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ABSTRACT

Background: This study investigated potential biological control activities, involving the promo-
tion of growth and antifungal activity against Fusarium oxysporum and Phytophthora drechsleri.
Methods and Results: Among the microorganisms isolated from an Astragalus cultivation area
and from Korean kimchi, three species were selected. These included A11, which displayed excel-
lent pathogen mycelial suppression ability in dual culture tests. It was identified as Bacillus sp. on
the basis of 16s rRNA sequencing. Growth promoting ability was tested by dispensing the three
selected strains in pots, to be cultured for 4 weeks. The strain A11 increased the fresh plant weight
by 50.8% and increased the fresh root weight by 36.6% compared to untreated samples. The
respective increases of the other strain were 18.4% and 35.6% by strain, A10, and 28.0% and
31.1% by strain B2-087. In terms of pathogen control, when the A11, A10, and B2-087 were alter-
natively tested for 4 weeks against F. oxysporum or P. drechsleri, the A11 control rate was 74.1%
compared to the group that received no treatment. Meanwhile, the others had shown control rates
between 70.4% and 18.5%.

Conclusions: The three selected strains induced the growth of 4. membranaceus Bunge, which
suppressed the development of root rot and wilt disease.

Key Words: Astragalus membranaceus Bunge, Bacillus, Biological Control, Fusarium oxysporum,
Phytophthora drechsleri

N A 1,487 Eo| =l FYEIL U] (APQA, 2019) FUTo] A
&Ao" ZI/GRS yHE o 8 o S AEE FE
37| (dstragalus membranaceus Bungey= F-Iol| &3l= =2o] "asl zEolt},
thadl 22422 ogge}l A ojx oAU A7t 715 F71e] Fa3 o & Fel= FEEA d2RE M=
’3}”4 53] el Al vlad AEs S5 AR F FHE B BEE ARAA AR ok, A, d9s
e

Lol FH, 7% dF AdE FHoE FHA7E EAH o] H2o® o]gs] Sitt (Back et al, 1996) 719 ok
01 Utk 20199 71 F719] Sl AR ALk 747} a3= polysaccharide, saponin, flavonoid 5 “J%°l 7191

193 ha ¢} 547 02, 20139 357 ha, 708 3} vlwsle] &, s|Y ARS| et Faksl axt, ﬂﬂb w3 g3, g

A&Hel o FAE HolT

1o (MAFRA, 2014; vlolg 2 a3 JuEY a3, AXAZY a3 © "7t F

)\
MAFRA, 2020), < sHFAHGEF] FUF 71& & T o Ay 280l 2 dofA ok (Xie, 1994;
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Rios and Waterman, 1997).

7l THFE 71 B AL (F2017-102%, 2017, 12.
1500 o3l Hre)e} Yzt AS AFoRE o]g Thsd okgt
Eolu giFE B A Y52 F7tlA AEiE ) s
719l Bee Au) d7F =S5 st o] =2 A
2 Yeht 9o (Yin et al., 2009), T2/3H-2 o] %
Hid o] wet Frtste A Ho astrogaloside,
astrogalosidelV, flavonoid 5 87342 o] 1d<, 2d*
B} 3dZolA 50% o E=2m, polysaccharide 3 H3h
3ol 2d2el HlEl 50% o) =ol AAES Eld 9]
o] HAYZS 3d2o® WE v} (Lim ef al., 2014), Yyt
oz Al dpo wet S5 AFdwe] o] st
3 gEA Aok

ole} 7+ o2 F7] B 1dAL iR AEoE A
3 ofgoRE= 34 o] adZS o]&atal e, 3
WA o)de] ards AL A BEFHEA Walol ok 5 7
2o SR FHZ 3d AAR] FAKIQL Al 7] Auid
Aol 13 89.7 haollA *19d 289 ha & 714t
Alolth (KASS, 2014; KASS, 2020).

7] 7 o] YRlo] He T8 BEYHEH2 A
(Fusarium oxysporum Schltd) (Lee et al., 19913 ¥a|¥-S-
W (Phytophthora drechsleri)] ®.31%|o] Qt} (Cho et dl,
2000). AlESHe] A5 1d2oMs HA WIE7} vju] sk et
Aul @7 sojyd 2 =T SU1SkAL (Ahn et al,
2009), FeHSH A 1d2S AT 1.3 Aoy o
W e wek 0 - 97k 3#71) 3929 A9 6.07A] =A
=718l (Nam et al, 2006) E7HM= F2 192 AAkst
FAE Aol (Kim er al., 1996) ©|23F o= 37] A
57 AR 37 ESAEA Wl Ha7Ie i o
sk @4 847 Ak

71X B S RS (P drechsleriy® ANES8
(F oxysporumy> AE3e] AT g EYolX Bl EY
Y Hhddo R oy A& Hsjete W 71T HMAE
Zh=t), o5 EY olx $HEAE AgsAY 2t 2
A 2FoA 717 AEo] ThsEl] AT AHAL oFEAkE
3} zro] thAA ZHe Al B AZPA] Wdro] B FA =
o] W WHllo] AeljA= 7S Bt
EFAGHl sl vz BAZE A== 9l 3
S BEPASH (Fusarium solani) WAE S8 & SAl

