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ABSTRACT

Background: This study investigated the effect of soil properties and soil bacterial community on
early growth characteristics of wild-simulated ginseng (Panax ginseng C. A. Meyer) in coniferous
and mixed forest experimental fields.

Methods and Results: The soil bacterial community was analyzed using a high throughput
sequencing technique (Illumina MiSeq sequencing). The relationship between the soil bacterial
community, soil properties, and growth characteristics of wild-simulated ginseng were analyzed
using principal coordinate analysis (PCoA) and the Pearson’s correlation analysis. Soil properties
and soil bacterial community showed significant difference with forest physiognomy. Results of
Pearson’s correlation analysis and PCoA showed that the soil properties (soil pH, organic matter,
total nitrogen, and cation exchange capacity) and soil bacterial community had significant correla-
tion with tree species ratio and early growth characteristics of wild-simulated ginseng.
Conclusions: This study clearly demonstrated the effect of soil properties and soil bacterial com-
munity on early growth characteristics of wild-simulated ginseng in coniferous and mixed forest.
Moreover, these results will help in the selection of suitable cultivation sites for wild-simulated gin-
seng.

Key Words: Panax ginseng C. A. Meyer, Wild-simulated Ginseng, Soil Properties, Soil Bacterial
Community, Coniferous and Mixed Forest

A (culture-independent methods)] XAt 7148 B4 (next
generation sequencing; NGS)Y& F2 o] &3} o, B4
722 37 813

4 (rhizosphere) 2] &3} 1]A) AE 7 Fx0] 4] Yo EYEAGT 22
3L Ut} (Song et al,

Lee et al, 2015), =X A&shs EYUAYES 9] &= 2018; Wu et al, 2018).

g 715 B, LAEZY AA, AE Y FF 5 EY 2rEAE (Panax ginseng C. A. Meyer)2 FHU5F 3
9] A3} AYES ARk 5238 92 St} (Shade and (Araliaceae)ol| &3l= A4S (genus Panax) 2 EZA] g2
Handelsman, 2012; Prasad er al, 2015). 2= ES7]AY Panax ginseng C. A. Meyer= 7|3t} [RFFAe] &3l &
E 1S BAste HHoE gigA] v gA 0y A 87 eIA ARAE A 2 2 Al 1 3o A 4
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Froldt AEAA g T QIFAIAES AR|EHA] ofstal AMFRE A A Apisks 1Ak (Auidhell Bl 9, EF
ARl AP Ao Hojsle] [JY B AT X B4, EYAES 22 Auigo] v 83k, o8 T
of #gk HE oA SdA e R AGete] At ARHAIE A ske HAeHEola AAIFS] FHe] ast
Ak, kekite ol FHIEE Yo7 AXoA 713 o] th o]HEE Hul9] bt Ao wE EYEAY AT
220 A7HA A71Ho® Austr] wjEo| AuiAel B4 (Russell er al, 2007; Yun and Moon, 2009), A ES7} ¢
ol, 7 FollX%= YA (forest physiognomy)zt EUEA]-S f A EQmAE 23 AT (Lee and Shim, 1994; Nacke er
$ T83ta & 45 Atk (Kim ef al, 2019a). al, 20117} FH=IQIAL, Q1A B Atk A= ¢ EdmAE

A ALl ot fEluehs HE WA 63.8%7F A 2H A A= HarK @ds] aEa Tt (Nguyen er
do=z FAEo] I (KFS, 2016), I949H (coniferous al, 2016; Dong et al, 2018; Kim et al, 2019b). &}
forest) 43.5%, E& Y (mixed forest) 30.5%, AT 2kt AuiA o] i EGEAD EYUAE 7+ At

(broad-leaved forest) 26.0% 22 %o Utk (Jeon er
al, 2013). AHHE7INA AL Mro] FeAgow FAu
= EGEAES A W 7% 5ol S ol frolHoR
walsitly skt (Chung and Moon, 2011). Pettersson
2004y EFEA T} 7+ 7 a0le 2-A (modulator)Z
T, olydk s acle] Wsh= A&y EGrAEA 4
HH o7 2Ef AR Zgate] A5 Y EGHAE]
7ol G F7] wlidd EYRAAES Asked o &
ZA8R17e] FHAAE ke AT Aol sl

o]AF AR eA QlFAE Jlo] A e iR Auishe

ool mE Ak AKEA 7he] Au A7 ulg ulg
3 Agolt,

mebs 2 dAts fEvet P T 7P HlEe] =2 MY
THI 89S APs EGEAT ERE 1S 2
3lo] 2RET ASEAC vRlE 9 YA A
Rz @ e
1. SR AFZX] ME 2 =M
B ApoMe HArHH EaH] AR (Panax ginseng

