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ABSTRACT

Astragalus(Astragalus membranaceus bunge) was a major herb in Gangwon Province. Astragalus
increased its efficacy in 3 year cultivation, but the incidence of root rot and wilt disease was also
increased. Recently, root rot and wilt disease in Astragalus, caused by Phyrophthora drechsleri and
Fusarium oxysporum has been reported in Korea.

In this study, we carried out to identify and analyze the causative bacteria that cause Astragalus
soil borne disease and to investigate the mechanism of the Astragalus soil borne disease through
microbial community analysis of the soil of Astragalus field.

Also we first identified Phytophthora cryprogea as a causative fungi of Astragalus root rot from
isolates with symptoms of root rot.

As a result of microbial community analysis, in the 1-year—old and 2-year—old field of Astragalus,
there was no difference in the distribution of Fusarium spp. between the diseased and non-diseased
sites. However in the 3-year—old Astragalus field, the distribution of Fusarium spp. was 8.3 times
higher than that of the non—diseased sites.

In addition, in this study was conducted to select and develop effect of environment—friendly
materials for the environment—friendly prevention of Astragalus soil borne disease.

This study was conducted with 2-year—old and 3-year—old Astragalus field in Jeongseon—gun,
Gangwon—do. Phosphite(KH,PO3) was used at a ratio of 1,000 times with commercially available
and the treatment interval was 4 times(June—September) at monthly interval. The control effect of
phosphite was higher with 56.5% levels than non—control.

For the selection of antagonistic antibiotics for the control of Astragalus soil borne disease, we
isolated bacterial isolates in rhizosphere soil of Astragalus and microorganisms were distributed from

the Agricultural Food Research Institute of Gangwondo ARES and subsequently tested for antagonistic
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activites against £ oxysporum and P. drechsleri. Among them two bacterial strains(A11, 10201) were
selected, based on antagonistic effects against Fusarium oxysporum and Phytophthora species.

The selected strains A1l and 10201 were identified as Bacillus amyloliquetaciens and Pseudomonas
putida using 16S rRNA se—quence analysis, respectively.

As in the above study, in order to confirm the control effect of the selected strains(A11, 10201)
against Astragalus soil borne diseases, the results were treated 10 times at intervals of 2 weeks from
June to October in the 2-year—old and 3-year—old Astragalus field, A1l treatment was higher with
53.8~30.5% levels than non-—control.

In this study, through microbial community analysis, it was confirmed that the Fusarium species,
which contains the causative agent of wilt disease, predominates when the Astragalus soil borne
disease occurs, and thus the diversity of microorganisms decreases. Also Phosphite(KH,PO3) and
Bacillus amyloliquetaciens A1l have potential for being used for the development of a biological

control agent for Astragalus soil borne disease.

UEI=E:

%7\ (Astragalus membranaceus Bunge)+ 330 &5= thd Ay

ANMY A7t 7hsste 58] 9ol el BlaA Asdt FEF AR A
YRAAS FHoR FAA 7 FAE o AUk

F719 F8 o] &R9= HerA J2RY s FHE Y HE ARAA A4 ok,

At 59 BEHo 2 o] 83 St (Back et al., 1996). #7719 oFe]d & 3= polysaccharide,
saponin, flavonoid & “d+°ll 71lst=tl sid 4 ‘jioﬂ st A a3t 175 R ad) 3ol
2l avh Fugday, AEgan @ WoSAAE 5 oot g 2ol Z g A
(Xie et al.,, 1994; Rios and Waterman, 1997).

o3

o{ﬂ

7] Be= ATt =25 AR F4go] =2 Ao ® YE 9=t (Yin et al, 2009), 5
2489 ﬂao] e o] whet F74skes S Eo] ¥ astrogaloside, astrogalosidelV, flavonoid

FAEAQEY o] 19, 29 Ht 3dd V\ﬂ 0% o =21, polysaccharide 3% E3F 34

o 2¢¥e] Hls 50% ol woF BAEe et 2719 HAUIS 3dde® HAE v (Lim et

2014), dRtA oz AQujdpol whet e ARAGEY ol Wkttt A4 A O‘E}
019} 2o olg2 37| B 1AL gHE AFoR AvEIl kg oR = 3 =y
o]kl ql=tl, 394 oY T Ak Al EFHEAG Wl ot ks %Fﬁi 2 3dd
AYALe] AR Q1 A o] gH7] AJufH A o] *13 89.7 haol Al '199¢ 289 haZ 7H4A ojth
(GARES, 2014.; GARES, 2019).

AAIRZ 20199 71 719 W el A2 A 2H2E 193 ha®l 547 Eo &, 20139 357 ha,
708 E3} vl wsle] A EHQ A Ao 9o (KOSIS, 2014; KOSIS, 2019), =42 &2 7|3t
HAMEZA 71202 20139 1,314 EollA] 20199 1487852 ZF7ksta Qlo] (APQA, 2014.; APQA,
2019), = AgE FH x=go| Q75 FEolth
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7| A Yo He o EFHIAES ANESH (Fusarium oxysporum Schitd) (Lee et
al., 1991)% #e| WS (Phytophthora drechsler)©] 215 0] It} (Jee et al., 2000). A5 4%
1ol A W=7t vjolshA et A d47h solud 1 W=7 78kl (Ahn et al., 2008),
Ao A 12 A 7E 1.3 Aeolut (W80l w0 - 9704] 3£7]) 3829 A 6.0 714
A7 57kl (Nam et al., 2006) 7t A= F£2 1A A4tetar = A4 ol (Kim et al., 1996)
olg|gt o] f & 7] Qi E7tE FHLE 7] ESHA Bl A7l Aol tiet @ a7 Ach

a8y AR F7] EFAAA el diat SEAE glol et gAE g oy
ohFet WA o] AEE o o] GA] oYt & WA AL glo] s dAA] e o
FA 5 7AEA Aujaeel oEsta gl Aol

ofg2tE FollAl Bl A kA Wallel dish thakdt WAlZleS Alesta e Y Aol
BN S (Fusarium solan) BAE {8l BEF SSAE ol &3t EY A5 &8st 9k, 28yt
o] YA B AEde SYsts 71wl 8% (Bonanomi

b o)
(Frick et al., 1998), 3}8}2 WA|7} z2t= 2225
oo & AN E nAE=
o= 7)) b A Ak xgk
Hapaap 3= Aot

Mz Y

(MRt &7 EYHEE WU =AY

A 1) Al 2gE g e 2A;

O

FUE 7] FAAG PA AGe] PG Fo PAAHE 2] %) A 571E HY
P F0 =oF HYWO AESWI WelN e WY ng 2ABAL AR 7 W] 144
7 QAR Agetel B WA o RS TASAT, Relvk olele Uy 2wl ¥
WRA-3W)2 WA vy a o] 2U $90) B A5t} @AYl vIYE YL

o
9#

=:]

= =

of AT vdE IS A Erofo] met Z(phylum) $E3 £(genus)
3 Tool& &-&3to] Wil E2ket & Hdde

h7 -41} o _ilz: o
ANE rlo
o Lo

_?L
S
T

3719 EFAAY ddwS B3] fiste] wyo] 2ol = Byk BoJolA 1 ¢ ARE AFH [
10 mle & st & #A3} s F A=A el PDA(Potato dextrose agar, Difco, USA)H]Z] 9]
150 nl& 242y B32510] 25°C v F7]ol Al 72417 vieF & oA A o B-5 3l 3 3 thA] A=ufz]of
ol
S
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w9 5742 185 rRNA A2 A7IAE £4F 8l Chromosomal DNA % PDB(Potato
dextrose broth, Difco, USA) Brothol|Al 72417t &<t vieFAIZl ik} 3 ml& Higene™ Genomic
DNA Prep Kit(BIOFACT, Korea)®] W o= FZ5t9th. 53 DNA& universal primer=A]
ITS1(5'-TCCGTAGGTGAACCTGCGG)#  ITS4(5'-TCCTCCGCTT ATTGATATGC)S  ©]-&-3}o
Polymerase Chain Reaction (PCR) & A AI8}%th PCRE 10 ng®] DNAE 32 & ARgstal 1.25 U
Taq polymerase (Bioneer, Korea), 10 pmol primers, 0.2 mM dNTPs¢} 108} &ZHH-5-8H(10 mM
Tris—HCI, 50 mM KCl, 105 mM MgCl,, pH 8.3)& H7Istil & Hu& 25 pl& 3t =339},

PCR-2 CFX96™ Touch Thermal Cycler(BIO-RAD, USA)E AH&3te] 95T Al 15%7t nle] ¥hg- &
95Cof A 30z, 60TollA 30z, 72ColA 302 = 358 RHEgH & mpx|atof 72°CoA 77k ¥k
AlF T PCR AHE2 1 X TAE(Tris—acrtate—EDTA)bufferE ©]-83+0] 1.5% agarose gelo A4 307 7]