3 E

EY A5HE 88t e,
018 WA AlEEo] Az Fole Bk vAEAS
H3l= 71€0] Q7% (Bonanomi ef al., 2008), EXEE
A Ee 2R AREe] QI Al FFE vA
3lo] (Frick et al., 1998), 3+ WHA|ol| thal -
go] A=A R HA o).
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EXog 913t slstekA2] dHA
o] &3t A =skA Wt
Aed, HFEHew
Bacillus subtilis 5°] Foyolu}; BN WA=
A B3] 525Ut (Lee ef al., 2009; Jeon et al., 2017).
EE o7 A ES o83t vAE T 5 AES)
2 WAAE sfekEoel Hlsl okg 9 oFg A|&Ado] "ol
I ZAFe WAIE Qi E FEe L7t HEs| o sk
59 FAFe] oy, AeAle] JTS T gowA] W3

S Al F2EL S 8= (Park, 2011) 5 &

A=
2 Hag

52 shastva
AA 7 B

L

& o2 AAFs] & 7HE Adrh

aHolx B71e] A dAA vAES o83 =S
WA 7E AgstEo] A ot B AFE S8l 2719 B
4 Wallg ke ddul AddeHs vehlis ndE
< ddeko A &7)e] Pl At X9 AulE g

BESH PAAZA P FEst

M2 U upH

=< odg
1. Sax & 7RE#F 2
S+7] (Astragalus membranaceus Bunge)?] T2 EYHH
3 WalQl AlearE e il sl At S
HeR= F8&#5E st EFHE HANIETE 52
89 ST A7] olFol A= AT} HAX o] 7] &

1AF A A DAl A <
AN &3t

ANHE ABAA FEAES FEs] 8 EF AR |
¢S HHdG (sterile water) 9 ml ol HESIIL conical tubel
10°¢] T2 38|45} NA HJA] [nutrient agar; beef extract
0.3% (w/v), peptone 0.5% (w/v), agar 1.5% (w/v), Becton,
Dickinson and Company, Franklin Lakes, NJ, USA] o] &=
Zato] 25ColA] 2 A7k vl i & Sjte= mef
S o] M2 the vAEe] Wel B2UE IS olgsd
1 2 Fg 5 oA &5 FEste] 73 T2 FHIsKITH 3
712 ALAEsd7led FAFATAN HA 5 Kk
2FANA g A 96 TS TEHkeH, FHjE BRE
TFE 20% glycerololl EESI deep freezerol A -70Col]
RS

21240 28 EUSS

\= o]

3
o

7] EFRRA Walel F2 B9 PaHey 9
9 e Qelwe FEUEY FAAAAg R

o
ZRH P drechsleri (KACC 40196)2} E oxysporum f sp.
gladioli (KACC 40051)E 2Fagkom sgete] A HAdA
3l XEA g I3t

of WAFE 5 Uxk A% PENe] F2iel WY 5L e
= oAl ke Rele) A Wawe Asgelel g



Bacillus sppOfl 25t &7 (9] MSFE 3 £ Urigat

5 ARE-siSIT.

HAg e A8l HEl AR HHdS AlESH o
Sl (F oxysporum)2] 73-%- PDB HJA] [potato dextrose
broth; potato starch 0.4% (w/v), dextrose 2.0% (W/v),
Becton, Dickinson and Company, Franklin Lakes, NIJ,
USA] I 30C, 1 &7k wieFslo] Harroh 10 1 343
S 3k cheese clothsE |83t 22} dErARE 3|43}
hemocytometerol|X] 2B A XA} DE7F 1.0 x 10° conidia/ml
o] FEIt HEE Higel sAste] FHlsTh el
ARl (P. drechsleriye 10% VSA ¥JA] [V8 juice agar;
V8 juice 10%, agar 1.5%, CaCOs; 0.1%]olA] 5 L7+ wljekst
oA 9 4 ) - 5 08 EiEF 20 mlol] XS H dlo]
ZAREE 24T 271014 2 A7 wiedste] fAds S
3] AT g HEs7]) A 10T oA 30 2+ A
< At 1 A7 A AElsked cheese cloths® F-AF
et vl 3931 & hemocytometeroll A A7 1.0 x 10°
zoospores/m{ FE7} E L2 FH|E3ITH
2. WARAHSS HA

=

THIEE EP =] AEa Ut F oxysporumt -
o
=

W AT P drechsleriel tisl 84S VEhiEA] &
Q1et7] Sl thAiS Sal #AME AT EHS A sIel
o AlEaH 9072 PDA ®lA] [potato dextrose agar;

potato starch 0.4% (w/v), dextrose 2.0% (w/v), agar 1.5%
(w/v), Difco, Sparks, MD, USAJel HEslal e <
Rl 10% V8A iAol Fate] 25Cellx 3 Uzk widat
of U, FHE HYHS dAF ATFlA cork borer
A7 5 mmE B3l agar diskE AL, FEPAAES
LB broth W] [Luria Bertani broth; tryptone 1.0% (w/v),
yeast extract 0.5% (w/v), sodium chloride 1.0% (W/v),
Difco, Sparks, MD, USAJell &ale] 25CoA 1 A7k ek
Sk v kel-S- 8 mm paper diskoll 100 (0 HF3ske] ARSI

