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ol Hirel cell wall TAARES B35l &4 (glucanase, mannanase, cellulase,
xylanase)E #H|st=7F ZAFSFG T ¢ Fusarium oxysporiumE ¢ 5 #3)] & 4o
olaff @3FS WARE 53] ferric ionTd FEwEol Wi BAAAE 3 Zdto] I
TEadE ey E ez BRud v B AFdME ferric ione chelation?] 7] =
siderophoreE w&l¥ A&yto] A =AE AT Algd3, 2AHE 84 B
ol sty FAHESS HolE wFE] ¥WYT Fusarium oxysporium, Rhizoctonia
solani, Pythium ultimum ° BF Z&=HS H3stes Aoz Yehy §49 FAdHks

I A atoled WS BAVE A= AR YEY T

=

1) KB-69 #H# 44 wjgzx=d

CREER EES

T AANE @ = HAw A=
e _H8 W =< O —4— . _%]EH,E_EQE
B} A 2] Glucose 3% .
T 37 5% O HAAwA=A
Peptone 0.3% Glucose 3%
s . Soyb Fl 2%
Soybean Flour 2.0% oybean I'lour 2>
KH2PO4 0.1% KH2PO4 0.1%
T MgS04 0.05% MgS04 0.05%
Yeast Extract 0.2%
P EE
Growth factor Yeast Extract 0.2% O A .
5 X 10°/ml




[e] gis
= & ok
2 HddEE
Agitation 150rpm O HAmLF=A :
Wk
Media charge Volume 20% o] s} RPN
Inoculum Ratio 296 o] 4 Z7]
EES
%7] pH 7.0 ) o2
Hj @F 7] 3k 34
O Hdi+
i 28-30C 7 X 10%/ml

2) KF-3¢] #74 4] wjza

CEEEREES]

AAAZA

2 AT EE

O HAwjA =4
g4 7 Glucose 1%

Soybean Flour 3%

T EERES
main 4 7
media
Glucose 1%
sub
. S. Flour 3.0%
media

KH2PO4 0.1%%
MgSO4 0.05%
Yeast Extract 0.2%

@ _%]EH-ELHN:

E,_l_:

4 X 10%g
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strain A7

df-14 Bacillus sp. Bchl

df-24 Paenibacillus polymyxa

df-35 Streptomyces panayensis
14 A AFEAZE B SR

ojde] ANPFZAINE V22 sto] ol B2 AXxFTHOR FULE AAF 155

A Ayt 23(KB-6, df-14) Zzs HAH Al A (Glucose 3%,
Soybean Flour 2%, KH2PO4 0.1%, MgS04 0.05%, Yeast Extract 0.2) % wj¥z=A
(&= 150rpm, WIAAFY S 20%, %7] pH 7.0, HFH]& 2%, 9F2%= 30T)lA
347t Agujekstel A&t 747F 5-7 X 107/ml RE ] vl 5 E RS Axs &
10818 o] wjgels F=H

@ WA A=
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SUMMARY

(B8 %FE)

This study is on technical development of biologically controlling the wilt
disease through development of antagonistic bed soil which contain antagonists
with excellent antagonistic activities against pathogen causing the wilt disease.
We have selected three types of excellent bacteria which do excellent antagonistic
activities against the wilt disease pathoen and have identified these were Bacillus
sp., Trichoderma harzianum. These antagonists have no bad effect on plants and
have seedling growth stimulating characteristics. Also, these antagonists have
high production level of mold cell wall component breaking down enzymes like

glucanase, mannanase, cellulase, and xylanase.

By studying the culture conditions of Antagonists, the maximum density of the
germ of Bacillus reached 7 X 10”/ml through liquid culture, and the maximum

density of the germ of Trichoderma reached 6 X 10%/ g through solid culture.

Spore germination study showed that adding 1.09% of glucose and 1.09% of citric
acid to the bacterial spore solution can increase about 10% of germination rate.
We have selected a special nutritional component which can increase an enormous
amount of multiplication. We have also selected glucose and butyric acid as
colonization increasing component which can create a chemical environment for

Bacillus to settle effectively even though many microorganisms are mixed within.
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We have established the manufacturing process of the antagonistic bed soil. And
we had manufactured 1 ton of testing product and analyzed the density of
antagonists periodically and found that the density of the antagonists did not
decrease at all after twelve months. And after evaluating antagonist colonization
in cucumber and asian cabbage, KB-6 had the colonization efficiency of
65.4-181.3% and df-14 had 91.7-171.0% of colonization efficiency. According to
the result, even after frequent irrigation, a certain level of antagonist density was
maintained; and thus the two selected antagonists can be said to have excellent

colonization efficiency on seedling cultivation.

On the other hand, after analyzing antagonist multiplication efficiency on the asian
cabbage and the cucumber seedling cultivation, both types of Bacilus showed
density multiplication rate of about 147-200 folds after 23days. And thus, this
showed the Bacilus can settle and multiply satisfactorily in a nutrition limited
condition and proves that these antagonists have the adequate traits for

antagonistic bed soil to be able to be used as wilt controlling antagonists.

After studying optimization of packaging and storage condition of antagonistic bed
soil, the fact that the antagonistic bed should not be packed tightly and stored at

a place where the temperature variation is not so great.

After the demonstration of the testing product on seedling bed, the wilt disease
controlling effectiveness compared with pesticide was analyzed, and its result was
that in case of treating the antagonistic bed soil, diseasing rate was 5.78% and
pesticide treated soil showed the diseasing rate was 5.15%. And untreated soil’s
diseasing rate was very high with 43.75. According to the result, the wilt disease

controlling effect of the antagonistic bed soil is very high.
After analyzing seedling effectiveness of self-seedling cucumber farm using

antagonistic bed soil, use of antagonistic bed soil showed a higher effectiveness

against untreated soil.
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Seedlings cultivated using antagonistic bed soil were transplanted to the main field
patch and protection activity against soil-borne disease and plant growth
promotion effectiveness was analyzed and the leaf disease was not effected by
either types of soil but the soil-borne disease, fusarium wilt and blight outbreak,

even though not treated with pesticide, decreased greatly.

In relation to bed soil(not including antagonists) and its economic efficiency (cost
of production) comparison analysis, bed-soil production cost, selling price, seedling
cost of a farm were compared and analyzed and a plan to benefit both the bed

soil manufacturer and the farm was established.

We have established the specification of the raw material and facilities of wilt
controlling antagonist and antagonistic bed soil production and mass production
process. Also, quality control (i.e. moisture contents rate, density of antagonists,
property, status of size, density of contaminated bacteria, etc.) techniques for the
bed soil were accomplished. In relevance establishing farm supporting system to
promote product sales, instructing effective using method, various analysis support

and publicizing specialized seedling system promotion plan were established.

We have confirmed proofs and pictured materials for publicizing the effect of Wilt

controlling efficiency and healthy seedling culturing effectiveness.
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o 1023 & &, w3 A

=

A& 10gS 100mle] BwSHFFdd =
Spreadingste] FEPAES EAeATE F, Al
Rom FFole] Afol= ATFAGS AAsHY] f18te] A A Streptomycin sulfate

P —

7} 10mg/L §Hr¥ o] 9= PDAMAE o] -&3to] A a3l Th
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<E-3> & EGnAEAA Fndst

THAS A Z=AHA ETE) A 3 H AL (] #H=4)
o “K"AHCN" A ) Liquid e, EH =
“PrALCT A =) Powder Fikea
KA G A E) Liquid EUHEGE
il
“T"AHCL" A3 ) Liquid e AAdE
e “L"AFCR" A #) Powder Jojgl A a1 F3%o] g
o “A"AHCPT A ) Granule AR
Su( ) “F”/\P(”E”Zﬂ%) L%qu%d %kff _
“B"AFCL" A %) Liquid AESS-R R g2
“G'AHOP'A =) Granule FEAo=Z golgl 3
A5 (t ) “S"AHCNT A ) Powder A
“K'AFCT A %) Liquid A
“G"AHCM A F) Granule %ol
“C"AFON" A #) Powder AR
B (E “T"AHCT" A %) Liquid off, EHRFE
“P"AHL"A ) Liquid g e
“D"AHCP"A =) Powder Fikea
“K7AHC" A %) Granule b2 WA
ACEF) “O"AHTO" A ) Liquid ¢z
“T"AFCT" A ) Powder 435
“P'AFC'N" A =) Powder Fikea
A “K"AH"B" Al %) Liquid &717F #1184
“LVAHCS" A ) Granule AR
FHE AFY AEE AL gy E- &) m Ay 2 B3 =3
A g AFEU Eojde REMAES B A% o] FsatA
B2 Aole 29l o3 Mol AatrE $AHVAAES dAdekA] Fokth