South Korea

Chung-ju

Ham-yang

Fig. 1. Selection of experimental fields according to coniferous (Chung-ju, CJ) and mixed (Ham-yang, HY) forest in seed supply

complex of wild-simulated ginseng.
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Al 8 Aol ARSE ERS ofo]zukie] Hsle] o]F
T 20CM Yaut oL, olsisd 4ol AR B
< 2mm A E o83t AE T Ao FZsHATH
T ENEE wENEH A 24 v
(RDA, 2013) wet & pH, #A7|HA=% (electric con-
ductivity, EC), f7]1% (organic matter, OM), &4 (total
nitrogen, TN), 2214} (available phosphate, Avail. P,Os),
X8 ol (exchangeable cation), WFO]-X]3H2&% (cation
exchange capacity, CEC)S =43I5th. 59} s SA3HF
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FAE S8l [ EEAAREE Faste] A
o F2F Akl TR ool ATE 27 28I (Jeon
et al, 2018).
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4. EQNI 7T 24

A AR EA Y] BT 27 A Slsl EY
Al 59 total DNA+ DNeasy PowerSoil kit (QIAGEN,
Hilden, Germany)E ©|-&3te] FZ3F%3L, 16S rRNA
3% 9 9199 Bye

[l

Polymerase chain reaction (PCR)
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nl324 (Macrogen Inc., Seoul, Korea)?] Illumina MiSeq™
sequencing system (Illumina Inc., San Diego, CA, USA)°I
w2} skt

EYAT 9] raw sequence datal] THSF #2492 Mothur
pipeline (version 1.43.0, The University of Michigan,
USAYS o]&3te] 431305, A71x Dol thighk Hloleu|o] 2
= ‘Greengene reference database’S ©]-831902H, 97%
A<E2] Operational taxonomic units (OTUs)S-Z 3 3}3}
o]l A% (phylogenetic tree) = A& Wl % (relative
abundance)S <13} T} (Schloss, 2009; Schloss et al,
2009; Kim et al, 2019b).

ESF olsiety, oY (B A, W AL, 9T F
a7, AT 7, JAAT g, 297 3, g5
T, FJF HE), BT 2 7o dEEAe R
24 (principal coordinate analysis, PCoA)°l*4] Bray-Curtis

similarityE ©]-&ste] EHH 9 A7IME 7+ fAMS
ordinationdte] WERA L, AhZ HlE4e} EokolsletA] o
Zoll tigk FAAITFE Sl FAISI

AN o

v

&

. SAEN

2 AN =EE Ay AFdolHe Ht £ BF0A}
(means = standard error, S.E)S.E UEMAT, Fod A
Statistical Analysis System (SAS, version 7.1, SAS Institute,
Cary, NC, USA) softwareE ©]&3}] EYMT &3 cluster
7re] A HlEgrel Efolsted e THAS 53l ol
A3, HAH-23F (Least Significant Difference, LSD)
p < 0.05 TN SAAY et BEgAE <4,
Eolslay, 7% vE, 5N 7] Al 4
(Correlation Analysis)< IBM SPSS Statistics (version 25,
IBM Corp., Armonk, New York, USA)S A3} Pearson
’F3A 4 (Pearson’s correlation coefficient, 7)<} F214 (p
< 0.05)2 SR

o
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T

T

2y Y pFE

1. AkE MOBM AIGIZX|C] 2UX|EHA
St 3 SATFEA Ul 248 AP EA ] A o

2ol thet Ax= Table 19 YERATH
T AFEEAE FeAre 718717t 139, sidare 317
meIRL, FF AFEA = H5AMH 718717} 14°, oL