A2 PDA HiA|9F NA HiAIE 242 50%% St
vl x]e] petri-dish (SPL life sciences, Pocheon, Korea) 7%
4l HYF agar diskE XF3IaL 3 cm "Hojzl 3o F-8u|A4
52 H=3 paper diskE X/d5te] 25CoA 7 L7 wjjekst
F clear zoneS HAI T HMAFY FAF S Als=
A2 E2] A35HL clear zone Zo|E 3 WHEOo R 3 A}

dl Aldsto] skl

3. Protease 44 HA

X Foll A B dstol] sl dAME AAls ol =2
BHAEC] protease WHHIE &R1at7] Sl S/ 200 me ]l
nutrient agar 5 gZ} skim milk powder 3%E &3 WA S
autoclave (121°C, 30 min)a}e] petri disholl F5-38}o] FH]3}

1 vizlol| cork borers ©]&-3te] 27 5 mmo]
vlg] wjgelsS vAE g 20 b E HE
3 25CoA 5 A7k vieks 5 wiAQ] clear
zone B4 #Z3I0] protease FH|E 2151 T}

o &
e
=
i

5 &
N
4 o

4. Siderophore & HA

Ay F87459 siderophore B Lolr 7] s
chrome azurol sulfonate (CAS; Sigma-Aldrich Co., St.
Louis, MO, USA) assayS et H@e WS ARSI
o} (Han et al., 2015).

HA AELd 605 mgS SFHFF 500 mbo Zol
hexadecyltrimethyl ammonium (HDTMA) 72.9 mg& S74
50.0 me ol ¢l ¥ FS xjehale] FH|S}al, Nutrient Agar
20.7 g& 900.0 M SFFl = the F /A e &9
St autoclave (Jeio Teck, Daejeon, Korea)oll Qb Hs}
Atk I HaE 98 50T 28 7 AEo] UA g
2 HH3] 4o] petri dishol ¥F3+o] chrome azurol S
(CAS) ¥R & =AU o] F 9o whHo R njg] wi¢f
e MAE wjgAS HE o] 25TellA 5 A7k wljdsiar
TF FEYUE TAOSZ CAS ulx|e] Mo] Halox Hxd
LoR Frgs A& clear zone F4S E3l| sideorophore A
d ARE gl

5. Cellulase & 2H

A §-8759 cellulase #3 T4 A4 RS 2138}
7] 93] sodium carboxymethyl cellulose (CMC) agar BJX]
£ Sazci T (1986)°l14 ARE-3F W& W sto] AlzxskiTh

NA HiA] 5 g& ZSHF 200 o] =9 F sodium
carboxymethyl cellulose (CMC) 1%9} congo red 0.01%2
3 Yol 410l FH autoclaveE E3l LQf Hatsle] |8k
ATt cellulase 24 A A § WHAH = vl
HE3te] 25CellA] 5 A7F wlgato] wix]9] clear zone B4
< ARSI

6. ST HIA0{AMe| 2 BX} MH=Z oA

AT 87 A S dofske AEENEE
= ®Hlsk=A] ERlsl] ffel Z47te] -8t E wieket wid
of 3} - FAF (@HEAET, FHAZ)E ol&ste] AEE
AAE TP

A FEjgo]#E 2 w4 ¥ 90 mm x 15 mm petri dish
o 1% sodium hypo chloric acid’} ¥3d Had+E 5 ml
# o] F83) AN F ¥ FAE 12714 2 10
g F 1 U7 Ao BB gl e zizte]
8§45 LB Brothol| A 1 d7F wikst F syringe filter
(RC 0.45 pm, Sartorius Stedim Biotech GmbH, Goettingen,

o lo



oIS - Ol - 2R - &

Germany)= HE|G3le] Fatret 1 12 EFsl] FH|813

t}. petri disholl X]743F F 2= 24 AI7F F 16 A7) F
Z700M zHzke] vkl S | ml A 5 A7F B3 5 o}
gk A 24T BATES S8
7. ZEAYS Sot 2D| MEsH SudA

fe7 3 B9 NBAY 2AEAE Sesh] o) 2
oM TEALAS At X7 VIS 36t
105C, 2 A7 59t AEHOR el YUES ¥ 4 x
4 AANXES 37] (4. membranaceus Bunge) TAE 2531
5l PEAR] it 5 2 EE s 98 AWdETrE 14
A7+ FE&t] AFFIE L 2A ANE HAE Rl

LU AE e 1.0 x10° colonyml F=2 Hado}
1:12 8|A43lo] 2154 AAFo] 10 A 5 U 7402 4
3] AFAY AL v AP IRFE 5 do] e &

