table 1,2)

o8 v Hol WalxF g3 10%fu =S EXTN-1°] A
W ee Aol A AL dASA FAHJAA(Table 2).

M

N I

Table 1. Comparison of antifungal activities between wild-type and

mutant strain of rifampicin resistance

Inhibition zone

EXTN-1
F. oxy C. orb R. sol P. cap P.ult B. cin
wild Type + + + - - +
Rifampicin
+ + + - - +
muatant

F. oxy: Fusarium oxysporum, C. orb: Colletotrichum orbiculare, R. sol: Rhizoctonia solani,
P. cap: Phytophthora capsici, P. ult: Pythium ultimum, B. cin Botrytis cinerea.

Table 2. Cucumber protection against C. orbiculare by EXTN-1
rifampicin mutant

Lesion No per

"EXTN-1 Fresh weight(g)
plant
Control 455 i 97 20.4 i 6‘6
Wild type 17.6*x6.3 275 £8.3
Rifampicin mutant 16.2+4.1 26.8 =56

a Data were collected 5 days after inoculations and anverage of 10 replications.

b Fresh weights were measured 10days after transplant of cucumber plant.

_“4_



EXTN-1R (100 ppm rifampicin W4 EXTN-1)o] 3%t ulolaix ¥ wlhA)
¥ Nicotinana tabacum cv. Samsun-nn/Pepper mild mottle virus -
(PMMoV) interaction®] A ZAstH . EXTN-1 g7} nlolgix W& |
Adtd 71ES 2o @AW WAl gxol QoA =Hol Ho] g9,
EXTN-1 Azl 93 WHdd AJsH A 7bgAdo] iy wEolth
o] Agol Qo] Wo] Yyx] = WA Z{ o2 Nicotiana tabacum cv.
Xanthi-nc / PMMoV 7} AZAA & FEdts dZGA Z4 benzo(1,2,3)

thiadiazole~7-carbothionic acid-S-methy! ester (BTH)7} A& 4 ¢t}

Table 3. Effect of EXTN-1 and BTH on the control of TMV (PMMoV)
in tobacco

No. of diseased plant / 10 plants

Treatment Average
Rep 1 Rep II Rep III
Control 10 10 10 10.0
BTH(1mM) 1 2 2 1.7
EXTN-1R 0 1 1 0.7
Xanthi—nc 0 0 0 0

Xanthi-nc ' resistance variety of tobacco plant

Table 3 <A<t Zo] EXTN-1 Re] AHezjg ol 229 A9 7% wto)
PMMoVeoll Zgd=Ed wéle] EXTN-1°] AL dlzxals= 100%
o] ZHE&ES YERWY. o]ld Chemical inducer$! BTH® 17%7F 443
o AL FFY Aol A3 A=A &kl (Table 3).

4 BEAS B4 Aelol @ fx AP 2@ W
o Aoz ©Fe] Rol EXTN-1& 22 FHcl mety 4=, 2

o
N

Ad 9L FE Ao UEWT JAVE ¥% BN 2HY 9
e wethn BaHAY 2ole) FANY F gAY Ad FBY A%
R S RN Exard AT oldg A% wrh PPty

..15_



atel grlel AY F Bolsh AL BFIA
AHYE 2olsh BME olgad He) FE ol

(A)

(C) |

Fig 2. Dosage effect of EXTN-1 on the growth of tobacco plant (A:
10%cfu/ml, 10° cfu/ml, control)

EXTN-1 &gele 1 x10% 1 x10% 1 x10° cfu/ml 52 Qo8& A E
Held e 2577 SEF Fl(EFF Samsun)® 1570 SHE Qol(FF:
o wmugoyDE Ha FEA A4 Axn 104 F aAEY] AHE F=71
A 2ol ASo) wxi QgL XA Ay AHdA] Fe FATY AE
o] Halol Hlsted 1 x10° cfu/mle] FE2 FE EXTN-1& A3
AR Lol AT I AFAE FLIS s HAHZG AY ==
AEEAT (2P 2). ol HAXY Fd A APAE FIFsteE 232
AdzoE 2% E (1 x10° cfumhel A7 JgAE dFe Fdd A
Byl Wi HE HEAFEE 94 10° cfwml F=ERE Aoz AZtd
o AE 252 1 X10° cfu/mlz 38 2318 F 7HA A E EFoA F
Al va) Aol AAFReH B3] 2wl B Ao Fsh HAFo)
Uelt}, o] EXTN-19] Held o] % =Ho] S TS 2o
= Aotk

_‘]6__



o AdLe] ¥ Aol A7 FEAFAH 2d A

Interaction: Colletotrichum orbiculare/ Cucumis sativus

60

&A Control

504 [ EXTN-1

40 -

30 4

20 4

Diseased Leaf Area (%)

1x 104 1 x 105 1 x 108
Conidial concentration (/ml)

Control

Fig 3. Effect of EXTN-1 on the disease incidence of cucumber
anthracnose with treatment of different concentration of conida.

o APNE EAFES 2e A Wure) WA WAH v 3
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o= A e 10* spore/mle FE7F EFHF Ao wEltA EXTN-12
10° cfu/mle] AA A2FEYE ¢ = AATH(Fig.3).

g . EXTN-1°] 9 & ZFE9o wol ¥ {FH7 JHE
gul & AES AS EXTN-1 Hgd 23t A5H2d42 314, |

7 SF5Fgdon = FAEFANE I, nF, &5, A, AETF, 5
254 T oJATLUIFES] FAHEL EXTN-1 Ao &ste] ddE
2 = FAEGFNA AFAHE dovlA Fhoy B Beole AAE
F = AEEGANA g2 Aol AAHUS

ols} e AME B u) EXTN-19 T e A8 duE 4= +
A ggom EXTN-1 Hd g A&FAELL EGBAC] 773 L&
RO B BN aRHGE & & AN (Table 4, 5

°]

Table 4. Plant growth in sandy loam soil and clay soil condition by
treatment of EXTN-1

Plant growth Sandy loam soil Clay soil
h Y 313 S‘&_l—‘:’ =77
promeotion BEFE, AF, SFEF

x, 4, 1e, 9, 15 - u - o
T R =7 EvE &, BrhE, 87, 8,
1_—[-, o T, = y -
Normal growth ) T, B, A5, 2d,
ApZ Z=2e @B 7l
ST, TT, T, ‘6 S, L= o =z o)
[ = =T, 7T, 23, DﬂE
B, y 1T,
Suppression - H
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Table 5. Comparison of plant growth on various crops with treatment

EXTN-1
Plant height (cm) Fresh weight (g)
Crop
Control EXTN-1 Control EXTN-1
AdE 15.2 18.3= 26 3.9=
= 11.3 11.8 15 1.8
w5 17.1 16.3 14 14
E 7\ 9.8 11.2 1.2 1.3
vlya 23 12.2 11.7 1.1 1.1
g 115 18.8* 0.8 1.7*
B 17.0 16.7 05 06
T 31.0 30.5 1.3 1.2
&5 (1) 145 13.4 2.2 25
&5 25.6 284 1.7 2.2
z= 344 33.1 1.5 1.5
E A 9.0 105 15 2.3
AAEZALF 5.8 7.1% 0.9 1.8+
&8 2% 40.2 428 3.3 4.0%
A 16.6+ 147 1.6% 1.3
A4 26.6 26.3 1.7 16
34 27.7 27.1 0.8 0.8
EvE 14.2+ 12.3 1.1 0.9
z 144 19.6% 1.0 1.4x
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Table 6. Effect of EXTN-1 on the seed germination of various crops
in a greenhouse

Germination (96) Germination (%)
Plant Plant
Control EXTN-1 Control EXTN-1
AR e 38 79 &5 a3 96
= 100 100 = 85 63
=% 94 9% FTHE 52 65
& 40 15 & 19 54
=70 31 73 L2238 100 100
whyup 1% 92 88 ZH7 98 98
o 73 67 Zige] 75 69
B 67 75 H 71 73
T 98 96 EntE 92 94
(F(13) 71 58 Z 92 96

EXTN-1 Helo] 98 4 Be) 2olg= Ak $E9 A5 TAst vwa
o MuE YPge nAA FAY BolE HstE s dedch &
o AeAE tha Wobgol "ol Ayolgot FFe) Fol Lol
%ol zA ®ob ATHTable 6). 4% 2% EXTN-1%¢] 50153l 34

BA7 8

vl EXTN-12] &+d 4%

Shfo] A al® EXTN-12 209 74X 3 4% HolE ZAs it
EXTN-19] HaE ZAxe % Pold primingX 2 et TAAY
HtlE WolFE priming M Al AARZHo] EULh ol T A=
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priming %9l FE FFo wl T xFo] =&AL FAY TFo
3t §71E0o] &5 spermosphere’} EXTN-12 A 2to] f-2lstA =
£37] Qg Holrk(Fig. 4).

5
4 -
=2} : Germinated
S~ 3 4 .
g L Non-germinated
o
2 o
S
1 -
0

10 20
Days post treatment (dpt)

Fig 4. Population of EXTN-1 on the rhizosphere of tabacco plant.

Baker 5ol o8t@ ABSH WA RYATY FARRL EFxo|
det gepAlE S e 26 EAsts FATAE dgony
H ZHE H3Y 5 U+E

T8 FHoE JAAH1 vt = microfloracl
Al @Al ESde] ol A A3 A Fusarium, Phytophthora,
Rhizoctonia, Pythium % & EYHATFo HY & F A& I3
(microfloral niche)& A Aste] 2 EA7F EFH A ZAHA *A g
b olgpo]l 2HAAL FHAMTe] ZEE ¥ R FEAIAY 1F TH
Zol AEISHYA LS HIEE F8 8otk B AP A A0
Zd9 A EXTN-1& F3 Qe 33X dte] 4570 B 2 FA YA
EXTN-17 ¢ "HXx¥olE AR e Agsed ®lole #Aton ¥y
oMol d Wole F AY EFdAN £7] AE T2t 4F7HA] AEHHA
k. ¥hd =7 el EXTN-19 55+ A8 & Ax 438 4F $o
Hz Ad=Rct 1I0MAE A3t o2 A= Bol THA
EXTN-12 2F ¢dAA Fgo] 438 o|Fd dojus 4% &3
A FEAZR Y 2 YT TdEtE Aer A (Fig. 5.

M

e U
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Exp. | Exp. Il

12 4 ®-@® Control A @@ Control
A O-O EXTN-110° O-O EXTN-110*
10 A w-¥ EXTN-110° V- EXTN-1 10°

o/o\o—\o/ v v

Bacterial papulation (Log cfu /mi)

Weeks after treatment

Fig 5. Seasonal change of population density by EXTN-1 in
rhizosphere of lettuce plant and hydroponic solution (A: root
colonization, B: hydroponic solution).

2. FEAYY A 3 4F37)

7. 201 Ay Hurgy 2 AEH
FEANGAY TPL AT HAH 20& FHIIRA 2ofHY FHE €A
8

url g zANEACH G992 EXTN-14gd 93 a3+ IA v=
2 ergroit oA @A W@HEe 2EFGANA M #gdo =T

aEAGgo] e wEge] Holw s ;mz A% ALY Frl
A= 22Qe 7= S THFig. 6).
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A EXTN-1
| B Control

NO. lesion/leaf

1st BTL 2nd BTL 3rd BTL

Fig. 6. Disease severity on different leaf of cucumber plant against C
orbiculare by treatment of EXTN-1(BTL : bottom leaf)

EXTN-18&8a& FAAMEY, #F == EFHY 33e o #FAg <
EFAYA HAEAST HEbE S & F AAHFig. 7). EZ, FAEHE=
EXTN-19] #FxgA] A2goA 713 A Jetdoi(Fig. 7). 23x o=z
EXTN-12 Aol wet v FEAFAY Aolrt dovt e
ol o] FAIF Aoz E FEAFAH A A 2858 & F

AU

A : Seed Soaking
B : Soil Drench

No. lesion/leaf

A+B A B Control
EXTN-1

Fig. 7. Effect of application method of EXTN-1 on the control of
cucumber anthracnose caused by C orbiculare.
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3. R AT A7 EXTN-19 Fox8d SH4=AEF HA

7}. Qo], AF, wjF, &7k
LI AT EXTN-1 FEd 84 29eEHdS AASA 0], &

2 Wi 22 BE ASEJAEHE FASAT. EXTN-1& 2572
d BE ABoA P&EF Aol BREJAH(Table 7). 0|k e Are
fEAYY o] mE ABwel Al B ol Aoty ATAKBA

Table 7. Effect of soil drenching of EXTN-1 on the growth of several

vegetables
plant height (cm) Fresh weight (g)
Edibl Edibl
Treatment Chinese e Chinese 1ie

Cucumber Lettuce chrysanth Lettuce chrysanth

cabbage . cabbage .

emi mi
EXTN-1 20.8+3.1* 183+£2.0 22114 10.8%22 624x0.2 351%32 351%32
Control 148+24 11.2%+1.0 19.1%£11 68=x26 218139 249*x35 249%35

.8 Faeys dAsAAA
sode AS Byt #Herd A S 7.1¢ ¥d EXTN-1 XEE 34% =2
e HA3] BaAAZ F ARen I EZQA ImM BTH A=

15%= HAgazsrzt 7b3 E3dg. ARNFEHE A FA7 7.8% 1 4
S EXTN-1 A& 69% i, BTH AgEs 75%= g EA7F $doh
AN FH B Ag 75 Eoll-i 40 3% 71Fe] & d#A Ao} ol
BHEse] A AL gy F S5 AE o B Expdoba]
=S40 9% 27 W A 5 o AFo] WHdE AIAHA AR
2 AyZtEH(Table 8 , Fig. 8). olgkz2& Ao Hlole & ATHA
g2 B3lo FH3aa gt
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Table 8. Effect of EXTN-1 on the control of rice blast and brown spot
by Magnaporte grishia and Cochliobolus oryzae, respectively

Treat ¢ Rice Blast Brown spot

reatmen (% lesion area) (Lesion No.)
Control (Water) 7.1£22 78*14
EXTN-1 3425 6.9+2.8
BTH (1mM) 1.5£09 75*x1.6

Rice blast: Magnaporte grishia, Brown spot: Cochliobolus oryzae

Control EXTN-1 Control EXTN-1
Rice blast Brown spot
Fig 8. Induce systemic resistance to rice blast and brown spot with
treatment of EXTN-1.

. Bl o EXTN-1 A& &#

Hels Ao 548 AESALAE A L3 W FEd FE2 S
715t B A& 9% & w3 A 53] $ivete] FA$ A8
Fo EAGA HAlROE Re F&FFo)¥ (Fusarium graminis) 5
ol ¥t 2ok EXTN-19 Fx Ao 4% FEAFAHE AAdXE=
oy A FAE 3FY F2 BYEFEFT g Ao 22 He
o HAo] A THAHE o FE Hol B A& f¥ Rez A
et A8 271A EPSE HEld] AKS ZA &3 AANFig,
Table 10).
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wor £y e -1
D qpered

Fig 9. Plant growth promotion of barely with seed priming of EXTN-1.