669 mz AT A A AR, FF AP EAE
U (9<%, Japanese larch)’l 100%2 ZAE A

= el EFEvrel HlEy
7F 247t 233%9F 13.3%2 $3E0100H, o] 9o Mgy
A, Esubre] Eaet b, sl Y
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F2= Y EaYo|Uh ArFt Aeeole HAEG AFAAIY o] a1, WEke i
2yt 2 (Panax ginseng C. A. Meyer) AuA] = 55 AAR=s 50-15°, FH 3] = Tm o)do]
Zhol| BEFR= 59 HE2 Y57 HAY 67%e1NL, F A eFsithal skt (Lee, 2010).
JE7F 22%2 P47 O B HeE AR ek slew & A EFSA B AHelM F AREA BT BEGS
A ATt (Kwon er al, 2011). EF AIFYEA] AGFH AFFESAL, pH 4.89 -4.979] AMJEGFS R SRIESIT) (Table
B FLAAL 308 cm oI, B F2E 215 moltk.  2). AlFEA 7be] B9k o|3lshS W BA3 A B9k
S AREA| AN BHF] et FALAEE 69 em, Bt {IE (p < 0.0021), FEL (p < 0.0045), Fol2X|SHE-F
I 77 melYa, FAFe] it FAAL 272 em, HE (p < 0.0090)0] EEH ek AlHEA A AFFH F5F
FaLE 302 moATh UM e s, BAE, deke AR vjE] folAoR =9t fElvEr AR AEiA|
T TFeE Aol RS Aplsial A=, AFHRERS 5 o] B EAKE (loamy sand), AFYE (sandy loam), %
AL B, e, B4 5 ORaL, AFEAARE 50-29°, 9 E (loamy soil)2 Hi57} %¥33lal, pHE 4.0-6.00F AH4
Fol Wit FAE 16.7m, Wk FA732 21.5cem 91 2o oy o ER] o= d#A Ut (Lee, 2010).
2 4= vk (KOFPL 2013; Kim er al, 2019b). %3 B 718, AFA, Fol2X3he7Fe 25| A bl

Table 1. Forest physiognomy and topography of two different wild-simulated ginseng experimental fields.

. Topography Forest physiognomy
Experimental Slope HASLY . DBH?  THY  Percentage
fields S Species of three
Direction ~ m cm m %
; Broad-leaved ND? ND ND ND
(oK 13 Southeast 317 : . . —

Conifer  Larix kaempferi (Lamb.) Carriére 30.8 21.5 100.0

Fraxinus rhynchophylla Hance 9.1 9.9 23.3

Lindera erythrocarpa Makino 33 5.5 13.3

Rhus tricocarpa Migq. 3.3 3.5 6.7

Lindlera obtusiloba Blume 3.8 3.0 6.7

Styrax obassia Siebold & Zucc. 1.9 2.5 6.7

Quercus aliena Blume 13.9 12.0 3.3

Broad-leaved )
5 Cornus controversa Hemsl. ex Prain 9.3 17.0 3.3
HY 14 Northeast 669 L

Rhus javanica L. 6.0 5.0 3.3

Morus bombycis Koidz. 8.1 6.0 3.3

Castanea crenata Siebold & Zucc. 26.1 20.0 3.3

Symplocos chinensis f. pilosa (Nakai) Ohwi 3.9 12.0 3.3

Acer pictum subsp. mono (Maxim.) Ohashi 3.9 3.0 3.3

Conif Pinus densiflora Siebold & Zucc. 25.4 34.3 10.0

onifer
Pinus koraiensis Siebold & Zucc. 29.0 26.0 10.0

HASL; height above sea level, ?DBH; diameter of breast height, *TH; tree height, “CJ; Chung-ju, *HY; Ham-yang, ®ND; not determined.

Table 2. Soil physio-chemical properties of two different wild-simulated ginseng experimental fields.

Exchangeable cation
K Ca Mg Na CEC?
(1:5) (dS/m) (%) (%) (Mgkg) e S R
(oK Sandy loam 4.89+0.04" 0.03%0.01° 5.95+0.16° 0.22+0.01° 110.0+£18.30° 0.15+0.02" 0.55+0.15" 0.16=0.07" 0.03+0.00° 19.6=1.01"
HY” Sandy loam 4.97+0.04* 0.02+0.00° 9.17£0.43" 0.34+0.02* 108.7£3.30 0.13%£0.02* 0.45%0.09" 0.13£0.03* 0.05+0.01* 27.8%1.40"
LSD value 0.3419 0.0160 1.2690 0.0578 51.6080 0.0828 0.4942 0.2194 0.0245 4.7460
p-value 0.2590 0.1583 0.0021 0.0045 0.9456 0.5391 0.6159 0.6948 0.0572 0.0090

YEC; electrical conductivity, ?OM; organic matter, *TN; total nitrogen, “Avail. P,Os; available phosphate, *CEC; cation exchange capacity, “CJ; Chung-ju,
7HY; Ham-yang. "Value in each column with different letters are statistically significant differences (p < 0.05) among the experimental fields according to Least
Significant Difference (LSD).