A D AsHge] ASAHEE SA AT

2

HH *Xﬂﬁ]'—} 43
#Q e ddd (P
51 U+t (F oxysporum)oﬂ et -8+
T 3 T MAEAE FRlsl] flal ¢ WRoR A
°J°4]”E‘§ Yo FEA 30 A7k SHE 3] AAE A
o7 24 oA TEHAS IS
AFE AETEE §8&T g 10 il E
FAPIE o] &3dte] 7] 2ol WA A5 § AFU=E
H 3 Y 43 22 o A¢e Ak HeRE
4 F7F Ws AP it 27k {8t 9 HAACMAE
et 101 848 H 1.0 x 10° colony/ml FE=Z ARE-
A ESY YA (F oxysporum)s PDB (potato
dextrose broth) ¥iX|ol|A 30C, 1 Y7+ wjgste] Has}
1:1 34 % hemocytometerS ©]-&3}] 1.0 x 10° conidia/mé
g] l-:ll:i xJ&{,—]_O:lq_
WEREH AT (P drechsleriy® 10% V8A WX|ojA 5
A7F g3t FAF DHS cork borerZ WU Hag 20 md
S W& petri disholl 4 7 - 5 /1S ARSI o] FAMEE
24C 7)o 1 Y - 2 U3F wgete] fgAhde] $E3]
AJgh vjFelo gz HE 10T #2004 30 7 A4z
o4 1 A]ZF ¥FX]E}] hemocytometeroll A 1.0 x 10°
zoospore/ml2] FEE FFA}T vt 2 il

A8}

Al

dd

s

AL

=
KR

Jot

/RE]

Aol ehe el
AR 2719} 7}
7, el e
STk (RDA,
sl

L=

102

EX2 - ZEKE - S

T AAg SRl &, o A wje} 094 37FA] et
R, PR EHS Ba] gHe] HA wAEY Hojzks i
S =7)ol wh 0lK 371A] %E—E}Oib— A, 02 0%, 12
1% - 30%, 2= 31% - 60%, 32 61% ©|Fo 2 F 3 yhe
AAIBIAAL, WAI7R= (Tx%al%%ﬂ%L - ATEEAE) /

AP TIHAT x 10022 ATt

9. REAFO| =H

Ak 8475 583H7] 918 16S IRNA 2 gyrA
AzF AE A X o) 7]6tst '”‘i‘x}"gﬁﬁm W3} VITEK2
compact (bioMérieux, Marcy-I'Etoile, France)S ©|-&3F A3}
skx HPHS o] fsle] EA EAL 2AEIT 16S rDNA

A7IME 4S8 chromosomal DNA F%2 LB Broth
oA 24 AIZF FeF WA wiFd 3 ml & Higene™
Genomic DNA Prep Kit (BIOFACT Co., Ltd., Daejeon,

Korea)?] Wy o® FZ3%tl 16s rRNA H& FZ o
universal primer?] 27F9} 1492R primerS ©]-&3}3Th
Polymerase Chain Reaction (PCR)S CFX96™ Touch
Thermal Cycler (BIO-RAD Inc., Hercules, CA, USAYS A}
|38k 95CollA 30 %7} denaturation 332 65ColA 30 =%,
72Celld 30 2 FEL 35 3] WSk & 72CelA 7 23
HESAIAY. PCR 42HE2 1 x TAE (Tris-acrtate-EDTA) buffer
£ o]&3}e] 1% agarose gelolA 30 7+ 79 %F
ethidium bromideZ 943} UV-transilluminator (DAIHAN
Scientific, Wonju, Korea)ollx] WM=E RISt} 1,600 bp

el S5 =S ] F VMG 242 =it

ke
T

(Macrogen Inc., Seoul, Korea).

gyrA FAAE o838t A7IME #A ZEto|H gyrA-F
(5-CAGTCAGGAAATGCGTACGTCCTT-3") ¥ gyrA-R (5-
CAAGGTAATGCTCCAGGCATTGC-3"ye AHg-ate] A-gtjist
o FAEATFE7]71Y NICEM (National Instrumentation
Center for Environmental Management, Seoul, Korea)ol] <]
gt 533l

Zbzke]l @7IME #4143 += NCBI (https:/www.ncbi.nlm.
nih.gov/)°IX] BLASTN Z2I38 o] &3le] 525 H7IME
I ¥l §F MEGA X X273 (Molecular Evolutionary
Genetics Analysis, Pennsylvania State University, University
Park, PA, USA)E ©]-8-3l] Alsi=gd 28tk

FeaFe] A3leE F42 VITEK2 compact (Biomerieux,
Craponne, France) AlZ=8]g o] &3l AF viwdel wet
LB Broth ®j#]eflA] 25C, 1947+ vjdet AdkmyEe] ke
Ail st FrE ol § olE did Al
2.0 McFe] =2 2r3 BCL carddl]l HAAZATH A%
carde AlF 7HIEC] 4R § A538S AR

=

=



Bacillus sppOfl 2|2t 8719 YSEL 5! =l WH St

10. SHEM 96 2 7] ANESH (F oxysporum)d BN (P
FEaToF Hadde AR dAlTE AR TEAYHS drechsleri) 043 TR wgste] gtdido] =2 85

B3 ASER 9 AEY A% 5 EE A 3 3 s E At

o]

AR, ZF A gk zpolol| ojgk fod AR THIGE F8PAE 169 T2 7] EFHAGA] B+ 2 &
SPSS v.24.0 (IBM Co., Armonk, NY, USA)Z &&3}o] (E oxysporum, P drechsleriy®t THX] ®jksl A} =43t

Duncan’s Multiple Range Test (DMRT)E 5% o4 % clear zone®| Zolol wle} #ARIAISE] 71 B 4875

A FAEATE (p < 0.05). 3 F& s
st F8&4F 3 FollA A0 E oxysporum3 P
o} U pEk drechsleri®ll & 242+ 10.3 mm <} 11.0 mm &) FAI A S
YERAS, A1 10.7 mm, 13.0 mm 9] #AA2S et
1. FEAFQ| MU U =H Witk z2]ar B2-087 ¢ wWwtol whisl z2 10.7 mm,
AT Xz AR RS 3] (4stragalus membranaceus 13.7 mm 8] FARIAITES B {§874F 3 = oM 7
Bunge)¥ <4t AuiA] A Bl Rl 8uAE 73 =S dH@AE U folF9l 5L oyl (Fig.

