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ABSTRACT

Background: Suppressive soil inhibits soil-borne diseases if pathogens are present, and ginseng
does not show injury even if replanted in the same field.

Methods and Results: Soil chemical properties and microbial community of soil were investi-
gated in soil suppressive and conducive to ginseng root rot. Root rot disease in 2-year-old ginseng
was tested by mixing conducive soil, with suppressive or sterilized suppressive soil. The root rot
ratio in suppressive soil was 43.3% compared to 96.7% in conducive soil. Biological factors acted
to inhibit the root rot because disease ratio was increased in the sterilized suppressive soil com-
pared to that in non-suppressive soil. The suppressive soil had lower pH, nitrate nitrogen and
sodium than the conducive soil. Dominat bacteria and fungi (more than 1.0%) were 3 and 17 spe-
cies in conducive soil and 7 and 23 species in suppressive soil, respectively. The most predominant
fungi were Pseudaleuria sp. HG936843 (28.70%) in conducive soil and Pseudogymnoascus roseus
(7.52%) in suppressive soil.

Conclusion: Microbial diversity was more abundant in the suppressive soil than in the conducive
soil, and the proportion of pathogens (Nectriaceae sp.) causing root rot was significantly lower in
the suppressive soil than in the conducive soil.

Key Words: Panax ginseng, Cylindrocarpon destructans, Microbial Community, Root Rot, Sup-
pressive Soil

Aol drbgel we B A9 WUwl @ 2%

o1

1% (Panax ginsengy> =& sk F&ZAHERE 2018
W A EA S 15,452 ha, B/ 20,556 2 7Y w2
H|=S j]-;qa].j_ 01013:1 FZolo g8 uinlEE okgzlE =
N 11011 21\:} 2018 3,209 ha®] HZ ol
O} Az E 2l 0}04 23]
015@ l el 74gH] o] jlel

;
rl
EJ
_|:

Corresponding author: (Phone) +82-43-871-5605 (E-mail) leesw@korea.kr

o]

7} (Rahman and Punja, 2005; Kang et al., 2007)7} 71
Yolo] ww, 1 2] EFFFEZ (allelochemicals)ol] £]gF <1
ua)

o ox FN OlN

} A8-A] (Lee et al, 2018b; Li et al., 2018)}
YT A =3 (Yousef and Bernards, 2006; Sun et
al, 2013; Xu et al, 2016), 12]3L EF o]s}ehy o3l
wE ook‘]?‘—“/l: z]—oH 9]. Aga]x}oﬂ uug ] 94-3}1 o:]z]_x},oﬁe
7153} AIZITE (Lee et al., 1989).

Qo] ARYNE A7) A R 10 ol 2

527353 FYAdE238H AMEZH A7 / Researcher, Department of Herbal Crop Research, NTHHS, RDA, Eumseong 27709, Korea.
neEaE 7§ FH LA E2 8 S A AFAL / Researcher, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

FE15

0\_\_0
*%%{%%
EEXNETH
6%%@%@¥%ﬂﬂgﬁﬁﬂﬂﬂﬁeﬂ$1

SFEAEH FYAd 5= "LE 52 ukaL & ALY / Post-doc, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.
YA 5254 <l ”‘LE E2H7 479 / Researcher, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.
=g 5273 01”‘5 - A LA} / Researcher, Department of Herbal Crop Research, NTHHS, RDA, Eumseong 27709, Korea.
A}/ Consultant, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

142


https://crossmark.crossref.org/dialog/?doi=10.7783/KJMCS.2020.28.2.142&domain=http://medicinalcrop.org/&uri_scheme=http:&cm_version=v1.5