%% ¥ UV-transilluminatoroll A} HEE 215kt 400bp HelolA SHE MEE &l & Fuias
Aol d71M49 E45 a3t A714E 4] 2= NCBI(The National Center for Biotechnology
Information)®l Al A|&8k= Blast Search T2 1S o]-&sto] 7|4 DS Hluste] AsEF4 &
ABAE B4 st FH kA

Al SR WA A R FARAS Sustel AAstar 1A 24 EAS AN

67120 4W WA} n A 22 Fste] F 87149 EQFS Aude] AW 20194 8Y

Eed Adsle Lasta, 29 of Estgon wARe %
H

A9 4) EFAEA B 2F3vdE 371 AT 9 54

719 F8 EFAAY Halld AE YRSt Fusarium oxysporumt H-e] X1 %0 Phytophthora
drechsleri®] &+t 24 Uetlle 2@08ES #25t7] §18 79 Hup A7) o] Fo U AHA <
oA AAsHA AL T B719 T EFS ekl AR AT EF AR 1 gS Bt
(sterile water) 9 mloll FEFSIIL conical tubedll 107°9] H=2 3]43to] NA ¥jA] (Nutrient agar, Difco,
USA) o =®sto] 25Co A 2 Azt vjefshdlet. wief & Soto = mofat Mo Az g =9
G4 ZR2YE FEZ ol&sto] | A 2 F oAl & sk & 2R ndES dolt
3494 Equuﬂokg EOH 7‘5}‘3‘% ’ﬂ‘ﬂaﬁ}oﬂq Ay Ee] g = -r]s} et w2088 =5

Om—ln

T 01UV o

sopagren oHDH‘FOl 44 ane e 2 151 9l ieow g 27k S P
E stol 2t2ke] 4 B4 e AR e s Y JUF

compact (Biomerleux Craponne, France)e ]%51} Aysleha] S o]85 =4
16S tDNA @714 49 E42 93] chromosomal DNA &2 LB Brotholl A 24 A7t 59t
kol 3 mlS Higene™ Genomic DNA Prep Kit (BIOFACT, Daejeon, Korea)2] W o2 &3}t
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16s rRNA & F32 universal primerQl 27F2} 1492R primers ©]-&3FiTh

Polymerase Chain Reaction (PCR)<> CFX96™ Touch Thermal Cycler (BIO-RAD, Hercu les, CA,
USA)E AH&-3to] 95ColAl 30 %%t denaturation ¥ 65ColA 30 &, 72 ColA 30 = A 35 3
HHE3E & 72C oA 7 27 v AIF T PCR AHE> 1 X TAE (Tris acetate ~EDTA) bufferg ©]-&
5kol 1% agarose gelollAl 30 &7 A71%9% ¥ ethidium bromide® HM3}o] UV-transilluminator
(DATHAN Scientific, Korea) o4l DNA #IEE I8ttt 1,600 bp HelolA S22 Wi=E &<l
B A7INE B oFst3itt (Macrogen Inc., Seoul, Korea).

gyrA _n_;({x]__e_ o] &3t A7IMYE 242 ZetolH gyrA-F (5-CAGTCAGGAAATGCGT ACGTC
CTT-3) % gyrA-R (5-CAAGGTAATGCTCCAGGCATTGC-3)& AR&sto] A&djstu 52wy 7}st
557171 NICEM (National Instrumentation Center for Environmental Management, Seoul, Korea)©l
o =|slo] 5453
Z}7vol 71 g A4 AT= NCBI (https://www.ncbi.nlm.nih.gov/) 4] BLASTN Z21H-& o]&
lo] 528 A714LD3} vlwdt F MEGA X 213 (MEGA, Pennsylvania, PA, USA)S ©]-&3}o]
AsEE A5t

79 ke #4442 VITEK2 compact (Biomerieux, Craponne, France) Al A8&

A& ”H dof wet LB Broth viAJoll A 25C, 197F viefet A &S] Heks 94 st &
2 od F olg ddE A dAFoA 2.0 McFY Bx= 9h3] BCL cardol IAAIHTE |3
carde AE FHAEC] AR ¥ HERYS AH A

ol

(A9 5) dgnAE dgtS AT E4 4

AR A= A1) 9] A H??l Hjof E4a Gotir] sl A 2=, A HjA|, HA
pHE 44 S48ty WA 24 =5 2lst7] 9fsto] 25T - 40C7HA] 5CHA o= Agd g
HjF7]o] TSB (Tryptic soy broth, Difco, USA) BiAloll FEH Alle Y H7teta, 233 =718
AH&3tol OD 600nmellAl 1AIZE ateh 12A1771A] S7g8to] =9 a2 skt 24 wjAl=
TSB (Tryptic soy broth, Difco, USA), LB (Luria—Bertani broth, Difco, USA), NB (Nutrient broth,
Difco, USA) HIA & o]&3}e] & %9l 35CoA 2= &A1} 42 AT 2H5to] #4129 A
2 gelskeith. 24 pH 54 HA2 pH 5 #¥ pH 9 7HA] 557t = yiro] TSB vz 9F 35T
240 A71e &2 Wlez SAsHInh wht =0t ujof Ful= 22 150 rpm 2 50 ml/250 ml =
sk} ARG

o

(M2M S obe: 27] AHYMS flet 2Ed S 871 He)

AE D) EFAEE Jgd BAE AT 23vds A

F7) EGAEE 1A BAE A d¥3ndes 2tk HH AeE AAdE 5 271 AEA
oA EFAEEe] 55dte 84 HE T Al7] o] Fojke o] ASHA] 2 7] WA LHF

Ao AguES HEstr] A8 EF 1g3 A4 G94+WNaCl 0.85%) 9mle 413 1.5ml
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conical tube®ll 10-49] Fr=2 3Asto] njg] A|23k NAwjA o] =Tsto] 30ColAl 19 &2t wist
Aok 19 A3 & 2gy) Mo] Az thE GUdFEYE needlex o8-8l skl NA #j#]of =
stk ®2 #7152 20% glycerolol @E 8] -70C deep freezeroll E#stitt. F7t= 7
Aesd7lsd %@‘%ﬂ—?ioﬂ/ﬂ 9659 xS Bl AgulE A Az &gt
= 7] AR A Alea HAS UEE AAA 22t 2] AlE

=1 e Fusa'mzm oxysporum®t F7] BN Ao = A Phyrophthora drechsler,
et EvtE By ol U Phytophthora nicotiana c%— TENSTH U ANEREH &
Furol ALg-shGiTh W HE S8 vl AlxdfE A iAo HFsko] 25C F-2ujF7]ol
A 15U vkt & Egh v A Zd S o] &9 iXPE 201 Dot £dd] A NS vl
20% glycerol= 713l -70°C deep freezero H¥tstict,

271 NEsW YU (E oxpsporum)ol W8l w4 et AFuAEe] I+t BES UEEA
Gobi 7] flsto] A uFH A HAYMS S HAEA AAaLE AAsH

2 Ao Agu|AE-2 LB broth iAo HEste] HefujF7|oflA 257
A7t wjeFsto] FHlskleh.

o F R ol A= NA 50% <+ PDA 50%5 A& WE 4mn cork borer2 WOl WH H A
agar plugE 7H&tl HEsHL o714 3cm "ozl =9 43kof paper diskE ¥l 22He] A=
i QFel-S 100ul A EF3F% T

=

S~

150rpm ZASR 24

Ee )

HA ol A= PDB iAo A 25C, 150rpm 2702 1U47F At Alea deldt W<
Glass beedE ol-&3ll fleF 2ol Alxgt 9 w0 =gt & Z4zhe] vz wjF S punching

needlei =3+ w9 QJ_O}@T;}
e 0 ion ARl TAAEE 94

o] = ZFuBES A7 Yl 16S rDNA A7|AE B4& AT
chromosomal DNA $&-2 LB Brotholl Al 24 AlZF &<t v FAIZ] v 3 ml& Higene™ Genomic
DNA Prep Kit (BIOFACT, Daejeon, Korea)2] ¥l whel AA5FG T 16s rRNA #& 522 913
universal primerql 27F2t 1492R primerg ©]-8-5+%13L Polymerase Chain Reaction (PCR)< CFX96™
Touch Thermal Cycler (BIO-RAD, Hercu les, CA, USA TE: ARE3le] 95T oAl 30 %7t denaturation
F 65CollA 30 &, 72CollA 30 2 A& 35 3 §HESE & 72Co4 7 &7 ¥hgAIZ T PCR A=
2 1 X TAE (Tris acetate “EDTA) bufferg ©]-&3to] 1% agarose gelolA 30&7t A7195 &
ethidium bromide® @438t UV-transilluminator (DAH—IAN Scientific, Korea) ©f|4 DNA W=

ko3
%
sttt 1,600 bp H oA S22 MES 23l & Macrogen(A&)oll F714 2 &4+ 2= sttt

=2 Bolsly] 93 AU HAZo] 93
A

eAdE A8kl %Oﬂ A 94 PXl 1714
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Qo 5% 52004
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= 108 5 7] MAE &+
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A 8) 1dar Al A3t EFAEY Bl ddas 44