Table 10. Plant growth promotion of major varieties of barely with
treatment of EXTN-1

Plant height (cm) Root development”
Treatment
Jinyang Bunong Olbori Jinyvang Bunong Olbori
Control 3.9 4.0 26 + + +
923-87 EPS 5.1= 4.9% 3.3% +++ +++ ++
IN26 EPS 5.5% 4.6% 3.9% +4+ +4+ +4++
EXTN-1 (106) 4.7(* 4.4% 3.5« ++ ++ ++

B GFRNA FAE BE A EL EXTN-1 Ao o3t 23 =L AAF



4. &7 Avjo) A 9] EXTN-1 A&
e

A= AARL Yt BHel 3 BsEFo] EXTN-1 #FE2 H 439
. AEEEE 10° cel/ml olRen & Ao Fefze 5000LE A ] %
gz FEIAoh

EXTN-1¢9] Hale A2 FA FAW=z 13] FAsJ =0 EXTN-19]
HE| FFEE AS27IRE e Ao FAsHen wdZo] FHIFH
A} (Fig. 11). 3 FH o) v]de] EXTN-1#FAHgEs HAFe M7
S FE3A A stHen ol A= ALANE AFo EAYE
3 #&Eo] Ao (Fig.12).

Fig 11. Effect of EXTN-1 on the growth of lettuce plant in a hydroponic
farm (Jeongsun)
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-

Control EXTN-1
Fig 12. Effect of EXTN-1 on the development of Cheokchima lettuce’s
leaf color in a hydroponic farm (Bucheon)

23T EXTN-19] HalsE ASF<te @HA3tE Z=vw® ( Pythium sp.
Phytophthora sp ) ¥ Fusarium sp.ol % AESHe TS AA38
2~ AAY. B3 A7 AFAuME vldasalie YR <)
& Zurgo] "WolxE Mo AESH B AU AESE e
Zgo Azte] NGFE Hx Frtsls AFgolen #H A= FAHI,
EXTN-1 254 Z71stathFig. 11). 9F Ay 4F (B4 M=
2 2oy gxHe 2ol FHJew AFo A= FIHUY (Data

not shown).

Table 11. Effact of EXTN-1 on the control of Fusarium wilt in a
hydroponic farm of lettuce (Bucheon)

Disease incidence (96)

Treatment 4/20 5/16
Control 5.11 (10.22) 13.38 (26.76)
EXTN-1 2.38 (4.76) 9.76 (19.52)

r.{

s 57 AujzEAd el EXTN-1 Ml 4% 2 &7te 2% 23
ao] wlate] Ago] Ekowl Zzte] Ao zgo] 2w, AAFE 3u)
Jbe =715 ch(Fig. 13 2 Table 12, 13). 53] #AAu] AN A
e Al 2000%F 20029 3dzre] AWl T FASA A%

o

—_—
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=0d4e dehdel Al Egth 53 sAringE $479 AL

Fig 13. Effect of EXTN-1 on the growth of Ilettuce and edible
chrysanthemi in a hydroponic farm.

ED e84 SRR EXTN-1 A& F 4574 5708 A ¢
A A4 FQLTEE BT A% EXTN-1 A8l 5499 4% Ca &
ol RAG) W3l Fashe Aoz el Ca Wi BT slow 4
2} WA v}

B
ks 73 H HZ74-4 dF oled EFLdAEL =
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Table 12. Effect of EXTN-1 on the growth of lettuce in hydrophonic
culture system

Control EXTN-1
EXP Plant Fresh Root Plant Fresh Root
height weight weight height weight weight
(cm) (g) (g) (cm) (2) (2)
pl 31.7 79.5 139 36.0 153.3 22.3
p2 37.8 109.5 21.0 37.1 164.0 25.3
p3 34.0 110.0 23.3 34.1 140.3 20.3
pd 335 90.5 18.0 324 127.0 20.5
pd 27.4 69.3 155 34.0 133.8 21.0
average 329 91.8 18.3 34.7 143.7 21.9

Table 13. Effect of EXTN-1 on the growth of edible chrysanthemi in a
hydroponic farm

Control EXTN-1
EXP Plant Fresh Root Plant Fresh Root
height weight weight height weight weight

(cm) (g) (g) {cm) (g) (g)

pl 89 75 35 15.0 21.0 8.3
p2 8.2 3.0 3.8 16.0 35.3 12.3

p3 74 6.3 3.0 19.3 370 115
p4 85 6.3 3.0 159 29.0 11.0

PS5 7.7 7.0 35 139 24.0 8.3
average 8.1 7.0 3.4 16.0 29.3 10.3
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Evle

dogtolE AQuie] A AT XvtEHY HAL R solanacearum HE
119 AFE TAFHZAZEte] g en] EXTN-1 Age A9 HEZ 20
AA7LA] EetEHS &3] AT £ AArk FH FAHEe ASdE=
55.0%9 ZHEES YeliAH(Table 14 , Fig. 14). EXTN-1 o] &=
EvtErE AY Z7|5EH 3] w23 el BSo] gAlstgeh. =3
e AWyl FAYRY =4 AP a8y Bae] ZaRIRUE
= EA S SAES UENY &34 QA2 E 19971 EvlE
XulEHE SetA LA & F U e 951228-7 FFE 53 BHAE
el A cH(Table 15).

Table 14. Effect of EXTN-1 on the control of tomato bacterial wilt caused
by FRalstonia solanacearum in perite hydroponic condition

Diseased plant (%) Density of R.

PGPR solanacearum
11 DAT 20 DAT 30 DAT 40 DAT (cfu/ml)
950816-1 0.0b 50b 00e 750b 3.0x10
950816-6 00b 00c 150d &0.0b 45x10
951228-7 00b o0b 500b 75.0b 2.0 x10*
96111-3 00b 00c 50e 900a 95x10*
H 32-5 00b 50b 250c 80.0b 2.9x10*
EXTN-1 00b 00c 150d 650c¢ 8.1 x10°
Control 150a 550a 8.0a 9%0a 1.5x10°
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Table 15. Effect of rhizobacteria on the control of tomato bacterial wilt
caused by Ralstonia solanacearum in circulating system of
hydroponic condition

Diseased plant (%)

PGPR
12 DAT 16 DAT 19 DAT

950816-1 00b 80a 80c
950816-6 00b 80a 16.7 a
951228-7 00b 00b 0.0d
96111-3 00b 83 a 147Db
H 32-5 83a 83a 83c
EXTN-1 00b 00b 0.0d
Control 83a 83 a 16.7 a

Fig 14. Effect of EXTN-1 on the control of tomato bacterial wilt caused
by Ralstonia solanacearum in perite hydroponic condition.

EvlE A Al chemical inducer$! ASA(ImM) ol &t FEA
g BHL Folux EvtE AKo) wXe JFE AR EvtER
A= EXTN-1 @387 ASA @5 AHgHoh 530t ASA+
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EXTN-19] E3Ages 399 A7 2n EFH v el vstd
7o) 2712 XAAAY W EntEe A= ASAS B
Bt EXTN-19 @=327F -3tk (Fig. 15 EXTN-19] A g
E AEE A7 vEve EvE wiEA e BAe dAAE ga A
=

o Y

Fig. 15. Effect of EXTN-1 on the productivity of tomato fruits (A: EXTN-1,
B: Control, C: Salicylic acid, D: EXTN-1 + ASA)

u} 3z 2] 7}

a7k A3l B9 ASA ©5 2 EXTN-13 ASAS E3A e &=
Fx ol Hlgte] BE AolA Kol A=A oy EXTN-1xg = g
A7t dQde MZAE A s FHHde AVE F Al HTable 16,
Fig. 16). °]¢} 22 A} Z Hol HAFA EviE 9 a3 gyt Aujo 9
chemical inducer®] AH&& AFAD Adt 59 EAE o7lAZ 4= Uk
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Table 16. Effect of EXTN-1 on paprika plant growth in circulating
hydroponic condition

Treatment Plant Stem Leaf length Leaf width
height (cm) diameter (cm) (cm)
(mm)

Control 69 12.0 | 199 11.3
IN26 70 11.9 20.3 11.2
EXTN-1 68 11.1% 18.9* 10.6%
ASA 60* 11.1% 19.1x 10.5%
EXTN-1 + ASA 67 11.8 19.6 11.0

Fig 16. Paprika fruit production by treatment of EXTN-1 and combination

of chemical inducer

5. EXTN-19 fF=A3371%

7}. EXTN-1 237 F A= 2 Radical scavengerx 2o] 23 Qo] A9
) 0 R el
A4 A (Active oxgen)d] BAL 2Ed 2o o3 289 7] HAFHA
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oA #F deld YA FARAAE Y FEAFAHL L d ol$-
Z83% 890tk EXTN-17#LS A Ex3 oA GAALE AT 1A
ol IFAHE BAMLEE AJHAJNAE FAr] 8  Radical
scavenger?! Verapamil, Tiron, DPI, Catalase%s <

o H-S5-A171 A3} DPI ¥ catalaseol] 5o]&<Ql b
2e BEAHdo=zZHol EXTN-19 #FE=AHIAHLS 4442 Hydrogen
peroxided 2& %3l Aoz &4 5 A HFig.17).

REPI

REPII

REPIN

CON VERA TIR DPI CATA EXTN-1

Fig. 17. Oxidative burst of cucumber plant by treatment of EXTN-1 and
radical scavenger (VERA: verapamil, TIR: tiron, DPIL:
diphenyleneiodonium, CATA: catalase) with EXTN-1

Y. EXTN-1 @5 93 AFAY FA4Ax @43
EXTN-1°] do7le F% AFAHol FFEL o= K Al7|o) o= 7|z
L doAAYte=RE A3 AL EXTN-1E o] €3 AEEE WA A
TE 7St wWig F8% Atelt) o]l& #<1sly] 913t Northern blot
hybridization analyses®} PR-la 3 XF2] promoterel B -glucuronidase
(GUS) 331 {FAAE AT constructE: =EYAIZ Bujo A9 GUS &4
= AASE F2 Aol o A7]o 71 st LEEEAE g
3} AT}

PR-1la @M AL A ggAo] Fxd o] 71X 2]EBojA w@Ho] o] o
g FF (&7 AYd dde AF=2HN ALEFHa o
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PR-la ©ol@e] Asstd SAo] ofd WX sfo} ol v A
Hengs 474 24sle ofel b4 olewel Brh AT GUSHAA
= 9w A%c) A@AA oS AEL o] §5H PR-la o RAANE
HAom o 4 ok = ARANA GUSS 2d ARE ety S
25 A YA FooH 1 0@ AR 44 ¢ F Ak
EXTN-1& J2& GUSHAAZ £98 Gl EelA GUS 2dL
wwe Uelgoz TAd v PR-la eude FHEL & F
O (Table 17). ol= =¥ EXTN-1Agol o8] Aa@4o] 2o}

1=
.
o pHHes o & Uk

Table 17. PR-1 promoter gene expression by treatment of EXTN-1

Treatment PR-1a GUS expression (nM MU/10mg F.W/h)
EXTN-1 1794.5
38 49.1

t}. ©o] QoA EXTN-10l €3 2o @AWl did AP 23 =
AxsH 54

Control EXTN-1
Fig. 18. ISR reaction on cucumber leaf surface by pre-inoculation of EXTN-1(hr:
hypersensitive reaction, a: appressorium, e: epidermal cell)
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EXTN-1& A3 HF ddAMes FF A9A  HES(hypersensitive
reaction;, HR)©] Y Eldo] AU} (Fig.18). HRE A &4 wrgo=z o
A Gl vt ole HAdT Y B AE AEIT GWEtA vk
st FAMF o EHA] WATe] Aol AEY F2 MXE oA AR
&golth, EXTN-1& A2 A EdA HR W=7 FAE3 A&
2ol =4 JEtve A2 A 71Fe] HRE T3] YeEYE RS
Ela=

b 2 %

Table 18. Suppression of anthracnose lesion spot on the cucumber leaf
by treatment of EXTN-1

Treatment Lesion No. Control value (%)°
EXTN-1 712 £ 47.3° 334

INR7 869 £ 39.3 18.7

T2 7 1069 * 42.1 -

EXTN-1 w59 # WAZd L HAqA7|zE Y& FTH Plant
growth-promoting rhizobacteria(PGPR) ¥ 5 INR-73 ®]ilste] 23t
th. Table 18 oA B upe} o] EXTN-19 2o|gbx o] <3 wut
F 9A &7 INR-7TE E94T).

Germination rate (%)

EXTN-1 INR-7 Control
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30

25

20

Appressorium
formation (%)
o

EXTN-1 INR-7 Control

Callose formation (%)

EXTN-1 INR-7 Control
Pre-inoculation

Fig 19. Histopathological characteristics of Colletotrichum. orbiculare on
the cucumber leaf pre-inoculated with EXTN-1.

Hul AL o] &ste] ¥ WA 71Fe o] BAHNTES HITTH ohs 3d
#23s A3, ¥ Wolgo] EXTN-1S Heldk A8 FHoA A
225 QA H(Fig.19). =3+ epidermal Al EZFo|A callosedAd &) F A
&l =4 JeEWtHFig 19C). Callose= B -1,3-glucano.2 A& A3
I R 3}"}‘” papilla TAEAZ <A At o2 HAT I
o 24 HAW JAYE 71AHe=Z gAsE A

. ol¢} 7L°] EXTN-1¢] 9&l] ¥=o}% callose A& @AW O A
A 71Zte]l dgeow AzZEY gy Hdwe IYgTE] TRV 34
2 EXTN-12 Ha g A% FHAA FAHeEg vustd SAXHSZ #
27 A HFig. 19B). 8 INR-7S A3 A EFHAANE FAHeT
vl ste] HAF olg, FA7] P& Z Callose A& FeAH7t

A‘ZEMOO""XL
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e Aoz veldo(Fig. 19).

2. EXTN-1 A gl 9% AFAFAax 244

7159 AS Al7]7F EXTN-1¢ 93 f= AP Td vxe dFS

ZA 7] 91ste] 3, 7, 14, 21, 28Y€ B¢ %H £ % Samsung $E3F &

718 g2 EXTN-10] A= e JE A4 A3 5d &

g HEFT 02 1¢€ 5 BE XA d% FAEE AFHE} F RNAS
FE% g PR-1a9 2dEL HASIY ( Fig. 20 ). 21¥ SE7HAE

EXTN-12] Hgo] ¢lsta PMMoVel g o] Fxztel 2d 2@ AA

Aggel = F=rt dad] Z3IR T 289 FHAME WOl FHAY

o] o= HE oFstx At

0 3 7 14 21 28 (day)
PR-1a

PMMoV

Fig 20. PR-la gene expression and detection of TMV(PMMoV) in
tobacco plant by pre-treatment by EXTN-1.

ol9} FgatA Z+Zre] A 49 F AHT HFT AN E PMMoVe
RNA &4t FH o] dojutx] ol HAl Aol FEHASES AT &
AR} o]= EXTN-1°] ¢ 171 =7+ A Al7]o] F@3A A
AE FEAZAS TH3E Aol tH(Fig. 20).

EXTN-1 8 A3} gy Yol PR-Iax A8 19 o, 183 PALT
HMGR< i%al 29 ol ZAFHUYG (Fig. 21). 71—%94 AP ENA A7)
o] Al 7FA FHAY HEL HA AFAR dE ARE BdsE AE R 9
£ 9o olygt {FHAY YHELE EXTN-19] él%oﬂ A A

olghg FPsts Rolth

iﬂ
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Probes EXTN-1

0 1 2 3 4 5(dpt)

Fig 21. Defense related-gene expression in tobacco plant by treatment
of EXTN-1.

o] A€ol @Ay AEY B oEA AAI}EAE FAFSHY] st
o] g ¥ Samsunel EXTN-1& A 8lgt 59 ¥ Pepper mild mottle
virus (PMMoV)E HE81 I F 497 Wo] #A FAdAe] LAE A
39 th. Samsune PMMoVel théte] ZAdololr HAl #d F4& o

3L =X

© 7] Xanthi-nce A4 FHA N gened 7MA3 Jv AFY FFo

—_—

o}, =3 A Wdel FRAHoE dojuex HiAHoZ dojueA
2 A7 st AFEA 2 Aol WolHHE FAAS T
% Samsunol A ZAFSIE T ©] Wl negative controlZ2+ BT A GFNHE
gld T PMMoVE H%EF$ Samsund, positive control2& A 5
Aq3AS FEIT g8y dE BTH (Syngenta)& 1 mM=2 #F5F3%

Samsun® A &A 22 Xanthi-nc”} o] &5 AH(Fig. 22).