Ol ARG AM|E=Se| EdekE

S SAY (Kang et al., 2007; Lee et al., 2017) HE 4 -
5 A7k Auiste (Jo et al, 1996; Park et al, 1997), —L
9] YoM E e YAIE o3l FEamEg AU &
EZS Aol AW 50 cm o]} HES A
o} (Lee et al., 2018a).
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QA BEHEH A ESA #S AFolA Chung 5
(1983y> ZAFE°] 90% °1’3el 3 7/ A (FEEF)FH 4
FE&ol 10% oIkl 5 7] A (FAEF)IA 2 ESFY
FZNol| Fusarium solani EAZ WS w SahE]o]
P AAE A AAEGET FEESINA FHEHAL
W, LA} wolto] g} mAE] o8| Esl| = ATt
3tk T3 Chung 5 (1984)S EY F=9S IA 2314
kS wl E solani, Sclerotinia sp., Rhizoctonia solani,
Phytophthora cactorum 5 4 7] WUd BT JAEL]
FZo wiRlell A FAE Aol o JAEAeH, EYF FE
S 100CE EX8319S Wl R solani, P cactorums A
BT FIESIM FAF Aol o FX1Eo] Qlak By
SH AESS Fa71ddE AESR 8%l IA g3t
EISvi=
EYS HAEA wade] uigk gAzE-2 vHad vdE
(saprophytic microflora)ollAe] A4 mHEF} HAF 749
e Aol mEt dojup, ol st BESH FAeS EY
of HIAEZA EAd wet etk NESW  (Fusarium
wilts) A ESoIA pHeF HEL] EXL A5SH oA nAY
= 23He] FEAEel o] FaF HAER akoH, F
2 Aol HiEa) 72 el tish v} Wt 7
o] AL ANEH AA 717 T2l sheltt (Alabouvette,
1999).
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O1AMS &3 v 3 W7k A, B, Ivke] o
H2hek oIt QA AAAE fl8) EE ekl
= W7k A7) AEE side, 39 3% Aol
10 a T A4 Aul-8 EH] (Samhyup Nongsan Co., Ltd.,
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o2 H2%E TGt Ae A F el S8 s
Gt E Aulste] 2 d7F o8A AEE SdEd 32 v
% Aol 10 a F HA 600 kg, A4t A& E¥] (Samhyup
Nongsan Co., Ltd., Goesan, Korea) 6,000 kg, 44I3] 160
kgg 7H|2 Al&slSlnh 14 AEAEE o 6d Qs
33 nid 3.0 kg FEBte] AP wAo] sk % X
oAt
RS 0|=8e ey WHs AN

HESO] BEFS 20199 39 skeell dAT AHHT v
fElAR &4 EY e, vAEY 24 2 AEERE
ERANEE ARSI QI APl L ESS JAES
oM HAF] A HeHIW WSS AL JAES
o] X AAol| v|X= FFE ] fE FUEY,
AAEY, FUESH JAEYS TUTIE 35 EY, i+
UEYH Hid JAESFS sIFHE 33 ES 5 4 A

2.

2 Slgich. BREY FAE AEFS A vdEE
Yol 30 B7F 120CE disle] A|2s ALgalt).

o A2d 4 XEHA 3 ukEo R 39t} Aulgis
L7t 25 fEedodlet dRrlE AEL
15% W92, 252 20T - 25C Yoz xds}
PRS- 15% - 20% AER X7 Y8 2 F
HHom XE 1 4 -2 4 A BFET
S5 24, A%, 9%, 4F

od
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52 A
+5, 24 5 At
sheel] AR
/ AR AR x 100]10-E ALFIRL
FH4 (X0), HiE WA 10% ©]
50% ©l3l (X2), ¥MHF A& 70% o]3}
(X3): T (XHZ E3IAL e AT Lee
5 (2018b)e] Welol whEl [(X0 x 0)+ (X1 x 1)+ (X2 x2)+
(X3 x3)+(X4x4)/(X0+X]+X2+X3+X4)] &2 T3}
ATk

A3

3. EY slekd 2M
EY siopd 42 Aedd e
ERNES S8t 24
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BARS A7) Ao st
10 mesh (2 mmA & F34<t o
frdel] mAEHA Zol AL o= AT EYSIEMIE
= ERIE, dFEE, f71E, frEat 2 XA ol
g, 2, vkdlge d EgsshiA el Fakd
T} (NIAST, 2000).