<E-4> FTETY ESUAEAAL vAdEEA A

FRA 9 A ZAHA ) A EEA A (ml, gF) SAHu A=
571 “K'AFCN" A 3) A 7X10° -
“PrAFCT A %) AT 3X100  F3Fo] 2X10° At 2%, #30] 1%
4l “K'AHCG" A ) A 3X10° &R 9X10° AT 1%
. “T"AFC'L" A 3E) At 2X10° &R 2X10° A=
. “L"AHCR"A ) AT 7X100  FFo] 8X10° -
A “A"ACPAIE) | A AX10T  @o) 3X10° | AT 2%, BFo] 1E
=u( ) “F”/‘H"E”Zﬂ%) A 3X10° AT 1%
“B"AHCL" A 3%) A 2X10° -
“‘G"AFCP A ) A 8X10"  FFo] 2X10° e
AET) | “S"AFCN"AE) | Al 3X10° #3o] 6X107 w3go] 1%
“KIAHCT A ) A 4X10° AT 1%
“‘GAFCMYAE) | AlE 4X10°  F%e] 7X10 e
“C"AFON"AE) | AlE 3X10°  F%e] 2X10° At 1%
A& | “T"AHCT A E) A 3X10° -
“P'AHCL" A ) A 9X10° -
“D'AFCP'AIE) | Al 7X100  F3o] 6X10° AT 2%
“KAHCCIAlE) A 2X10" -
AGCEE) | “O"AHCO" A %) A 2X10° AT 1%
CTUARCTAE) | Al 2X107 3ol 6X10° wFol 1%
“PPAFCN"AIE) | AT 4X10° 3ol 8X10° A 15, %] 1%
A5 “K'AHCB" A1) A 3X10* -
“L'AFCS"AIE) | Al 2X107 FFo] 4X10° AT 2%

x A2 TSBHi Ao A 29 8f %, +Fo]9 &R+ PDAW|A|(Streptomycin sulfate’}
50mg/Le HE & EI)oA 5Y ujUs 2YE AlFste]l zAFsk

=
oh
£
o
o,
i
rr
Mg
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U EFuA=AAl AlEel BAA/}MEA Bt

FRAFW AR AL Do) fed, 41 24LFe) MARUEs %
Astel SR A S} 1) sk oh(E ).
Z, AFe] WA AR FAHOE WP FAE FSE Aot 24 AFol

el Y] AEEHE AFE Ut Aow

e AZAHAIE ) ﬂ_]*ﬂ%%ﬁ A (ml, gF) _
FRAF S 20e ¥
77 “K"AHCN"A %) A3t 7X10° A3 5X10°
“PAFCT'AIE) | Al 3X107  #F3%o] 2X10° | Al 1X10" o] 5X10°
. “KAFCG'AE) | At 3X10° &= 9X10° | Al 2X10° &= 2X10°
“T"AFCL'AE) | A 2X10° &% 2X10° | Al 7X10° &R 2X10°
. LAHCRIAIE) | Al 7X10T Fge] 8X10” | Alat 6X10°  #ge] 3X107
o “A"AFCPUAIE) | Al AX10T  Zo] 3X10° | AT 5X107  #de] 2X10°
e “F”/\}(:E”xﬂ%) Al SXIO: ATt SXIOj
“B"ACL" A ) A 2X10 A 1X10
“G'AFCP'AIE) | Al 8X107 o] 2X10° | Al 7X107 3ol 1X10°
AET) | “S"AFCN"AE) | AT 3X10°  #33o] 6X107 | AT 5X10°  #33o] 7X107
“KAFCT A ) A 4X10° Al 3X10°
“‘GAHCMIAE) | At 4X10° o] 7X107 | Al 4X10° 33 7X10
“CAFON"AE) | Al 3X10°  #o] 2X10° | Al 4X10°  ZFe] 1X10°
A& | TIACTAE) A 3X10° A 5X10°
“P"AFC’L" A E) Al 9X10* A 2X10°
“D'AFCP'AE) | Al 7X107  F3e] 6X10° 7X10"  #3%o] 4X10°
“K'AHCC A 3) A 2X10" A 1X10"
“O"AHCO" Al ) Aldt 2X10° At 2X10°
CT'AFCTAIE) | Al 2X107 #s3o] 6X107 2X10°  #33o] 5X10
PACN'AE) | A 4X10°  F%e] 8X10° 2X10°  #o] 4X10°
“K"AHCB" Al %) Al 3X10° At 4X10°
“LAHCS"AE) | AlE 2X107  FFol 4X10° | AlE 2X10"  #Fe] 5X10*
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A 3 A EgATY B

A TAEZ A= BacillusE3 StreptomycesEES Ad37] 93t 2t B9
S 1587 80%A EAEE shAth 1 %, 2 95(0.9% NaClheoll 1000w 3]
Ae 3 g EoF 3| do 100ulE PTYGHIA o] =gstth of 7)o AFEE PTYGY

PTYG (1L)

Peptone 0.2bg
Trypton 0.25¢
Yeast extract 0.bg

Glucose 0.5¢g
MgS0O4 0.03g
CaCl2 0.003g
agar 15.0¢g

28T wiF7]ol A 4-5do] AHg 5 wix]e]l  oF 30-3002 247t AHE A&
glstar Zzte] 2RUES TRHEE Eiste] v wiAel &A Edvh. & 3070
AGeziy 70005 EdATS ZHstlen oS WdeR 4 HEES

Al st ot

Do
2
-
=
o

A 7 Aol AHA 30059 EFAEE 80°CAAM dALT® F, ATt £
153 A3t o 70001F e agddte]l = AT ol AdE PTYG
(peptone-tryptone-yeast extract-glucose) Aol A 2 2e}w Z} colony®] @FEl®= &
ojstAl T A PTYGHYE Sl o8 F7e 283dd 455 &2 Al

i
>

_64_



FTRAGTY] AEgsHS A7 98t YMGHIAIE o] &3k, il
= Fusarium oxysporium, Rhizoctonia solani, Pythium ultimum 5< W4

inhibition zone W o2 ZAd&HS B39}

A3 5HES FAEE WX 2 YMG (veast extract-maltose—glucose) HIA| & A&

=
s, of WA A AR 1PPH It BE A Amon AFAEon A

df24, df29, df31, df35, df49, dfs6 529 9 TF= YIWES
oxysporium, Rhizoctonia solani, Pythium ultimum ¥ RE5o)| Zad=€S 71xa 9l
L3, dfl19, df21, df29, df38, df43 & <] 5 ¥ inhibition zone?] =717} 10mm °]7

H Agee wel Foch

lo
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<3 -7> Relative inhibition of pathogens by bacterial isolates on YMG

Antifungal activitity* against
fungi causing damping-off disease

strain -
Fusarium Rhizoctonia Pythium
oxysporum solani ultimum

adff ++ - -
dfre ++ - -
df3 ++ + -
df4 ++ - -
af5 + - -
df6 - ++ -
af7 + ++ -
afg8 + + -
df9 + + -
df10 + + -
df11 + + -
df12 + + +
df13 ++ -
df14 ++ o ot
df1s - + -
df16 + - -
df17 + + -
df18 + - -
df19 +++ ++ -
df20 ++ - +
df21 e+ 4 -
df22 ++ + +
df23 + - -
df24 ++ o +
df25 ++ ++ -
df26 + + -
df27 + -

df28 ++ - +
df29 ++ +++ +
df30 + - +
df31 + + +
df32 + -

df33 + - -
df34 + + -
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Antifungal activitity against
strain fungi causing damping-off disease
Fusarium Rhizoctonia Pythium
oxysporum solani ultimum

adf35 ++ + +
df36 ++ - +
df37 + - +
af38 +++ - +
df39 ++ - +
df40 + - +
df41 -
df42 - -
df43 et - -
df44 + - +
df45 + - +
df46 + +
df47 + +

af48 - + -
df49 ++ + ++
df50 + - -
af51 - + -
df52 - - +
dfs3 + - +
dfs4 + +
dfss + + -
df56 + + ++
afs7 - + -
df58 + +
df59 + - -
dfe0 + + -
df61 - - +
dfe2 ++ - -
dfe3 + - -
dfed ++ - +
dfe5 + - -
dfee + - +