Fig. 220149} ol A FF(Samsun), AFAFZF(Xanthi-nc) =+
EXTN-1 HEd 9sted A3 FAx7E #d=HA e EXTN-1& A
xS BTH 9% AgdAE 2 Aot EXTN-1& A3 54
% PMMoVE HETF 49A9 Aa3e AZY FdAe 2ol A3
by} ol 9ke @S Katz(1998), Kauss(1992) 2 van Wees(1999)ell
¢} 8}o} chemical inducertt M QT Zgol 93ty dojvte= 7[Rz
ot 21 Q) o8 Potentiation & 2 &2 X L Y tHFig. 22).
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Probes Samsun Xanthi-nc
01234 01

PR-1a
PAL |
HMGR
rRNA '

BTH EXTN-1
0 12 34 0 1 2 3 4(dpi)

PR-1a
PAL
HMGR

Fig 22. Plant defense related-gene expression and suppression of
PPMMoV(TMV) by treatment of EXTN-1.

vh, ZE A DA X AYAY Dol v A= JIF

-@u) FF Samsung 253 SEIT F AAEH AS dAEE EXTN-1&
A2tz A 59 F TMV(PMMoV)E HAZEF U3 & A 855 F338d9
PR-1a®] 43d& #AFsAY. AF 23 5 98 AMes o] 54
drd o] ul¢ ksl IE AlZ]E PMMoV HE 29 ol& ot Wi A}
A BEgA e o] fHA ddo] AuiFoeg FA3on I AVE HF 1
9 olydth. BTHY EXTN-1€ Ha @ 744 wujod]l PMMoVE dZ3
H oA vEgAA e o] IR FAA T FAR AE #EE =

AT (Fig. 21). =3 o3 AIAH /A 7132 HIFHANT SFHA &
3 HFTEA R Gl E 2EEES FUE F AN (Fig. 21). ©]

o7

A3EL EXTN-1 A7t &9 A AFPE F=AHE TH= A
otk EXTN-1°] AZAEE FEA7IZ7IE AT HEH, vAEH, E8H
B gl dte] AFAPe Ed A=u TE AUV B S ¢
Aol Apdeltt. ol#d 7hH .S AASD BHrd FEsHA AAFHo=
y E=A7]171 $1ete] EXTN-19 A2 A7]¥ PR-la FHxte] 2
A& =Askl=d PR-1a GUSS 232 BF 5UdFFH Fr13tdnh o

i
0 :{o
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sfpe AxE EXTN-17Y Ao dsd zr|gAe ZAZFHE AA
At ol §EEE 7o) 59 ol F Y-S T FH(Table 19).

Table 19. PR-la encoding GUS expression by pre-treatment of

EXTN-1
PR-1a GUS(nM MU/10mg fresh weight/h)
Treatment
1 DAT 2 DAT 5 DAT
Control 1126.3£116.8 1125.0x208.0 1061.0£59.0
SA(0.5mM) 1307.7%£271.3 14003.3+3406.7 12688.3*t1261.6
EXTN—I 11245+t 2555 1098.8+43.3 7182.5+1017.5

v}, EXTN-1° 9§ F=AJAH A=2F3

swxEs AT o3 AFYAR AERE 715 ZIAALA doivdes 85
7] &4 (systemic aquired resistance)®} ®th &I AP FE=HIZA
(Induced systemic resistance) o2 A= gk o9 S 5442 SAR
o)A Salicylic acid dependent pathway® ISRelA= Jasmonic acid =
Ethylen pathway® =gt 22y T Pieterse(1996) Sl &3t &
AT 93 =P JA, Ethylen ZE2E F3te o= 9 z-sn:q
9)t}h. wrH o] Mauhofer (1994), Park (200005 ¢ A& 2EWH PR-1 &3
7} BHEAEE AOoZ Hol SA AR FEsE HAoRE BRI wEA
B 7o A= PR-la 9 PDF12 5 2% 2] molecular probeE ©]-§ 3}
ok41d8  Arabidopsis¢! Col-1, SA 713& E-&4 3t A7l NahG, Ethylen
2384 etrl, JA 284 jarl 2 nprl arabidopsis mutant& ©]-& 3}
EXTN-190] 9% AP A=2E F23 23 EXTN-12 PR-1la 2 FDF

128 Z A9 AR=PN AR Ao T ]aﬂgo} At} olg} & A3z Ro}
ZAA T 93 AFAPFEE JA, Ethylen ZE2 2 SA AEZE 25
AL A4sh oj= AZ;e A2E AANE 54 T FFY 540 g} 2

712& %"43}% Aoz AMzZE(Fig. 23).
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Probes Ecotypes

S L A A A
S A R
-y AR
PDF1.2
rRNA

Fig 23. Activation of Arabidopsis PR-1 and PDF 1.2 by pre-treatment
with EXTN-1.

6. EXTN-1 A4 3o AEa497A
Zh 29 34 34 HA

EXTN-1°] 42432 £A47171% s 424, f4gx, 24 @

el ostel 1 EFHIF e FFEL i Ao] Adoln] ol T Ay

EXTN-1 ol9je} 2 g 74x 2ARARINE wadz g o

A3 7bd 29 AARE B e AYHo2 AL FEA)

7] 918te] EXTN-1o] A4sts tiAAEe B2 - 848 3 HopAzl o

ol Fxel FEWE Aeste] Ag, A%, £7] F7) SWelq A =2
a7t QEAE B s

i ood
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Table 20. PR-1a GUS expression in tobacco plant by pre—treatment of
EXTN-1 fractions after C-18 MeOH gradient chromatography

PR-1la GUS activity(nM MU/10mg F.W/h)

Treatment
1/10 1/100 1/1000
Control{Water) 1389.3
S A (0.5mM) 7082.5
MeOH 0%(A) 1413.2 1484.0 1661.0
MeOH 10%(B) 2390.0 1320.0 1479.8
MeOH 20%(C) 2715.0 1467.0 1327.3
MeOH 40%(D) 2380.0 8755.0 1801.3
MeOH 60%(E) 1609.3 1584.0 2889.0
MeOH 80%(F) 1564.0 2310.0 1549.0
MeOH 100%(G) 1674.5 1559.8 7735.0
LSD(p=0.05) 3715.7 4331.0 5133.7

Table 21. Effect of plant growth on cucumber plant by pre-treatment of
EXTN-1 fractions after C-18 MeOH gradient chromatography

Treatment Plant height(cm) Stem diameter(mm)
Control(water) 18.0 34
S A (0.5mM) 17.8 34
MeOH 0%(A) 15.9 2.9%
MeOH 10%(B) 17.3 3.3
MeOH 20%(C) 187 3.8
MeOH 40%(D) 17.0 3.7
MeOH 60%(E) 21.3% 4.0*
MeOH 80%(F) 18.0 3.6
MeOH 100%(G) 17.3 3.5

LSD(p=0.05) 1.6 05
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EXTN-1¢] EHA}*P% FT HAEAGEFIERE BogFe EFS

60% F3Fo U= o2 EAFAUY (Table 21). W, W] TA&H [ X2
o HAF = 57‘3_% ethoanol 100% 8| Qv RLZ AZHHE =
olfE= o EFEE& AHF FEwaATt PR-1a9 T@deo] YERLIL o]
oM Fod ddE FolE = g7l dEoltk (Table 20). °l&
EXTN-1¢] AEAFS FX3e E20 AL E Fedte EFS 2o
Aabgrs 9ujgit. GUS 28 o3 AR Hol EXTN-1AZEE &9
A drSS HAT A 39 olFHFE ZAA TV AFEH ol d Wt
$& Aldo] AEFE o HaXE Aoz ®BAY (F 2, 3). o]l& Aokl
= ATE #8339 9 Northern blot hybridization analyses® 2 4 U
= PR-I1a9] 28 $43 A9 dX3tt}. o3k Northern blot hybridization
analysesA| o= PR-1a® T &deo] A= 39 & HIxE HIAAT EFA-
| PR-1a9] 2d& veEdlEs GUS 842 Ag 39 £330 Xy 54 &
o B Tt ol AF WY o]  translationol L TFEE A|Zte] 7]
Foba AzbEo

>.

Table 22. Effect on root development of cucumber stem cutting by
pre-treatmnet of EXTN-1 fraction after C-18 MeOH gradient

chromatography
Root No. / stem cutting

Treatment
107 10 107° 10° 10
Control(water) 11.0 11.0 11.0 11.0 11.0
SA 1ImM 12.3 12.3 12.3 12.3 12.3
SA 50mM 6.2 6.2 6.2 6.2 6.2
MeOH 0(A) 17.5% 17.0% 15.0 16.5 17.2%
MeOH 10(B) 19.0%* 14.0 15.0 15.0 14.0
MeOH 20(C) 16.2 20.7+ 16.7x* 19.7+ 20.0
MeOH 40(D) 29.2% 23.7+ 21.7% 21.0% 28.7%*
MeOH 60(E) 12.2 18.0* 17.5% 16.5% 15.2
MeOH 80(F) 23.2% 19.7% 19.5% 15.0 20.2%
MeOH 100(G) 3.5 19.0* 16.0 14.7 19.5*
LSD(p=0.05) 6.5 5.7 5.0 52 4.8
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mal wgo] uxE EdE AMNHoR HYFEd AIA(rt dASFA FU
A9k EXTN-1 A8 8L AEASEFIAALES dveldr a2 FedA=
MeOH 40% A3t s=o] ARl AEAASEIAAR7 =24 YERG
(Table 22).

. 538 484 AEAA

EXTN-1o 22§ FEagd 22 cyclo dipeptide 5 A Al &o
o] thate] Qo] 2 Huje] ASd vXE FFE A
Ao EAHCZ Fo3 ASEINEAFAE UENeH 2 o
3 A EHE 25%oNA 54%2] WAZME UERHe] Blud e 3ol
on wxo W& JIE X FUAH(Table 23, 24). G A EX S A&
A FAARLEY S 0.00lppm HBoA PR-ladtde] 71 sov &4
WA F A A e Fdoh 2y e FHoERH 6714 &
Edo] BYHARGBERR) AYAHAA FEAFE 4o =Ud A
]%‘—01 =d Eﬁrﬂ Qe Bdol A" stsAdY 5L 6714 %7‘101
Ae W A5ES ZHA HeEXd g A7 H RS
% Alternaria®l A1 Maculosin®l 8= 7] oA E4=2% Hi
B2 ojo VA EIHESY 239 AFATA wat EXTN-19
A& 7122 AFA AT 7t E Ak

O

a7

ESL

Table 23. Effect of cyclo dipeptide No 5 from EXTN-1 on plant growth
and disease control of cucumber plant against C orbiculare

Treatment Plant height Stem diameter Lesion no./Plant
Control 21.17 3.84 608.67
SA 1ppm 20.72 3.80 441 .33%*
BTH 1ppm 24,07 4.33* 34.00*
Cyclo dipeptide lppm 20.28 3.59 369.33*
10ppm 20.42 3.85 346.67*
20ppm 20.43 4.06 380.33*
40ppm 21.72 3.99 443.60*
80ppm 21.50 4.08 457.67*
LSD (P=0.05) 1.96 0.31 76.46
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Table 24. Expression of ISR and PR-1 promoter in plant by Cyclo
dipeptide No 5 isolated from EXTN-1

Spray GUS activity
Treatment Plant height Stem Lesion (mM MU/10mg
diameter  no./Plant F.W/h)
Control 26.18 5.08 240.33 54
BTH 20ppm 27.32% 5.06 197.53 2,101,533*
lppm 26.94 5.09 58.33% -
0.1ppm 27.54x 5.18 112.71* -
0.01ppm 26.11 5.01 166.12% -
Cyclodipeptide 26.27 4.70 153.33* 7,497
1ppm
0.1ppm 26.68 5.05 157.11% 34,967+
0.01ppm 27.02 491 205.67 145
0.001ppm 27.81* 4.87 111.33=* 58,167+
0.0001ppm 26.28 5.18 180.22x -
LSD (P=0.05) 1.07 0.20 48.31 33,267

EXTN-19 FEA&AF ZHLRQ FoA] 2zxthALAE o] o8 AIAH G
EZE 93y =839t EXTN-1 TSA iR MeOH =2 E.2 ol
£z 2 20 dEE7|(stem cutting)d] LTEI I FEXTAY A
o2 vw & Ad a2y B AFNME FEAZAE B EHg0
< #EAom NMR #40) wel 6-3A 22 223 10435538, &
212 CyHsNi201s 2.2 Bacillusoll Al €3] 2313 E Iturind AR
ZE 71 EZ=24 0001 ppme % A% PR-la GUS #&A<S e
WAk cyclodipeptide®] 74-$- 0.01 ppmelA PR-la GUS &4 JeElhyo
Lol el A3 FEAIAY F4S YeldoH(Table 23, 24). wahA
EXTN-12 27}x]9] A2 & FEAIAYH B2S A & 5 9
o =3 AEHoR f Frbx] & AisteEXo] diE ARy 9
ol o™ cyclo peptide?] 7-¢ Pseudomonas ¢ ZA$  quorum
sensing signaling 71%&tell A Autoinducer® #£3l= FHoZ Rol o]o o
g HAEZF 983t
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7. ¥R 24 2 ¥xZAFAE

EXTN-1 AMge #HEQ 45E i"“‘]ﬂﬂb A gt ASA9L 83 UE
Ao o wdoe] Bl FARIA JeEbwth E£3 EXTN-13 ASAS &84
ASAAE BRAYE & v A3 EF canopy 747“E BRI 5 YUt o)
2 u]®o] Hol chemical inducer® EXTN-18] ZEASFEZINE S oFA
NAZ Aoz 71dd & AATHFig. 24). Fig. 24A 2 B JAjet ol =
ZFolr} Z7]# 719l 2ol chemical inducerd] @5 R EFtA el 9t
A =22 FUH.

A)

140
120
100
80
60

%2 cm)

40
20

Control EXTN-1 ASA BABA EXTN- EXTN-
1+ASA 1+BABA

B)

21 |(mm)

Control EXTN-1 ASA BABA EXTN- EXTN-
1+ASA 1+BABA

Fig 24. Effect of EXTN-1 combination with chemical inducer on
red-pepper plant growth in field condition.(A: plant height, B:
stem diameter).
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XA AAdFHozr AT oHI}sE FE B AR (Colletotrichum
gloeosporioides)oll <& IE Wdxu FEHow A (Phytophthora
capsici)®l] 23 = FAFF AT, EXTN-1, ASA, BABAE H &3 A=
< FAg Hl3) ol FHgrt F xpolrt YA oyt EXTN-13 ASA
% BABAE &E¥AHY I9e 9 HAEHI} 5L 4 F AJA N (Fig.
25).

v 3 EXTN-1o] 93 355084 EXTN-1& 9d A gl s)
Ae Wy ASA % BABAY E£FAHFY S «W 2T UEuA &gt
(Fig. 24). ¥ A3%E F33le £ 9 Chemical inducerd] ASA % BABA
Hele WaiEAe EHHolt AEAY ALFAFAE vy o] A
AL & F ANH(Fig. 24 & 25).