58l 7] AESY YAF(E oxpsporum) Wl FAAE A TS Y
el 13 Al dakn|gEo] ey AR (Paytophthora drechsler) X = AR A A9
= Uetl=A Zsty] s R e Aty xS AAsHh

4 50% <+ PDA 50%% <33t vixE vr=9 4mn cork borer
HEskaL %’x‘:“’ﬂ/\i 3cm ozl =W 43 paper diskE &1L
Wt

o FAYFE AAY Ae S

do
.
ot
_\::l‘
_FL
_>|~l_|‘
_}L
™,
o Hu
Z,
u =

A5 S AEA o)A BlsH]
ok} npR7FA 2 8] A S
= 2 P, drechsleri® A A3}
*%‘ﬂ-& &7 vﬂ°ﬂ Z47ko] MRS HEE T 398 AWAZ F 2|

S
fr o =y
=

e

Aot 7] fuE
gulgRe 37 EFAGH el Ad LBE sk 919
o4 294 B719 394 2] =
AT ) AR AR YRS Takstel A8 FAAES A
e IS ol7] 913l 62Nl 1097H 30 1A 0R Zze] AR FAANE 53] Aelshnt.
Hel T 7] ASew AL e ARRAE 15 A, R
WA 1% Ae okelitd A, BAE(§4 BF), stsrobd (Sholwx
Ao EEAGA B 849 4ol 100 T H000L $EOE BHANLL,
Aol EAEd Wal A% ERAAL 109 3 B NS SBetel A5 ARELL 3
Asteon 2t Ml Bazk Aolo] fo4 AHL PSS 120 ol&3te] Duncand] T A
MOR 5% +EelH BA LA}t

=
ok?io
N

23}
&

Ak Ao o] ASAREL Bolshe AFEAE Ko o|RE gelsir] $s) 7 FA}
7] 982 olg3te] AHEAAYE Sttt
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ol S 204 €2 petri dishel 1% sodium hypo
Al FTAE 120148 AT Tt 02 A
LB Brothol| Al 1 €%+ wjeFst ¥ RC

0.45/m syringe filter® ZE|Y3lo] P4t 10 12 Z3ato] FH|SFAIL petri disholl AAFSE F 4|
T 1A T 164170 F 2o A Z4ZHe) vkl Iml A 5P Bt | wolgt A e 24

o o
N

£ o3 AR A= Ax7ANA FH7E E3sto] 105C, 2 AR & &2F

3 X EEO| 7] FAE e F AFH

1497F SHate] 2457 A ANE HAE & .

0 x 10° colony/ml H=Z Eet 111 2 3 A43te] 2124 245 10
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o o
U
2
MR
S
s

< 8
ox
Hm
i
oL
Mo
&~

nich
Dl
tlo
o
:<|>l=
n
rlo i
>
fru

—_
o

oh
° g
0%
Gl
jus)
==
o

oz E
N o X N
o
H e
o
]
o
B e e
chiA & £
L T 12 iy
S

)
olr
)
o
o
ox
ol
ol
N
4o
:(:'i'z
ne
rII
2
|o
A U
N,
odt
=)
oX
il
o

-
—Hr
o
ot
ox
il

ol N
. oX
o,
Jo
r>~l
B
E
r 1
o @
—Hr
i
ah)
Qh oxl
of
ol
¥2 Hr
|o
H
iy,
oSt
=)

protease & ol &
At A5

28 u] X

Ol
N
Jo
l
i
o
oo
<
sl
[
>
D U
o
4
o2
QL
s
o

do =
:?‘:1
olN
=
BN
[\)
o
o
2.
=,
jn}
)
—t
=
@
=
—t
o
(0)e]
[
=
(@]
oQ
&
w
.
S]
=]
=
o)
o
=
Q.
@
—

Y22 protease +H]
3%E E3st Wi A& autoclave(121°C, 30 min
cork borerg ©]-&sto] A7 Smé FHE F F vl wjdowS ndE WY 20uE AHE6HA
o, 12 i 25°Coll A 5Y7t wi ket F viAQ] clear zone BA< #ESIO] protease HIE ekt

Agn =2 siderophore &4 CAS(chrome azurol sulfonate) assayS ZFeotA HFeH WS
AFE-3FATHHan et al., 2015).

HA @58 60.5m& 57 S0mlol 0] HDTMA (hexadecyltrimethyl ammonium) 72.9mg-
S5 50mle Q1 FH FS Atste] 8|8k, Nutrient Agar 20.7g2 900ml 5740l =<l ok F
7HAl &AZ T35 autoclaveol 1LF Bkt 1t BHE &AL 50CE ARl F AFo] WA
U A3 4of petri disholl #55F0] CAS BHHjAE WHESH o] & 919 HHOo= v ujek
2 udE HFHS FEote] 25ColAf 5Y7t vjekstar #529 Z2YUE SHCE CASHA 9
Aol Aol 3 FojAm Fsi A= clear zone T3S &3l sideorophore A o175 2ls}3it

~

3o petri disholl &3k FHIsFAT FHE HlA o

flo

—_

AP E9] cellulase &3 &4 2H| o] H= sodium carboxymethyl cellulose (CMC) agar HiA| &
Sazci 5 (1986)°1A AH&-3F W& #Esto] gklstitt
HA4 NA vjA] 5g& & % CMC(sodium carboxymethyl cellulose) 1%%} congo

AgngEe] A=A A
T8 A 2xF YAFHEA Q] iturin, surfactin, fengycin 3% thall So]& o2 WHE-Sl= primer
Zksto] PCREAE AAISHTH

chromosomal DNA &2 LB Brotho| A 24417k &3F wiFAI 7] vk 3mlS Higene™ Genomic
DNA Prep Kit(BIOFACT, Daejeon, Korea)®] ®Hol w2t AAsHGIT 16s rRNA #& %5 918 2
A 22 AR of| B0l o2 REE-3l= primerg ©]8-5}%] Polymerase Chain Reaction (PCR)->

i
=2
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CFX96™ Touch Thermal Cycler®ll4] 95Cell A4l 30%7} denaturation & 65CollA 30%, 72ColAl 30
Z W 3538 WhEgE 3 72°C oA 7T7E WAl ZTE PCR AbE2 1 X TAE (Tris acetate ~EDTA)
buffers ©l-83to 1% agarose gelolA 30 &%t A719E $ ethidium bromide® HAsto] UV-
transilluminator (DAIHAN Scientific, Korea) 4 DNA =% 2ls Tt
“E'Xﬂoﬂ/ﬂ 7‘“”]*““—4 HA A5 E S gelskr] sl %]’7] %E% o] &3ste] ZEAY A= H
o

doliol o3 ol HAEL 7] Aokl ekt Walel S0 uet TR A5
el A9 AAR 2719 7bte Welg Ausiy muisl 2oz WA ey ey welrt
A7 WAE o] M WYL HATRDA, 2015). o8 Huste] A5 WHREL PelS Ao
of Epy WAS 3ol F, 1 Amel uet 0ol 374K FESIGD, WelH gL Wel Erio] A
WS AolZhs Wurg 2719 wek 014 3744 FRstelid, 02 0%, 1 1% - 30%, 2k
31% - 60%, 32 61%01402 F 3 Wk AABAT, YAV (RHEFEIHE - Qe gy

&)/ FARFEEAEE x 1002 A4

A4 6) dFdujdE Auix ad 44 9 d&prie M
S

7] AEEAEHT JUF 5ol ¥ AguARe 3] EFAAN W) A ANE T
Ast7] 1) AU AATH AR AT B/ AMANA 294 B9 34 B2 AF
A NS 247 AAstgon, 24 et A¥E 287 54N A% 429 9% wo|g
Brkst7] gie U TRl 4

*ix*ﬂ 7] Aol 2Fv|PES Asly] QT FEALL AA s A EHE Eol7] 93
d tAow F 103 Akl

xm%% %wl NESY PAE/} 2o AFuAE 12 Ao, By WAZIL £ 2
s 1E iiﬂ, FA (&5 ), setefAl(EolHALE) A gl 2 FA4gstglon AdndEs] Ues
%42} 3 435t9] 10a F 3,000L 222 FFst3ch

A gs) A Zndde 109 § B AAE S8t AFE L5 3
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2= 71 AEEE A ¥ A 3 Fusarnum 455 Z95k= Ascomycota & 9] T
bl &

Zolth, AAER 2 Aol S Holx| ghotu Wy ofRo] W E RIS Fol
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HI
Iz

% 2. Ascomycota B 4Z 0O|M

9 3 Fusarium &9 $£&3510] B Y| W& 43 A3 19 29482 | o] fof whet
Fusarium®| 327} 3 Zpol& HolA| QrtA|qh 39 ] 9 B g2 zfo|7t ng 2 of ]| U+
Ao A oF 83 = & Ato]E YEMWATHGE 4). o] & A= 1, 29 7] AujA oA Al&=
1ol A5 19 Lol A EAR =T} wln|shA Tk Al A4rF FoluEA I WL St Hae