=4
ke
T

&

5
(e} o

144

- SfofX|

28 Folg 43 8] Al 10 g2 100 mb
ZtZetago) FFsl A& (1 N NH0Ac) 50 ml =
7kt the 32 4% 30CoA 1 A1 XI”EIATE Toyo No.
5BE o33l ICP-OES (Integra XMP, GBC Scientific
Equipment, Braeside, Australia)2 2213t} <14 ujjol] &
et B 3o H9lE w18 B3RP (RDA,

2014014 AASE 715zl whet Tt
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3171 el EGA AF3st C.
destructans XA EYAIR 5 g radicicol
(Sigma-Aldrich Co., St. Louis, MO, USA) 50 mg/ L & 7}
3} minimal mineral broth 5 m¢& 50 mé falcon tubeo]
, 48 A7 53t 20C A0 AXulg stk ZXu
St falcon tubeE 1 #7F, 5,000 rpm o2 Y4AEZ] A
Fede AASL -70C ZAWEI 2 AIZF BAs)

25

h=1 R =1
=21-=

Germany)E ©]&3l] DNAE FE3% th3 DNA A5e}F <l
A B ATd B8 primers EFTRs EFPNOE real-
time PCR (CFX96 real-time system, Bio-Rad Inc., Hercules,
CA, USAYS sISlal 2 A7E Wt HE A4l
igstel B ) Wewel BE EAs

5. EU 0|42 S8 24

DNA 5%, PCR 5% % @7IX49 4, 283 &
olHE o] &3 Mgt Ao +HENS v
AlZo] A3t FastDNA SPIN Kit (MP Biomedicals, Santa
Ana, CA, USA)E AH&3t T DNAE 5= st
¥ DNAZ 7}2l 16S rRNA §42ke] V3 W] V4 4
BAOR k= 8% ZetolHE ARSI PCR 558 53
stk Aol 5ZS 98, 341F (5' - AATGATACGGCG
ACCACCGAGATCTACAC — XXXXXXXX - TCGTCGGCA
GCGTC — AGATGTGTATAAGAGACAG — CCTACGGGN
GGCWGCAG -3' ¢} 805R (5’ - CAAGCAGAAGACGGC
ATACGAGAT — XXXXXXXX — GTCTCGTGGGCTCGG —
AGATGTGTATAAGAGACAG - GACTACHVGGGTATCTAA
TCC-3)e] §% Z2}o|¥ (Chunlab, Seoul, Korea)s A3}
Ak &5 Zgkelwe PS5 (P7) graft binding, i5 (i7) index,
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nextera consensus, sequencing adaptor target region
sequence A E T E T,
TEL e 22 2ol FRElEd], 95Tl 3 &

B 27] WA, o]0l 95Tl 30 & B9t WA, 55Tl
30 & 59¢F Z}oln annealing 2 72CollA 30 % ot &



Ot oIEpS SRSl 2

7, 12CoA 5 5 53 HF 21 AHES s PCR
2HE2 1% agarose gel X17]195S o83t FRISHAIL Gel
Doc system (Bio-Rad Inc., Hercules, CA, USA)IA Azt
sttt 5Zd A4 ES CleanPCR (CleanNA, Omega
BioTek Inc., Winooski, VT, USA)Z A3}t

U3 o AAE APYES T EO3 CleanPCRE
FHe &H (vEE AAES AASIAY FE 2 AlFE T
DNA 7500 & A}8-3l4 Bioanalyzer 2100 (Agilent
Technologies Inc., Santa Clara, CA, USA)lIAX ZA3lSich
E%H ampliconss Eo3, A71M<E 412 Illumina MiSeq
sequencing system (Illumina Inc., San Diego, CA, USA)S
2 3¥ F7IME B4 dlolE 412 Chunlab (Seoul,
Korea)ollA] =83t}