20 r
18
16
14
12
10

%)

ojin

O N OO ®

Control EXTN-1 ASA BABA EXTN- EXTN-
1+ASA 1+BABA

Fig 25. Effect of EXTN-1 combination with chemical inducer on
red-pepper production in field condition.

g2 mFEAue] A 2L x7]19 EXTN-1 AHgrk 271488&
TAANIIE Ae & 7 Ao Ado] ZEFE olgt 2L aRE FA
2l 9} H] 523k 7 3ol Chemical inducer®! ASA$He] &3t el o] 799
T ASo] FHg FTAXHoE 53 AcHTable 25). F=FX chemical

inducer?] ASA$e] E3A2]7F EXTN-1 @538 Bt 5389 tH(Table
26).
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Table 25. Effect of EXTN-1 on red-pepper growth in plastic farm

house
10 DAT 24 DAT 38 DAT
Sty Sty
Treatment Plant 'Stem Plant X em Plant . em
. diameter . diameter . diameter
height(cm) height(cm) height{(cm)
(mm) (mm) (mm)
Control 24.47 4.30 48.13 6.97 95.40 10.26
EXTN-1 28.33= 464 51.73* 6.85 95.73 10.34
EXTN-1+ASA 29.87* 4.95* 57.33* 8.08x 96.67 11.33%*
ASA 1mM 30.27* 5.43% 60.60* 8.14* 100.67* 11.63*
LSD
(p=0.05) 2.69 0.57 4.30 0.75 4.42 1.05

Table 26. Effect of EXTN-1 on the production of red-pepper fruits in
plastic farm house

Fruit weight (kg/40 plants)
Treatment Total

Ist (8/3) 2nd (8/13) 3rd (8/30)

Control 3.4 14.6 16.7 34.7
EXTN-1 4.5 12.6 177 34.8
ASA 4.3 14.6 16.2 35.1
EXTN-1+A
2.8 16.5 18.3 37.6
SA

QL7 Hd3t-2U o e Qolxxd 2 FHAsLFHol A3A TAdteT
EXTN-1 89 A% a/5da =78 28 dAA3] AT, o
o} chemical inducerdl ASA%te] Edxele EXTN-1 &5 Aok A9

o



H =3 =FolA v 28y ASAS 95 s FXEe A g £F
ojR}. o]e} T2 AE W wE HL FHEC uE AFgH THo)
27 igo2 AZtEH(Table 27).

Table 27. Suppression of powdery mildew and downy mildew on
cucumber plant by EXTN-1 in plastic farm house

Downey mildew Powdery mildew
Treatment ( % Lesion area ) (% Lesion area)
Ist 2nd

Control 59 6.4 8.8
EXTN-1 1.2x% 2.1* 1.9=
EXTN-1+ASA 1.7 4.5 0.5%
ASA 7.4 52 104
LSD(p=0.05) 2.0 2.1 4.3

2002d =X EFAAH EXTN-1¢] At BAEFY shignss S84
8 EXTN-1 @S #5F Aysiey ¥Fo= olAsxded EXTN-1
2]

Wi

o e FRYNHNE nFE 23 L B2o] FHHAT. o]4F u
Fv gEAEP Jotal AMHQYEY Thol ojAE nEEFe FAe
eFel g% NEBS F¥ol AsA LANAT FAPeds AL

~
g% EXTN-1 HelA] 765% S5HAh el Aol 23:oH
of HatAl LA Aol ¥ WAEAE /AT F AT F FAAo
3 AT Aeole FEAGY A% PAlxEo] FaH 3
b k@ B PolE Table 289 o] $4% WAERE Yeie Rew
Qzhach,

=
v

Lo
O_>|"., oL
S

[
=
e
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Table 28. Effect of EXTN-1 on the suppression of fusarium wilt and
yield of red-pepper fruit in a field

Diseased plant(%5) Yield (Kg) Combined
Treatment .
8.16 9.17 8.16 9.17 vield (Kg)
Control 42.5 425 13.2 94 22.6
EXTN-1 2.5 10.0 14.2 15.3 29.5
923-87 22.5 375 9.2 11.2 20.4
SE-34 325 375 104 9.2 19.6

8. EXTN-1 F9¥x FZd o3 &2 YA

Control 1x 1/10x 1/100x 1/1000x

Fig 26. Suppression of soft rot disease caused by FErwinia carotovora
SCC1 by treatment of EXTN-1 endospore extract.

EXTN-1 @5 WAEA At 47 Astd F WAELAS o
doig AYPAY AR PP FEAYY BHEAL FRIAD QY
wra M) o] £EL EXTN-1(10" cell/ml) 100mlZ HE  20mle] 4
S Yoz 3o wEEZ A 10, 100, 10008) A stHt. A A
g2 guje HIYFd FYd HATQ] Erwinia carotovora SCClE
HEIP e olFFE HAdAol ul$ Zde] 28C FAAAAA 24X
gl S us AA FAsgo. 22y 1000 2 1008 E XeEldE 2@l
B ZA$ yAHe] A3 FoEUTHFig. 17, Table 34).
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Hol o ey ¥ WA

Zeol qlch

Y 1000M 2 3" A2 Aes=
23 PAste] PR-1la F+3ALd —‘g—g: A

o W%

Table 29. Expression of ISR on tobacco and cucumber plant by
infiltration of EXTN-1 endospore extract

E. carotovora C
SCC1 bicul Plant Stem
Treatment oroictiare height(cm) diameter
Diseased leaf Lesion No. / clghticm (mm)
area (%) Plant
Control 4 202.8 20.3 3.2
BTH 5 0.3% 18.5% 2.9%
SA 3 107.8* 19.1* 31
EXTN-1 live cell
(10%/mil) NT 72.0% 21.0 3.2
EXTN-1 endospore . Killed Killed
extract (1 x) Killed e e
(1/10 x) 0 58.8* 14.7* 2.3%
(1/100 x) 1 128.5% 19.9 3.2
(1/1000 x) 4 137.2% 19.4% 3.0%

Original extract was extracted from endospore cell as 0.2ml / EXTN-1 lollcfu/ml, NT:
not tested, Diseased leaf area( Grade 0: 0%, 1: 1-10%, 2: 11-20, 3: 21-30, 4: 31-40, 5:
41-100%6)

2.0] AT T FEeATAA AAGH g P3P e=d 2
o] &l g LAIIZT 10v) FHAHe] HE 71%° E3ItH(Table.
29 and Fig. 26). °]®W EXTN-1 &9 A$E 65.0%2 WA71E e
At =3 B EFY Hye 0] AHE AEA dA Ao AR g
Alelli= AA A Eeo] ZAFE[Y, B S22 4A 7143 cyclo dipeptide2t
EUE 848 #Ze Aoz A" (Table 29).

e
e
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3l sttt xE FAHIL ol ERA AAUdH EANS T 35}

At

A 24 A7vE9H £ A3

1. Cyclic Depsipeptide?] # ¥
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2. EXTN-1 A4 &4 #£389] o] {3 2d Ax
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= 2]
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A 2
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MC/MeOH/H,0
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trituration with MeOH
white solid liquid
147 mg 2169
Si-gel Column Chrom.
MC/MeOH/H»0
92:75:05
Sub 1 Sub 2 Sub 3 Sub 4 Sub 5 Sub 6 Sub 7
484 mg| 190 mg 73 mg 81 mg 46 mg 216 mg 698 mg
C-18 HPLC '——— C-18 HPLC

Compound 1 Compound 4
white solid [ | white solid
30 mg 9 mg
Compound 2 Compound 5
white solid white solid
11 mg 50 mg
Compound 3 Compound 6
white solid white solid

5 mg 4 mg

19 3. EXTN-1Z2 HHe #8454 BEIdAAE
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TSA A M A oA %3 EXTN-1 methanol & 94& AFTFH st F
A7t 500 mLol A gt ol &9%< buthanol 2 LE 3 FE3ch
o] buthanol FZNEL ¥ Z3o] L& 18g9 EZE silica—gel column
chromatography 3t 4t (707230 mesh, Merck, 30 x 300 mm, 70:27:3,
64:50:10 methylene chloride/methanol/H20, 100% methanol). 7]ellA 1
& z}zte]l fraction® ¥ Ede 4L BEHS FAHAT A, A WA
fraction®] salicylic acid®} Hl@&ted FEAF Aol AsiAl &S <&
F A} (Fig 4

ol

300

0.1 ppm
m0.001 ppm

260 -
200 -+

160 4 | |

Lesion No.plant
g

[4)]
(o]
1

Fraction number

13 4. Suppression of C orbiculare on cucumber plant by treatment of
EXTN-1 butanol fractions.

SEAGTA FAdo] 7F3A U2 Frac 1 (23 g)& methanol® trituration
sl B M T A (147 meg)et AAR216 g)& AU o] HAE silica-gel
column chromatography (2307400 mesh, Merck, 30 x 300 mm, 92:7.5:0.5 ~
80:16:2 methylene chloride/methanol/H20)8te] 77§2] subfractionS 2
t}. Sub 1€ C-18 HPLC(C-18 senshu-pak, 20 x 250 mm, 20 @ 30
MeOH/H:0, €% % 7 mL/min, PDA 225 nm)3td & 1, 2, 3& 2%
30, 11, 5 mg S 4ATh Sub 2¢ 3% 3{sled C-18 HPLC (C-18
senshu-pak, 20 x 250 mm, 20:20:60 ~ 50:50:0 MeOH/MeCN/H:0, &&%F
7 mL/min, PDA 225 nm)3te] 38 = 4, 5, 65 27 91, 503, 43 mg <&
Aok (2™ 3).
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4. Dipeptide® 3}3t+x 1%

&5 B2 33t 7xE W37l Y8te] NMR SpectroscopyE %3
Moz Tz EAd ol o7]He wHeszE 'H NMR, gradient
COSY, TOCSY spectroscopy 3, BC NMR, gradient HSQC, gradient
HMBC, NOESY(* =+ ROSEY) spectrum 52 A3@Fony Hao uwz}
1D TOCSY, 1D NOESY 5& Ag33d.

332 52 'H NMR#} “C NMROIA aromatic 1§22 Ad=HE B
Bl F47) 470, F789] carbonyl 1F, A&7} 9] aromatic 9]
A7 17 5 At 6719 methylene ¥ methine 28 % &5 A}
gHSQCZH%E] aromatic %l 4719 CH, 60 ppm ¢ 2719 CH %2
0 ~ 50 ppm AFele] 47019 CHz7t o]l #AEHAUTE gCOSY A FollA
aromatic % proton®] A2 coupling® 3ti, 435 ppme CH
proton®] 3 ppm %<9 CH: proton 3 couplingS 3&lH, 4.04 ppme CH
proton®] 2.09, 1.22 ppm& CH: proton® coupling3dts] M2 dZA = U
S 4 F AU, gHMBC Ao =2RE carbonyl H#3 alkyl H1,
aromatic 29 JZAH S RIS A3, 3¥E 5% tyrosined} prolinee &
TA ¥ dipeptideZ2 FA AT (Fig. 5).

oD

rr

Fig 5. gHMBC correlation of Compound 5

o] EA9 oin:itel YAITFEE 7] H3lA Chiral TLCE AHASA
ot SFE 5 (1 mg)E vialdl ¥, 6N HCl 1 mL& ¥t o] EFES
oil bath (100TC) <A 1241zt &<t 71E3tAt}. o] 7l EZD S EF A
% (L-Tyrosine, D-Tyrosine, L-Proline, D-Proline)¢} %7 Chiral TLC
plateol A #23}t}, (methanol/H2O/acetonitrile 1 : 1 : 4) ¥213 A}
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L- Tyrosine® L-Prolinec] 1 : 12 E9A4&E 8 & + YAt ¢ &
AJJEEL o] EAY L WYHoR F
%+ Fig 69 Y o

B
i
=Y
ol
ok
38
£
L
il
o
i)
o
-

5. 3 EEY E9 353334 44
ol EEH AHAL g . olE I ES] NMR &HEHS
HH-=o] JdrHFig. 6).

332 1: WA TA); mp 177-179°C, UV Amax end absorption, 'H
NMR (400 MHz, methanol-ds) & 4.19 (1H, brt, J = 80 Hz, H5), 4.03
(1H, brs, H2), 3467359 (2H, m, H®), 2.48 (1H, m, H10), 231 (1H, m,
H6), 1.95 (1H, m, H6), 1.8972.04 (2H, m, H7), 1.09 (3H, d, ] = 7.2 Hz,
H1l), 093 (3H, d, J = 7.2 Hz HI2) ppm; “C NMR (100 MHz,
methanol-ds) & 171.4 (C4), 1664 (Cl), 60.3 (C2), 588 (C5), 45.0 (C8),
28.7 (C10), 28.3 (C6), 22.1 (CT), 17.6 (C11), 155 (C12) ppm.

332 2: WA A; mp 161-163°C; Mmax end absorption; 'H
NMR (400 MHz, methanol-ds) 8 4.25 (1H, brt, ] = 80 Hz, H5), 4.12
(1H, m, H2), 351 (2H, m, HY), 230 (1H, m, H6), 2.01 (1H, m, H6),
1.8972.01 (2H, m, H7), 1.88 (1H, m, H10), 1.85 (1H, m, H11), 0.96 (3H,
d, J = 6.8 Hz, H12), 095 (3H, d, J = 6.8 Hz, H13) ppm; “C NMR (100
MHz, methanol-ds) & 171.6 (C4), 167.7 (C1), 59.1 (C5), 534 (C2), 45.2
(C8), 38.2 (C10), 27.9 (C6), 246 (Cl1), 225 (C7), 22.1 (C12), 22.0 (C13)
ppm.

3}3E 3. WA 3A]; mp 148-150°C; Mmax end absorption, 257.1
nm; 'H NMR (400 MHz, methanol-ds) 8 7.27 (2H, m, HI13), 7.2077.26
(3H, m, H12 and H14), 444 (1H, brt, J = 52 Hz, H2), 405 (1H, dd, J =
11.2, 6.8 Hz, H5), 353 (1H, m, H8), 3.36 (1H, m, H8), 3.15 (2H, m, H10),
208 (1H, m, H6), 1.20 (1H, m, H6), 0.78 (2H, m, H7) ppm; “C NMR
(100 MHz, methanol-ds) & 171.6 (C4), 167.0 (Cl), 1374 (C11), 131.2
(C12), 1296 (C13), 1282 (Cl4), 60.2 (C5), 57.8 (C2), 46.1 (C8), 384
(C10), 295 (C6), 22.9 (C7) ppm.
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338 4 WAMIA; mp 144-146°C; Amax 229.6, 273.7 nm; H
NMR (400 MHz, methanol-ds) 6 6.97 (2H, d, J = 84 Hz, H12), 6.71 (2H,
d, J = 84 Hz, H13), 414 (1H, t, J = 4.4 Hz, H2), 353 (1H, dt, J = 120,
8.4 Hz, H8), 3.30 (1H, m, H8), 3.10 (1H, dd, J = 14.0, 4.0 Hz, H10), 2.87
(1H, dd, J = 14.0, 4.0 Hz, H10), 260 (1H, dd, J = 10.4, 6.4 Hz, H5), 2.05
(1H, m, H6), 1.90 (1H, m, H7), 1.65 (1H, m, H6), 1.64 (1H, m, H7) ppm;
“C NMR (100 MHz, methanol-ds) 8 170.2 (C4), 166.4 (Cl), 157.1 (C14),
131.1 (C12), 125.8 (C11), 1152 (C13), 58.7 (C2), 58.0 (C5), 449 (C8), 39.0
(C10), 28.7 (C6), 21.3 (C7) ppm.