(Ahn et al,, 2008) ¥Ast= AIE LERH AT

J8 3. Fusarium & & 0|42 ZTEAM

H 4. Fusarium & OME Ex

1A MEH S/t BEXx BEEZE(%)
1 152X 201 759 7.95
71520 201 598 5.98
$312X sout 116 1.16
’ $3120 0% 191 1.91
. Y242X Sfer:2 319 3.19
Y2420 Sfex:2 2,632 26.32

39455 B AR TS ekl A5 gho] 24
SrelEth ACE A4k 3W mluhy A ojo) A A5@o] 1272 ¥
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- .
Aol &4 Ay, Foluh A= RN dld o2 SHA Fusarium solani 7¢ T2 231 =S1
=89 AJAAQ Fusarium oxysporumt, 8 el AR Phyrophthora cryptogea

Vo 7] }\]%\: "E_
7v BRIE I}, Phyrophthora nyprogeaﬁ Phytophthora drechsleri®t 2 £Oo&2 I o, 2o A
T WY A 2 oE For Wel Hdd o s qljolM = AgeE YoM THEUT (& 5).
oje} Z2 Aif= djEA A Y] A=l A A FeH e ddd o R A Fusarium solani ©]
BE7} B Ao W U o] BN 94 BB Mol Ao 24 ¥ 4+ Udrh
# 5 7| HeM3Y Helr 3
A= Identification E-Value* Homology(%) H| T
N-1 Fusarium solani le-100 88 TaE YN
N-2 Acremonium sp. 2e-73 93 -
B-1 Fusarium oxysporum 1e-80 95 27 NEa
B-2 Fusarium solani De—44 88 T4 BN
B-3 Uncultured fungus 9e-38 86 -
C-2 Acremonium sp. Te—54 88 -
D-2 Uncultured fungus 4e-129 93 -
D-3 Phytophthora cryptogea le-116 91 EH 245
D-4 Fusarium solani 5e-86 96 TAE NS
I-1 Peronospora oblatispora 4e-52 99 -
-2 Fusarium oxysporum 3e-107 91 271 NESH
1-3 Fusarium solani 2¢-88 87 A= Feasy
-4 Uncultured Ascomycota 2e-113 90 -
-5 Acremonium sp. 8e—98 98 -
(A9 3) Au 2 A= =AH2EA
B2 4R 0 YA ATel B UEE ZASE WY 2AE AU e 3
Bl (F OF Agote] BE WES AT AAE FRole] FARAS HAsgrt
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1 ! J406-9-1-X °o|0% X X
2 J406-9-1-0 o0& O O
3 ) Y262-6-2-X IO+ X X
4 Y262-6-2-0 I0O% O O
5 \ 312-3-X 20% X X
6 J312-3-0 x20% O O
7 4 W188-2-4-X AOA X X
8 W188-2-4-0O A OA O O

NGS (Next generation sequencing)”| < &
o x| of dg 2] o] m]AE (Fel, aR)9 4 FAo
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I8 8. HYM RBYE Fusarium &

A A dAske U R RN U R . solan &=
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27 HYd RF0 OE O/dE Ho|20r7H A

2019_¢2H 2019_HZ24H

Taxon name Taxon rank  p—value (FDR) o|ere x| e
Herpotrichiellaceae Family 0.02098 0.58500 1.36500
Mortierella_uc Species 0.02099 0.95000 0.09250
Ascomycota sp_ HM162171 Species 0.02474 0.10750 0.00500
Basidiomycota_g Genus 0.03613 0.04750 0.02500
Chytridiomycota sp_FJ827729 Species 0.04061 0.00750 0.00000
Rhizaria Kingdom 0.04353 1.01750 0.52250
Cercozoa Phylum 0.04355 1.01750 0.52250
Fungi_uc Phylum 0.04356 0.87000 0.10250
Cercozoa_c Class 0.04358 1.01750 0.52250
Cercozoa_o Order 0.04360 1.01750 0.52250
Cercozoa_f Family 0.04362 1.01000 0.52250
Microbotryales Order 0.04584 0.00000 0.02500
Apicomplexa_f Family 0.04588 0.00000 0.01500
Chromista_o_uc Family 0.04590 0.11000 0.00000
Fungi sp_JX982451 Species 0.04593 0.01250 0.00000
Anthophyta Phylum 0.04769 0.00000 0.03250
Eudicotyledonae Class 0.04771 0.00000 0.03000
Boliniales Order 0.04773 0.00000 0.02000
Fagales Order 0.04774 0.00000 0.03000
Boliniales fam Incertae Family 0.04776 0.00000 0.02000
Fagaceae Family 0.04778 0.00000 0.03000
Pezizales_uc Family 0.04780 0.00000 0.02250
Junewangia Genus 0.04782 0.00000 0.02000
Fagaceae_uc Genus 0.04784 0.00000 0.03000
Junewangia_uc Species 0.04786 0.00000 0.02000
Petrakia Genus 0.04788 0.00000 0.03250
Petrakia sp_KY231233 Species 0.04790 0.00000 0.03250
Mortierellaceae_uc Genus 0.04791 0.08500 0.00000
Fungi sp_KP714616 Species 0.04793 0.11000 0.00000
Entolomataceae_uc Genus 0.04795 0.01750 0.00000
Chytridiomycota sp_DQ421210 Species 0.04797 0.01500 0.00000

shol At dH Ao 7] AuiA = A
At Al Fe AABEA. A wFdt A A 58l
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ST 45S 2E st # 3 Z AS, A10, All, 102012 FHskgich. dijugey 2at
&+ dedate] A Aol st (Y 12, & 8

=

12 12, NA50%+PDAS0%HY K| CHX|HIQF(25°C, 10days)

H 8 ZYO|ME 452 HEF AN sH dut
No  reatment Pathogens Fusarium oxysporum Phytophthora drechsleri
1 AS(KCGW34N16-2) . Tt
2 AL0(KCGW34N16-4) n i
3 AT1(KCGW34N16-5) +++ et
4 10201 ++ e+

*: Determined by measuring the average distance of inhibition zone: + for less than 0.5cm,
++ for 0.5 to 0.8cm, +++ for 0.9 to 1.2cm, ++++ for 1.3 to 1.6cm in distance of inhibition zone.

TFAF]AE 0] 923t An|AYE 45 FH7] Y30 165 rRNA Z gyrA $-HAE o] §3to] A7]14%
(mh=24 - NICEM, @=7) 9 Blast 412 AAISHIAAL 4]0 AR Zatolu] Al Ay th&at ZTh(E 9)

No. Gene Primer Primer sequence(5'-3") References
27F AGAGTTTGATCCTGGCAC Kim et al.
1 16S rRNA
1492R TACGGYTACCTTGTTACGACTT Song et al.
47F CAGTCAGGAAATGCGTACGTCCTT
2 gyrA Roberts and Cohan
1066R CAAGGTAATGCTCCAGGCATTGCT

|

16S rRNA % gyrA §-AAE o] &3t 43 A AS wtFek All b
Bacillus amyloliquefaciens®t QXA A L& 2<l Bacillus velezensis, 10201 @5
Pseudomonas putida?t <-AB/A R Aoz 2F F4sATHGEE 10, 19 13).

o=
o Mo
N
o
10
> o2
N
ol
2
rr M
1%
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H 10, Z30|ME 45 16S rRNA L gyrA 0| sequence 2A1 ZHn}

No. Strains Identification Homology(%) Origin
1 A5 Bacillus amyloliquefaciens 99 A
2 A10 Bacillus velezensis 98 A
3 All Bacillus amyloliquefaciens 98 A
4 10201 Pseudomonas putida - EY

(o E2cHus amyloliquefaciens stin 418-1
[l AL
. iFB.rm'ms methylotrophicus strain B25
[

Bacilfus subulis strain B-1

99

— Bacillis siamensts strain TN 0503
Llj Bacilfus tequilensis strain NERLB-41771
Bacillus atrophaeus KCTC 3701T
I Bacillus vallismorts strain H5B-2
E.-«-xﬂw sp. B29(2014)

100
A

¥

Bacillus velezensis strain UCME5140

“LA10
Halobacillus halophifes strain HLZHPG

a2 13, ZE0|ME 45 = Bacillus & HAEXZ(Phylogenetic tree) Zt

H 11, Zs0|ME 4F VITEK2 system Biochemical Details Z1}

No. Biochemical A5 A10 Al Biochemical 10201

1 BXYL + + +

3 LysA - - - ADONITOL -

4 AspA - - - PyrA -

5 LeuA =) + + IARL -
7 PheA + + + dCEL -
8 ProA - - -

9 BGAL + - - BGAL -
10 PyrA + + + H2S -
11 AGAL + + + BNAG -
12 AlaA - - - AGLTp -
13 TyrA + + + dGLU -
14 BNAG - - - GGT -
15 APPA - - - OFF -
18 CDEX + - - dMAL -
19 dGAL - - - dMAN -
21 GLYG + - + BXYL -