EF vAES EFE W 71&S ¥ 3, taxonomic
groupS A2 HH3] k8] 16S rRNA G7IAEstogs=
TEo] o FE EiolH, BAS B8l ¢S dUIME
o] £4 groupdl &3¢ FEF 7HE FAME W groupS E E
A& 3k 4, taxonomic name®] Hwulo] ((p, ¢, o,
f, syE B4t A71EH 7 FAKSE database®] 971
Ago] Z2)F¢l taxonomic nameS 7HA AL YA ko Ao
AREE, A7 Eo=RE EAlete vl T 13 9
& ARE3TE AlA, taxonomic name2] FUlo] T “uc’e

=

p

pu

il

=)

unclassified®] A2 databasedl] £ FF=7HA] FAFE G714
ol §lo] AFo 7 7158 = e A/IMEY BgolH, o]
A9 A AlEY o]Ed “ucE] 9ol AES WEo Z
A= 73T

6. SNEM

FAENE BAZZ T SAS (Version 9.2, SAS Institute
Inc, Cary, NC, USA)S ©]&3td 5% FolFTollA
Duncan’s Multiple Range Test (DMRT)Z A&7+ f2l4d 4
& ST (p < 0.05). T A2 FAA AL rtest (p
< 0.05; “p < 0.01; and ""p < 0.001)Z ©]-&3FA
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1. AXEGl e K| E20IM =L

M

AANEGFOE AR3 Edo] AAERIA 67| ¢
FE| BARS ©7I7F Auiete] A S B e
FEES} BN} (Table 1). 27,
S-S FEEYRT AR ESA -5
WY& AR ulg- Yo 2

ey Bl JAHE E

olso)

sy

f of S

S o] Alsl Azl E ek
EdelMes AT A% ST A= (Lee er al., 2018b;
Seo et al., 2019), A% (Panax ginseng) A/d5-7F ddsl=
A5z7]0l Hejdo] RSt 7HaEo] x7]d] g2t
HA gt S EEA AT Aso] dAd slew
HRITh BAIFA, 4t Az A AAES FEEGNA 3
WZE &2 Aol A= gsket 4t A d &2 &
F7F BRI G miHE 5 JoBE 55 o]
gk HE7F st

HA, JRAIESR] AEH aglo] B A oA
S MAEAE ] 8l JAESS et %
YA HAES ZARIITE (Table 1). FEHES +
& SEA T E A S F B
UESS JAEY dEAge] $7F 7he B
ol ofa] AV Sl STk AL e e
HAEY S elol met A S B
F+ AEYG AR ok ST
o A S 9 5ol
HEg EAlshs AsA=2
o g Qs M) Wit R

Table 1. Growth and root rot disease of 2-year-old ginseng by mixing of suppressive soil and conducive soil causing root rot disease of

ginseng.
Treatment Plant height Stem length Leaf length Leaf width Root weight ~ Root rotrate  Root rot index”
(cm) (cm) (cm) (cm) (g/plant) (%) (0-4)
ol 10.00° 4.40¢ 3.30¢ 1.70° 0.62° 96.70% 3.27°
s? 15.00° 7.40° 4.50* 2.20° 0.71 43.30° 1.23¢
C+5? 12.50% 5.60° 4.00P 1.90% 0.59° 63.30° 1.77¢
C + ss¥ 13.80° 6.70° 4.50° 2.20° 0.73% 95.00% 2.40°

C; conducive soil, ?S; suppressive soil, ?C + S; conducive soil + suppressive soil, ?C + SS; conducive soil + sterilized suppressive soil, Root
rot index; (X0 X 0) + (X1 X 1) + (X2 X 2) + (X3 X 3) + (X4 X 4)/ (X0 + X1 + X2 + X3 + X4), XO; on lesion, X1; rotted-area below 10%, X2;
rotted-area below 50%, X3; rotted-area below 70%, X4; completely rotted root. "Mean with same letters are not significantly different in

Duncan’s Multiple Range Test (DMRT, p < 0.05).
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glo] Z7lEgitaL il
2ol we} welH o mg
2} Fglo] Z7iso) @