T3 ETA e SAEATAOAN B B xd D).

103b  107b  10.7b 11.0b ‘ (=]
T 1 1
-
I 1
0.0a .08
Al1

A10  A11 B2-087 Control A10 B2-087 Control
F. oxysporum P. drechsleri

Fig. 1. Mycelial growth inhibition tests using the selected useful strains against £ oxysporum and P. drechsleri. (A); F. oxysporum (F
0) was cultured on PDA and P, drechsleri (P o) was cultured on V8A medium at 25 C for 3 days, then mycelium disk were placed
on the center of PDA + NA medium plate. The selected useful strains were innoculated on 8 mm paper disk and three triangles
were placed around the center of the plate. Results are shown for control and each selected useful strain. (B); The lenth of the
clear zone was measured after 7 days of dual culture against . oxysporum and R drechsleri on PDA + NA medium at 25C. Error
bar is standard deviations of three replicates. And the different alphabets are shown significant differences according to
Duncan’s Multiple Range Test (DMRT, p < 0.05).
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opls -

o] &3 H71XE ¥4 VITEK2 systeme
ol-g-gt Aslety A& F3l =AU T8 A A102
Bacillus velezensis, B2-087<% Bacillus sp., Al11 Bacillus kgl -84

3 DR - SRS - ZE|S)

s

MG M U

. Bacillus amyloliquefaciens strain 41B-1

MIYNE

70 | Bacillus methylotrophicus strain B25

78\ | Bacillus subtilis strain B-1

8 Bacillus siamensis strain TN 0503

Bacillus tequilensis strain NRRL B-41771

‘—— Bacillus atrophaeus KCTC 3701T

Bacillus vallismortis strain HSB-2

B2—-087

100 Bacillus sp. B29(2014)
84
Bacillus velezensis strain UCMB5140

*LA10

—_
e.1e

Halobacillus halophilus strain HL2HP6

ampyloliquefaciens= -7¥1T} (Fig. 2 and Table 1).

= 3 Zof i8] clear zoneS FHAIT O EA

Fig. 2. Phylogenetic tree based on partial 16s rRNA and gyrA gene sequences of the selected useful strains of the genus Bacillus.
The DNA sequence of the NCBI nucleotide database was sorted using the MEGA X program and the bootstrap value is
displayed at the branch node. The Genbank accession numbers of the Bacillus species most similar to the selected useful strains

were indicated next to species name.

Table 1. Analysis enzymatic activity from the selected useful strains using VITEK 2 gram-negative identification card (BCL).

Biochemical A10  A11  B2-087 Biochemical A10 A11  B2-087
BETA-XYLOSIDASE + + + D-MANNITOL + + -
L-Lysine-ARYLAMIDASE - - - D-MANNOSE + + +
L-Aspartate ARYLAMIDASE - - - D-MELEZITOSE - - -
Leucine ARYLAMIDASE + + (=) N-ACETYL-D-GLUCOSAMINE - - -
Phenylalanine ARYLAMIDASE + + +  PALATINOSE + + +
L-Proline ARYLAMIDASE - - - L-RHAMNOSE - - -
BETA-CALACTOSIDASE - - - BETA-GLUCOSIDASE + + +
L-Pyrrolidonyl-ARYLAMIDASE + + + BETA-MANNOSIDASE + - ()
ALPHA-CALACTOSIDASE + + + PHOSPHORYL CHOLINE - - -
Alanine ARYLAMIDASE - - - PYRUVATE + (-) -
Tyrosine ARYLAMIDASE + + + ALPHA-GLUCOSIDASE + + +
BETA-N-ACETYL-GLUCOSAMINIDASE - - - D-TAGATOSE - - -
Ala-Phe-Pro ARYLAMIDASE - - + D-TREHALOSE + + +
CYCLODEXTRIN - - - INULIN - - -
D-GALACTOSE - - - D-GLUCOSE + + +
GLYCOGEN - + - D-RIBOSE (-) - (+)
myo-INOSITOL + + +  PUTRESCINE acidification - - -
METHYL-A-D-GLUCOPYRANOSIDE acidification + + + Poliferation in 6.5% NaCl + + +
ELLMAN - - - KANAMYCIN RESISTANCE - + +
METHYL-D-XYLOSIDE - - - OLEANDOMYCIN RESISTANCE - - +
ALPHA-MANNOSIDASE - - - ESCULIN hydrolyse + + +
MALTOTRIOSE - - - TETRAZOLIUM RED + + +
Glycine ARYLAMIDASE + + - POLYMIXIN_B RESISTANCE + + +
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T3 % 25 IAEAL, cellulase S A102 B2-087°]
Al ERI=ATH (Fig. 3).
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ZAFAAT ol S GAFIEA AEAE Hols
Fwshs AdEE o A= A F3Xo| =55 +oF (Niranjan
et al, 2005). "IR¥HAZ Bacillus spp./} ek &4 T
cellulasei= (Akira et al., 1987) Phytophthora & WUd4<
A gl d#A Utk (Richter ef al., 2011).