7. QAOREATA « 1087



No. Biochemical A5 A10 A1 Biochemical 10201

22 INO + + + Balap +
24 MdG + + +
25 ELLM + - -
26 MdX - - - LIP -
27 AMAN - - - PLE -
29 MTE + - - TyrA +
30 GlyA - + +
31 dMAN - + + URE -
32 dMNE + + + dSOR -
34 dMLZ - - - dTAG -
36 NAG - - - CIT +
37 PLE + + + MNT -
39 IRHA - - - 5KG -
41 BGLU + + + AGLU -
43 BMAN + + - NAGA -
44 PHC - - - AGAL -
45 PVATE - + (=) PHOS -
46 AGLU + + + GlyA -
47 dTAG - - - ODC -
48 dTRE + + + LDC -
50 INU + - -
53 dGLU + + + [HISa -
54 dRIB + =) -
56 PSCNa - - - CMT -
58 NaCl 6.5% + + + O129R -
59 KAN + - + GGAA -
60 OLD + - -
61 ESC + IMLTa -
62 TTZ + + + ELLM -
63 POLYB R + + +

ILATa -

VITEK2 system= ©|-&3 Adu|AE 459 Astetd 54 =l dn, AS++3e Alldts e+
Bacillus amyloliquefaciens® 73384 54 At} Aot ASatFE W2 AZEE Yt
el A10 w52k 10201 4= &

H 12, ZS0|ME 45 VITEK2 system £M Zu}

Strains Selected Organism Probability(%) Confidence

A5 Bacillus subtilis/amyloliquetaciens/atrophacus/Bacilluslicheniformis - Low Discrimination

1088 » 2020HE= AIHHTEIA



Strains Selected Organism

Probability(%) Confidence

Al10 Bacillus subtilis/amyloliquetaciens/atrophacus - Excellent

All Bacillus subtilis/amyloliquetaciens/atrophacus - Excellent

10201 Pseudomonas fluorescens 96 Excellent

(K 5) AFVAE GBAE 93 =4 AH

2E e ALY i AARE 9I% 2A wijg 21 2=, pHE, XS FERE All9] A=
TAoz ghelshlrh Al19 A 2o 35C2 A{2= 25T vlg) dj4=717k 5/ e @34
= s (29 14).

8 14, MdEF(AN)Y 2EE deIZM
(Media: TSB, Agitation Speed: 150rpm Working Volume: 50ml/250ml)

Al19] 3 pHe 6-72 oFibdollA 2 Askar, & 2= TSB (Tryptic soy broth) = <l =9
tH(1E 15, 16).

g 15, MEHF (A1) pHE d=sI3M
(Media: TSB, Agitation Speed: 150rpm Working Volume: 50ml/250ml, Temperature: 35C)

\,
re
0%

Q
Bl
re

T4 « 1089



ag 16, MEH(A11)Q] pHE HsIM
(media: TSB, Agitation Speed: 150rpm Working Volume: 50ml/250ml, Temperature: 35C)
HE Al 45 All 285 g 2F vy 242 TSB(Tryptic soy Broth)HjA] oAl wj k%= 3
5C, pH 6~701H, WH&% 150rpm} 50ml/250ml 42320l Al ujokar A gAIZE o]y Al Z 4]
w=gshs] dukejFRALB, 30C, pH7)l Blsl vjFAIZo] 4~6A17F SEE UTH(E 13).

# 13, 2E dgF(AN) 2™ 4= =4 2ot

™ F T = ESRSEG |
2] TSB(Tryptic Soy Broth)
All R 35T
pH pH6~7

(M2MIR2tA: 27| ehgdits ot Tletd SXxf 87| WL
AE 1) EFAEE 18 TAE AT 2Fdvid=s A

O A ujFH

FEEFA7EY FAEATA
Az 96F0] B AlEar e+t
oxysporum)©ll H8l FAMEE AAFESE e
=4 &lst7] Y8l NA 50% £+ PDA 50%€ &
kgt v Rj ol A o A|ufeFS AAleh Aut Ay
= Z4e gelsh] ofHHt(2E 1, 2).

T 1 HRIMY W 2Als
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1-6tH 7-12 13-18 19-24

25-30 31-36 37-42 43-48
49-54 55-60 61-66 67-72
73-78 79-84 85-90 91-96

2l 2. NAHIX| CHR|[HH(25°C, 4days)

a3 AR Ad Egoz
kel s

HE et Ay AdE 3HGE DS A gollA 17 49 ol
Fusarium oxysporum®| WHal 24

J% 3. Fusarium oxysporum O 4, CHX[HHQE

\,
re
0z

Q
Pt
re
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or

Identification Origin

Strains

No.

Bacillus subtilis

009
087

Bacillus amyloliquefaciens

Paenibacillus polymyxa

155

—

:.AO
B

=
=

Glass bead

ol

uNO
o

—~
;OO

ol

iis

100

ot

J2 5. Glass beadE 0|2

(700u0)

b

ol

=

el
od
orl

0

(300u0)

b

ol

=

rH
ol
arl

0

Origin

Identification Homology(%)

Strains

No.

X

N2

94
96

Bacillus amyloliquetaciens

A5

X

il

Bacillus sp.

Al10

HARE DN

k=)
=
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No. Strains Identification Homology(%) Origin

3 All Bacillus aryabhattai 96 A

4 D65-6 Bacillus sp. 95 w4

O M5 YU+ (Phytophthora sp.) AF A& 232d 23

& w82 AR Phytophthora drechsleri®t gvjet EntE o] Hajy-gvy 3l
Q1 Phytophthora nicotianac®ll Wl A A2 S Yel= 43 8ES 10201(2H 92}
009, 87(T1¥ 1D¥ 52 RIS, Agn| 8= 84%= # 33 2o},

o&
fe
ro

12l 8. Phytophthora drechsleri a3 9. CHXIHHY
H 3 HeMzy old ZYUD|IME SS(CHX|HiYEH)
No. Strains Identification Origin
1 009 Bacillus subtilis £
2 087 Bacillus amyloliquetaciens ”
3 155 Paenibacillus polymyxa ”
4 10201 Pseudomanas putida "
5 10401 Pseudomanas fuorescens ”
12 10, Phytophthora nicotianae 2 11, CHX|HHQE

\,
re
0z
19
Pt
re

T4 « 1093



a8 12, K| 3HEI(2U) a8 13, ZFal 2 HRI(3E )

o}q_ j,ﬁ]EEEOH% 6/\1)E 300]

sropAl(stol A - st )€ A2, B
HALE 7 % orlatd Aol A 79.7g2
STHGE 4).

O R 43] A Ak x |
& 3000L/10a & 71%), 2W§ xl SH- ﬂ
E 1‘41;% 61.1gell w3 3%

A eFolM e EHZ-TL Zi%—’?%k Xl’“

At Aol A 1528 74

0 25kl WAIZLE 56.5%%2 st
E 4. Xote Mg EY
o s 2% 2% 24 25(9/%)
(cm) (mm) (H/=) A Pl HEE(%)
NGV 40.12? 19.2b 4.9a 61.1ab 24.2ab 39.2a
_ T1 41.1a 19.3b 4.3a 79.7b 31.0b 39.0a
e T2 35.7a 17.2ab 4.1a 62.4ab 27.3ab 44.2ab
T3 37.2a 14.3a 4.6a 4292 19.1a 48.5b
NC 35.0a 16.4ab 6.0a 46.2ab 17.1a 36.6a
3 T1 39.2a 18.1b 7.3a 62.7b 23.7b 37.9a
< T2 34.2a 15.9a 6.9a 46.2ab 17.5ab 37.7a
T3 36.7a 15.3a 5.6a 39.2a 14.4a 36.0a
D) NC: g2, T1: oFolited, T2: H3]u2wal(6-6), T3: Shskeb| (Slo]wAlE - vefetal
2) DMRT(p<0.05), €A=& IA4Y v
H 5. Xlot7 +& 54
2F(Kg/10a) olgzE gh x| 7}
o A = o] % il ST S
248 NGV 31.32% 540.4a 199.5a 100 33.3b 0.0

1094 » 2020 AIHHTEIA



+2(Kg/10a) O|fFE A7t

A - UZE(%)

AT

A A hES (%) (%)

Tl 33.9a 799.9b 302.4b 152 15.5a 56.5

2344 T2 29.2a 526.8a 198.9a 100 20.9a 34.7
T3 23.2a 406.3a 149.3a 75 11.1a 66.3

NC 74.7ab 294.1ab 115.5ab 100 95.9¢ 0.0

344 T1 81.9b 411.7b 158.9b 138 87.0b 9.6
T2 71.3a 278.4ab 120.7ab 105 90.1b 6.3

T3 66.4a 155.3a 69.2a 60 80.7a 15.9

1) NC: tiz, T1: oFIAM, T2: A3 R2w(6-6), T3: SFtbA| (Slo|WALE - vletztA))
2) DMRT(p<0.05), &A= AW vl