21 WA gol %7}54915—&1 o1t
By A% FgRSe] Wrow Adsoe] Wy e

Old? - 0lsE - MR

22 Bl Bl s s A
FolAlEde] s4og Qaf 2d4 <kl AP A& F

AUE - wa E

HFEO]: + OJ;(«]]EO]: i%]—;‘q
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Ede W e
AN EFel Aok

2] o

A2+ (Chung et al, 1984; Kim et al., 2012)°] LojL}A]
7] fEo® Holw, 35 A

a3,

2. YI=EEG| Oul—E(%)tjl_I. 0'|X-||_$_%I:9_| Slsid EM

_I

FEES} AAES]

23} 7t} (Table 2). EXFE9 A75
EgRT e, FUESFS BT

TS Bk BE, B, il B

Bl A AETt 2

R EL

i FIEY] A

SENZAANA AT
EF st HAmRY v w30
71 e %‘E‘z_ th 0421]5

7 fre1 42l Aol 7k

© PP BgE, ol S
o ohjet o1 A}

T ] mEes EO]D}

ESF 2ol 19420 Atol= %Mtk Chung 5 (1984 A5

o] 10% °Jskel 5 7l

A (AES T 50%

o|Atel 5

A AG FRESS v A% TE RS fol89 2

o7t glent mlgH UEF FEe fUE
Akl SIFEY, B AN FREY] Tha b

< B3tk

B AR AT e sl $enjet A
Q3 W Sl o
TS B oA Rk

E"k«] SHe Eﬂlé}xh

2o

Qoo
=1

) Ak, e gl

Stk AR

- Hels - EUA - SfefK

S 2k A} 7P =2 AodhE HolH (Hyun er
al., 2009; Lee et al., 2017), @F&%/F =20 AFAN=
gl A7 A eI o]l F7HET) (Yang er
al., 2000).

HA, AJAESS] BEZ 89lo] it WS Wl 4
S A=A dotnr] Sl FESH “Xﬂi%k‘ 1/2
A EA AV e JAESS HaAEste] fUES
1 /22 &3 A3k B9 s S vlast A= o3
2o, FUEY + JAEY SFAY] ES S FEE
G AJAEFY] S S vEReH, faQlAt 6:- S Al
QJstar B QI o8A] B st 71l A sk
FHEY + G AAEYF S e Ffele ‘31'7&7}1]4
AFS JERITE eI IS AEES + AES
BT} SRS + HF ARG E%oL} (Table 1) F
A 7ol ESF 3] oAl 2fol= glo] S
AAEFS] 712ell= B st ol9]o tE aglo] 2R3
Aoz FAEATH
3. ViZfEkol] RUEQ} HAEQU0| Ol YpASHAT U
% dlw

LESH AAEGNA A4 BIHIHEAH, C
destructans®] V=5 Y|ws] HHA v} 2T} (Table 3). -
WEY C destructans® Ve EY g3 79.0+16.6
sporel Bl wHall AAELL] C destructans V== 62.6+
13.7 sporeZ FIEYS] L=rt thd =9koy JAEGS
WESF Zh) folF<l Aol AT AAESS A 72 A
< o A QA RS BAAS W oflel BARS o]
&3t AEAA (Table DeIME B LAgo] AA3] ol C.
destructans®] D=7t & Z0 7 o s o AA RolE
Holz] exstrt.

o|¢} 72 AE vAHIS w ArHre¥ ] Wl
C. destructans®] Bx o]2o] EY AEAS AsE o2
nAEe] A IS vA F dval AT Utk EY
A7} skl EF vAEde] tsiAH A3k md=E

Table 2. Soil chemical properties of by mixing of suppressive soil and conducive soil causing root rot disease of ginseng.