* + ; 1-bmm, ++ 5-10mm, +++ 10-15mm, - : no

inhibition zone
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A 54 ZAdsire 16S rDNA 4

[
o

fu

2
>
oo
N
iy
ok

EEE dg ATEe FAHE Y93 16S rDNA(ribosomal DNA)S] DNA
sequencingS Al =33 th 0.05N¢] NaOHE Alg&38te] ME F3E Frglon FA
Z 23 16S rDNAE PCR(Polymerase Chain reaction)® 22 ZF3Z3}7] 935te] 27mF,
1492R primers °]-§3sFth Al&¥ PCRO| Hh&xz2 oo} 2t

@D 94C 5Smin
®@ 94C 1min
@ 55C 1min

@ 72C 1min 30sec
® go to 2step(29times)
® 72TC  10min

@ 4°C  hold

o|\

2% DNATE Agarose Gel Electrophoresis(0.7% agarose)E ©]83}o] 1.5kb<]
717 F1E e, QIAGENALS] DNA elution kitE AFE3te] 3ld DNATHS
Agarose GelZH-E =23, doA d& DNAS pGEM-T easy vectorel 7
3+3l =)ol Electroporation® ® E.coli 10Bo] At%1&}l o™ Lac selection® & o] &3}
o plasmidz ¢l dAASEH ZF2YTS HAEFAY. Lac selectiono] 2291

LB-agarvi x| ¢} 1 &9 2442 oS3 2}

(LB i 1L%3)
Tryptone 10g
Yeast Extract 5g
NaCl bg
Ampicilin 50ug/ml
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(170 plate’d =23 IPTGS X-Gale] %)
X-Gal:100ul of 100mM
IPTG : 20ul of 50mg/ml

O

obo| A Mutyl Z2Ue gA] LB dAu| Ao HEse] wjUEglon o EwiE
AN ZaHE plasmid DNAS 343l &4 ABI PRISMAFS] Big dye sequncing kit
o} 519R, M13, 2/mF% 9] primerE< ©|&3to] PCRe Alddt= @Al A 21 F o]
th o714 221 PCR ¥H8 211 vh53 )

O 96T 2min
@ 96T 10sec
@ 50T 5sec
@ 60T 4min
® go to step 1 (24 times)
® 47T hold
o] W o F&E DNATE ABI PRISMAFS] 3700 DNA analyzerE ©]-§3to] Se

= D
gom E3H DNA #7]A449S 73 NCBI(National Center for Biotec
hnology Information)] Al¥ DNA H|o]E H|o]~o] SE2% A7 H|ndle] zZ} 5

o ABRFEA AN A3

quencing g 3}

A= ZF Ao A &5 F8E oF 70095 EYrAETolA dEs8ES 7HA
Aoz WExl 66F w9 16S rDNAC A7IAES EA 38t o5 w59 A
TRty T UddeS ARG (E-8). #Ed olE HE&w2 F=E Bacillus
species (22%), Paenibacillus species (10%), Streptomyces species (21%)°l| £3t=
Aoz WM AR

o

=

3+ Brevibacillus species, Sphingomonas species,
Nocardia speciess ¥ AL 7Hd Ao 7 ey
of Fo mFAol BAR AFNAE oF #F FolA $7 group e e

Bacillus species®l] ta] AE2 o2 ZAMstE T o) Bacillus 59 EgolAe 2

o
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[ex]
=4

= 16S rDNA

S

1 <F 1500 bpoll &

3

F1 2 strain-specific

A1 3]

a1, Zt 3t529] DNA fingerprintE

bol EFe] &

S

uj
1H
T
~H

g
E
Ny

tr] A= o

=

oo

shelet.

3]
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<3 -8> Identification of isolates by 16S rDNA sequences

strain area 16S rDNA sequence analysis
dfl AdetE Streptomyces diastatochromogenes
df 5T Sphingomonas suberifaciens
df3 74 71 8l Bacillus subtilis strain T2
df4 Tt Brevibacillus reuszeri
dmb At Streptomyces sp. EF-16
dfé A A Bacillus sp. RZ-254
df7 5 Bacillus subtilis strain T2
dfg 7715 Streptomyces panayensis
df9 > Hek2 Streptomyces panayensis
df10 74 e 71 8] Streptomyces panayensis
dfi1 7715 Bacillus subtilis
df12 A4k Bacillus sp. Bchl
df13 A& Uncultured bacterium
dfi4 7341 8] Bacillus sp. Behl
df15 77l &l Bacillus sp.
di6 7 8ks Bacillus sp.
dr7 7715 Paenibacillus polymyxa
df18 7715 Bacillus sp. TKSP21
df19 74 e 71 8] Bacillus sp.
af20 > Hek2 Bacillus pumilus
df21 2l &l Bacillus sp.
dfe2 N Paenibacillus polymyxa
a3 e Paenibacillus burgondia
df24 i Paenibacillus polymyxa
dfe5 7 8hs Paenibacillus polymyxa
dre6 7715 Streptomyces panayensis
dre7 e Bacillus sp.
dres 7 e 71 8] Paenibacillus polymyxa
dr29 7715 Paenibacillus polymyxa
df30 7715 Bacillus sp.
df31 A& Paenibacillus polymyxa
dr32 AE A Streptomyces sp.
df33 i Streptomyces panayensis
df34 7 8hs Streptomyces panayensis




strain area 16S rDNA sequence analysis
df35 HEFQr Streptomyces panayensis
df36 A EFt Bacillus sp.
df37 A EFt Streptomyces heteromorphus
df38 HAEFr Streptomyces heteromorphus
df39 A &5t Bacillus pumilus
df40 e Brevibacillus reuszeri
df41 AEDYg Bacillus subtilis
df42 Axste Soil bacterium S107D1
df43 A3 Nocardia sp.
df44 AR Bacillus sp.
df45 R K Soil bacterium S107D1
df46 7134 Brevibacillus reuszeri
df47 AN Paenibacillus sp.
df48 A sl Bacillus sp.
df49 A Bacillus sp.
dfs50 Streptomyces panayensis
df51 A Paenibacillus polymyxa
df52 Rl Brevibacillus reuszeri
df53 At Streptomyces sp.
df54 3} A Streptomyces sp.
df55 St Streptomyces sp.
df56 T Bacillus sp.
df57 Sphingomonas hygroscopicus
df58 Sphingomonas sp.
dfb9 Streptomyces lavendulae
df60 Bacillus subtilis
df6l Bacillus subtilis
dfe2 Streptomyces diastatochromogenes
df63 Streptomyces sp.
dfe4 Streptomyces heteromorphus
df65 Soil bacterium S99D1
df66 Streptomyces panayensis
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Agyto] JuwAde AMxEE FAALEES Edlste &4
mannanase, cellulase, xylanase & H|SI=AE XAt on, mgh HAJR
chelation*] 7]+ siderophoreS A SI=A5& ZAlstE WHoR At IJAEA

e

2. A

o

P FEAII= 78 3 WA TolA Rhizoctonia solani= Basidiomycete©ll <
s T 2A cell walldl glucan®}  chitine] %ol $f¥o] Qi Pythium
ultimum Qomycetes ZHEA cell wallel cellulose®} glucang ®o] 7FA 1 &
Ao HiHh A, & AFolM s Ay FFY MAE A& el 4
o] 29 cell wall FAAES F3lsl= &4 (glucanase, mannanase, cellulase,
xylanase)E #H|st=7F AR Y (£-9). 3, Fusarium oxysporium® ©| 5 &3l
gho o] JFgFS LAY 53] ferric ions 2 FFEol Ui AAAAE T AT
o] FradsE el Aoz Bug vp 2 AFo A% ferric ione chelationA
715 siderophores w8l A@ito]l A=A E ARG H (£-9). 2% 2y}