Experimental Soil pH ECY Oom? ™Y Avail. P,Os"
fields texture
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(Kozlowskl and Pallardy, 1999; Son and Cho,
2ATEFE Ee) MSEF b AEEA
P, e e 9 I Tl #st} (Lim,
2005). L] IHe AHEY f71ES FEst] H9
H Bl mlsl 718 B AEAe ghgo] Erial
SIS (Kim et al, 2015; Liu et al, 2016).
olst Ze MYATEE B AT 2T AW A3
9] Pt Ego] A Al AR A S
2l %5:* AF xR vls EEH FF AR

R
—Lé'l-

[e]
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ok 2%, 4 go}%%
AT isle B2 Bis

nE_,

}:D]— (Table 3). AHFyt &
&S XHHO]'OJ] *§°E

=

==

% 164411 A P4
ER ARtie %{m

0.0331)°] sk A1d
4% AQsynrt £3
‘6]—1:]—
Chamberlain 5 (2013) 2FH9] =53} 2kofiko] At
frelzel Auile sk sl Ak 84
e EHES] JFS wWol won, Bjie] e AF 2
=5 F= 9L 3 H=dl (Woo and Lee, 2002),
B A7} AR A9sdnt 8949 ¥ £59
oA AFFel Aol F7RITL BAEQH (Suh ef dl,
2011).
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3. EUMI Q| AiA Vi

ARTrd Tagd 243 A AldEA ] BT
TR dPEE TR 23k o)lF e As gl
(Fig. 2). 9 AFxXA 9 EYGMFS F APEA EF
Acidobacteria’7} 73522 1= AU}

Bl 239 AthE MErE YAEE phylumt class
FeollA gRIgh A, WA S5 AP EAE] phylum <=0l

M= Acidobacteria?t A EGMTE -9 36.8%= 4
Hier7F 7P =3, 2 U9 2  Proteobacteria (22.2%),
Verrucomicrobia (8.6%), Chloroflexi (6.1%), Actinobacteria
(5.1%) =22 =A Yeith 4 AlFEA Q] phylum
T 5 ANPEAS} rRVRR Acidobacteria?t 43.9%Z 7}
A =X, Proteobacteria (16.5%), Verrucomicrobia (9.7%),
Chloroflexi (6.6%), Actinobacteria (3.3%) 22 =4 YE}l
s

Classes g0l &3 A3, S5 APEX= Acido-
bacteriia’t 13.2%% *JEHX* W7y 71 =9k3, Alpha-
proteobacteria (11.9%), Solibacteres (8.7%), Spartobacteria
(6.4%), Ktedonobacteria (5.5%) =22 & =47t £&
AL BRI & ATt sF AIFEA Q] A, Acidobacteriia
7t 14.8%= FA W=7t 7Y E9k3L, Spartobacteria
(8.4%), Alphaproteobacteria (7.9%), Solibacteres (7.8%),
Ktedonobacteria (3.9%) 22 A H=7F =& A&
I+ AUSATh

B Alet 5 Acidobacteria= 2 pH7} S+ A B
oA AMAsl= A Al (acidophilic bacteria)®|t} (Park
et al, 2016). 2FFe Ao ek EokoA] AJFo] -
—ro}l‘/}j’_ A Qo™ (Kim et al, 2019a), Panax ginseng

2 AR EelA] SASAL JTA BT} ok 1
_1_543’_ At (Li et al, 2014b; Sun et al, 2017; Wang et
al, 2019). Kim %5 (2019b)2] Aoz $-2juz} 2kekat
AR AN Acidobacteria?t £ pHEF FrolA Q1 o] g
AE BN, Aekke] At foldd #AE 7RIva. B
a8kt

o

Table 3. Growth characteristics of wild-simulated ginseng at two different experimental fields.

Experimental emerSeed Segdling .ShOOt - - Root - -
fields gence rate survivalrate [ ength Diameter  Fresh weight ~ Length Diameter  Fresh weight Dry weight
(%) (%) (cm) (mm) ® (cm) (mm) ® ®
a’ 50.00+2.80° 64.00+4.35"13.30=1.64° 1.69=0.13" 0.83=0.16" 14.70£0.15% 6.57+0.34" 1.45+0.09° 0.45+0.03"
HY? 61.10%£5.09" 80.00%+2.13% 17.40%£2.89* 2.94+0.13* 2.35x0.15" 17.80%1.42? 8.65+0.40* 2.01%+0.23* 0.78*0.10"
LSD value 16.1440 10.9740 9.2187 0.5159 0.6197 3.9763 1.4722 0.6724 0.2868
p-value 0.1281 0.0080 0.2811 0.0026 0.0024 0.1016 0.0170 0.0831 0.0331
CJ; Chung-ju, ?HY; Ham-yang. "Value in each column with different letters are statistically significant differences (p < 0.05) among the

experimental fields according to Least Significant Difference (LSD).
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Relative abundance

(B)