pH EC OM NO;-N Av. P,Os Ex. Cation (cmol*/kg)
Treatment
(1:5) (dS/m) (g/ks) (mg/kg) (mg/kg) K Ca Mg Na
ch 6.30° 0.572 8.70° 31.20° 274.00P 0.18 4.00 1.00° 0.072
s 5.30" 0.18° 9.40° 6.80° 472.00° 0.21 3.20° 0.70° 0.04°
C+9” 5.50° 0.35" 9.00° 20.10° 370.00° 0.19? 3.40° 0.80% 0.06®
C + 5§ 5.40P 0.38" 9.90° 21.30° 364.00° 0.18 3.40° 0.80° 0.06%
Optimal range  5.00-6.00 0.50 < 10.00-20.00 50.00 < 100.00 - 250.00 0.30-0.70 3.00-5.00 1.00 - 2.00 0.05-0.15

C; conducive soil, 'S; suppressive soil,

JC + S; conducive soil + suppressive soil, *C + SS; conducive soil + sterilized suppressive soil. * Mean

with same letters are not significantly different in Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 3. Density of C. destructans in suppressive soil and
conducive soil caused by root rot disease of ginseng.

Treatment C. destructans (spore/soil g)
Conducive soil 79.0
Suppressive soil 62.6

t-test ns

“Statistical analysis was performed using Student’s t-test (p < 0.05;
“p < 0.01; and ""p < 0.001).

o] gFo] A5t At el AAE = Urkal 3
At (Lee et al, 2018b). W&t C. destructans®] U= ©]
9lo] HAAR] ESF mAEdT By R dAE
ZAPRE Aol 8% Zlo=® AYZtH

4, HAERl RUEAN AMEUS| £ Oli=¢! Hlw
FRES] AAEYNN EF vA=de] S4& 5
(species) T9lolA Hlws] EH o33 2o FEEGNA
1.0% ol Hfste AadEe v&S 2™ (Fig. 1)
Micrococcaceae 2] Arthrobacter globiformis group 3.03 +
0.24%, Bradyrhizobiaceaes}2] Pseudolabrys PAC001897 1.89
+£0.02%, GQ396871 JF833502 1.10+0.12%%S 2}A| 3}
1.0% o’ Afsks Alete] 3 Foll B3] 2 Hlgo] Wttt

3.00
2.50
2.00

150

Proportion(%)

1.00

0

w
o

T oA RSN 1.0% ol Afshe I#ES] HES
R Ktedonobacteraceae 2] Ktedonobacteraceae uc
(unclassified species) 4.34 +0.39%, PAC0001213}¢]
PAC000030 AY913350 (uncultured species) 4.32+0.41%,
FR68742632]  JF429099 JF429099 2.21+0.10%, Acido-
bacteriaceae 2] HM748754 HMO062267 2.11 +0.22%,
Bradyrhizobiaceae#}2]  Bradyrhizobium japonicum group
1.58+0.21%, Acidobacteriaceae@}2] HM748739 EUSS1286
1.21 £0.09%, PAC001907 uc 1.02+0.13%% A5k 1.0%
ol Afrehe Aol 7 FoE FUEYS] 3 Foll Bla] FA
S Bkt (Fig. 2). ]9k o] JAES FaEEgel] vl
1.0% ol Hfrske Aldse] o Bol Ale] thdde] o
Skt

Rosenzweig 5 (2012) 281H  Streptomyces spp.oll 2|3l
ske Ak v S Alske A ES JHT AR
Fol MRS BAE 49 F TS FEESET oA
EoIM o gFatslom, SJAESINE Lysobacter phylum
o] Hlgo] =L FREYNME Bacillus 42 Alte] ¥&
o] Ao ® =Tl st

A Al S A AR Bl E3kshA Arthrobacter
& Mld (A oryzae, A. pascens, A. humicola, A. defluvii
)01 2.2%04 8.9%= FElo] S7HEL IS T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Species of bacteria (Conducive soil)