M

Hd8 AA 6675 FToAM 2 14%7} glucanase testoll U$AIHFS-S YERNA L, oF
42%7} mannanase testoll, ¢F 15%7} cellulase testol], ¥ 55%7} xylanase testoﬂ, !
2 ar oF 45%9] 7} siderophoreo] A HFS-S UENAUTH AAH oz B w Fg
d #F TolA oF 3%l Pt wFTE HATE 3 JHA o] AFEAE EH
st Ao Ueual, @8 18 ¥ e olE 4 AdeA de dARkeS HolA
gol tE 84 5 AU HCNol 9% Z23zhge] o1 8 27 2 Ao
FAEY. AT FolA di23, df24, df25, df28, df295 9] s 2AtE a4 A9

o tha] ZF FAHSS Hol= Ao YEeyk=d, o] FolA df249 df29 59 2
e HWY9A At Fusarium oxysporium, Rhizoctonia solani, Pythium ultimum ©l
=y [e]
F <

s Ao® Ueht mae FANSH A% Aol AP

e

il
Hob
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Ao e

<3%-9> Antagonistic properties of isolates

strain

production of secondary metabolites

glucanase

mannanase

cellulase

xylanase

siderophore

df35

df36

df37

df38

df39

df40

df41

df42

df43

df44

df45

df46

df47

df48

df49

df50

df5l

df52

df53

dfs4

dfos

dfo6

afs7

dfos

dfo9

df60

df6l

df62

++

df63

df64

df6es

df66
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) Production* of secondary metabolites
strain
glucanase mannanase cellulase xylanase siderophore
df1 - - +++ ++ +
df2 - + + - +
df3 - +++ - + ++
df4 - + - - ++
df5 + - - ++ +
dfe - +++ - + ++
df7 - ++ - - -
dfg - - - - -
df9 - - - - -
df10 - - - - -
af11 - +++ - + ++
df12 - ++ - + +
af13 - - - - ++
df14 - ++ - + -
daf15 - ++ - + +++
di16 - ++ - + ++
df17 - - - -
af18 - 4+ - + -
af19 - +++ - + -
af20 - B - Tt
df21 - ++ - ++ -
df22 e+ AR ++ 4+
df23 ++ e+ + 4 +
df24 e+ e o 4 +
df2s5 +++ +++ ++ ++ +
df26 - - - -
afe7 - ++ - + ++
af28 ++ ++ ++ ++
adf29 +++ +++ ++ ++
af30 - ++ - + -
af31 +++ +++ ++ ++ -
df32 - - - + -
df33 - - - -
di34 - - - -

*Siderophores and enzymes activity in vitro:

represents 5-10mm wide zone;

+ represents <5 mm wide zone; ++

+++ represents >10 mm wide zone.
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A 7 A  Bacillus 2332 DNA fingerprint 4]

ol
-

oA T EFvAE % tE Bacillus 3 2 AToA E€ o

4

SO
N
Lo

S LS (%
BL

ol olg ¥FE EFAVAEY A FEE & S ®9k oy, e
5%, Adgslsted oM 23 ABE AEE F JEE 7] Ysle 4 #F9
A A A o] EA 3= repetitive extragenic palindromic sequences® T¥AS PCRo
ola) BAEowm zt 73 Ao aFet= DNA fingerprintS Bl ol 2248t
2. ATFUE

Bacillus & REP-PCR WY o 2E DNA band’} "9 AgHozw AAHHE Ao
2 Fdo Rt Added, & AFdAE PCR 215 HAASA 7|1 54 ¢
AMA DNAS ez PCRE 33 o=2ZM 2+ Bacillus 4535 FHIT £ 9=

lo

DNA fingerprintE < F AUt o] oz [a7-1] oA YEY S0l 22F
Bacillus speciess 20% °] 22y a3k A A DNA band patterns 7HA 32 =
o7 YWeA olg #FE EFNAZIN A FEHE F 9

9 5355, /‘E‘%@ro}btﬂ 401 A

N

wut obue, AuE

N
=
T AR AMEE F dS Ae® Vdd.
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M 1 2 3 4 5 6 7 89 10 11 1213 14 1516 17 18 19 20 2122 M

[z -1] REP-PCR DNA fingerprint patterns of the bacilli isolates. Lanes : 1, df3;
2, df7 3, dfll 4, df12 5, dfl4 6, df15 7, df16 8, dfl8 9, df19 10, df20 11, df21 12,
df27 13, df30 14, df36 15, df39; 16, df4l; 17, dfd4; 18, df48; 19, df49; 20, df56; 21,
df60; 22, df6l; M, DNA size marker.

A 8 A Bacillus <9 16S rDNA RFLP (restriction

fragment length polymorphism) &4

Lool2d - 494 Ao

i)

Bacillus 7FoA 9AAE FZ3% T bacterial universal primer$] 27f¢} 1492rE A}
&3te] PCRS F338talil, of7]elA Adojxl 16S rDNAE Cfol¥ Mspl ALz
sl 2 2] 16S rDNA® RFLP (restriction fragment length polymorphism)

SRR
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22% 9 Bacillus 7oA GMAE FE3¢ 5 bacterial universal primer$] 2719}
1492r& AFE-8ke]l PCRE ashalaL, of7]e]A] 1o 16S rDNAE Cfol#+ Mspl Al
stahg AHgste ZF 79 16S rDNA®] RFLP (restriction fragment length
polymorphism)& H| X ZAFE A7} Figure 29 YElY Atk Gl AgodAds= Z+
F7F 3 - 4709 A 3E DNA bandE R 3 de=dH, AAHFoz 3719 F+8
groupl 2 EFEHAT. #F df44¢} df6le] Z+zZF tbE RFLP patterng e o] 270
S, YA 2075 522 DNA band patterne YEY
o] Z1tt&r 3 major groupS FAE L YAt ©]2]F DNA band patterns A& A
Mspl2.Z AE33S Wol® & groupingd %5 e 16S rDNA RFLP +#
L& Lactobacillus% ©1Y& BradyrhizobiumZ oA w]$- 7}7to] A#AE #FES 4]
wA sk 8t E8¥ Row Buwov & Al BacillusE el Wl
o= F831x e Ao 7 Uetwtl. £3| B, subtilis, B. pumilus, Bacillus sp.s
Mz b For 7" TFEXA o 16S rDNA RFLP £4 4= 22 band
pattern< EO]JI J= Aoz YElY, Bacillus3 < Wl EX43= do= o] R
W

t} REP-PCR

9] minor groupS ¥4 s+

HEFJ
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(A) M 1 2 3 4 566 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 M

2000 -

500 - __‘____.,_.._—i—l—---_=

(B) M 1 2 3 4 56 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 M

2000 -

UIER R
IR R |

— —

— e — — — —-———-_-—_—_i-—_‘“

500 -

— E— E— T -
e —— — e e i - 1

[(2¥-2] Restriction patterns with Cfol (A) and Mspl (B) of PCR-amplified
product of 16S rDNA of the bacilli isolates. Lanes : 1, df3; 2, df7; 3, dfll; 4, dfl12;
5, dfl4; 6, dfl5; 7, df16; 8, dfl18; 9, df19; 10, df20; 11, df21; 12, df27; 13, df30; 14,
df36; 15, df39; 16, df4l; 17, df44; 18, df48; 19, df49; 20, dfo6; 21, df60; 22, df6l; M,

DNA size marker.
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Al 94  Bacillus &2] RIS-LP (ribosomal intergenic spacer

length polymorphism) 4]

1. o]ix% . Al

RS | =

ot

A A
7} Bacillus &< strain FollA A3 5 JdE=xE FAEH] Y8l 165-23S
rDNA spacer A 92 primer S1391f¢} L208rS AFE3le] SEZ A7 & dojx]l= DNA

band patterns W]l 413}
2. ATFUE

7} Bacillus %% strain oA Al 5= Ad=AE A 98 165-23S
rDNA spacer A 9< primer S1391f¢} L208r= Al-&3le] & T odojx]+= DNA
band patterns H @ A5ttt (29 3). RIS-PCR 23 ZF #FFolA 1 - 4719
DNA band’} YElSEH AAHFoz o5 22 #FE 4 groupl® EFHUL 7 o
F9 11 457 47 2719 major groups HASG L 1

9] minor groupS HAASATE B. subtilis = EFE EEWBGL AY) #F7 2
group®l &3A} 3 B. pumilusZ F¥ T UTE 22 groupd &3 HoeE B
sof of Wye] o Ak dWAdS 7 e AR #EHA o, REP-PCR W
WHETH= ©]E Bacillus 755 strain oA AHste dfjd=e] v o=

ot
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603 -

12 3 4 5 67 8 9 10 11 12 13 14 15 1617 18 19 2021 22 M

[Z21¥-3] RIS-LP banding patterns of the bacilli isolates. Lanes : 1, df3; 2, df7; 3,
dfll; 4, df12; 5, dfl4; 6, dfl15; 7, dfl6; 8, dfl8; 9, df19; 10, df20; 11, df21; 12, df27;
13, df30; 14, df36; 15, df39; 16, df4l; 17, df44; 18, df48; 19, df49; 20, df56; 21, df60;
22, df6l; M, DNA size marker.