Al Eﬂ}% el

No. Strains Identification Origin
1 009 Bacillus subtilis E%
2 087 Bacillus amyloliquetaciens ”

3 155 Paenibacillus polymyxa ”
4 A5 Bacillus amyloliquefaciens A
5 A10 Bacillus sp. ”
6 All Bacillus amyloliquetaciens "
7 D65-6 Bacillus sp. =9

2 AY AFguAE Allol Fusarium oxysporum® tAMEEE 12.1% AAISHA 7MY &2 AAlE
< 23 0870 67.5%, D65-6°] 67.4%S AAISFATHE 2.).

H 2.
Strains 559 087 155 A5 A10 Al D65-6
Pathogens
F. oxysporum Oc* 67.5b Oc Oc Oc 72.1a 67.4b
Control Oc Oc Oc Oc Oc Oc Oc

* DMRT(p<0.05)



CH X | HH k2= A Control {009-087-155) (A5—A10—-A11-D65-6)

O 1 1R M 2S4S AISSY §F MY 252 AB(25T, 10days)

/\]E__Q.tﬂ ol
AEA oA HEsH Al ZE AdE s
AN AT QRIS AT BEA ol HAE) shof eiAl&ol A4 ok taT Al

EEATS A a3
(NBui A A 2]), 2gu|PE D65-6 A2 ME 16.7%7F St =7t A2l (F4 gl =Control),
23 u| A& 087 A= 33.3%2] ¥ HALSS HYr)

192 Adkst A s 7504 EHXWH‘* ‘3—! ZEAFS Bl 7MY 2 YA dAES B

A3 E AllS AL Ao 271 A AFA| o A2 A dgte = 2F AAstolct

Control(water) NBHH X| 087 A1 D65—6

02 2, ZEn|ME-AS2Y YF(F oxysporum) WS XE|A| MSZT}

a2l 3. Meh ZSto|ME-AIE2Y | (F oxysporum) XME|A| BE
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O BN AUt (Phytophthora sp.) AIFVNYE 2F

Ak

= O =
7] BeYM5Y At (Phytophthora sp.)oll sl A B HAl5 S S 2 A=(E 3)°f
ool S WAEe T ARS AT A B OR 38 Adstel FACIAAL BAshA
H 3, HIMZH QA 1EX; M ndsE =58
No. Strains Identification Origin
1 009 Bacillus subtilis BEoF
2 087 Bacillus amyloliquetaciens ”
3 155 Paenibacillus polymyxa ”
4 10201 Pseudomonas putida

1 A3t Agu|E 102010] Phytophthora sp.oll ol Bt 63.2%2] FAMAS A 71 =2
AR &S B 0870] 50.8%, 1557} 27.3% A5+t

# 4, Zen|dEo He|MSH HQlH(Phyiophthora sp.) @A dE AXE
\PZ‘%H\ 009 087 155 10201
P. drechsleri Oc* 51.2b Oc 66.7a
P. cryptogea 42.6b 55.0a 31.8¢ 60.5a
P. nicotianae Oc 46.1b 50.1b 62.4a
Control Oc Oc Oc Oc

* DMRT(p<0.05)

CHX|H 2= A

O 4

25tn

Control(P.drechsleri)

(9-87-155-10201) 9
Al

|0l mausy ol

SR

=

87-155-10201)

Control(P.cryptogea) Control(P. nicotianae)

(9-87-155-10201)

A (25°C, 10days)

\,
re
0%

Q
Bl
re
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AR Qi

AL
=

oe 74x 54

w9 e

vk A gk

' Phytophthora sp.2 ¥

I

\ngo

FAt}. Phyrophthora sp. 27 20CHTE =& 24T 20A A=

S

mmo

Phytophthora nicotianae

0| 400Hi2)

Phytophthora cryptogea

Phytophthora drechsleri

5

& =)

|X 2= H|w(48hr HY

By =

.
2

Bl

H0
ar

20
24
20
24
20
24

++

+++

Phytophthora drechsleri

++

+++

++

Phytophthora cryptogea

++

++

e+

+HHH+

Phytophthora nicotianae

WO 2 Phytophthora drechsleries A&7 A2l FollA = FefH 5ol

|

%0
o eAl&ol 7t

3

HE ¥

=
=

102013} 155
16.7% A8

50%9] EHES EATHIH 6).

L
.

A 2| A

]_

;oL

NBH{ X]| 087 155 10201

Control(water)

HARE DN

k=)
=
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087 155 10201

P, drechsler) 15 2|\ Mz}

O 7. ZEn|ME-He|MSY AU (P, drechsler) M2 HLME HlW * DMRT(p<0.05)

Phytophthora drechsleri; Phytophthora cryprogeas 9%t C& HE3 A2 FtolH= 43 vd=
087, All, 10201 %= 16.7%% &¥-&o] WYL dj2(FA =)<t o4 A Aejolx= 244
50.0%, 33.3%% W&ol =dth(1d 7, 8)

1

193 A AR 4Felq AAF AT AR

& 2FAE 100018 A5A
g A9l e A Agshec

=
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2}
x
M
bl
ofn
mo
2
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o
N
*

*

*
~
[im
0z
04
rx
M
>
i
mo
Hikal
>
o
w
*
*
w
[im
0z

ad 9. 2Ed A M2l 24X ¥

O A3 HAA AT T A3F S EA A
opelatdd, A A& 2E(Al1, 10201, 1x10° CFU/ml /)2 695E 109714 & & 7+
o8 3598 At Ay, AohF AE54E AILTS VISR 2d oAM= ghetefAl Aol A
22.6g2 % 7V w=okil 3dAel = ofQIatd Aol Al 25,008 7MY =T

AR Agnde At A el vis) 2943 39 AiA] e AATFe] 4.1~6.3g HE wqlT

=

AR
S

[im

87| 201y

ot

71 3

OF 10, TSP SAM HM2[A X5 ds SEY(FXZ|-0tIMH-A11-10201-2Fet A &)

of A aog =% =4 Xl—:‘j— =&(9/F) _
(cm) (mm) (H/3) Al A HEE(%)
Control” 37.9a 11.7a 8.8a 12.7a 4.0a 31.2a
T1 40.0a 14.4b 9.2a 18.9ab 6.1ab 32.3a
264 T2 41.1a 13.4ab 9.6a 19.2ab 6.2ab 32.5a
T3 42.2a 13.7ab 8.1a 19.0ab 5.9ab 30.9a
T4 42.6a 14.8b 7.0a 22.6b 7.3b 32.2a
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o M a2 = =% =34 X2+ =3(9/F)
(cm) (mm) (7H/3) A A UHEE(%)
Control 42.7a 13.2a 9.0a 19.0a 6.3a 33.3a
T1 45.2a 15.0a 12.0ab 25.0a 8.1a 32.3a
394 T2 47.1a 14.9a 13.3ab 23.5a 8.1a 34.5a
T3 47.8a 14.2a 14.4b 23.1a 7.8a 33.5a
T4 49.1a 13.4a 9.%5a 21.3a 7.4a 34.6a

1) Control: T2, T1: oA T2: AlSSH Z3HALD, T3: FelHSr 28wH(10201) T4: SelekA|ElelHAE)
2) DMRT(p<0.05)

Al 3] AshE AKEA A= 2udA T 39N BE 2, 2, Ads, &% § A
o] gol AL Yeptz] ket

At 5F S0 FA et vlaste] Aeltd WA 7bel A f9H Q1 Aol 7t et 29 A
AR ek 3FAY AR BE H A 2 SEFAS R 294 AR oA R AdeES
10002 g uf 3}5tokA| 185.4 ) oflArg 156.7 ) A Agu|YEo] 22t 158.1, 147.182 FA 2o
H3 2 S et 3UA Ao s ofdAME 1312 ) AESH ZIUAEALD
1280 > ¥ tﬁ 23 E(10201) 122.5 > 3H3FeFA| 1184 &0 Skl o] =9kt),

e | HMM% 29X Auf Ao = ofelatd o] 56.0%F 7 w=9kal M| now AubZ gt
A= (10201)0] 35.0%, A= AFud=A1DO] 26.7%E el

3WAY AR Q] WA 7= Hﬂalw S A(10201)0] 44.1%% 7H4 =9kal oFl A 42.4% > Al
> ZAu Y E(ALL) 37.4% > 3F8FFA| 33.5% o] Qlth.
A8 S AT A4 394 AR Rk 24 Al ol A o) &} fxeFA| ol lo] Fjn|gl
£ Ut 19ARE Hests 5 dAod dig AZA7E SddesE

T

l_.