Fig. 1. Composition ratio of microbial communities of the bacterial species in conducive soil caused by root rot disease of
ginseng. 1; Arthrobacter globiformis group, 2; Pseudolabrys PAC001897 _s, 3; GQ396871_g JF833502_s, 4; PAC001907_g uc,
5; Bacillus megaterium group, 6; Methyloceanibacter EF632942 s, 7; Sphingomonas sediminicola group, 8; AY673303 g
AY673303_s group, 9; Sphingomonas GQ396809_s, 10; Bradyrhizobium japonicum group, 11; Streptomyces scabiei group, 12;

Bacillus funiculus, 13; Nitrospira PACO01891 s, 14; PAC001932_g uc, 15; AY281358 g uc, 16; PAC001869

uc, 17;

Pseudomonas fulva group, 18; PAC001907_g AY395397 s, 19; PAC000624_g GQ472385 s, 20; Pseudorhodoplanes
CP007440 s group, 21; DQ984612 g DQI984612 s, 22; FJ810547 g FJ810547 s, 23; Thermoactinomyces vulgaris. Each

value presents the means = SD (n = 3).
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Fig. 2. Composition ratio of microbial communities of the bacterial species in suppressive soil caused by root rot disease of

inseng. 1;

Ktedonobacteraceae uc, 2; PAC000030 g

AY913350 s,

3; JF429099_g JF429099 s, 4; HM748754 g

HM062267_s, 5; Bradyrhizobium japonicum group, 6; HM748739_g EU881286_s, 7; PAC001907_g uc, 8; PAC001907_g
JQ978566 s, 9; PAC001817_g HM062444 s, 10; Gemmatimonadaceae uc, 11; EU680443 f uc, 12; PAC0O00016 f uc, 13;
HM748739_g PAC001826_s group, 14; GU113056_g JF429132_s, 15; PAC0O01907_g PAC002001_s, 16; FR687426_f uc,
17, HM748739_ g HM748739 s, 18; PAC002560 g FR749764 s, 19; PAC000016_g uc, 20; AY673403 f uc, 21;
Pseudomonas fulva group, 22; JADL_g PAC001973_s, 23; Gaiella EF516257_s. Each value presents the means = SD (n = 3).

Ao Z715I=], FFEENA drthrobacter 48] 7= A
278l HA = BA7Y JTkaL ST (Lee er al., 2018b).

FESIIAM G5k 2] v8-S 2™ Pyronemataceaes’}
9| Pseudaleuria spp. HG936843 28.70+6.08%, Chlorophytash
2] Chlorophyta uc 5.00+0.76%, Ascobolaceae}+2] Ascobolus
spp. EU826901 4.84 +1.07%, Mortierellaceaet2] Mortierella
elongata 4.65+0.52%%Z 714 Bo] $A3l= Pseudaleuria
spp. HG936843°] A}A|eh= HIE&2 28.7%= "¢ E3kom,
1.0% ol A= 279 = 17 Tl (Fig. 3).

HHH A EgoA 43k H]E&-S B Pseudeurotiaceae
] Pseudogymmoascus roseus 7.52+ 1.45%, Cephalothecaceae
o] Phialemonium inflatum 6.07 +1.04%, Mortierellaceae}
o] Mortierella chlamydospora 3.90 £ 0.28%% 71 2ol $-
Hsl= Pseudogymnoascus roseus®] AA|Sh= H&L 7.52%
2 v wekon, 1.0% o Afske Mde] = 23 F
o]t} (Fig. 4).

ol¢} zro] 7P wWol $Hshs e HlES FEEY]
28.7%R1 WHA A B 7.5%= AAS] WAL 1.0% ) 2t
Adke o] F= FERE] 17 T2 v AR EES 23
FTOoF FElo] it

Park 5 (2011Y2 Fusarium spp.2] -3l 23] ESrYE

o] Gaespl slo] Aere] QA WAl FMEnkn s
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\=]