HY3
HY1
HY2
CJ3
CJ2

CJ1

= Acidobacteriia

= Alphaproteobacteria
Solibacteres

u Spartobacteria

= Ktedonobacteria

= Gammaproteobacteria

= Betaproteobacteria

= Actinobacteria
Deltaproteobacteria

= Saprospirae

® Pedosphaerae

= Phycisphaerae
Planctomycetia
Acidobacteria-6
Thermoleophilia

= Others

0.050 -
0% 20% 40%

60% 80% 100%

Relative abundance

Fig. 2. Clustering and relative abundance of bacterial community in two different wild-simulated ginseng experimental fields.
Relative abundance of the phylum and top 15 classes in coniferous (CJ) and mixed (HY) forest experimental fields using
phylotype-based analysis of taxonomy. Others indicate the sum of the relative abundance of all classes except the 15 classes on
the figure. (A); phylum, (B); class. CJ; Chung-ju, HY; Ham-yang.

4, Akt EQNI T 2Ho] AkEkz|

T A4S Tl E AR AFEA A 4
ERH 23S g1 43, 94 ERATE 23S
AREA ] Wt Y3 olF = AR ERIFHAUL,
gl =F AIEX M E Proteobacteria, Actinobacteria,
Bacteroidetes, Plantomycetes, Ahlpaproteobacteria, Actino-
bacteria_class, Phycisphaerae, Saprospirae’} 7331901,
Ea99l FF AFER| XM= Acidobacteria, Chlamydiae,
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Chlorobi, Nitrospirae, Acidobacteriia, Deltaproteobacteria,
Acidobacteria_6, Plantomycetia’} $-93h= 22 ERIFcH
(Fig. 3). ©] Z°lA Proteobacteria, Ahlpaproteobacteria,
Actinobacteria classe 521802 HAFHQd 5 A|HEA
oA ol A =T =9a, TG-S T AP EA M=
Nitrospirae®] 73t WI=F7F o202 & A0 ]
ATt

Pearson A3

-
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Table 4. Pearson’s correlation analysis between tree species ratio and soil bacterial community in two different experimental fields of wild-

simulated ginseng.

it EUMTEEO| A

o 27| d=0ll 0jxl= g

Soil bacterial community

Correlation coefficient (r)

Soil bacterial community

Correlation coefficient (r)

(phylum) Coniferous Broad-leaved (class) Coniferous Broad-leaved
Acidobacteria -0.615 (0.194) 0.615 (0.194) Acidobacteriia -0.309 (0.551) 0.309 (0.551)
Proteobacteria 0.905 (0.013)° -0.905 (0.013)" Alphaproteobacteria 0.846 (0.034)" -0.846 (0.034)°
Verrucomicrobia -0.214 (0.684) 0.214 (0.684) Solibacteres 0.293 (0.572) -0.293 (0.572)
Chloroflexi -0.238 (0.649) 0.238 (0.649) Spartobacteria -0.396 (0.437) -0.396 (0.437)
Actinobacteria 0.794 (0.059) -0.794 (0.059) Ktedonobacteria -0.005 (0.993) 0.005 (0.993)
Planctomycetes 0.477 (0.339) -0.477 (0.339) Gammaproteobacteria 0.769 (0.074) -0.769 (0.074)
Bacteroidetes 0.662 (0.152) -0.662 (0.152) Betaproteobacteria 0.506 (0.306) -0.506 (0.306)
Gemmatimonadetes 0.420 (0.407) -0.420 (0.407) Actinobacteria_class 0.812 (0.050)" -0.812 (0.050)°
Armatimonadetes 0.545 (0.264) -0.545 (0.264) Deltaproteobacteria -0.518 (0.293) 0.518 (0.293)
Nitrospirae -0.841 (0.036)° 0.841 (0.036)" Saprospirae 0.678 (0.138) -0.678 (0.138)
Elusimicrobia -0.250 (0.632) 0.250 (0.632) Pedosphaerae 0.768 (0.074) -0.768 (0.074)
Chlamydiae -0.902 (0.014) 0.902 (0.014)" Phycisphaerae 0.861 (0.028)" -0.861 (0.028)°
Firmicutes -0.076 (0.887) 0.076 (0.887) Planctomycetia -0.883 (0.020)" 0.883 (0.020)°
Cyanobacteria 0.523 (0.287) -0.523 (0.287) Acidobacteria_6 -0.838 (0.037) 0.838 (0.037)
Chlorobi -0.827 (0.042)" 0.827 (0.042)" Thermoleophilia 0.532(0.277) -0.532 (0.277)

Correlation coefficient (r) written are significantly correlated between the variables compared. Negative values denote negative correlation and
positive values denote positive correlation. Values in parentheses means p value ("p < 0.01, 'p < 0.05).