T
o

7. X358 & Y

& (Kg/10a o|HF8 ghx|7
2y TR gRsm (5’ ! i A
Control” 92.32% 183.2b 57.1b 100.0 47.Ta 0.0a

- T1 93.8a 276.4ab 89.5ab 156.7 21.0c 56.0c
(01];];) T2 92.4a 278.4ab 90.3ab 158.1 35.0b 26.7b
92.0a 271.2ab 84.0ab 147.1 31.0bc 35.0bc

T4 93.0a 328.3a 105.9a 185.4 24.7bc 48.2bc

Control 90.3a 267.3a 89.4a 100.0 58.9a 0.0a

. T1 93.1a 362.9a 117.3a 131.2 33.9b 42.4b
(7%‘%;) T2 90.9a 332.8a 114.4a 128.0 36.9b 37.4b
T3 91.1a 325.2a 109.5a 122.5 33.0b 44.1b

T4 92.4a 306.0a 105.8a 1184 39.2ab 33.5ab

1) Control: T, T1: oA, T2: A5 ZdHALD, T3: BejWe Z34#(10201) T4: SRIA|(Glo|HAE)
2) DMRT(p<0.05)
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oA & 559 protease A4 H7b
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13
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= 5

=
=i

o z
Bk

e]
4+
=M

ol
o
_:_m_
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o
T
o

©

B

=0
S

2}

ol & Al17} B2-087, Al0o] 7}

2

A& 5%2] protease A4 B 7ol A

HARE DN

4

=
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O A7 E 559 Sideropore FA4 H7}
0] A& siderophore ’\3“2 o B "H AT Feg HAIZIAY &5t AE9 Fe S5 B¢

3 W H9] Fe o] &S A5k A At AAA 29242 $Hch(Niranjan et al,, 1980).

_1_4

mlo ﬂJ

A YE 559 51derophore A Tﬂﬁ‘ gholst Ax}, A AE 10201914 7HE &2 siderophore
S-S SISkl A10T All, B2-0870] B3t +F S & spderophores B4 W o8l A3tn
AE A= 7H 32 5 242 Ut (2d 4).

0|MS 5Z09| Siderophore MA TWIHEHS MM £F)

o2

a3 4, 2

O ZA3u|WE 4F9] cellulose 3 aa A H7}
Bacillus$s0] Eu]slE 7hpRalas 5 cellulases celluloseE 7FrE3ljots 42 3] B4y
(Phytophthora %)9] AZHS& 1/d5= cellulose s #aligto] A5 2l w4 e Uetdrt

Holat
adH A e,
A3 u| S 529 cellulase A B7tol|A= A AE AS9F A0, B2-08704 W& =507 Bi)
stal Q18-S Folslgdal A1l 1020104 &olsh 4= idch(ad 5).
a2 5. ZS0|ME 559 Cellulase MA HIHEHS MM £F)
o 4%

nAE 4% FAEL AL AR H2A

Bacillus ¥+55 iturin, surfactin, fengycin 52 &4 22 HA=EE EH|sto}(Akira et al,,
1987) &+t S yepdotar €A 2th(Ongena and Jacques, 2008). olofl diAujFS Fall 7]
EFHAY AU+ 2F(E oxysporum, P. drechsler)®] AV EIA OS2 AAG 459 AdtF39
e A= #8 ARE A4 EFE 442 Sl st F2 It 22 HAREE Y turin,
surfactin, fengycin 3ol sl o422 §33t= primer(GE 1)E A&sto] PCR 4 AAISHT

(

- Hr



H
ook
El]
0x

2xt CHAFEE! AN primer sequence B2

No. Primer bp Sequence
1 fenA—f 1574 CCTCGCTCCGCATGATCTTTTGG
fenA-r CGGGAGCACGGTGGCAATGTG
) fenD~f 2000 TTTGGCAGCAGGAGAAGTTT
fenD-r GCTGTCCGTTCTGCTTTTTC
3 fenE—f 1580 GTTTCATGGCGGCGAGCACG
fenE-r GATTCGCGGGAAGCGGATTGAGC
4 ituAl-f 1445 CGCCCGTGAAGGAGCAGCCG
ituAl-r GCCAGGAAGCGGGGCTTCAC
5 ituA4-f 920 CTGCCTGCGTATATGATTCCGGC
ituA4-r CCGTGATGATGCCGTTCTTCAATCC
6 ituD-f 998 ATGAACAATCTTGCCTTTTTA
ituD-r TTATTTTAAAATCCGCAATT
7 srfAA-f 1485 GCCCGTGAGCCCAATGGATAAG
srfAA-r CCGTTTCAGGGACACAAGCTCCG
8 stfAD-f 1239 CCGTTCGCAGGAGGCTATTCC
stfAD-r CGCCCATCCTGCTGAAAAAGCG

A8 E 450 s FHEZ 3% (turin, surfactin, fengycin)®] A2 TS
ol E A102 fen % 671 plmeroﬂﬁ 7+7ro] gAER Sz wrdo] BHelE|odi A1 571,
A drd o] gl= gt 1y AFgv|AE ASollA= FHEE 3%

A10
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avys
Vs
any
ryny
Tyny
Juay
qusj
uaj
1auepw

avys

any
rynyj
Tvnyj
Juay
Quay
vu3y
FEVTLITT

>}

wvvus >

>
»1 1

>

10201

Al

1 10201¢] % A=pok AATAA M w2

5

e 5

B 5329} va

KH

12.13a 5.8a 13.3a 4.4ab 1.8a 0.20a 0.83a

A2

=
-




=
42| TE ZZ(em)  g=(Of) Z2H(em) 220 28em) MIZS(9) MAS(9)
A5 12.89a 6.5ab 11.0a 7.0c 2.4b 0.22a 1.20ab
A10 12.49a 6.3ab 11.4a 4.2ab 1.9ab 0.20a 0.98ab
All 12.58a 6.3ab 12.1a 5.9bc 2.2ab 0.24a 1.16ab
10201 12.99a 6.7b 10.5a 3.5a 2.0ab 0.20a 1.27b

* DMRT(p<0.05)

a8 8. 87| AISSH(F oxysporum) HHO| W2 i 71F Y 24X 54

>

Aol A Agu| g FAAEHS Elsty] Yl 30¢ 1F SHE FV|E o] 85t AESH
ol F oxysporum®t Be|¥ -8 ¥t P drechslerrs Z7F 1% HEFdh= WHO
aol-

3 AR 45 25 FAL Ha foFel szolA

F#JHHU

ox i e
i e Lo A
i)

Al19] A% Ale& delaat ey et Eeo] 47 28.9%9 15.6%= e 1
AZEE fhake ) 72.0%, 68.2%°) WAZHE Kol 7 w2 s UETh olHer Aaks diA|v)
F& o W A A oA B3 1A dykeh dASHR(LE 10, 1D,
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Kkl

[ ef % EZEAH(

2

9 o

v E 4

1877k #2 10201 2F 4

L

=2
==

Al13} AL

o|J
HH

ﬂ_AlO

7| XHHHX| &2

5t

® 3.

Note

Origin

Identification

Strains

No.

a4

7o

H

]

o)
‘mo

X
A

Bacillus amyloliquefaciens

All
10201

Pseudomanas putida

Ful S AR 2 44 2 AEele Ad

O AFA A 9 AAE A

23

(A1 e)

i

e



7] A AN A 234 F]ok 394 B71E A
AYE Q87 A7) A A3 A% Wol2

) 3 AE A% 5 An
1YY E 259 ; 71 394 ARA 3 4 AT, Hel T EREE Ak RRee v
wate] AFUIAE ALl HeFoAA 305%2 1 B dergon serA HelTe A0
10201 Aol A 242 21.5%2F 13.6% =A WErsth

WAZHE TER AYTE ASHE YA AL BT 10002 T o, 20| E Al 4
2ol M 21552 7P %A vhekton sksteba) Helet 10201 ATl HE FHelof vls) £
ol 2zl A 7 ebteh(1Y 3).

Aok S BACIHE el T S0l 2A LehbA gskont AT A9 A vYES
Aelq AL 10201 HelFolA ROAHOR Frl5He AFL HYTHE D),

FxE MET(AT) Me2(10201) 3ttt |(SHo| HALE)

OE 2. MEEdsAA XM2lE &) 3Ed X[otR W= Hlu

# 1. Xote s =410, 8.7|1F)

oA o = =4 X2 =25(g/F)
=< - (cm) (m) (H/Z) A gal HEE(%)
A 43 5a 15.5a 1.6a 37.0a 11.9a 32.03a
3348 All 46.3a 16.1a 3.3¢ 47.3a 15.6a 33.04a
(84 10201 50.4a 15.7a 2.8bc 46.9a 16.3a 34.68a
sfakorA| 44 2a 15.3b 2.1ab 39.7a 13.0a 32.84a

* DMRT(p<0.05)
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FR[7F Bl * DMRT(p{0.05)

OII

a8 3. 87| 394 ABK Malnd Xlshe x4 U

- 37] 294 AehE A% =4 2
AL 239 F7] 294 AuiA a3 44 A 7] BEFAA AR T vlast
of AFuAE All ATolA 53.8%2 71 A Ueg ﬂwxﬂ M;Lsar 10201 A 2] 7-of A
Z

2V7F 40.3%9F 17.7%% Wbkt A1l Ao 49 7] 394 249 WA7te} vlaLste
23.3% =2 FFo|th@8. 10. 7]8).