ExS 2

th Li 5 (2018)& <14t A EFNA 2] +HEALS
218t A} AZREY| A Fusarium, Gibberella, Nectriaceae
S 2ol 13 NS dos Wede] ¥ =2 ]
&2 Ao, AREYG At F714F 5 3-
phenylpropionic acid7} #3°|9] TS A A7 AL
RIS SAAHTAL ST
2 AFoA, FLESNAME A4 BEHeHes do7]
HAFR Nectriaceae sp. KM0323357F 1.83 +0.47%,
Nectriaceae spp. JX9850097}F 1.60 = 0.48% A3t <
A EGFAME Nectriaceae sp. KM0323357F 0.42 +0.10%,
Nectriaceae sp. JX9850097F 0.17 £0.05% &3t wl-$- &

e gz ZA59r.

p

fu

Dong 5 (2016)°] ©l3k% 3 3 Eob Azw A e
ool Ego] TR 72T WK o et 2

o] thFde o] Aol UANEY Fusarium oxysporum=t
Phaeosphaeria rousseliona= -2 A&} ]
S BRI ST B AFAXME E oxysporume] H]ES
FHEL 1.19+£037%, JAEY 0.71 £0.19%2 FLEFC]
IZIR=1

Xiao & (2016)°l °Jat EFHAE W F oxysporum-e
BE I A ESM HEEJoH, nE thdS 4t
Aol F7HETE AAaSIHEY A Aol SRS Al
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Species of fungi (Conducive soil)

Composition ratio of microbial communities of the fungi species in conducive soil caused by root rot disease of ginseng.
1; Pseudaleuria sp_HG936843, 2; Chlorophyta_f uc, 3; Ascobolus sp_EU826901, 4; Mortierella elongata, 5; Sordariomycetes
sp_LN714581, 6; Pseudogymnoascus roseus, 7; Chaetomiaceae sp HG937129, 8; Nectriaceae sp KM032335, 9; Humicola
§risea, 10; Nectriaceae sp_JX985009, 11; Thermomyces lanuginosus, 12; Solicoccozyma terricola, 13; Solicoccozyma
uscescens, 14; Ascomycota sp_MF041866, 15; Hypomyces sp_KU582490, 16; Chrysosporium lobatum, 17; Fusarium
oxysporum, 18; Chlorophyta_o_uc, 19; Pyronemataceae sp_EU826918, 20; Mortierella alpina, 21; Microascales sp_
HG937025, 22; Mortierella sp HM240131, 23; Sordariaceae sp_ AF461639, 24; Trichosporon sp_FJ873440, 25; Fungi g uc,
26; Cercozoa f uc, 27; Hypocreales sp_KF493901, 28; Fungi o_uc. Each value presents the means = SD (n = 3).

9.00 4
8.00 -
7.00 A

6.00 -
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Proportion(%)
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100 4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Species of fungi (Suppressive soil)

Composition ratio of microbial communities of the fungi species in su’)pressive soil caused by root rot disease of
ginseng. 1; Pseudogymnoascus roseus, 2; Phialemonium inflatum, 3; Mortierella chlamydospora, 4; Chaetomium rectangulare,
5; Leotiomycetes_g_uc, 6; Junewangia_uc, 7; Chaetomiaceae sp_HG328008, 8; Chaetomiaceae sp_HG937129, 9; Alternaria
alternata, 10; Humicola grisea, 11; Umbelopsis sp_HQ630286, 12; Hyaloscyphaceae sp_KC222688, 13; Hymenoscyphus
kathiae, 14; Fungi_f uc, 15; Cadophora sp_KF428527, 16; Conlarium sp_JX489782, 17; Cercozoa_f_uc, 18; Sordariomycetes
sp_KF675686, 19; Spizellomycetaceae uc, 20; Chaetomiaceae sp KM268653, 21; Chrysosporium sp JX270594, 22;
Penicillium sp_ GU973625, 23; Mortierella sp_ HM240131, 24; Talaromyces aculeatus, 25; Fungi g uc, 26; Solicoccozyma
terricola, 27; Paraglomerales sp_KF849610, 28; Ascomycota sp_MF041866, 29; Fusarium oxysporum. Each value presents the
means = SD (n = 3).
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