M Coniferous forest soil samples
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Fig. 3. The ordination plot shown the phylum an class community of soil samples according to their bacterial community
composition obtained from é)rincipal coordinate (PCoA) analysis based on Bray-Curtis dissimilarity matrix generated
using Mothur platform. CJ; Chung-ju, HY; Ham-yang.
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T 75 vEol wet Aoldk AHdAE Hole e
1Sl (Table 4). ©] FollA Proteobacteria, Alphapro-
teobacteria, Actinobacteria_class, Phycisphaerae= %352
H &3 Fo38Q Ao ATAAE HAL, Nltrospzrae
Chlamydiae, Planctomycetia, Acidobacteria 6= g2 H]
3 oAl AL AHAAE Kol Zo2 YehTh

ARHEGANA EdT 23] thrdS Addel vls)
SAFHAM s gEA Aok (Xia er al, 2016). Han
T (2008y> HHrEH HrE FAE || EAE 2K
27wl 5RAQ A 545 7HIAL dvkal B st
AL, Li & (2014 5= AR mE BT 24
S B35t JFFHANME Proteobacteria’t 9733103, &
G Y M= Bacteroidetes$t Nitrospira’} $-33%°]2}2L B3}
Aok olgfet dYA+= B AFAHNA ProteobacteriaSt
Nitrospira?t ZY7} 19793 TN SHToZ e
AE SR gt AHRES AXske 753 vyl T
4e RS WAL A (Tsai et al, 2009), 21A<] FFoll
ug} ESuAE o] FAE T ‘”'?411 011:} (Hackl et
al, 2005). Han & (2006y> 53] 52 &/ (%)l w=t
[T ST ESolsed = E“‘ﬂ# o] Tk
s FAETIAL Barste], P Egolslehdo] Bl
o] o YFS F= Ao AdE

5. EQN|SIaAD} EQUMIR 2T
QPR AR NHEAS) EGolsteto] Eabl
2P A G FAE

LA

[l |

iy
.l_
-L

3] RS

AT R BN 7 F9

o] W3l (variation)S oJv|shH, Z+

EAE Egolste g2 ¥ (ordinate
e EWT 2339

2020)

B2 AoA PCl1Y Wzl

f

o

il

P oo b b

(]
o

>

13}

(]
ﬂ« o

g 2
oFolstery mTh EAE

14 oﬂ

I
o) ghggk,
H3l| ESAlRE 5olA <

Egolsteldo] Bl

do f
N

-

o
r

b

S

EFT F

AHA Hle

# 23]
A4 98l B 29 FoIA
A 24el
24319

2t0] Atz

3} Pearson %

3 Z] o
—134_7;”

gul

HU

A BEGMTF 3

o) Hae

= 5ol

EE 3 (abscissa)o 2
A#EE 7Y (Kim er al,

2 53.9%% PC29 264% KT}

so} Eopol5japs
. Pearson JHHAE E3
B, Adak, JoleX| g Po] EPF =
HAE BT (Table 5).

Nitrospirae (r=0.848, p

Table 5. Pearson’s correlation analysis between soil bacterial community and soil chemical properties.

A
Q)
=

[e]

= 99
=
ape

A=)

Pkl 9]

=& o7 INFAY} (Fig. 4). PC1e] ¥W3lEko] pC2 B}k
2 F3hatel] YR Egolsetdol A
R F3FS Z\:}w 7
Atk wEtr Egelsted Fere HE

718, HAEE, YER =
J%S 73t
= g3rs

F el e

=4 7éFJr, EF pH,

= 0.033)%} Planc-

Correlation coefficient (r)