3gE 5 WMMTAH, mp 147-149°C; Amax 221.8, 273.7 nm; 'H
NMR (400 MHz, methanol-ds) 6 7.03 (2H, d, J = 8.0 Hz, H12), 6.69 (2H,
d, J] = 80 Hz, H13), 435 (1H, t, J = 4.8 Hz, H2), 4.04 (1H, dd, J = 10.8,
6.4), 354 (1H, dt, J = 12.0, 84 Hz, HY), 3.35 (1H, quartet, J = 6.4 Hz,
HR), 3.08 (1H, dd, J = 14.4, 5.2 Hz, H10), 3.03 (1H, dd, J = 144, 5.2 Hz,
H10), 2.09 (1H, sextet, J = 54 Hz, H6), 1.80 (2H, m, H7), 1.22 (1H,
quintet, J = 105 Hz, H6) ppm; “C NMR (100 MHz, methanol-ds) &
169.6 (C4), 165.8 (Cl1), 156.5 (C14), 1309 (C12), 1264 (C11), 115.0 (C13),
589 (C5), 56.7 (C2), 44.7 (C8), 36.5 (C10), 28.2 (C6), 21.5 (C7) ppm.

AE 6 MATH; mp 148-151°C; Mmax end absorption, 255.9;
'H NMR (400 MHz, methanol-ds) & 7.287.31 (3H, m, H13 and Hl4),
7.18 (2H, dd, J = 7.2, 24 Hz, H12), 420 (14, t, J = 4.8 Hz, H2), 353
(1H, dt, J = 12.0, 84 Hz, H8), 3.2773.33 (1H, m, HY), 3.19 (1H, dd, J =
14.0, 4.8 Hz, H10), 2.99 (1H, dd, J = 14.0, 4.8 Hz, H10), 260 (1H, t, J =
6.4 Hz, H5), 202 (1H, m, H6), 1.90 (1H, m, H7), 1.67 (1H, m, H6), 1.61
(1H, m, H7) ppm; “C NMR (100 MHz, methanol-ds) & 170.1 (C4), 166.2
(CD), 1355 (C11), 130.1 (C12), 1285 (C13), 127.3 (Cl14), 58.6 (C2), 57.9
(C5), 45.0 (C8), 39.8 (C10), 28.6 (C6), 21.3 (C7) ppm.
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Compound 6

Compound 5

Fig 6. Cyclo dipeptide from EXTN-1
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Fig 11. 13C spectrum of compound 3
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Fig 15. *C spectrum of compound 4
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A4 FEAIAA TATFEXTN-1)9 43 A
7N

A1A "

F71 4 S Abgol 9% B HF Fgol AR Y BF
q omEel YEEA PA 2 ABAA @A Wfol WA rbse &
Aolod, Al wlYBAY AL T PAES AW =Pl A s
Bl PARnA e AES FRE o)Fo gou, nART FEA

el A3 ZAgell e oldlvt o HA F83 nAES FHE T
Yoz AIFANA EF WHIfE aA¥oz BASFLA = A7 Y
By gl

FTEATHYLE A EGUd 43 Qs 23T S 01%5‘}0‘1 25 A Z+F
Hajol e AFAHAE FEAA BHE LA Wiz oy B =
Aol A& 7hedty & FAE9 o8 "Wl FA ] EHE LIt o]
Hol o] HZ olell g AF7F AR Z}Fo A @ud] o] Fojx gt}
AT FoAE HEALEZIZATPGPRIA Y =434 SFmyul o}y
o AEA A £ FEHE T4 MR FE o] ¥ wA®En o}yl
TFT, w7 @EFH 2L ZAE A N £ doermz (d BEY
Yol Fglo] ®Bol EXldle AT S ddes AdPAASNY L5453 537
= 7 FFE F1E & AdE AESH BAe £ 3R e Fgow
8838 Ao JYygz Yt

= @7 Wl e A¥ga ¢ 2HE ASEIEAHR) 95 SEAG
5 EXTN-1¢9 g3 71eS MEstzn, 833838 Az 7 &
TS T3l =AY FF EXTN-19 A3 AL Mbstux s
o A

TH FEAFAEd B IFE 19909 FurRE] A FElo] gurs] AF
A3YFo] dom, AE3E A FTHAAY SAE oA ZHAQA F£Fd
HEH At Y=o BeE '90dd) X4 vlZ Auburn 89} Kloepper
group= TAHSEZ B A7 olFoXm gow 2@ Moy yAE
BATEE THLEZ & ZEA Wolrize FAslo] 2 o] TEo|H
AT AT 71F A EHY S FLo sl JF AEL g B
d E2E AdEH, H2 FEAIHE dodle F#sEA BTHI)
ActiguardetE FEFH o2 ABEH 3 Qul. BTHE 7|&9 9= =g
712to] ME gotbA] WA Ao ITL FA @gon FEH 9 R IA
o7 ARts BASIAIA W& LA ARE MR, ®3I FAHASHS

rl(‘ :\‘: 0.1.4
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AE Yo|x gomz A MY FgolEtnx EHXx 3th. BTH
e AEgA 4% 33 22 ddx Mol AEA] ZHVTE HIF
AE Ao GAIG HES doF|E Hol HF wHA L o] BETFH A
o] 2wl AFrt AFFHoZ o]FoiXNm: od, 77t el d8&3
H3 AFo] 552 F UL Aoz AW U
EgdgA WY i SEATE BH FEUAEN i g5 A}
A7 &9 ®o| YEYAT
EgAgAy HATdl dE FEAYY BA H87 4 E(PGPR's)
Plant PGPR Plant pathogen Reference
" Pseudomonas fluorescens F . v (1991)
n r
carnation WCS 417r usarium oxysporum |Van pee
Pseudomonas spp. Pythium sp. Zhouand(1994)
Pseudormonas putida 89B-27 |F. oxysporum Liu(1995)
cucumber . )
Serratia marcescens 90-166 |F. oxysporum Liu(1996)
Bacillus pumillus Colletotrichum sp. |Raupach(1996)
Pseudomonas fluorscens|F. oxysporum f. sp.
Radish WCS 374 raphani Leeman(1995)
adis
Pseudomonas fluorescens F. oxysporum f. sp. |Hoffland(1995)
WCS417r raphani
. . F. oxysporum f{. sp.
Tomato |avirulent Fusarium spp. o Matta(1990)
radicis
Tomato |Burkholderia gladioli P. syringae pv. tomato |Wilson(1996)
Tomato |Bacillus pumillus ™V Tuzun(1997)
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A 24 As 2 BHY

1. A3 GFsS s =30 FHA Y

1) agar plate ¥ <%

Extn-1 w59 RAIAEANS A7l #9138t Nutrient agar,
Sporulation agar (YE 1.0g, Beef extract 1.0g, Tryptone 1.0g,
FeSOQ47H20 trace, Glucose 10.0, Agar 15g/L, pH7.2) , Czapeck
agar, Potato-Dextrose Agar ol Z+Zt HZF 38t 30ToolA w] &3
t}.

2) AAufA] uf F
E1ol Yvebd wiAzAgdeF FAuA 100mL & FH|3te] 500mL
baffled flask oA ZEF3te] 30C, 150rpm o2 gt =REE
XA ES A Edtgen, 29d pH © 7082 XA3FAC.
Glucose Zr&E %L glucose analyzer & &35t o0, g &
72 st QPP AEE SFAAEE SAH AT

Table 1. Flask wigA ol ALL&H w24

Flask|Medium composition (pH 7.0 adjust with NaOH prior to
No. |autoclave, baffled flask 100mL/500mL, 30 C, 150rpm shaker)

Glucose 2%, YE 0.29%, Bactopeptone 0.22, K2HPO4 0.05%,

1
CaCO03 0.2%
9 Glucose 2%, YE 0.29, Bactopeptone 0.2%26, Ammonium sulfate

0.196, Potassium phosphate, dibasic, 0.1%6, , CaCO3 0.2%

Glucose 2%, YE 0.296, Ammonium sulfate 0.2%, Potassium
3 |phosphate, dibasic, 0.1%6, , Soybean Powder 0.5%, Corn steep
liquor 0.524, CaCO3 0.2%

Glucose 22, YE 0.2%, Ammonium sulfate 0.296, Potassium
phosphate, dibasic, 0.29%, , Soybean Powder 0.5%6, Corn steep
liquor 0.5%, CaCO3 0.2%, Manganease sulfate 0.001%26, Zinc
sulfate 0.001%
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3) TE Y
2719 AHLS 289 Extn-1 #FE medium 4 oA wjgstriz2 A3t
i, 251 glass jar (FFF2E 7], 1998)oll A wietdte] WA S dotH A}
stgdch wraz wjdkel A9 ok wixlEvlel o] glucoseE W2 B E}
o] H7}8Y L Zn salt®E Mn salt ¢ 37 @z A% §AE HAIFE F
H7}ate], 1.45L 7F HAAL, HFLLS YM broth 50mL A 18*F ¥l
o}l HjRE-S AFE3lgth. 3N NaOH & FH|& pH 6.2 o]/t HES
pHE =A3 1, 30% silicon emulsion & At&3td X A2 ALE-S3A
CHlRe T flask W% PR 30TCTE FAIeH, &=z
27] 05-1.0L/min, rpm 50-7002.2, &&4tA2FSE Kol &&E4L
7} 209% saturation ©]Ate] H =2 XA AT
AN AEYsd AnA S ALE3e] Mxe RS #FEIAL, FF
22 343 OD 6008 &4t Fo AZAEE SHFAG. wFHA
=
A

o &

A ZE3FE ¥4 9 (glucose) & FE glucose analyzer (YSI, USA)
239l gl EaE A AN EIXE A & F vl oA
o] R0l EUHHA R AIHOZHRE HAZ o]FE WFFE AL
2 AMesgc) 251 jar fermenter A 2 wigF AT
7L jar fermenter(3F= & 7], 1988) olAle] ALY FEES
AdL AAEY I, 7L jar fermenter XA & oF
300L & 7] (Best korea, 1999)olA el AatA &4E 9
< FAH.

2. EXTN-1 #5929 £x 2 JEAY 7laAd
7V AEAY ARG EAR
A PSS A3 ASAE]

HjZ e} Qoje] I AFAE S Tt HWES FHstuA s
A2AA% 9 Ao AFe EXTN-1 37 dd8& JEE MNLer] {3t
F g), Sol(dury) Fxto] sl EXTN-1o] H7Fd FEE AA
sle] ASAE S AAAT AESY AAA H7hE EXTNS e A4E

g2 A7 AY 2A3s BEQE &9 10° 10° 107 TR FF) HES 33
on, 7]gk A7tE AEE W& H20l vebd upst 2o

AAE AES Edole] FAFL A1, B LI T F 4N H
Ego] 17% 38& HEete] Zo} ¥ ALY =)
= AASAT AP e gRQuAgen APtAon, 23, 9
4, SPAD, 2BAF0-5 0: A% : ES
N =h
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Table 2. EXTN-1 ¥ A EA

EXTN & 848
A} =] B} 7 °_]_/;\_ /\]—EZX E_
NO| A E A A =] =4 (/A E o) (ppm) e}l N E S 7Y
1 | EXTN-01-00 0.0 oy MeCa  |mmue,
2 | EXTN-01-01 1 =10 b gy B S Cu [HeelE,
Fe, M o o E.
3 | EXTN-01-02 | 1 x10° K 320 Ze, Mn, j;j—;:};
4 | EXTN-01-03 1 x10° 1, MO =To=

B. M]AE AEY AA H wiF, cold g ASFAYH 2

12 AAG FEE o] &3 ASAIPoA Loloe Aol Mzl o]
2 A 279 FEAEUNEZ o AAANRT. AAAST HE AW
< %37 Zoh AARAG FEE o)Lt 2ol SQAFE HA s
At HEE Edold HAAHFE ASn BS FEI I F 2447 Hal
2ol Aozl dAZ MAE Ao HF3Ht SAddux 1298
o2 APSL AAsged 10, 31DASH =&, A, A, A1EGH,
SPAD, §¥AFF(Oo0,x), @H#H7H0-5), BAF T& ZAtstgon
SPAD#E 54 S 233N o=z 44 Hrl NEE AFEHAG

Table 3. EXTN 7} A& Mg

EXTN 3% v] & 4 & (ppm)
(cfu/dEg) N P K

NO 2 5

FEFAE v} 31

EXTN-01-01%
1 [EXTN-01-04

Ed
250 | 520 | 320 B

o |EXTN-01-05 0.2g/L AV E, EXTN-01-040]
(2.8x107 cfu/g) HelolE, A Zu} o) FurA 7}

3 |EXTN-01-06 300 | 520 | 320 m;]fatqj "| EXTN-01-04]

1 &2tel= L A50ppm 37}

4 WEAE 0.0g/L 250 | 520 | 320 -

C. "[ABE HE AW FHS 3% Qo] Xy i3 YAEZHRAF
EXTN-01-04, EXTN-01-05, EXTN-01-06 A E¢ tx A EJ u3}
of Qo] XY WAFTHANEES HAASAT. ¥ HEE potol AMEFE Q0]

s FZFstd B 29717 §H2E3, 2o #@AETFS 20x10°
spores/ml FF22 ZFFA st 25CTC 4 Ele] Dew chamberolA 24
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A7 B¢ WATeY VYL FESQT Fol 25CT FeFFddl T
e om, Yz FE 7 Z} g s Bz FA Ao
Nge #Ade WA, 5uEe sgon, YrANES

. FxA g 3tAe R ygald
EXTN-1& 1%, 10%, 50% -4 372 =22 HrEted AldE A A, Binder
Free Flow agent, =34 59 ®A9 &33 F 2712 EA3i
& ¥ HDPE bagol ¥< & A &3l 1xax o2 AASAS. 3ml ‘Q

o] o] FAES A 107, 10° 10°, 10° cfu/ml FFo] A=ESE &
gee WE F 20]F 1509, MFEX 1lg 44S IAZ}Y FACH 2
27 252 3 F 2A3AY. 1% FAE Petridish o AHAA 23S
Za 254 smly 2FE F 16 A2 FEA, A 4xe 25CTT
incubatorol] A Hol&& AR ST F3 upgor {0l ¥& AES
wolgl Aoz dte] ZAMEPTH T3, gA AFoA veEld S AxdH
Ae AAE7] Yt AW @eld 67Hx EXTN-1 94 nE A&EE
A A5G THWS3, WS4: AdZAdA A}, WS5 AREPA HLE A,
WS6: WS39] pHEH, WST:WS4el pHZE, WSs ARZAA oA 2
pH ZA). g2 %A 0.1ge At 6714 AP xolE& B
st om, WS3, WS4, WS52] A% #9 AHged A AeE Tdo=H
oA Ao g3 o] FFE BuAstATt Ao e ol AFHE
23 xwzre] xto]l& HlmEF e, o5 AA potdl IHF SRHE
HA Ko zpolE AR ‘”0}% ZAA] 43R 2E7bA] ] Holg 2 F
98 B3 §20] UL AL EF Zold ZHoF o] LolgS AR
on, o]lF 64417} 91X AT F WolAE AU

o} Ol AE F X} pellet AFAMNL

A2 AP FAC AHYA 7 BAC HeE AL A R A F
2} dtolo] @3S WX E7L gFojrt, Fxte] HEA] F A o3 FAH
9l PFL ¥ AL HA= s FAML AEE AR ZE
Hx 4L wFY UFAE dAoR 3t AFgS Ao, &4 FA
=2 st Ao HEF F wolg E wolAE 3YATHA
ZA a9t} CaCOs, Bentonite, Talc, Microsorb, Attage 150, Pangel,
Celite, Galactose, CMC, &%, PVPS& X3 257}A F-Alo] th3to
ANEE AABAT