Al 10 A strain-specific PCR #4

kel A

Fusarium

BEF3 Ao 9riA49E Hlx, DNA STAR programe ©] &3}
oxysporium, Rhizoctonia solani, Pythium ultimum A1 R Fo] ZA3HS

7FA dfl49] specific primers A &3}t dfl4 specific primers Z 3+ df3, dfll,
df20, df15, df30, df36, df36, df44, df60S z+7zt wlu o &2 Al-83te] PCR(Polymerase

Chain Reaction)S A1 33t & Agarose Gel Electrophoresis (0.7%)Z o]-&3}o] 213}

At
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¥ Bow AEE o] AMEH primer7t wF dfl4e] wig- SolAow whgIkS ¢
F AT A= 99 primers= Strain—specific PCRo 93] & #5F EokeA
dfl4 #FRks ez ow Adet=d F&stA 2828 F Us AR ditHo A
Aol =AH o] AT AT dE st 2o AMgE A

bp

2000 -

500 -

[Z2¥-4] Amplified DNA bands obtained from the representative isolates and soils
with strain DF14-specific primers designed based on 16S rDNA sequences. Lanes
D1, df3; 2, dfll; 3, dfl4; 4, df20; 5, df30; 6, df36; 7, df44; 8, df60; 9, soil DNA
inoculated with dfl4 at 10%cells/g soil; 10, control soil DNA not inoculated with
df14; M, DNA size marker.
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T)e] A@vs A gste] Fdd Tl S wEFAS Svlskdth o FAA

2] Stability of Antifungal ActivityS #7}sl7] ¢35+
Lo} 7I3hE dElste] RyeltHA FrdAdS AT

TSBuj Aol A 247+ A A Eujds & 045um membranel & Filterdle] 1 filtrate

1 Cell-Free ExtractE =
= e

Aol s, 2@t

o duwde] digt FgoEs AAHoZ HILEA T3Folel A, AIgAE
PDARf Ao A 5U7F A Aeujds 3 AA] 045um membrane® & Filterste] =1

filtrate®] Jargdstol st Fvt=S FristAdvh. 1 A= G w-119 2ok
FuE, 2 AP 3T A

o™ TFilter Paperel| FiltrateE 0.05ml loadingd}¢] inhibition zones =74 3sl= WY

o7 Fgudds Hrketsl

5% 9 Mt &, KB-63} KB-15 18]la 3% #3o] 5 KF-39 4o, 4

o7 dofl HlwA AT I RS EHlste Aoz Yewt. 5, ofee] A

257 EolXWA Cell-Free Extracte] sat&Ado] =

Ao RB2EG0T7HA) 2 ZA7IZH20

A7EA el BAGLe] 271 70% old& FAsE Aom FelE A

>
Mo =

lo

N
ol

25Tl A BaA7|Zb we | RALEC w2 A4
TFHZ Z71874 24 (109 )
5l <F 204 # 25C 50C
KB-4 23 16 4 7 3
KB-6 24 22 19 21 16
KB-15 21 18 17 17 16
KB-16 21 12 5 6 1
B-13 20 17 5 10 3
KF-1 ++ ++ - + -
KF-3 ++ ++ ++ ++ +
F-2 ++ + + + +
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et

A v

o I~
359 54

3t (KB-6, KB-15, KF-3)9]

& %2 FEAS i JEFH7

oﬂ;q]HHo ol g‘;])& OH(IOOHH)% —‘?—OEX}Oﬂ

Agleto] FApe] o} TS g &S Frrskdv =, TSBolA 2
o st Alatul kel 3t PDBOl A 59 s ¥d 3ol Hj e} (Whole Broth)& 100%H
8] 4] )¢ Trayoﬂ D s Zxpol] 5 tA o7 33 AYETt. 1 A= \;}gg
E-12¢9F 2o = o B Aol Wi oS A gllen,
AszA 432 = HH TS FEASS 2388 FAN7= A2 e
= Aol Y] gk Metabolitesoll ¢ gk 2821 Aoz ks
¥-12> 7 o o] Fapdkolg W FHAISo et JFAI YA

A7 Ho}b-5(%) BEASZH10¢7 2 %+, mm)

KB-6 93% 95

KB-15 91% 96

KF-3 92% 98

o= 90% 89

A e 92% 85

* AP

A% KB-6% KB-15%

e w

A3t o] Growth curve ZHAJ

o A vl 2] (Glucose 1%,

Soybean flour 0.2%,

MgS04 0.05%, KH2PO4 0.05%)°1 4 2] Growth curved AAsIGow, o1 A3+ o

3 ZrH(E-13). &, AT KB-69 KB-15% 24-36A17HE<Qr wjeksto 2 Hu)
o #Aws} He Aew vehdth
A3 A 7 (KB-6, KB-159] Growth curve)
e A A 7D 2 % (cfu/ml)
= 0 12 18 24 36 48
KB-6 5X10° 9X10° 3X10° 8X10° 9x10° 8X10°
KB-15 3X10° 6X10° 2X10° 6X10° 7X10° 7X10°
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}+= Facteri<

3|

S} A}

3}

bol, oJEbe zAE F

171 #1s

S

==

At

2. A7UHE

o

CEEEER

L
L

A3+t KB-69F KB-15

o] KF-3&

=

513}
5.3

A KB-69

o M=

5}

Hez, &

gt

7H

Foll  ghol A, i

O]:‘E

Continuous Stirred Tank Reactor(CSTR)%
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ol Agret ztF WA Z=1ES HA s ot} gtk 2 A FoA = thekeh A
b, 28932 FU|9F %2 Growth facterg& AF&3t wWiAESRF 2 w25 #4353}

e
o B

ow I A¥dE oo E-149 2ok 5, HAMAIZAS Glucose 3%, Soybean
Flour 2%, KH2PO4 0.1%, MgS04 0.05%, Yeast Extract 0.2%<% Ho =z e OH,
olwjo] wjokol)) #HEE Hd 7 X 10%/ml 7} Hh.

<E-14> AFE KB-69 A7 w224 A %)

2w | oawEw | wewn | Agew e sw | AR
R FHUAEE
Glucose 1-7%
Sucrose 1-7% Glucose 3%
1Sl ! 1-10% T 5% O HAuA 27
Corn Starch 1-7% B -
o) 7p = 1-7% Glucose 3%
Peptone 0.1-0.7% Soybean Flour 2%
Soybean Flour | 0.5-2.0% Peptone 0.3% KH2PO4 0.1%
R Soytone 0.1-1.0% | Soybean Flour 2.0% MgS04 0.05%
- CSL 82323 Yeast Extract 0.2%
ryptone .2-0.8%6
S KH2PO4 0.05-0.5% KH2PO4 0.1% O HAdgFaw
MgS04 0.05-0.5% MgS04 0.05% 5 X 10%/ml
Yeast Extract | 0.05-0.5%
Growth
Beef Extract 0.05-0.5% | Yeast Extract 0.2%
factor ™ \rale Extract | 0.05-0.5%

Dl 200rpm, FIRIAFY & 209%, 7] pH 65, FEH & 1%, %% 28T

Continuous Stirred Tank Reactor(CSTR)H2] o 2 A8k 2 vfsto] glojA], uf

Fol AFd 4T wdzds HAAs staa vk B AJPolM s wwEE A AR
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H &, 7] pH, F0&, MYLE 59 271& dEste] mIdses Frlsigen,
O AYE v x-159 vk F, AAMGEAe wvrEE 150rpm, WAIAR &
20%, %7] pH 7.0, HEH & 2%, WlFex 30T Ao vepston, ojujo] ujdey
W oEEE A9 7 X 10%ml 7} H 34k

<HE-15> At KB-62] A kA ()2 d)

ik

T=

At

28]

B

4

e

;L

Agitation 50-200rpm 150rpm O HAw =4 :

Media charge Volume 10-60% 20% o] s}

=
Inoculum Ratio 1-20% 2% ol =7] pH 7.0

o
%7] pH 4.0-8.0 7.0 w ke v 30°C
Rkt 05-4.0% 34
O HyaHdE @
== 20-35C 28-30C

7 X 10°/ml

Solid-State Fermentation B2l o2 AEAHS sl dshel] Qoja], mA|ujdeo] At
g mMAzAS HAst st o S, wjA o] FARCR TR

, BA & sdE Folete] 2] wigAds FAbs AT 4,

© 2+ Glucose, Soybean Flour, ¥, CSL, Tryptone 5 &

bt vl A S AR om (o], Al o] S E 3] 60
= ugo #F-163 v = nAIEA Y HAuAE SdA3S
Glucose 1%, Soybean Flour 3%, KH2PO4 0.1%, MgS04 0.05%, Yeast Extract 0.2%
Qo veptorn, olme wjgEy #EEE Ao 4 X 107g 7+ G2

S
=
2L
lo
-
o,

ofs
o
s

.
iy

S

(

il
i
h
2

AN
oX,
A

X
tt
BN
ob

[0 o zo

1%
!