0T 3 59 protease 5 24 AIe T 4FE

1B

control

of Zzte] Fx BHIE Ba) W) A FRle) EHS T3
WSS oG Zole) ek,

3. A5 HIU0{Me| T BX MAFTIGH HH

A& Aol9l= He] 99l 2 (thizosphere)e] €442
HZdo] Hlste] w9 =2H, o= A= Bl AEA &
715kgHee] o ® wHlEo] oA MAshe ZHrE
NA T2 MAAE AFsl7] wizeltt. o|= <ls)] e &
= YehE= AEQ R/S (root/soil) &2 10014 507FA] ©]
27 =, RSES v B vl 2l =] 109]
A1 50 wje] mAEo] AAstal vk AS ofnl gt

oMY A& el I3 AAE AEe] = 4%
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dEHA ATt (Kim et al., 2007).
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Fig. 3. Assay of active substances produced in the selected useful strains. Protease secretion was confrimed in the nutrient agar

late mixed with 3% skim milk powder. Siderophore production was confirmed in the chrome azurol S (CAS) agar plate in

which CAS and hexadecyltrimethyl ammonium (HDTMA) were mixed. Cellulase secretion was confirmed in a sodium

carboxymethyl cellulose (CMC) agar plate in which 1% CMC and 0.01% congo red were mixed. When the active substance is
secreted, a clear zone is formed around the selected useful strain.
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Fig. 4. Test of the growth promoting effect of the culture filtrate of the selected useful strains under in vitro. (A); The experiment
was performed with Gwandong summer radish (Raphanus raphanistrum subsp. sativus) seeds. (B); Test of the growth promotin
effect was measured for 7 days at room temperature after seed on petri dish and control is only water. Error bar is standar
deviations of three replicates. And the different alphabets are shown significant differences according to Duncan’s Multiple

Range Test (DMRT, p < 0.05).
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Z7¥ske} (Fig. 5 and Table 2).

olgfgt A= 8 Fo] MgAN S F Fell 5351
AEERTHE FRIgk A7 Ao dAekd=t, ol -4
a5 3 F0] BEY fAle S0 = PGPREA S| 35

o3

AL gt

106

AA] AR M = 871 <]
2 Zlo=w dAgEdct

91

ol
=
kOl
]
oY
02

3

gl

F oxysporum®)
AT= 1.8 EAY. E oxysporumel] T

=
HHAI7ES B Alle] 60.6%2] 7Y =& WA}



Bacillus sppOfl 25t &7 (9] MSFE 3 £ Urigat

' - g | & =
[ \ —_ - 3 AN g i 1

Fig. 5. Growth promotion activity on A. membranaceus bunge in the greenhouse by the selected useful strains. Each selected
useful strain culture suspension was inoculated 4 times with a syringe at a concentration of 1 x 10° colony/mé and 10ml to the
root area of the plant every 5 days. Control was inoculated with water only, and the result was evaluated 5 days after the last
inoculation.

Table 2. Effect of the selected useful strains on different growth parameters on A. membranaceus bunge in greenhouse pot trials.

Treatment Plant length Fresh weight Number of Root length Feeder Root diameter ~ Root weight
(cm) ©® leaves (ea) (cm) roots (ea) (mm) )

A10 12.482 1.06% 6.67° 11.422 4332 2.06% 0.24°

A1l 12.52% 1.18° 6.33° 11.87% 6.22° 2.33P 0.25P

B2-087 11.242 0.93%® 6.33° 11.522 3.89° 2.24% 0.23°

Control 11.90° 0.78° 6.00° 12.67° 4.44 1.73° 0.18

Means obtained from an individual trial, with three replicates per treatment. Each replicate consisted of six pot with one plant per pot.
“Different letters indicate significant differences according to Duncan’s Multiple Range Test (DMRT, p < 0.05).

£ HATZ B2-087 57.6%2] WAZIE UERioH, A10S 66.7%2] WAI7IE YERItE (Fig. 6 and Table 3).

45.5%2 7P e w7V JeNITE. 283 P drechsleri FETdF 3 F FolA B2-0872 surfactin, iturin A,

o tislix= Alle] 74.1%2] HAZFE Bl F oxysporum®}t fengycin & ThFSH g+t dXERS AL A AEH

2R 2 7 =2 A g HE JeR T B2-087 W (Alternaria panax) 9Ad 5 A/gFol WHs=E HS W
control A10 All B2-087

F. oxysporum

i y
3 4 |
1 )
‘

Fig. 6. In vivo pathogenicity assay of the selected useful strains from A. membranaceus bunge on the soil borne disease caused
by F oxysporum and P drechsleri. Each selected useful strain (= A10, A11, and B2-087) or control (= only water) was
inoculated into the root area of the plant using a syringe at a concentration of 1 x 10° colony/m{, and after 3 days, each
pathogen was inoculated at a concentration of T x 10° conidia/m or 1 X 10° zoospore/ml. The method was repeateJ 4 times
for 4 weeks and evaluated after 7 days.