Soil bacterial ol
community pH EC" om? ™Y P \gl ’ K Ca Mg Na CEC”
25
Proteobacteria -0.778 0.683 -0.795 -0.839 0.375 0.623 0.445 0.406 -0.618 -0.778
(0.069) (0.134) (0.059) (0.037)"  (0.464) (0.187) (0.377) (0.424) (0.191) (0.069)
Nitrospirae 0.848  -0.451 0.847 0.772 0.002 0.153 0.183 0.207 0.640 0.823
P (0.033)"  (0.369) (0.033)"  (0.072) (0.997) (0.773) (0.729) (0.694) (0.170) (0.044)"
Chlamvdiae 0.658 -0.793 0.882 0.941 -0.255 -0.557 -0.490 -0.434 0.614 0.840
4 (0.155) (0.060) (0.020)" (0.005)" (0.626) (0.251) (0.324) (0.390) (0.194) (0.037)"
Chlorobi 0.613 -0.416 0.806 0.803 0.227 -0.500 -0.506 -0.419 0.488 0.754
(0.195) (0.412) (0.053) (0.054) (0.665) (0.312) (0.306) (0.408) (0.326) (0.083)
Alphaproteobacteria -0.684 0.719 -0.750 -0.821 0.462 0.678 0.495 0.457 -0.631 -0.735
phap (0.134) (0.105) (0.086) (0.045)"  (0.356) (0.139) (0.318) (0.362) (0.179) (0.096)
Actinobacteria -0.618 0.723 -0.794 -0.869 0.513 0.641 0.409 0.346 -0.766 -0.804
(0.191) (0.104) (0.059) (0.025)"  (0.298) (0.170) 0.421) (0.502) (0.076) (0.054)
Phvcisphaerae -0.645 0.665 -0.784 -0.860 0.367 0.668 0.561 0.521 -0.677 -0.747
yesp (0.166) (0.147) (0.065) (0.028)"  (0.474) (0.147) (0.247) (0.289) (0.139) (0.088)
Planctomvcetia 0.893  -0.616 0.908 0.839 -0.143 -0.145 0.127 0.212 0.770 0.951
Y (0.016)"  (0.193) (0.012)"  (0.037)" (0.787) (0.784) (0.810) (0.687) (0.074) (0.004)”
Acidobacteria 6 -0.725 -0.784 0.855 0.862 -0.313 -0.582 -0.232 -0.120 0.661 0.909
- (0.103) (0.065) (0.030)"  (0.027)" (0.545) (0.226) (0.658) (0.821) (0.153) 0.012)

YEC; electrical conductivity, ?OM; organic matter, *TN; total nitrogen,

YAvail. P,Os; available phosphate,

*)CEC; cation exchange capacity.

Correlation coefficient (r) written are significantly correlated between the variables compared. Negative values denote negative correlation and

positive values denote positive correlation. Values in parentheses means p value ("p < 0.01,
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Fig. 4. The ordination plot shown the soil samples and soil parameters according to their bacterial community composition
obtained from PCoA analysis based on Bray-Curtis dissimilarity matrix. The correlation between soil parameters and two
axes are represented by the length and angle of the arrows. CJ; Chung-ju, HY; Ham-yang.

tomycetia (r = 0.893, p = 0.016)= ES pHS} folzel 4
o] AAAAE B, Nitrospirae (r = 0.847, p = 0.033),
Chlamydiae (r=0.882, p=0.020), Planctomycetia (r=
0.908, p=0.012), Acidobacteria 6 (r=10.855, p=0.030)<
EF f7183 frelHl Ao dAdAE Btk dd4 ¢
o] A= Chlamydiae (r=0.941, p=0.005), Planctomycetia
(r=0.839, p=0.037)%} Acidobacteria 6 (r=0.862, p=
0.027y Fe1H Ao FAAAS B, FoleXTeF
2 Nitrospirae (r=0.823, p=0.044), Chlamydiae (r=
0.840, p = 0.037), Planctomycetia (r = 0.951, p = 0.004),
Acidobacteria 6 (r = 0.909, p = 0.012)2} 52421 Aol A+
HAE Bt EYrdE 2R EY olsted el
A= olAFH He Aol =] ek (Mechri e
al, 2008; Preem et al, 2012).

2 Apllie EY pH, f71=, AE4, dol2x]hg-Fo]
EqE =383 19420 BHAE T e AR gRlE
At EY pHE EYHAE 20 9432 7= dE40 E
U20loF Han 5 (2018)% Xia 5 (2016)S A ElA
ESF pH7F BT 250l foldem 93 Sl By
3193, Kim 5 (2019b)2] AFolMe 2 A9} viRyA 2

L
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E¥ pHS} Acidobacteriady EFAH 0] <]
AL 7RItaL Barskict,

Eg Aajshe EFES 718 &8, dEcd 2 B
ol ddrslel] Fask o (An et al, 2015; Han,

fsig :l.
2015). A=e] A% EY 718, 24, ol2xe-e-F

] XN
==

LS AAVE e v 2 drddet ol f1E, [
&, Fol2Aghe-H fFoZQl AHAAE 7= BRI
T AhF] ASEAAE FoFQl s 7 A
o=z JeEch
6. EQAIT Tt ke MISEM 10| AR

A ARt Ald xRl EdAlT H AR ASE
A 7ve] ABBAE BEAMS A, Nitrospirae, Chlorobi,

Planctomycetia, Acidobacteria 67} Yol AyS-3 f2]4<l
Ao AAAAE B (Table 6).