=3 AdE 2AES gades FF 2 AEESE ZEsted 7R FRE

|

|
o
5
..l
2
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A A 3} A ot

ol AAFES sty Lolg XALE T3 HAH A Fo HE3 s
Aerstizt 3. UFAR FAAA 952 Fx8l& 3t Petridish ol
AR 2E 23 FHT SmlY BT F 16A1% FRA, A 4=
9] 25°CC incubatord| Al Hol&-& FAISIRow Fu nizgkoz {FZo]
< AES Pold FAo= 3l ZASIHT. 60A1ZF o] F o] wolge M-S
ZHE 13t LolAE AT

2 dAAY 7e3d

300L ZgE7loA] Haste AFI EXTN 94 L BAae X9
ST A 3T F Ao AHGAHA G ES HrEst] wEE YT
=g sluryE 4EA 2YHIIE ol 839 =¥HEH oy 2=zde
0.7mmE AFE3AT. 29 T, K55 AXVE o83t Hxs Ax
2EE Hi 2% 60CTCol3t2 2H3At A2 F dojA JAE 16~
35 meshZ A3t £ IFE UV s) Stz g o) £Fs JAES
AASFRAT. A HrtE EXTN ¥AdE 0.1%, 1%, 10%°] 11, ¥ A= 2
AHA 2F /7 2 2%, 1%, oA 05%, BFA 05%, Binder 22 &7}
zZvzt 2%, 25% % H7TE Ao}

3. AFEY 245AANNE 2 AFAAA, ol3sty] EAxAL

7h AP ES] 2AE AN

AZFA e &3 2olAY FFoly LA gy A
EXTN-1(99) #F& wl¥ste] :Ax212 powder(6.6x10"cfu/g)E 2,000u] 3] 4
st A1 ANAle] 2o Aol AHel, &1 F AU FFo) HAdF TS
83t 10° spores/ml $F 02 AP BEHES & 20Ce A w
HE FEadt HE %A= Dichron(50% WP, 50ppm 7 9 2l)3t 2 a2 o)
%43t Bacillus sp.(10% WP, x200 A4 a)E Al ¥97F AE 4
6d ¥ WRIAHEE XA FF9 a3E v st

B. EXTN-1 Y4A(GR) A& Qo] @A th3t a3} &<l
EXTN-1 GRE #&A £3589 12 7F2A 729 271x] oz
74zt 10° cfw/ 2 A E, 10° cfu/¢ A EZ Aasgda, fzekalE T2ays
FIAE FAAY AT ETE Q0] FxE FAFdo B 2971744
SH3E, 2o BAHTE 20x10° spores/ml FFE o2 HEstY 25C &
3

(=N =]
29g FESUC A muoz AUe AN
& ZAbstel BAIZtE Bas AT
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C. EXTN-1 Zxx 3 $3A(WS)e] 2.0 &xHe digt &3 &<
EXTN-1 WS 1,0 F7tA AL 201FA 1g7 03g FE A8
(3.0x10" cfu/Z=) APt 2ol Fx HEFF EY 1971 e/ 8T S
15x10° spores/ml ¢ =2 HF3te] LS FEIAL BAT HF 1
AA PxFAE AIAAYSAT A8 o] FAE ““UIH“E‘rB‘rﬂ %
BE93, E AZE T2uyd FIRAE ALsAT. A3de 0]
2 Ure}‘%“ WL S Ao BAIZE A A

D. w5 RejEHe i3 a3 & J’\l@

EXTN-10] #7189 A%, 941, $AAg S APl da) wF 2
Saol A9 owA ZAE FAGTA St A FEE REEGAPIE
Agstgon], AdE ®AZTWe] LAl HUY THe EFE HFUo

2 AMEE A Y.

A ztzte] A 9= Ha TAASA 9A BFEAY, WA=
AE+ QA BFEAln, HEFARZE TFHIvlolE EAE o|HA E
F&E3 FHATh

27 349 A% gE2AF 02g(1.3x10° cfu/FAE FEAAGs
mMAYE AES A gAED 28x10° cfu FFO 2 EXTN-10] A=A
o, gAle A TEF 01g8x10 cfu/F) Ao BFHeE AS
3% 79% EXTN-1 €% 107 cfumt F#Fo=2 Agsda, ass wF
o]2] 469 FT o) Aduwr =z FHristg o 1 FA 7|F2 Table 49+ 2t

Table 4. ¥iFe 5 THE ZAVE
g x| LHEAE 7V AT
0 Y E U 0

1 1710% HF, vgAE Am M2 S5k AT 10

2 11730% ¥ a3 vdAE vuy F 30
3 31760% Ba)|E, A28, AR & 60
4 61% oA wEls M2 HS vAE wi-F 90

=

g = S(EFAE ANAF x 7S AF)/FRATST

= (
E. 313 ulolg|ay WARARANA
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EXTN-1 Z} AFES] vloleglx WHalo] tis AAEHRE SAstux 3+
E Aoz nlolgla HIFT: AES AAFHAY. i violglxE 330
S EA A wo] WAsE TMV(Tobacco Mosaic Virus)gow, diAt A
q2 YA, TAAEFEA, vAE FENIL, Aminosalicylic acid(ASA)E
2 AME3dt. 4 AFEY AHWHEES A AP A o)A
2¢/LBE (14x10° cfu/L soil) &3pAa, FAAY FaAe B¢ FFA
EF2 HFEAABGOx10° cfu/seed), MAE HEE o)A Algdg o,
&0 ASA(Sigmaib) & 10008 &8 WSo] wiolglx HF 39 %
20ml¥ #FAH e AT vlol#H = HF 109F olHF &S XA 9HA|
EHE SAAC.

F. 2EAF] A=W izt a4Ad

N AE AE AP Rhizoctoniadl 7 ZHEW WA adsE @AAEI]
3 2AdoA HEAFGE AAFACT AlFol ALEF WATFLS Rhizoctonia
solani AG-4% 1L, o |HMEE TE] vAE FAES A & & 20]& 3
T3ATH AF 104 F oHF &S ZASY] A3 sl o

0.

G. EXTN-19] 233 3¢ za}
A F3A} LS FE Aol dal FuF V4B 2ARY
% ARE dotur] dstel BT F o 20A7MA 2A ¥l By
WSl EXTN-1 o 9Eg 2Asrh 27 A2 928 zAen, 3%
T 20¥, 30¢, 40dd 102EX  AFHIFE L, EXTN-1o] 3AA
Rifampicinel @3l 4 @40l Yomz Fauol G414 Rifampicing
sbhel BAZ ghsroh

THAAM e B dTE AgAdaed ddd ¥ E ¥, olE A
vortexingdte] g HHO &FHS e, dF 3 AL HAuRo =
3te] ZAMSF AL, ¥El R e EXTNY "X ZF AU b Mt
AEAE R FS EF Aol F gUATIEI, olE ¥ AR

S ol udste, Pt T GRS ALY H@puRo =HFto

Z X FASEE O

U A s AAAFAE A

EXTN-1°] #F8d FAAF3AWST), 4A(EXTN GR-01-03), 4 &
(EXTN-01-04) AP 5 A dAALE A7) $8) @59 A, HA,
FHi 2=9 4T, 30T, 40C =0 B#AsHA 1dE< 27MY o=
EXTN-1 2=& ZAstAoh 2 P oul®] =2y S 283kt
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. AR5 ol3tsty 5 AL

A AFel olzstx HMAL BRI pH, FFEAN, FEHFIALE
HJatatt. A ®E 10g& @3] pH meter® ©]&3 pHE FAsACh
zznglgolad 244 YAl == FHFEAY YA FFAM 23 A
Zx3le] O AA FEES AAIE RS BEW, a2 AFEARY 28 AZL
e =Asto Prislgoh 2AW AL F73 10cme] FHEHHHN 3= B
2 50mlE 93, ANE YA 5ME Y4AF BFoz E&o) wxg B,
B ulPare Fase] g3 PR fAdel RAFHE AFAALY 284
e =AY 52 olud ¢33 BEAA 53 Ao= AASH, 5730
/‘\_]__
=
o]
30

_\1)1'

FE 302T2E HE 2E ol 4£8d"A BEHI Ao HYY FIH

294 A AT FFAA BFH FFst] J4 FEHIT 24
= gy 2 AEE A FristAnh. 42 24 FEe v 2
A, B, C, D2 F& ®A3u A B Ffoles etz Fo ga @47
2 ARE 23, B % Ao HH dH€E FASL, C, DY
<ol "R i AFS AT

3 34

L 94 A7 gl Sfsl adsT A EE vlEAe Fue Aoy
% g

B 4 "eisl 23, 3ol o 285 m vigael G dojux &g

o U R uE, Bl s £UHAA FA0 TR Ao
g,

L S A 3, wharel Aelu 3 U BN

ngzte] Aol dojd.

2R FaAY ol&sy A& Byl A3 pH, 74, F34, B
A4S =AsAt pHet BT 3L AS 7l7la' o] &3t FA 53

3, Aede Ad 8548 7ol FrsAth dFHY A Ag
FEolM 1®WA fE ARl B m25 ?aémoa A= HEE FA%
7l A% FEoln, 2@ A EoldAel Hue e Fo T
FE 4ee vgs At AY PHe AT NEE B
T ge P2 Bmig Azl FALE PSR 4T 09 B K2
HE Fe A2 Oe Ao g A5 &S T
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e = (F& A2 2% - FF 01 FEY FEHEED/0IRE
(]

Hm

ZRAAN NS UdAZE EX molda] Zo] FAYE £7)
= Fa3E ANLS S5 Hrisle FFo=
° 2E 10cm EololA Yolgrl AL

o=
g1, o]l ZRE Ao rlggreE AL A}

9 ojztstE AJdAE .‘i’.7l-n43H pH, EC, 7HH|F& ZAISIR o, H
23 2o pHE 4% AE 20mlo %4 100mleE 7134 U}
Y3 1A e F No 2 Ayx2 o3ste] pH meter(Metrohm
pH meter) £ &3 319t} EC(Electrical conductivity): pH®} & FH]
A £ EC meterZ SA3AT. AE ASE v2addhd 9o

49 #HY BAE ZHs] AuF L 2AEAT

1) agar plate

Wi Al XA 48A1%F vl F B A3 sporulation agar ©l A 2]
AREE7E 7P w4843 Fo] AFEEE 2z plate oA
sporulation  agar>nutrient agar>PDA> Czapeck agar <49tk
Sporulation agar & 9W3A o7 Bacillus & T#FE59 ¥NIPEHL

Ad7] Y&l AFEEHE wixIZA, Extn-1 ¢ #A$ dvABRAT oF
20-30% BE=7F XAE FAIAT. ole EXFEATHo F Aow Uy
%l Bacillus thuringiensis (X8 A& 99%o| AN TFF S| v w3tA Ex}3
e o] v AzxI{oeE AS L5 AT PDAAAME EAH A&
30-40% ZA °F3F W2 7 o] QA 21} sporulation agar o HEe] G
£57F g4 =9 Ho] #aAHUD gty o= IFH (anti-fungal
activity)& Zt+= Bacillus T/HEL wFolM e ZAHAHE5Hol 4317
2o T3JF HiYAA = self-inhibition® & 18] T EZ dt=d o8 L
o] 91‘:‘ Aoz dHAAG. Extn-1 TF £33 o]2]d duty EAHS Hol
AR AGHAY. IXAFAAFTHLS T AAudolMe AANE F
—?—3}*“:— 7Hd 8% sHolER dAujFodE ol Ho] FAHE Fof uj
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SRR LT

2) AA W X8l F (Flask)

Flask 18] A< HW OD #< 56 F&EolRes oF cell & F59
lysis 7} doju}y, 40A7 olF EAFAELS oF 20% WHeR BHEHAT
TARPL 24A7F olFo BAEFeH, Z7o WeIFE glucose 7} A}
Hoza Ao o&FHA EFS & F Atk 20A1% o]Fl Calcium
carbonate = =% AR Ho]  flask #FolA pH A7t AEA Loyt
Ago) Bals 2o FAHE oz BEHUH.

Flask 2¢] 7< H7}8 Ammonium sulfate & Flasklel] ®s} & ¥3&
oA Tatgon, A3 pH A 59 Hix AHA 27 AA
28 3l= Aoz AZHA.

Flask 3 ¢ 7% Soybean powder®} CSL ¢ #H7}Z Q& FHti OD =
oF 9360 2A, ASo] UE MAES ¢ F UAT TAFAHEE RF A
Mo} Extn-1 #3 ¢ wlFe] soybean powder ¢+ CSL ©] wi§¢- F& <%
ge F= AL 4 F YUtk olF 27kA AR G@E Fo] woH
o 2] 7}A] growth factorE 33t A wiRAPAEoZ AN, Extn-l T#FY
kg ate] mj$ Q3 vz RO olgd RAow HIT

Flask 401A s Qutx] o2 Bacillus ¥F 59 EAP A 43 A=
o A FLHoleL FHIY Extn-1 FF9 EAFAHEE FESILA
st A#}Z B trace metal e A HIESEA] &2
7 wmatel & WstE e F Aok 2y FAAHA ST HERA
ororom ekzte] ASEF 2@ EAPAE AE AR A Flask vl
oAl oletzre ulmE ol xolZ AMHXA &E FE UM, Fol
3) 3} Fermentor W %ol A= trace metalS #7372 A3 A

3) dEulF

Extn-1 #<& w9 AZ & 12430l Hdl 4&%S Jetdies o
% 40-50% ¢ EAPAEEL V1St Flask widel B3t
fermentor BISFE wjekA|zte] ©EE 11 H7I3 glucose o Fell wlug o
A Zo] MAFHE Ae durFe Aoty &3, & wiA| =Aolg &
A2+ % fermentor W1 A% FHd OD & 209 °]&£¢, flask ) kol 1]
3 B2 Z=71EAu o)A pH ¢ &AL FE TAS Az Bz
. 28 Extn-1 #3539 A$ TAFAHLL 238 AxsdT. ol
AL AR E AMHT F Aoy, F FAF AL L FEY
DO #te]l ExEAo BEAHeo=z L3 A2 JARHJT IHEE

-120-




fermentor A8l MFRAE o APty XA &) 60% o] do] HA
3t wWgERAE Fe Aol FLsvin AT WY ARES A
% CFU count & 23 1x10° CFU/mL & YElstth,

7L jar fermenter ZZ A= Soybean powderE F HjX|AE o=z 3 uj
Az A  EXTN-172 12412 o|F 48 pH7F ZAastdA oY
sporulation®] ¥oivt7] A1ZRY. #eo] S wig 12A1HF 17.047HA] =
gom x|y MEWNORE WBEE ¥ OD#HS HU 24277HA] &3k
EAEAAES 100% o st FEFE GEAATH. o8 g & FEe
FEAEA &L sporulatione] A HE T v e DOZE 50%0] Ao
2 g4 FAAZ AGZ ddFoxlivh s AES 60TAA 20mins <k
A28k ¥ sonication #8E AA CFU count® 3 A} 7.1x10°
CFU/mL=% Yestch o] A#}= 251 jar fermenter whEA#< 1.0x10°
CFU/mLE Y oA #2& FFEoller, sjYgtES 5000mmolA 10mins
b AAEYst] HFEAZ podwerd EARFE 2A e A 6.6x10M
CFU/g2 YEor &L 0.59%(23.73g/4L) .2 ey},

Fig. 1. EXTN-1 Vegetative cell(x5,000) Fig 2. EXTN-1 Endospore (x5,000)

300L 2Ex Z74
Hjx] AEHTE A

AFsE wjYgoeZ Q13 foame] Ao 7|&
&3] Aojrt
2 e HP o,
2/\]7} O]—“?——‘?*Ei xxg o] #AAFAT M IFAES 60T A 20minEs
b dA42]g ¥ sonication #FHE AA CFU countE 3 A} 52
x10° CFU/mLZ uvebsgrh 91 ZA#= 7L jar fermenter ®) %21}l
7.1x10° CFU/mL$t A8 §AH8E FFoldth . 282 9 mFaeE s o
£AAEY7] (Kansai, 1999)& o]&3t LR #AFxAZ
powder® x5S FAGE A3 38x10" CFU/g=®  UEhGon,
1.0x10" CFU/ge 7122 powderdl pyrophillite® H7}3te] A
3.8kg(FT&:25%)E AAFA .
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QDEOOD, glucosefgl)
th
j=]
sporulation

10

Qhr 4hr 8hr 12hr 16hr 20hr 24hr 28hr 32hr

—e—— 0D —8— Glucose - - - &- - - Sporulation

Fig 3. EXTN-1 fermentation in 300L Fermenter(modified medium).