P. drechsleri
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Table 3. Control efficiency of the selected useful strains on F.
oxysporum and P drechsleri on A. membranaceus bunge
in the pot experiment.

F. oxysporum P drechsleri
Treatment  Djsease Control Disease Control
incidence” efficiency(%)? incidence efficiency(%)
A10 1.207 45.45? 1.47° 18.52"
Al1l 0.87¢ 60.61? 0.47¢ 74.07°
B2-087 0.93° 57.58% 0.60° 66.67°
Control? 2.20° - 1.80° -

"Disease incidence was measured based on lesion size and evaluated
on a0 -3 scale, where 0is 0%; 1is 1 - 30%, 2 is 31 - 60%, 3 is more
than 61%. ?Control efficiency = (control disease incidence — treatment
disease incidence)/control disease incidence x 100. *Control is only
water treatment. ‘Different letters indicate significant differences
according to Duncan’s Multiple Range Test (DMRT, p < 0.05).

F ALl B vf o] (Lee

gﬁ% ;(._zl_g] Q.Ok-{s]- ?‘51-‘,_11-/\-] q] /\}
4 5ol 7] EFHEH AJHE THF R oAENS
Aoz AzheT). olo] B2-0873 vlsza Y & B w& WA
a7 B ALE O 24 dAERLS *MEVM

Asl=d axoz AMEE
et al., 2018) ¥ AoM=

PGPR ## 4 Y& T3 Wdwe] 334 A9} 2
EAle] ARG Ao %W#‘ﬂ TS Ul?%t}l F9g

A=, 7 el gk LC-MS
ol Basich.

E ARoA ARRSE 87T E q_o]:t:;_],
A ‘ﬂxﬂzﬂi 7 Z5A g5 Bacillus 2.2 B2-
087-4 o])\L ;G _4}:& tﬂ‘xﬂ—g_ ] ]@gﬂhﬂi /\1_9_§;],
EMM ozl 87 EFAAA Hall Aol tisiM =

H Al EHE VRl thks 2] el AESHA A
XﬂiH o] &8 7heAS BT
Tk B2-087HT askA| ek BAEIE Bl All o
WA ZA o] 87Fs/do] FEatttal dETh & AFE

o 8t e BEEA 9 AS HF 21s
o AEst 483l 93 d77t svtETh aF
A 7] AL SeF X3 AR RA SwgE 70l
< Zo= yghed

Feo oisl AES

1
t‘
i

H

S 1
=

Al

Gy

7
Pl

o)
AR

20| 2

L
.

FEATH AGESE7 SN EHAAE:
PJ013625)2] Aol 23l o]Fojzl A== ofdl] ZAI=-Y )

REFERENCES

108

. BXI2

- ZEHE| - 2l

[

Ahn TJ, Ahn YS, Kim YG and Park CG. (2009). Studies on
methods of control Astragalus wilt disease. National Institute of
Horticultural and Herbal Science. Rural Development
Administration. Wanju, Korea. p.376-377.

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/statHtml/statHtml.do?orgld=114&tblld
=DT 114 2012 S0095&conn_path=I2 (cited by 2020 Sep 15).

Baek 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.

Cho IC, Ryu KY, Hahm YI, Kim JS and Jee HJ. (2000). Root rot
of Astragal(Astragalus membranaceus) caused by Phytophthora
drechsleri. Plant Disease Research. 6:88-91.

Frick A, Zebarth BJ and Szeto SY. (1998). Behavior of the soil
fumigant methyl isothiocyanate in repacked soil columns.
Journal of Environmental Quality. 27:1158-1169.

Han JH, Park GC, Kim JO and Kim KS. (2015). Biological
control of Fusarium stalk rot of maize using Bacillus spp.
Research in Plant Disease. 21:280-289.

Jeon YH, Kim YS, Kim KH, Lee SW and Park GH. (2017).
Bacillus  subtilis strain  YGB70 and microbial agent for
prevention of ginseng root rot pathogens comprising the same.
Korea. Patent. 101905045.

Kim GH, Kim GY, Kim JK, Sa DM, Seo JS, Son BG, Yang
JU, Eom GC, Lee SE, Jeong GY, Jeong DY, Jeong YT,
Jeong JB, and Hyeon HN. (2007). Soil science. Hyangmunsa.
Seoul, Korea. p.255.

Kim YG, Chang YH, Lee ST and Yu HS. (1996). Studies on
planting density and labor-saving in machine sowing for
Astragalus membranaceus Bunge. Korean Journal of Medicinal
Crop Science. 4:157-162.