3oL
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<E-16> At KB-69] A wjx =z (2w F)

= =
72 | aeEE ;;:; EERE jiﬂi@i
it
7] O HAuwjAz=4 :
main €} 2] 7 60% g} 2] 7 2217 Glucose 1%
media o Soybean Flour 3%
1) 7] KH2PO4 0.1%
Glucose 1-3% Mg504 0.05%
Soybean Flour 1-5% Glucose 1% Yeast Extract 0.2%
sub. T 1-10% S. Flour 3.0% )
media CSL 1-10% © 4 ﬂffjg/zg
Tryptone 0.5-1.0%

W o=

N

EERSE

Solid-State Fermentation B2l o2 ZA&AHS v dshel]l Qoja], mA|ujde] At
st WA =S HAs) st g = 3
H, WA AL S, w73, vl s 58 dEldte] At wmYAdS FARSH

2 AR tgel o179 2ok Eol UEhd viel o), Aakde] AAutzae @
-
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<E-17> AT KB-69 A WGz (AL

T AW | FAA4E 4 FE SRR =S
Hag 40-80% 55-60% O H#uF=
N - e 60%
q4E 1-10% 5% o] A
H o ©° (6] (0] ]o d?}j]% 5/ o]}\]—
HEW xH/EgHE =HHE A E WAL S 30%
Hl| 2] ALSY & 10-70% 30% ©]3&} vl k7|7 5. Wik ® 30T
Bl ¥ 7] 7F 1-69 4-59
O HudHd =
e —A0 % _
Hj F L= 20-40°C 28-30C 6 X 10/g
3) UWTA(EADHIYZEA 2y
OREE R X E RS EESE T

A KB-62 Bacillus$ ¢l 22, Vegetative celle] 8] %37]o = Spore’} ®t}. 4
M d=S MAEAFeR AASer] M= SporedHl = A A e
AFoA = w7z WE EAPAAES ARG o, TAFEA &l HAUE HeE
) FAIHS Atk ol Aol gyt HAAwGEA(GE-14, £-15)22 )
FotaA wjdRY ARE AFHstY TAFEES TAENSH, 1 Ao v
¥-189F 2t} F, 3Uujko] Holw ol WA TAUEE o 7.3 X 10%/mlo]
Sy FHzz ¥ xEele 0ToA 16837 dA st EA7F H XA ¢ Vegetative
cell& Fol= WHoz sto HAAsAY

<FE-18> AFAITe] A AT xAFA &

H A 2 = X1,000,000/ml)
%
24h 36h 48h 2h 96h 120h
KB-6 <1 13 480 7,260 7,320 7,180
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22 & ( X100,000/g)

120h

6,240

96h

6,130

2h

2,580

48h

140

36h

24h
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Mo
s
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S8to] sk,

o
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ke Solid State Fermentation

epa 2

N

1)

Solid-State Fermentation W2lo = 2

do
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b
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Corn starch 1%, CSL 2%, KH2PO4 0.1%, MgS04 0.05%, Yeast Extract 0.2%% #
o % yehton olue] wjdEAEY #UEE A 3 X 107g 7F Aok

<HE-20> At KF-39 #A vz

58/
EA) B HHAHE F AujA 2=
Ats=
7o © AAMAZA :
) 7L ex] 7
main
_ 2] 7} 50% Eks Glucose 1%
media -
S5 Corn starch 1%
aA
CSL 2%
Glucose 1-3%
. . - KH2PO4 0.1%
orn starc - %
° Glucose 1% MgS04 0.05%
Soybean Flour 1-5% 0
sub y ° Corn starch 1% Yeast Extract 0.2%
media (=i} 1-10% CSL 2.0%
_ (0}
CSL 1-10% O HAyFAE
Tryptone 0.5-1.0% 3 X 10%g

B

2) WM<z HAAHsAT

oy A, LA el A

o
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TavAdEe A4, A
o] olgteld =AY, Ao ol &3 Folth ¥ Al M= Bacillustt
J

2 AgREE TAFHE o §5E FEMARS YEHNE EAL gk uhebd

73

& aAm e Exe WHom
Aot wwom AN 1 AP A= oo ¥-23, 243 prh = B
-sorbateZ 0.1-0.3% AF&3sto 22X AF<o o]3}s}

K
4 g4 e G4 & At Aow Ueptr

ut

)

o

<H-23> WFAA ] 2 E AdA 1Al KB-629] 7

A A5 4] pHH 5} AFe @A Z 7eHst
Eaas TE(%) | =7 1045 | 30¢% z27] 109 % 30 %
0.05 6.5 6.9 2HA ~HH
K-sorbate 0.1 7.2 7.3 3 5
0.3 7.3 7.3 73 3
0.1 7.1 7.0 73 A (ZF2AY)
Na-benzoate 0.2 6.3 53 3 A A
05 7.1 6.9 . 73 3
0.2 7.3 52 45 P 2HA A (ZF2AY)
Na-propionate 0.5 6.2 5.8 A 2HA
1.0 7.2 6.3 3 74
0.1 6.4 51 73 A (ZF2AY)
Nardehydroace =, 6.8 6.0 3 oF 3]
tate 05 7.2 6.8 73 3
Control 5.1 49 ~HH A A
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<HE-24> APAAS BYAAS A A2l KF-39 F9)

o

oHg A A F<] pHWH 3} AEe WAl & 7] 8}
=5 FE(%) | =7 10935 | 30¢ 3% =7] 104 % 30Y %
0.05 6.9 6.9 4 A1
K-sorbate 0.1 6.5 6.4 4 4
0.3 6.5 6.5 4 3
0.1 7.0 7.3 4 A1
Na-benzoate 0.2 6.2 5.6 3 A (T2 AY)
05 6.6 6.7 N 2
4 N N
0.2 6.5 5.7 49 P = A (=AY
Na-propionate 05 5.8 45 0 A A (T2 AY)
1.0 7.0 75 4 A1
0.1 6.1 54 3 A (=AY
Na-dehydroace . .
0.2 6.4 6.1 3 2H
tate .
0.5 7.3 6.9 4 A1
Control 5.4 4.3 = A (T2 AY)

At Lo 77

k)
i
rr

oSe ®-25 269 2k &, ATy Afols xAAdd GlucoseE 1.0%,

o= Citric acidE 1.0% H7Fgro=2x, £x49] wola3 of 10% o4

o mkl oot
Lo
> O
i 1o
4 o
o P
ol

M

o

il

T
o
pa
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<3E-25> W AA L] ol A s Al A d-1(ATE KB-62] 3)