2. EXTN-1 #5F9 A 2 ZAeAg 712

7t HAEAY ANAYPAE
A A FHE 98 452191

B 3ol hete] wjF§ AEC FxAE FFF 1569, 21Y, 289 B HA
22 @A eEs, 23wE, deng, 44 TF w2 HET AA
o AxE FFEY, AN AFo] EXTN-1 FH7F BEANAM F1
g wF7F o F3sA Jdeigoed, SEANriig 2 deF 1 A
ol ©l& FAAT. EXTN-1 &F Zolo] m& AFatele FRY A&
wolx] ¢gkEd, 3 EXTN-1 g&o] 7Hd & EXTN-01-03 *HellA
SHE wFe gso] Aoz s} EFIAT. SPAD# A AHE
B9 EXTN-1 d7F A% AEA SHd wiFr7 7371 dEe Z¢E4
Aoz g YelgEd, ol AEC 27 AL HEAE o]99
89Qle] &3 HoRZ AAHUH.
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Table 6. FE A A Aud w3 A5
a. @3 FALE 3}

2825 (0-5)x

S EA A A

15DAS* 21DAS 28DAS
EXTN-01-00 0.20 axx* 0.00 a 060 a
EXTN-01-01 0.67 a 0.00 a 0.60 a
EXTN-01-02 037 a 027 a 037 a
EXTN-01-03 060 a 043 a 1.00 a

* DAS © Day After Seeding, ** €2} & ¥X+= DMRT9 23td F993 xtolgle.

o
(ol8t5d), %x2HAT (O AFLE, 5 AS5ED)

b, AEAA Aud wjEe] 2o o9 A4S atol

ZZ(cm)
B A A A o)
15DAS 21DAS 28DAS
EXTN-01-00 777 a 1140 a 13.07 a
EXTN-01-01 750 a 10.47 ab 1190 b
EXTN-01-02 767 a 11.10 ab 12.70 ab
EXTN-01-03 7.17 a 1027 b 11.87 b

c. el Mol @5 s}

B w/7AD

FEA AN A Y

15DAS 21DAS 28DAS
EXTN-01-00 333 a 427 a 643 a
EXTN-01-01 307 a 4.30 a 6.10 ab
EXTN-01-02 330 a 4.20 a 6.10 ab
EXTN-01-03 317 a 417 a 583 b
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d. WZol e 4= 2R(SPADRY) W3 2 HF AAT

SPAD A A 5 (g/570 A
21DAS 28DAS 28DAS
EXTN-01-00 26.27 a 24.80 a 1923 a
EXTN-01-01 25.60 a 23.30 ab 16.57 bc

EXTN-01-02 25.20 a 23.10 ab 18.10 ab
EXTN-01-03 2513 a 2163 b 1570 ¢

2 EA A 2 v

o_?:

EXTN-1 A7} AEqA S85" Qo7 Ades o Fas
AA Tk, Bl 238 FAHAAYNEY B o U ASS
=3 89379 SPAD #& EW, EXTN-1 —‘?—247} AEC H|E

teol A AyHoz o A ydehgsd oA 2old 2% HE

o] a6 s HEI AFRE A= *37—}51213}

ato] vl A et A AP AR A, SEAWNI] Aol

o
o

3!

o*'jl

Bromt oo

b L3R e

[e]

2
fo o
o o

)
lo

b P kﬂ
kg

F4%F e wd @4 %u o) plAZe] FAe we Ax
= zgson, Ago] FROZ olgY ¢ A B #7
HEe o WA AW AA sk g% ARk

)

%

L
(X

Table 7. FEAA Hd oo thiad A5

aAgd 2 ARG

A+ (ecm) A1 E2FF(em)
A& A A 2] =)

13DAS* 20DAS
EXTN-01-00 4.07 ab** 7.30 a
EXTN-01-01 383 b 767 a
EXTN-01-02 433 a 8.00 a
EXTN-01-03 423 a 727 a
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b. &R FHEH(L9])
@R 5(0-5)
SE R EER
13DAS 16DAS 20DAS 28DAS
EXTN-01-00 0.50 a 050 a 000 c 027 b
EXTN-01-01 050 a 050 a 1.00 a 010 b
EXTN 01-02 050 a 050 a 0.00 ¢ 0.60 a
EXTN-01-03 050 a 050 a 050 b 060 a
c. 2%, 4%, 94 FHSPADI) Wk B AEAAE(9.0])
Z%(cm) 4=l /70 A) SPAD# A A F(g/70 )
A E A A A
20DAS | 28DAS | 20DAS | 28DAS | 20DAS | 28DAS 28DAS
EXTN-01-00 16.07 c | 32.57a 1.67a 3.67a |42.00ab | 4450 a 15.10 a
EXTN-01-01 17.40ab | 30.00ab | 1.70a 3.70a 39.63b | 37.60a 14.17ab
EXTN-01-02 17.87a | 29.83ab | 1.50a 3.70a 45.00a | 41.33a 14.03ab
EXTN-01-03 16.30bc | 28.17b 1.47a 3.73a | 46.23 a | 40.77 a 1283 b

B. FlAdE FE AWFHES 3 ASAY 2

EXTN-1 37} & AEo] tig 20 $u8AFAT 10DAS(HEZE
0427 &= il A EAdA SEE 20 Syt EXTN-10] A7}
H ZEAA SRE 207t ASo] AxgPou, $H F7]2 31DAS
ol= <238l EXTN-1 7} AHwEeol ¢ %43d S Bgoh

EXTN-1 A7} 2l S85E 2o/t 8 279 Ax3Ad AL
EXTN-19] "E7t S7tetdAM dEd S £2R257] geez 4
ZH™ S5 F7d A& dme AL FA% dPFEe] R
F ANFAEAS 2vssly] e Aes dadn
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Table8. 2o tigh W&

a. 10DAS A& ZAHE =

= vt Z3(cm) AEE (cm) |3 (cm) a5 2% (0-5)°
EXTN-01-04 6.9 4.3 2.9 09 1.1
EXTN-01-05 6.6 4.7 2.7 0.7 0.8
EXTN-01-06 8.0 5.0 3.6 1.0 0.7
NZ=SE 9.4 53 4.2 1.0 0.3

» 2BHIL 0-AEZ AFEA BSol EARE. 5- AFH AFHA G2 Fot HA FF
1018~ 4EZ AMEA] EAUS.

b. 31DAS A&SxAHE 3}

S 23 (cm) 95 SPAD €#(0-5) Ay BAZF(g/15)

EXTN-01-04 99.9 7.0 32.9 0.6 O 34.6

EXTN-01-05 62.3 6.6 345 0.7 O 35.6

EXTN-01-06 62.5 7.2 33.7 1.0 O 33.1
NELE 97.9 6.4 31.7 1.6 @) 29.2
C. MAE AES 2o gxHo] g YAELAAE

mxa WYHAE 19%E R2ANEIZA FES 2wHolen, FAMZ D
EXTN-01-04 ZAEE A3 o2& ATl FAgd nis| B &Aool
o ®tH(Table 9). 2% v AEWE T FEL WAZE 474%=
Z oA 9] 50%0]4e WAIE B uAE AR & JeAHL EA
s Aoz AIEHAY FAY FHS FAF F Je FAY Aol ¥
8% Hoew A7gdn

Qo] Bxeo] tE FAEAANE ZAIA AS ¥A AHY d3E E
2 3l v PAE FES AP EXTN-01-04 Aoz A=dsu0.
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Table 9. EXTN-1 M7} &2 2ol&xHo ik WA &g}

No A& HREAE A & (%) LA 7F (%)
1 EXTN-01-04 10 47.4

2 EXTN-01-05 25.6 0

3 EXTN-01-06 19.6 0

4 propineb(th Z& ¥ #)) 3.3 82.6

S 2 ¢ 19 -

N e SR TN

W Al MY Wolg A A, wolg FAE TAY b=
FEoz Woly: Row Yeton), wold o} way mAe] Aol
2ol s @A Wolxi Aol BAEAY. 53] Peje] APsol
sy, A FFo] Sojds s Age B A o Agxs A
Fol BAHUH(TablelD). £o] FxA] wolg A A3 = wjx
Fa st w5 AFe natd, AP A FEr AhP5FE 2
ol L Hgo] AzFPon, Wolt o HUoH x5 P Rl Ygol
qze o] BAHYTHTable 10). Lol el Az AP 27 AN
HA ARl 9% Roz ARHM, AokR lg/gEAst HA Aoz
Baslol He P 1g olstz 24 "arl e Aoz woH

Table 10. Zop& A A3}

Fo}-8-(9%)
No =] ] eF A SIS 24X17F  A1A1ZY 48R ZF 63
-4 - A -
1  EXTN 1%WS  3x10 cfu/ml 82 90.7 92.7 98
2 EXTN 1%WS  3x10® cfu/ml 86 93.3 96 97.3
3  EXTN 10%WS  3x10” cfu/ml 82 91.3 94 95.3
4 EXTN 50%WS 3x10" cfu/ml 74 91.3 94 95.3
5 FAHE (UFAH - 88 94 96 9%
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b, 2.0 FxolAe) wobg AL Az

" Wol-8-(9%)

S ale )

No =2 HEBE 0k BARIE 63N LF SBAITT

1 EXTN 1%WS  3x10° cfu/ml 9.3 12.7 20.7 22.7

2 EXTN 1%WS  3x10° cfu/ml 18 19.3 35.3 38

3 EXTN 10%WS 3x10 cfu/ml 6.7 8 14 15.3

4 EXTN 50%WS 3x10" cfu/ml 2 3.3 6.7 8

5 - 49.3 57.3 61.3 66.7
A 2 (JFAH)

e AUAASE Y5 AAFELY Pols AL AT dojA WSS,
WS4, WS50lA4 ajuide @ s9de o, 9, AR Fo Ay
e Aol A meld gt 6441 2 ZAe) thu] LopAl 7t
Boix @Al o2k o ol A ¥o AWe Agsriz A
(E1D), WSEWSS] 2ol Aeldol S woba s mAE A3 wobs
o] Bxelst BSe FFoz yeton, wol Fo wele A, =

3 AeHrt A AT FuEIATHELL E12). EF, WS3, WS4,
WS5(pH5.0)2F WS6, WS7, WSB(pH 6.8) ztel pH =ztelol o3k |3F2
A Zolg AlPAl pH68 AAEL] M TN v A HER e
U AA e BFse SEIF AFde Abel pHel o7 FIF2
AA YElA e Ao FTEHTH(EIY. FEY S AEE BEE A
ol Fxzgle We dolo] Hla] 50%°l8t e #L ¥ Holg
BRI, wrd, FA o] ns] st geol AhH U], o1F

1

Al petridish’dol A vtEbLE A3 By do)e] Xolrt AA

AN olMe AgFe

o, TEO| BEF,

= &

= % 1693 250 247 GFE A4S 2
ol AT FEAH et Hlmste] BS W Xz 34H(WSHWS6)S
I, 2 F WS7 AHEF7F 43
Al A Lol&
ol QI3 Al ASA
F35 AL A WST=Z AA At

# Uyrix AgTEe

ZATA]
e o

ol ®l&

AAH o=

[e]
18 ASFE

=& ¢ 7 UM,

A A delr A},

S %2

B3l
W TH(E13).
Aoz} wAe sl BAS o,
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Table 11. WS3, WS4, WSH ol X8 et AR xg v
whol-g (%) kol 4] (96)°
I\ 8] e ¥
20713t A3} | 43A13F A [ 6441 AT | 1AL AR
1.WS3 86.7 88.7 88.7 89.3
2.WS4 ol g 84.7 88.0 88.0 94.0
3.WS5 85.3 89.3 89.3 90.0
pH5.0
4. WS3 84.7 91.3 87.0 88.7
5WS4 2 X2 g 86.0 91.3 89.0 89.3
6.WS5 84.7 88.0 86.7 83.7
7,55 2] 86.7 97.3 97.3 99.3
attolg: FHE 1 f20 U AL BF wold HOB BT AN A g
Yol-&2 FAg
bigdrebAl: FAelet 2e Az o AH PR AAGY =HHEE)S Hol: RE A
B/AAZ 2o A Fx5 v A4 ASAANE ZAE
Table 12. WS6, WS7, WS8 wo}l& x A4 1
Tol-8 (%) 2ol A (2%)
%] v 22wy "]l 11
16217 733 |43A12 A3 (71217 A 11123 A3
1.WS6 85.3 92.0 92.7 93.3
2.WS7 YA g 80.7 93.3 90.7 92.7 pH6.8
3.WS8 84.7 91.3 92.0 92.7
4.5 A = - 56.0 94.7 94.0 94.7
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Fig 4. WS A2 ®aAFEF (FF5FE WS3, WS4, WS5 WS,
WS7, WS8, +3g)

Table 13. pot FFF SHTFT dAE AF=ALEH

16 4=+ 25 %k
= 2 . N

Z7F(cm) d=r =% (cm) =n
1. WS3 9.2 3.3 17.1 7.1
2. W54 10.3 3.6 17.0 6.9
3. WShH 8.8 34 15.6 6.6
4, WS6 8.0 3.3 15.0 6.7
5. WS7 10.5 4.0 16.5 7.1
6. WS8 10.0 3.6 17.1 6.9
7.5 A8 (H4FAH) 9.8 39 17.2 7.0

ot Ul AE FA pellet AFAL

AAA BE BAE ARstr] 9ls) 3R] deol FFE BEE
o} AFel7F 71 $E 3 AESS A} Celite, Diactive, CMC, 5%
A=A wo}l Aefrt wi§ EFS 3, CaCOs Bentonite, Talc,
Microsorb, Attagel50, Pangel, PVP& &% Rl o} Fejrt F5 3t
o, olE FAEL U= AAE 28 stP o, EXSP-01, EXSP-02,
EXSP-03 Aol tial Lolg AlFE AP A7, FA ol vls) g
ol £E 7} =3, ol X @ RAEo] o] ool A=A e
t}, wol® ASoAe S AEE FAe viesA s, FAAE FEA
o ] B nviel e RHAANSEF 4L HolA FUTHIEL)



EXSP-01¥ 3 EXSP-02¥o|A 9 vag S FZAES HAUstuzt 3}
Fom, Al@dy, EXSP- 029 AWl dolg 9@ oAt ¢ $E 3ty
o] Ao FHAEZ AAo o)lgstr= dHT)

S EA A I stickere] FFE WA EXSP-04, EXSP-059
A GEa, Fol&S FAFE A3 EXSP-059 XwWelA Fxalst s
T Lolg s IS F JAJTHEILD). TEFH 28417 A FA] EXSP-05
2 Fol A olgo] 90%oldor FEAelo] nl -] Z7)o] o}
Az Q= Aoz BvEch welA EXSP-05W AWe s|Eo= 3
of AP FA AA o] &2 P, vIAE FF 2AAH, £} 10
HY & UAEL 58x10° cfu F#Fo|gon, waty 19 QR &
2 58x10°cfu/seed F o)At}