FAZLE e Al Aok LA = FA TS 100282 T o All A2t 184.1,
shsbokAl A e+t= 158.4, 10201 i%EHLL 9748 UEFRTHS. 10. 7]2).

a8y 8. 1.~8. 11, 717 B¢k & 783. 7m(Ht Y A7FsF 155.5m) 2] JF5$-7h WAt A

o AR QT ol yFge] A FUEHALH (1Y 6, 7), ol EF Y Z3t
s Bl GFS vAS AOE R oo] UF F& APt Basi

gk
1%

FX2 Mt 1(A11) AMErA2(10201) 5}5HkA|
J8 4, JSESAN M2[E #7] 2934 KXot s Hlw
H 2. X[otR M& EH(8. 10.7]F)
o A o =% =4 X2 =&(g/F)
(cm) (mm) (h/3) M val HEE(%)
e 36.6a 15.4a 5.8a 38.9a 12.5a 32.13a
212y All 38.4a 17.6a 7.1a 46.1a 14.7a 31.87a
(H) 10201 34.9a 14.1a 4.2a 37.4a 11.2a 29.80a
s}stokA| 42.4a 16.6a 5.5a 43.7a 14.1a 32.27a

* DMRT(p<0.05)



o uEE7} HIE * DMRT(p(0.05)

=X XMo|T7Y X|5tE 22X|S

a2 6. x{ul 7|7t S(6E~8Y) X2|FE 0|HFE F0[(2020. HY)

U2t42H(2020, H)

a2 7.z 717t S(6Y~8Y)
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M 2

(HNMIEoHA: 7] ESHEY SUMAE] XA
A 1) Auy g WP A AL
7h 37 A EQFA A A oo i udlE FAEA A 1dAT 23 2o A9 1
HhAY o] Klof| w}e} /\]%%tﬁ AAwto] &3b Fusarium & EEEo| & Aoz gl o} 3|UA Y
I} =8 HE7t 5

of WA A 838 wob A Aol wet Y] AlE
A

. < YetlE ACEA7F 38 njEhy ] ofA= 1272 ¥
1.075c} %9k2™ Chaol A4 FA| ey 2] oA 12302 %] 1,045} of ¥ YA
-

(Ad 3) Al eE e 2AH2EAD

7h 27 EFAAY O o R wet Fusarium spp. o XS Ao AL IS A} ol
WA o vlal AR\ A Fusarium spp. EEEC] w2 AT A

w3l ¥ BRAR NN Fusarium % 5 A58
solani®) w327} oF 68 E=A YEY 2] BEY

. EY u|¥E F Anthophyta, Fudicotyledonae 5 12%2 E¥A
Hpo] e mpAZA FUE AOE AR,

UAFR Fusarium oxysporum BT Fusarium
HAo] 91 Ao E AlRH,
Y EoFofl Aut gl w of

AE 4) ESHEAN B 2F3vdE 7 A 3 4

=
7F A5 b9 All w7 AlEad HQlaty B dodatoll tigt A JAlsE ol S5t
O Bacillus amyloliquetaciens® 573 =

EFAA OA A9 A All 59 2HA wg =242
=% 35C, pH 6~72.2 dutdjekzzdol wlsf wjefAlzte] 4~6A17F ©55 U=
(H2MRotn: &7] AFYLS flet 2etd SXiM 28718 7HE)
AE ) EGAEE I8l BAE AT 23vis A
7h B71 Aesr ddatell Hiel St B4e e AdvI8E FEIF Bacillus subuliss E)



of 7E< Adstlon 7] ey ool el It BAEe A= A E FEAF
Bacillus amyloliquetaciens & 5&< #3895

AE 2) Mg A addd 9 2871 i

7k B7) EFAA WAIE AR 28 A Al Hsl 27 29483 394 2R deAl e
AA|sto] ofQIATY, AHIHZE=NS 6o 9E7HA] 170 IHA L= 43] Aot A3}, ofQlAtY
A A A eHE ALE0o] A =

stow EFAAY WAZIE Hdl 56.5% =9

XN

(A9 8) 192 A A3+t EFAAAL Be Bdan 44
7h 27 EGAAT Aol disl ot e Hole 1 A =
F oxysporumell Hjsll ti2jujFate] AL AAlsESE S Ax All

.‘

O oA g Hyon 7] FRE o83 ZEAYIMNE A B2 ALS Yeie
) EUAGY AU F Reugy Udde) 2R Myroplchon sop. o A A
stol 1A%} AW 4GB FA A5 ES 238 A
T

ugon 7] fRE ol g8 EZEAFNAL All

e
Ekéﬁ]i%ﬁ%%ﬂM%%%ﬂJ%ﬂﬂ%%%°4ﬂtﬁﬂmﬂ%“ﬂ§1I%REOHﬁiiEA
I :

o}

(N 4) 273 A EFAGE 4GS AY 2 48 ¥

7h 87 BEGAEHE BAE S dEndE 5 A8E A Ay ans 2elgk Ay 4%
B AeA TR Bislel At ARE] 4163 AE B3O 1 9 AGEA
oA Fol7t %S,

U 27 EGAE WA Bk 294 QiAo B9 obdArd A=Al AT 56.0%% UEbu
BRI 10001 2% A2 350%, All 2% A2 26795 JEAS

o 394 AAOIA B BFEYE WAl Eahe 10201 25 A4 41%2 BT ok
At ARAl 42.4%, All o5 A2 A 37.4%E UEHRS

o B BPUY WAS AT N8 SAA AN 394 A w204 AR A A
Jhoh 447t elulg AnE U B AETE Eol7] 98 1dARE Ao Aol
£ Ao ARE.

o

= 43%0] FHsh= 7k
roteaseh All 339 A10, AS 2304 B3R cellulose 7HE 3] &
151909 siderophore #4& 10201 #5

9y Ul o) FAt AASHol A B AYUINE

>

w

EN

=N

=2

X

ot s
O
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U AZudE 459 AR A AR A AL0 oMM fenE T 671 FE=EE FAA}
TEE AL All #ollA= 571, 10201 #ollA= 1709 =2 F44 TdS 24l
SH=.

ot B7] FHE olgste 2YvlE 459 AFEFU S WU 23, 2EmAE A=A FA
2ot vlasto] fpot AATAA FHoR Frtte AFE HAE

2k 7] FHE olEste] AvAE 459 Bt WAVIE BUrE 23 2nAE A T
Azlef vjaste] FojH o 2 WAVIE detden All #59 45 24 68.2~72.0%9

AAleS HEbl=

™

ANE 6) dmBE AuiA ax H24 9 A&7l AL

7h ARuES o8 7] EFAAY WA A2 ans gelsty] flaf 2] 28T 39 2%
oA TpAAEE AAJste] 6HollA 109714 25 4 28 103] Hejgt A3t 34X 23 olAl=
FA e vasto] All 5 A2Y WAZE7E 30.5%% 7HE #8kom 10201 w5 A Al
13.5% =%2.

U 28A ZR e All #F AZA 53.8%9 w2 WAIVIE RSy 10201 +5 AHFA
17.1%9) BA7VE ety stetekAlE Aeet 29 40.3% %Rt W

ot 28y 8. 1.~8. 11 717t 5 Fe57F st dguE A2l tollA oB o]
S7he Ao R Ko AjfulE HYA EY W 2FE&FFE uddofd AR AR,

1 ages

Ahn TJ, Ahn YS, Kim YG and Park CG. (2008). Studies on methods of control Astragalus wilt
disease. National Institute of Horticultural and Herbal Science. Rural Development
Administration. Wanju, Korea. p.376-377.

Akira N, Takeshi U and Teruhiko B. (1987). Nucleotide sequence of a cellulase gene of Bacillus
subtilis. European Journal of Biochemistry. 164:317-320.

Animal and Plant Quarantine Agency(APQA). (2019). 2018 Year book of plant quarantine statistics.
Department of Plant Quarantine. Animal and Plant Quarantine Agency. Gimcheon, Korea.
p.215. http://kosis.kr/statHmml/statHtml.do?orgld=114&tblld=DT_114_2012_S0095&conn_path=12
(cited by 2020. Sep 15).

Back NI, Kim YS, Kyung JS, and Park KH. (1996). Isolation of anti-hepatotoxic agent from the root
of Astragalus membranaceus. The Korean Journal of Pharmacognosy. 27:111-116.
Bonanomi G, Chiurazzi M, Caporaso S, Sorbi GD, Moschetti G and Felice S. (2008). Soil solarization

with biodegradable materials and its impact on soil microbial communities. Soil Biology and

Biochemistry. 40:1989-1998.
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