dlo} 3k A1 7| A= Spore Frol& | urolA] A A= Spore®o} &
05 93% o ) 05 90%%
Glucose Citric acid
1.0 97% 1.0 91%%
0.5 89% o . 0.5 90%
Sucrose Succinic acid
1.0 90% 1.0 89%
0.5 91% . . 05 91%
Maltose Malic acid
1.0 90% 1.0 88%
) 05 95% ) ) 05 82%
Sorbitol Lactic acid
1.0 90%% 1.0 80%%
05 8696 ) ) 05 87%
Glycerol Oxalic acid
1.0 83% 1.0 90%
FAYFL 87% A 22 85%
<3E-26> WA A o] TopAl gl &g gt Al A d-2(F o] KF-39 4 9)
ol g A1 A A7l s = Spore #rol& | drol3HA] A A= Spore®o} &
0.5 88% o ) 05 95%
Glucose Citric acid
1.0 87% 1.0 9696
0.5 85% . . 0.5 8496
Sucrose Succinic acid
1.0 91% 1.0 85%
0.5 8696 . . 05 83%
Maltose Malic acid
1.0 89% 1.0 89%
) 0.5 91% ) . 05 8496
Sorbitol Lactic acid
1.0 849 1.0 85%
0.5 87% ) ) 05 85%
Glycerol Oxalic acid
1.0 85% 1.0 9096
FA -1 86% A g -2 86%
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2) EAA A s
EAAASGA ] T ALY AA] Q33 FAE L, Bacilluse XAEEHE o] &3 R
FavAE] AEHol = A7 glon, Wwole EASE el AFAASA
o] H7tst= GlucoseE 1.0% (A7) E+= Citric acidE 1.0%(FF0]) AF-&3to] wizhz
stoh ogb 2AAAAAL S A AFY drEs HAgHor sty dEHEE T
o w2 BAFRAMAY = o2 ¥-27, 289 B F, BAAE AxRA, des
12% olst= sljofF #|Fe] olststd EAdWsrt gle Ao = YERRT
<E-27> FE&d mE BA EA4¥st 2AA 1M KB-69 4H9)
i} o|3}st A EA AL A (1/1E &
S g
WAl TREA F3Go|EA AN H
8% A% A A= S
12% s A A= S
16% FAHH &Y 524 AY A=
20% 2+ & Ay -2y Zi
<FE-28> FEEol wE BAe] EAWs A28 ] KF-39] 4%)
ol EAL AEAIAMNYE F)
st&
WA TRIA 3 Fo| A A
8% R 7 = =
12% R A% = =
16% 2+ &3 Ay 1! kg
20% 2 TREA o 2Ay i Ael
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ZHA A

-. 2384t Trichoderma(KF-3), Bacillus(KB-6)
—. Wl %-& ¥} A : Buffered synthetic basal medium(pH 6.8)
P KH2PO4 09g/L, K2HPO4 0.9g/L, KCl 0.2g/L, NH4NO3 1.0g/L, CaCl2
0.2g/L, MgS04 0.2g/L, FeSO4 0.002g/L, MnSO4 0.002g/L, ZnSO4
0.002g/L

Z 0 HlSE 81X 1ml9 1,000,00078 ] spore’t HEE HE

At A
- BaAad FwE oA 1LY 1g 7Y
- AT AsE 54
P Alrte]l A4S, 2443 wlFF serial dilutiondle] A EE FAsIN oW, F%F

W) Bl ASA Frt
- WY+ Pythium ultimum

P 150ge] TFAE 18]H 9 Eol Yol 1AZtEt 8B & 7HA2 Adejuia o
—ir H-& A Fxste]  Pythium ¥l F&m A2 AREsEA T
A A7 FE OILD 1g9 ©@29S Y, olE
petri dishel 10ml &3t}
- WA HF 48417 v Pythium ultimum®] agar disc(#7% 5mm)E 7371
petri dishol =

- YT A5E 53
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P 25TColA 48A1F njeFste] A7|ef 22 WHo= mycehal dry wtZ& =
Aottt HETEAE Ba9e B e gue] A2 fiter ¥ dry
shel Z4sHart

F-29. AAEAS S F de g3 g odyA Y
Ada 43
Formic, Acetic, Propionic, Butyric, Valeric, Caproic
mono-carboxylic acids Caprylic, Capric, Lauric, Myristic, Palmitic, Stearic
Oleic, Linoleic, Linotenic, Lactic, Sorbic
Di. tri-carboxylic acids Oxalic, Malonic, Succinic, Maleic, Fumaric, Citric
Aromatic acids p-hydroxybenzoic, Salicylic, Benzoic, Gallic, Tannic
Aromatic aldehydes p~hydroxybenzaldehyde
phenols 2-naphthol, phenol
Mono-saccharides Glucose, Fructose, Galactose, Mannose, Xylose
di, tri-saccharides Lactose, Maltose, Cellobiose, Sucrose, Amylose
Polysaccharides Cellulose, Starch, Xylan
Polyhydroxy alcohols Mannitol, Inositol, Sorbitol
71 €} Tween 20, Tween 80, Ascorbic acid, CaO, Glycerol

JREE
AT A% B Az

®-299 ZF w@a(elyvyx)d
o] ®-30, ®-317 2} %-30
o} %-309 YER wEel o] Glucose, Fructose, Maltose, Sucrose, Mannitol,
Inositol, Sorbitol &< Aol WS xgate] 41-45 X 10%/mle]l P S ey
7 3t g (g x)Yel Ao w yElykth. T3 Succinic, Maleic, Fumaric,
Citric acid % 31-33 X 10%ml9] wl¥4& debul A wlas] $53 ga(ely

AP Ao w yeiuth webd, &5 AR3AT AASA, olE AES T8k A

R

& olgstel AT NARAE 2AF At e
e 2 3}o
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A3}, Lactose, Maltose, Starch 5
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<
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-3, Glucose, Fructose, Sucrose, Cellulose, Mannitol,

-31ell utEbe wke} o), a1FF At

ol o] A FHF(mycelial dry weight, 48h)S FA}F

S

Inositol

a7 7
acid @]

Eo]g AL p-hydroxybenzoic

o
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el
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<3E-30> 2 A T (KB-6)27d

SAE gaelyx) Ay At

gy A)del o

THEE THEE
EEOE daAEF
(X 10%ml) (X 10%ml)

Formic 14 Gallic 15
Acetic 11 Tannic 7
Propionic 21 p-hydroxybenzaldehyde 8
Butyric 8 2-naphthol 4
Valeric 13 phenol 2
Caproic 14 Glucose 44
Caprylic 12 Fructose 45
Capric 11 Galactose 36
Lauric 21 Mannose 32
Myristic 22 Xylose 27
Palmitic 24 Lactose 25
Stearic 27 Maltose 41
Oleic 24 Cellobiose 15
Linoleic 16 Sucrose 42
Linotenic 19 Amylose 14
Lactic 21 Cellulose 9
Sorbic 14 Starch 34
Oxalic 22 Xylan 22
Malonic 25 Mannitol 45
Succinic 33 Inositol 43
Maleic 31 Sorbitol 41
Fumaric 32 Tween 20 11
Citric 32 Tween 80 7
p~hydroxybenzoic 11 Ascorbic acid 18
Salicylic 14 CaO 2
Benzoic 14 Glycerol 21
o) =71 1 HxT-2 1
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<¥-31> ZAEgFFo(KF-3)&4

[e)

AL "da(yA)d

Sl A) Ll e 23

mycelial dry

mycelial dry

EEOES Br9ER
wt.(mg) wt.(mg)

Formic 6 Gallic 3
Acetic 5 Tannic 6
Propionic 6 p~hydroxybenzaldehyde 4
Butyric 7 2-naphthol 2
Valeric 4 phenol 1
Caproic 3 Glucose 33
Caprylic 3 Fructose 35
Capric 3 Galactose 29
Lauric 3 Mannose 24
Myristic 5 Xylose 23
Palmitic 5 Lactose 45
Stearic 3 Maltose 43
Oleic 3 Cellobiose 25
Linoleic 1 Sucrose 31
Linotenic 1 Amylose 22
Lactic 1 Cellulose 31
Sorbic 0 Starch 42
Oxalic 1 Xylan 13
Malonic 0 Mannitol 38
Succinic 2 Inositol 32
Maleic 0 Sorbitol 28
Fumaric 3 Tween 20 5
Citric 4 Tween 80 6
p~-hydroxybenzoic 14 Ascorbic acid 17
Salicylic 2 CaO 1
Benzoic 3 Glycerol 24
fz=-1 0 =2 0
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) W] Asel g

L

L

£-299 2%

%9

<®E-32> 7+F

% 7}

A (Y =]) L9 PythiumA S o

Compounds”ZF 39+ (Pythium)e] HA 6] ] x&= o
¥ -329F ).