I b ot glo

Table 14. %A WA AT T2 Bolg @ BolA 2AA

Lop-&(%)* 2o} A (%)°
A 2
1772783 4033 2R A 92413 A3}
EXSP-01 36.7 73.3 68.3 68.5
EXSP-02 28.3 80 68.3 78.3
EXSP-03 55 80 80 78.3
22 61 87 90 94

avolg: FME BI HT0) U AL BT wold Aoz M3 WA B4l e Lo}
& 2AR

brdtebAl: RAY Ze FEY 4% (A AARY, SHAEF)L Hol= RS P4
AAZ B WA FAF ol AY PSANE AL

Table 15. sticker A&4& 913 "YW Fx} Ldol§g ZALATF

2ol-& (%) 2o} 4 (%)
g
282t A T | 522104 | TINZE A3 12447 A
EXSP-04 778 30 86.3 85.3
EXSP-05 93.2 93.3 93.3 93.3
T2 € 70 93.3 93.3 94.4

-131 -



3. AP &4 AaAANNY 2 AFAAA, olsdH 5FAH A}
7. AFE e 24 ZHRAE
AAGHE N o oL FHo)y YAEIN AH

AR AT HHE 49 T EXTN-1(99) powders 53.3%° WA &ZHAE e
Wglen, EXTN-1(99) powderel synergist& 71 A= o] Z eF A Q)
Dichron® W53 Zz9 wHAEAE YeEdAct B JHEF 64 F
EXTN-1(99) powder¥ 59.6%¢ wWAEZFHAE et o, EXTN-1(99)
powderol synergist® d7}s HEE 754%E 5T WAZAE e
A

W 7H%)

B Bacillus sp. m Bacillus sp.+ synergist 20 B Bacillus sp.+ synergist 10
B Bacillus sp.+ synergist 5 MEXTN Tech | EXTN Tech+synergist 20
Osynergist 20 ODichron

Fig. 5. EXTN-1 powder®] QolALFZel WAAH AF(HHFT 64 F)

B. EXTN-1 ¢#A1(GR) A @2 20] ©rAH] g &3 &<

BZ2A AE E3Ag M T M TEEZ OF 404% T 562% AE
9] WA EHE Bgon, 10° cfw/2AE ol FEolA 506%9 WA
#F2 vy 13 7HAA F3 Agode S3FA FE EAZHRTG @
WA 232 RYUEL6). SE 27 Adste W] A=AFE T
A A B 5349 Aoz wddn

rl ro ot
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Table 16. EXTN-1 GR #A @2 20o] @Al g A 2%

e Ay O EE mammeon w7k
(cfu/ ¢ A E)

10° 6.5 40.4

5] 107 44 59.6
e &} - :

EXTN-1 GR 10" 4.8 56.2
12F7HA] A] 10° 11 0

a7 & 10° 96 12.4

2B F3t4  AEA 500uH 2.1 92.1
=g - - 10.9 -

C. EXTN-1 FxA 8 F3A(WS)e] 0] @xue st g3 <l

EXTN-1 WS A9 19 2§ 282% WA 2392 B o EXTN-1 WS
A9 I (potentiator’t F7t8 A )= oF 66.3%2] Wa EHS ey
ATt ol= AAA] H7IE potentiator’} EXTN-1¢] ¢kFg Zto] G&EL
Ueld Aoz AdEn ojet o] s EHE AL & de BERAY
g4 2 Hrle FF uAE FAl AAA o] & I AT e AL
2 addrn

Table 17. EXTN-1 FxA 2] 3418 o] @Al th3t &z

Al e A7
* TG Uk =11
‘13] (cfu/g%‘—x}) T 9% 6 T (%) ]—L—
EXTN-1 WS 1 ‘ 245 28.2 -
3.0x10°
EXTN-1 WSII 115 66.3 potentiator3 7}
X2y r 3 5001) 0.3 99.1
=] g - 34.1
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D. ¥l S gk aHAE

fz A HTE A G& BE A FA wfF RS digh
WA ZdE ABHA o AT A=t 203, FAALY, FE, o
A SEA APstn, B BA7A 409Y o]Fe] Aol 2aHULH,
olzld] WAl A3yl M=sA JEG Roez dddn dA ¥ =2
o Al AujAlel HiF W] ZHo] BAt HE £F B9 Hdwe L=
105/gE¥o 2 & A7 B3, AAF 0947374 Hdvde] ddoz
el WFE BEY £ Yool FAEY FFEAHl A= HE e
W, FEAFYTS FAXNY TE ASE7 A MF FAZES
WA A ddHor A8 ¥ Reg AddEn

Table 18. vf3 B3 o] s A|gA

SRR A 5= g (%)
ZTAA 2 5 3HA 1x10°cfu/seed 61.3

% 2} 2] €] = 3} A +potentiator  1x10°cfu/seed 70.7

A e 2.8x10°cfu/g soil 76
=AH e FaA+BFAE  1x10°cfu/seed +10'cfu/ml 56
FE+BFA 2.8x10"cfu/g soil+10'cfu/ml 66.7

4 A 8x10'cfu/pot 60.7
TR dsulol= FA) 20kg/10a 9.3
T2 - 65

E. 3% upoleisy WAl Aok Y

solels ME 104F 2 A2l T o]¥FE A WA avE =
qe A, EAAY FHA AT 43%9] YA ATHE HolE Ho
2 UEBdth(Ee). AEe fE AYYe dovsle BIE dEA Sle
ASA 1000w} 3)41e) BFEATe] A9 75%e] S5 FAXAGE BAL,
YAt HE AR A9 FAAY FaAe)  vlAE FAstE Hehi
o AsEe gRez A AW, E NAT/ & ATl vs) A%

o] 53 AL #AFY F UUH
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w4 Aoz A2 AZIE €t o] AR s AAF FA
Ao A TFAl APk ATt o)Al AT B LAl 5@ w9k
I, ol AlgelME FAAE FEA ATl vlE dAY FE AT
7F gAEAIE A YEiged], o] EF A, HE A Ay A7)
oAl A EXTN-1 o] BT Aozl At A{f7t #5307 dEo
2 AZtdo AE A27F GFAR FdohE, 4 A¥ Y ATl o
S8 o WA Z3Ut ddEd. EXTN-1S SE x7]o AHglssd 2
Holl 23] AAHESF gt Aol &74E L= HAY Fdgo] & F

<= Aot ASH S 7o A% Hex nHsEG, vAE A
E A Ado] dE&Ae] ¥& AR wdEh

.

O
-

Table 19. 313 TMVel g W= x5

2 & S R ol HFE&(%) WAIH%)
EXTN-1 1A 1.4x10” cfu/L soil 375 25.0
EXTN-1 FA+4 g 53} A 5.0x10° cfu/seed 28.1 43.8
EXTN-1 A& 1.0x10" cfu/g soil 40.6 18.8
AminoSalicylic acid 1000x 125 75.0
23] 2] 50.0 -

F. AEAH Z=Zwo Uizt axgA g
Rhizoctonia ZEWo] gt JES dAdAFY Fye= F1739 ok
FAE oHFE 33%AW HE AT 60.1% WAEZARS HPgon KA
Aol B¢ Ay F=7F FolAd Al 37 Foly 1, 2old AL o

A7t BRAHAG. HES BAFsA AW mFE AL peHe 22 7}
An PE Aoz Bolu, AASsAe AL AWAMdolYy NEysr =H
52 3 A% oA A7 Hae gAsjor & Aew BuwEd
Table 20. FEA P FZo| )3 &I}

N N ol ¥ F & ul-A) 7}

p Z e

1@ 1918 (%) (%)
EXTN-1 A& 2.8x10" cfu/g soil 13.3 60.1
7R & F 3514 10008} 10 70
=33 - 33.3 -
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G. AR FH=AL

WSl nAEAE AT A P dxE 27 AYEH 5
|25t AHE Ao BAXW, EFgF WSS A$ 10°710° cfu ?
2 0RE AEY A 10° FFoz B Aoz VeERt(E2D.

E3 EXTN-19 #e yi AR E Bz Ry A58 E 43, =3
< usle B Wi EAsE TN AP gAY FE DAL
Az, 27 A8 229 o 1/1000 $Fo2 e Yo EAsE o=
ZAFE A AT (E2D).

AE APA EXTN-1¢8 FZo] o & o|Fo|xuw, A F o 40
7 QA F££9 EXTN-1 2x7t 28 ¥9oM fA8: ez Azdq

js7

Table 21. @3AA)F 2z WX (B)olA e EXTN-12] d=H3
A.

=27 AHg B2 Jdxy v|AE A
2] A & _
= 204 =} 30 =} 404 =}
EXTN WS 3.3x10° 3.7x10° 1.2x10° 6.4x10°
(cfu/seed) (cfu/g soil) (cfu/g soil) (cfu/g soil)
EXTN AME 4.6x10° 3.5x10° 8.6x10° 6.3x10°
° (cfu/g soil) (cfu/g soil) (cfu/g soil) (cfu/g soil)
B.
=7 He 923 dxd oY E A=A
2] A3 -
= 20 # 304 = 409 =}
EXTN WS 3.3x10° 8.7x10° 7.8x10° 1.0x10°
(cfu/seed) (cfu/g root) (cfu/g root) (cfu/g root)
4.6x10° 1.2x10* 45%10° 1.8x10°
EXTN 4 E

(cfu/g soil)  (cfu/g root) (cfu/g root) (cfu/g root)
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F 77 B &% M x7] BEsh Wi
22 & F AADFAAY S A wD, 1
=7b o gasigon, HAR 7 R@e oA

AE AP A 4TAHE 1d Folle 279
L 30Tek 40CY e ZAAAE 419 A F Z2dy) AFst 1d
g ¥ 4 /1I0A % Zastes AFS BYoy, EXTN-10] a3
Ax FFo] 10° cfu 2 oYL nyAE o Fast
2z bk AAFeR Z AYEY e A%
2 Als 3"y (Table 22)

Ned AEE FAGge

)

ot @ O O

q o
r-|-4 ofi O
(T
o
&y
HN o

o
mE

o,
o,
flo
o
i
@
.I..:

Table 22. AFBE2] AGAXAHAG =AF 234

]6:] 571@_%]: X‘];(QP%E @’%}:(Cfu/g)
2 .
(cfu/g) () 2m 4m 8m 12m
4 7.7x10°  6.3x10°  57x10° 9.0x10"
2] ) 6.9x10° 30 76x10°  7.1x10° 5.7x10° 9.0x10°
40 7.0<10° 6.8x107 6.6x10° 7.1x10"
4 2.1x10°  2.0x10° 2.0x10° 1.7x10°
AE 2.8x10" 30 1.2x10°  9.2x10° 3.4x10° 1.4x10°
40 42x10° 1.7x10° 1.7x10° 1.0x10°
4 1.2x<10"  9.2x10° 1.3x10" 1.4x10Y
%‘X}i‘} ]j/] 1w 10 ) Y 10
g 124%10 30 1.3x10"  9.8x10° 96x10° 1.1x10
40 1.2x10"%  7.2x10°  99x10° 4.8x10°
m: month

S A, FAHE R, e A oo 54
YA, FAAe 5 A A F 199 17ko] Ay Fo} AAEY 2ol
S5 GAe AA AFA DAL @ FolG ol molA] ket
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H AR AE A tE AA JAFel Ase A2(30C) BR#r|ol 1d
A7e A zo] ts) pH, EC, 7HHIF(£3d2x)E AT d34E B 2
orth. AA AZe 1d ABRFT AANEFL o3 AHL & WAzt 8l
2 tH(Table 23).

A A 2} & 30C 1@ BE#F 4T 1d 28F
Z=Z= B A 2% 6= 10=
%824 A2 A2 A2
FaolTEE
7.21 6.82 6.90
(pH)

B. AADSeA olshety 42

A A #| & 30C 1d 2R3E 4T 14 23F
A=A (%) 70% 7026 70%
3 (F) 60x 50% 60%
HaJdAd (um) 8.2 4.6 8.3
FholEFE
541 5.34 5.39
(pH)

C. #EARY olsary 2

EEEES oA FA R
pH(1:5) 59 5.6
EC(1:5) 0.65 0.59

£ 2 2 & (g/ml) 0.23 0.23
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4. z+ AP ¥4

7b FAA A A
FTAA ] FstA ] AA B3-S EXTN-1 ¢A9F A& A A, binder,
free flow agent,
THA Teo FAE ST F EHUVIE FHa, T GAS
A X AlE ot
EXTN-1 FAA 2 349 AAFHEE Fig. 63 2o

2

EXTN-1 €A
A H &g A
binder =%
free flow agent
= A

e
2
H
o

Fig. 6. A g FaA AA TH=

U BEYAY dA 4

AAe] AA FHL EXTN-1 A
ERY T g AWBAAYG BL
HSF sluryg EEA XHUE R oW =AYb
0.7TmmE AHE&3til, 24 F FF53F A=x7|E o) &3te] ARy Axex
© HI % 60T oldtz A3t dx F Ao YA= 16~35 mesh
2 Btz £F3=E dAE AXAA.
EXTN-1 1A} AA THEE Fig 73 2o,

2

|
|

gy Z ol o
N

o r2 o
En)

sieving x7

BN

ke
Y
2

A E g A,
water

Fig. 7. 1A AA 34 =
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o g AE AP A

=50 gl FATE(Cocopeat) & FA sz, o3 ZIAIE Het
o] E (Perlite), & 4] (Vermiculite), A& do]E(Zeolite)E ¥4 HIEUNE F<
sle] TFUEA T3 Arid BB AEF ¥FEA4 AE(EAEAAN(E
o) )3} EXTNS dAHF T8t oA & ot =3, ¥EAdE F
g4 AR(AA7IE )2 dAFY B o Ay FEHE Azt 9
o] RAEY FYIFA F 4ol HF AxFS AxT. AxFe pHE
55765, FETEHL 4074H6%7F HES g

FIATE
HelolE FE&AAN 84 (A7 S)
|
AN &2l
A Q ol E H]4=-&-A 8] B A B (EXTN)
&%
|
%

Fig. 8. “AE FE AATA

Al 448 AL

AEx oz HEAE 38x10" EA/g tech, 25% F&& Roly AN
#Ystg 3, EXTN-10] &5€ 4A, FAAFIA, E AFS AAs
5o

o

o 7 AT AgAFA, AW ABEAe) A wd, AA F
7Y ATE DAL

Ay ANRAD 1209 B A, ERAAY FaAcAY 2
279 Mmetel 2 WEglo] ¥RHoE FAHAYL, FE AL
2719} mlmstel 110 49 Bart Ao, AE SHA PHo
go] Jbse Roz WUHAT. Z AP N B PAHAE

AARst7] Y8 Lol @A, wjF W EY, nFufolH e HiF &

7

mﬂ
oY [l

il
g a KoHo rff

2o

- 140 -



ARPom, 2R EXTN-19) AR5H e 2Alste] 2BA e 2AY
o FANET AL AR A, TANAFSA, FE Aol 03
T4 gdMon, 1209 4L Rud AR AR 4DL FAD
Az, AARF} nwste] RS W, FAG B FAo] §15 o]
AFHN AFPS FASATE B FAE Tl A7E AW R A2
g3 N8 ool P EXTN-19] 98 wwoziy GA A4
% 8 FAFANES AYY dAoln, NARE FE AFH YA, A2
ge FHo o] AUEAS LSl Als T o Fo)

n&
¥
e
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