Korea Agricultural statistics Service(KKASS). (2014). 2013 Year
Special crop production statistics. Korea Agricultural Statistics
Service. Sejong, Korea. https://kass.mafra.go.kr/kass/common/
ClipReport.jsp?levCd1=6420000&levCd2=&levCd3=&survid=9
6&filePath=md%2Freport&fileName=RP9600001&search Upr
Cd=6420000&search_Org_Cd=&search Sub_Org Cd=&search
Upr Nm=%EA%B0%95%EC%9B%90%EB%8F%84&search
Org Nm=%EC%A0%84%EC%B2%B4&search_Sub_Org Nm=
&search_Org Full Nm=%EA%B0%95%EC%9B%90%EB%8F
%84+%EC%A0%84%EC%B2%B4+&search Ar Nm=%E3%8
E%Al&search Amt Nm=&search Product Nm=kgé&search Ar
_Cd=1&search Amt Cd=&search Weigh Cd=&search Researc
h Year=2013&search Buryu Cd=&search Buryu (cited by 2020
Sep 10).

Korea Agricultural statistics Service(JKASS). (2020). 2019 Year
Special crop production statistics. Korea Agricultural Statistics
Service. Sejong, Korea. https://kass.mafra.go.kr/kass/common/
ClipReport.jsp?levCd1=6420000&levCd2=&levCd3=&survld=9
6&filePath=md%2Freport&fileName=RP9600001&search Upr
Cd=6420000&search_Org_Cd=&search Sub_Org Cd=&search



Bacillus spp0il 2|5t

Upr Nm=%EA%B0%95%EC%9B%90%EB%8F%84&search
Org Nm=%EC%A0%84%EC%B2%B4&search_Sub_Org Nm=
&search_Org Full Nm=%EA%B0%95%EC%9B%90%EB%8F
%84+%EC%A0%84%EC%B2%B4+&search Ar Nm=%E3%8
E%Al&search Amt Nm=&search Product Nm=kg&search Ar
_Cd=1&search Amt_Cd=é&search Weigh Cd=&search Researc
h_Year=2019&search Buryu Cd=&search Buryu (cited by
2020 Sep 10).

Lee KJ, Jeong JS, Jeong HN, Yoon YJ, Kim SI, Ahn MS, Won
JH, Lee SG, Sim JH and Yoon SW. (2018). Development of
microbe-based product producing and application method for
cultivation of high quality ginseng in stabilized field condition.
Gangwondo Agricultural Research and Extension Services.
Cheorwon, Korea. p.795-798.

Lee SG, Yoo SJ and Choi JE. (2009). Composition for protecting
ginseng alternaria leaf blight and method for controlling
ginseng alternaria leaf blight using the same. Korea. Patent.
101124193.

Lim JD, Yoo CY, Kim GG and Chung IM. (2014).
Development of vaccine adjuvant products and improvement of
food materials through KFDA approval in aboveground parts of
Astragalus membranaceus. Rural Development Administration.
Jeonju, Korea. p.2.

Ministry of Agriculture, Food and Rural Affairs(MAFRA).
(2014). 2013 Special crop production statistics. Ministry of
Agriculture, Food and Rural Affairs. Sejong, Korea. p.35.

Ministry of Agriculture, Food and Rural Affairs(MAFRA).
(2020). 2019 Special crop production statistics. Ministry of
Agriculture, Food and Rural Affairs. Sejong, Korea. p.58.

Nakamura A, Uozumi T and Beppu T. (1987). Nucleotide
sequence of a cellulase gene of Bacillus subtilis. European

1o o

109

2= gl

ST o =6 WSt

Journal of Biochemistry. 164:317-320.

Nam SY, Kim 1J, Kim MJ, Choi SY, Rho CW, Yun T and Min
KB. (2006). Difference of growth and tuber yield by prior
crops in Astragalus Membranaceus Bunge. Chungcheongbukdo
Agricultural Research and Extension Services. Cheongju, Korea.
p.57.

Niranjan RS, Shetty HS and Reddy MS. (2005). Plant growth
promoting rhizobacteria: Potential green alternative for plant
productivity. /n Siddiqui ZA. (ed.)., PGPR: Biological and
biofertilization. Springer. Dordrecht, Netherlands. p.197-216.

Park KS. (2011). Development of biopesticide and role of Bacillus
spp. Korean Industrial Chemistry News. 14:1-11.

Richter BS, Ivors K, Shi W and Benson DM. (2011). Cellulase
activity as a mechanism for suppression of Phytophthora root
rot in mulches. Phytopathology. 101:223-230.

Rios JL and Waterman PG. (1997). A review of the pharmacology
and toxicology of Astragalus. Phytotheraphy Research. 11:411-
418.

Rural Development Administration(RDA). (2015). Standard
cultivation guidebook for Astragalus membranaceus Bunge.
Rural Development Administration. Jeonju, Korea. p.50-53.

Sazci A, Erenler K and Radford A. (1986). Detection of
cellulolytic fungi by using congo red as an indicator: A
comparative study with the dinitrosalicyclic acid reagent method.
Journal of Applied Bacteriology. 61:559-562.

Xie ZF. (1994). Classified dictionary of traditional
medicine. New World Press. Beijing, China. p.374.
Yin Y, Heo SI, Jung MJ and Wang MH. (2009). Antioxidant
and antidiabetic effects of various sections of Astragalus
membranaceus. The Korean Journal of Pharmacognosy. 40:1-5.

chinese



	Bacillus spp.에 의한 황기의 생육촉진 및 토양병해 방제효과
	ABSTRACT
	서언
	재료 및 방법
	결과 및 고찰
	REFERENCES