Bt (YA Do e WY (Pythium) 2] ¥l k4

mycelial dry

mycelial dry

A d S HadEsF
wt.(mg) wt.(mg)

Formic 1 Gallic 5
Acetic 6 Tannic 1
Propionic 4 p~hydroxybenzaldehyde 5
Butyric 1 2-naphthol 3
Valeric 3 phenol 2
Caproic 4 Glucose 36
Caprylic 5 Fructose 29
Capric 5 Galactose 26
Lauric 4 Mannose 31
Myristic 4 Xylose 21
Palmitic 5 Lactose 41
Stearic 3 Maltose 46
Oleic 2 Cellobiose 22
Linoleic 1 Sucrose 28
Linotenic 0 Amylose 25
Lactic 0 Cellulose 23
Sorbic 1 Starch 35
Oxalic 2 Xylan 22
Malonic 1 Mannitol 31
Succinic 2 Inositol 27
Maleic 1 Sorbitol 25
Fumaric 2 Tween 20 7
Citric 3 Tween 80 4
p~hydroxybenzoic 1 Ascorbic acid 13
Salicylic 1 CaO 1
Benzoic 2 Glycerol 29
=71 15 =72 14

33200 WER el ol gl o] due
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Zay,

L

.

9] acids

=

o

acid, Tannic acid

ooy T T 4 e T oo o H U o B
T o Y oo 5 W MR B ® g M
% o T o £ N T M S E X
EE ‘_lf.mm EE OOOMWI :@Moga _ioq
T g, FOW M S PT T Mo N9 :
NI R - B R s
ol ﬂaoﬂPﬂaomﬂmi&m%w&
i oy 7 T N o W S o W 2T o F
CIC R T R D= T - .
DLCS 0 %A o Nr Iz ok % I il = = - 5 o
~ o K oW S 9 o o
o Ty W o M T T L S xR
B R BoE R ow o R pw R
X - B o R oy X .o W
o= A o= ) of 4o ® W T =
B o NAS B D s o @ > A WP
T o X T CmTE e T o7 EY
® s @r%@r%.&ﬂoﬁr?wﬁ.mﬂa
g oA do B W B¢ X g W R F T g oo
— = e T XK K P o N N o X ~ OIS
° o oy N o o =gy
I %Juﬂmuoanaﬁ% miﬂ.m_
By E FLX BT R L ER
160 =T 1Xro X ~ N _io = _I‘_ .Ql 17r ,ul =) dﬂ T
N c2 K Mo 3 — d Ao
NoNe N - @. = o w ™ mr oo 2
T o o Ty VNS Ry B
o - ol o = NM o 7o rm 3 ) st = N R GRS
P P woBMEvmgad Ty
° - = - A =l T s B B SO D
= P ™ W T OB O ) ® - =
R S ol el o8 &N ow of T T AR
S:i,lmmm H;OELHU] ‘Iﬂmjﬂo‘#ﬂ
H.m 0o 1 JIL,Iﬂ O.lwAOt o 'H X |
5 o o 1 ST O RS <o
[9¥] :.L,m-o 63 —_ CSQ,._;OO# Lm‘_lrLOfd ‘_u_mﬂ
o TN W S5 o X o PR & =
TRy W g &D T AN
Mo ol " oK i 8 & w ony T < o ® R "
4&!@%0 %o —~— 0 ‘_ﬂole‘lr. ;Irn_ﬂl

| X < 7@ = SN o W o ok of M o
oo Mo PE s Lo R uE R
T od . T o T MOWmESBEDE G L=y
.= TR N ool 3, ;&Bﬂoﬂéi_i
NF° o o R I N R - R = A -y
R - W p e MR E S K T

- 107 -



Compounds®] 2]

=

o

-33> 7}t

-
Ria

<

T o
~ X o
g W 5
_— —
Or.cdi
B o
O !
_ X ™
Z %
™ _UT
= S X
—~
Md.
o N
o) ol
oy o
"N
R R
© O
N
o
N | < ©o|©0lw|elalm| ||
Gl = R RER R R Ron) panf Il g =
r
fro)
N
©
Q
I
wm.ﬂ.md
L ol Q D —
| olSlEl 8| 5.8]-e|&].ele
— | = Bl S tmryno
0 | — [3¥] >,
IO |== 5| 5| | E|°
mials|E
>
o
o}

7}

3

i

]

Al

=0

mo

1

on

}

;OL

Gt TAA A 9

3

N

JEEIREER

o
;oﬂ
_EL
el
iz

)

—_—
fi%e)

N

, Y (Pythium)o] i

H]

=
RLE

o](KF-3)2] conidia solution

[¢]

)

g H%
z]sjl—

=

&

T

b o,

[
—. PDAH] R oA 109 7F Hjje

-. Tween 80°] 05% 4

2 A

EEL

ol

T=

HEE 1g/L9) FE7b 5

F71e] (el A) Y

A
o

L

ol

)

A

o] = 10,000-40,0007] & =
- 108 -

Eiy
1S 249 A 0 2 Pythium e &

A

&}

X

g 4

2+ 2070

(ZAF 14



Compounds

=
o

-29¢] 7}

hyA
ar

Mooz B %
A
WoE 5
5] %T ) T T
T - o S WL E
ct ; ﬁﬁ # 2 <0 Mo ol
LY o |lo|w 7
LET L =|B(R|e| 2|88 |5|9 8 2 St
=) ,UF Or- : | o ﬂ Eﬁ
oy R : 2
~ ol my ™ E ;
IS SR - 1@
Wy g il W L
ST - e 1
» 0 fe=! _ :
g M m s op 3t
= Ty = MM 5 - :
" W S E <o = - <
NFom ™ o oF : 1
| L5 : : M@ ‘WE o) & 1o
Hur o - omo K 0 L3R IRI]/L( ~ iz .
%%Fﬁ%i = |2 BIB|RIBRIR| ™ e
= | X
ook w oo x| o 28
<t _ N X :
@ om =X Gl Mo : i3
N X = wn
,m—l :Tv _E @ ‘a — ;Of ~
o o 4 ~ c
o B Mo o o [ X o T .-
: > i - oo T
@ o % Vv Bl Zo B
ok F or c
1w| A o ° 3] \Mﬂ = a aa
R - RPN 5 g :
g T oL o X _.__N_ g 2 %
o Jom vl © =l =R =R e s X!
~ g 2 | ol & ol ol ol 8 5135 ~5 B =Y o
Y = m 45 ¢ : M SlEl R _E (e wo oE Mo
— ~ 0 Lo = =1 .w ot D 5 ; ;
<. TR Ao@mw%tmrm.mm " z o &
< X wo © 3 215 z| %l £|S s z :
; — 0
“LrEe SIE|E|E " <y i o|
#ow oo g : PE:
TR U T =t oy PR
e 1o° o
= GG
— U

- 109 -



A& ol inert

.

4 =

[

71 4l

I~

el

o
No

} 5= 8] Afoll A

A
o

1

o
A

=
=

o]

1
.

ol A

5}

=

pul

s}, whea

i oF

[

stu

=

FAHE

z];j—

oo &

A=

R

3

HES

3}

_]

3

14

2t =l A

2. A7UE

o

o

el

!

;OH

;ot

ol

X

taL A4 el

S

ol gl

o~
= =]

ol M

Fol Abgslol @l webd 2

BEE

KeN
=

Iy

&

[e)

=

109 =

=

=

w KF-3

5

]

!

Fol (A% 2
(FEAA AN BNFFES 1%w/w) F el

°

ST
=)

. AESA

D AE

%
e
o~
i
—~

- 110 -

o4 4ol A A3

2) N B A%



Al 22kl E(0.1-0.5mm) et 2ol JE7F UHF 2 Alge] Aedde 4%
Firos AeAA Ho wHEE #Harh wjg F 3oz eyt &=
(1.0-3.0mm)¢} 22 Aodl= d=7 Ui AA JA #EEY
o B AdAs 7bg Add SEAE Aol E(05-1.0mm)Sl A2 yEyke
HNERAS Ao 453 AWRE Hol7|i= Y YERA 7
A7tslol e 5 &

Algd 23y A5 (cfu/g)
SHE H] 3L (H] %)
A&-1 A 72 A 7-3 A &4
2] 7+ 3 X 10* 42 X 10 21 X 10 6 X 107 05
Aleetol & 4 4 4 4
< 10 21 X 10 5 X 10 58 X 10 2.0
(0.1-0.5mm)
Al Lol = 4 4 4 4
8 X 10 14 X 10 7 X 10 11 X 10 1.8
(0.5-1.0mm)
AL glol E
5 X 10* < 107 51 X 10 20 X 10 15
(1.0-3.0mm)
Y ER A 9 X 10* 21 X 10 14 X 10 4 X 10° 0.2

— AL E(05-1.0mm)E o] &ate] A (KF-3)FHE(25 X 107/g) A=
- 20C, 35C, 55Col B HA Ao AA A MEE FA
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