Nitrospirae= A+ &1 (r = 0.872, p = 0.023), %22
o] (r=0.847, p=0.033), =37 (r=0.867, p=0.025), Al
SR AFH (r=0.850, p = 0.032)3 222 Aol A
AE B3, Chlorobi= Z2E (r=0.920, p=0.009),

Z7140o] (r=0.823, p=0.044), 7187 (r=0910, p=

=
TH
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Table 6. Pearson’s correlation analysis between soil bacterial community and growth characteristics of wild-simulated ginseng.

Correlation coefficient (r)

Soil bacterial

community Seed Seedling Shoot Root
emergence rate survival rate Length  Diameter FwW" Length  Diameter FW DW?
Proteobacteria 20.659 0.614 0475  -0807 -0.784  -0656  -0.819 0817  -0.775
(0.155) 0.195)  (0.341)  (0.052)  (0.065)  (0.157)  (0.046)  (0.047)  (0.070)
Nitrosoiae 0.872 0.625 0.210 0.777 0.387 0.847 0.867 0.722 0.850
P (0.023)" 0.185)  (0.690)  (0.069)  (0.449)  (0.033) (0.025°  (0.105)  (0.032)"
Chiamvdine 0.651 0.652 0.316 0.791 0.591 0.756 0.773 0.705 0.678
Y 0.161) 0.61)  (0.542)  (0.061)  (0.217)  (0.082)  (0.071)  (0.117)  (0.139)
Chlorobi 0.162 0920 0823 0910 0837 0748 0.789 0.402 0.544
(0.759) 0.009"  (0.044) (0012 (0.038) (0.087) (0.062)  (0.429)  (0.264)
Ahaproteobacteria 20.654 0516  -0357  -0.717 0689  -0.597  -0.727  -0.783  -0.696
phap (0.159) 0.295)  (0.487)  (0.109)  (0.130)  (0.211)  (0.101)  (0.065)  (0.124)
Actinobacteria 20.691 0449 0281 0680 -0523 0672 0674 0676  -0.604
(0.128) 0.372)  (0.590)  (0.137)  (0.288)  (0.144)  (0.142)  (0.141)  (0.204)
Phvcisohacrae 20618 0575  -0328  -0.733  -0.664  -0.627  -0.727  -0.754  -0.674
yeisp 0.1971) 0.232)  (0.526)  (0.097)  (0.150)  (0.183)  (0.101)  (0.083)  (0.142)
Planctomeetia 0.725 0.672 0.622 0900  0.603 0927 0909  0.602 0.774
y (0.103) 0.144)  (0.188)  (0.014)  (0.205)  (0.008)" (0.012)° (0.206)  (0.071)
Acidobacteria 6 0.499 0.628 0.746 0856  0.710 0.817 0.784 0.493 0.584
- 0.313) 0.182)  (0.089)  (0.030) (0.114)  (0.047) (0.065)  (0.320)  (0.223)

YFW; fresh weight, ”DW; dry weight. Correlation coefficient () written are significantly correlated between the variables compared. Negative
values denote negative correlation and positive values denote positive correlation. Values in parentheses means p value ("p < 0.01, ‘p < 0.05).

0.012), A5 WS (r=0.837, p=0.038)7 2|22 H2
FHBAE BAY. Planctomycetios =7127 (r=10.900,
p=0.014), ¥e1Zo] (r=0.927, p=0.008), FZA74 (r=
0.909, p=0.012)7 Fo]H<QA Ao FHAAAE RIAI,
Acidobacteria 62 Z7137 (r=0.856, p=0.030), ] Zo]
(r=0.817, p=0.047)2} F2]4821 Ao FLAAE BT
A4 AuiR| o] ESHAE 3 o] gidt A o)A
RE gas] 3% 9t} Suleiman 5 (20132 Acido-
bacteriaceae, Nitrospiraceae, Planctomycetaceae?t *+8E
oM A8k vAE X F ShERL 3FAL, Nguyen
5 (2016)2 A4 Alb) E<Fe] EYHAE #3S 9l
A3}, Nitrospirae$t Chlorobis X 3sle EGAlT +3 o]
okt Bt FZolE Kim 5 (2019b)e] At
Fitel MEEAT EAlT &3 7] AdadAlel ek A
]

oLt
T= F335t  Acidobacteriad: AR
]

R

AcidobacteriiaSt
Koribacteraceae7} A¥oFre] Big)do|, 227, X|gHte] ¢
A} FHA, A s Faeh o)Al o] AAdAE B
oty RASIATE ole} e AYAFE Nitrospirae,
Chlorobi, Planctomycetia, Acidobacteria 6 A52] EFAH 0]
AFZA A A S5 frolF Q] S B
= A7 24E s i

B A7AIE vReRE bt AHedN EYSA, B
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