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Abstract: The studies regarding soil bacterial community and correlation analysis of
wild-simulated ginseng cultivation area are insufficient. The purpose of this study was to
investigate the correlation between soil bacterial community and growth characteristics
of wild-simulated ginseng for selection of suitable cultivation area.The bacterial commu-
nity was investigated by high throughput sequencing technique (lllumina platform). The
correlation coefficient between soil bacterial community and growth characteristics were
analyzed using Spearman’s rank correlation. The soil bacterial community from soil sam-
ples of 8 different wild-simulated ginseng cultivated area exhibited two distinct clusters,
cluster 1 and cluster 2. The relative abundance of Proteobacteria(35.4%) and Alphapro-
teobacteria(24.4%) was observed to be highest in all soil samples.The lower soil pH and
higher abundance of Acidobacteria resulted in increased growth of wild-simulated gin-
seng. Additionally, abundance of Acidobacteriia (class) and Koribacteraceae (family)
demonstrated significant positive correlation with fresh weight of wild-simulated gin-
seng. The results of this study clearly state the correlation between growth characteristic
and soil bacterial community of wild-simulated ginseng cultivation area, thereby offering
effective insight into selection of suitable cultivation area of wild-simulated ginseng.

Keywords: Panax ginseng C.A. Meyer, correlation analysis, pyrosequencing analysis,
soil bacterial community, wild-simulated ginseng
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Correlation analysis between bacterial community and growth of wild-simulated ginseng

A2 i o s Fosta it P82 Wild-simulated

ginsengol_ﬂ, SHH-2 Panax ginseng C.A. Meyer= 37 (=g
A E-2 Aotk= B oA 71a (Lipied et al. 2013), &&=

(Hatfield and Prueger 2015), €& (Selvakumar et al. 2014),

505 (Tekaya et al. 2014), Bt (Denancé et al. 2013) ‘&
I 22 A= (Biotic) ¥ HIAYE5H (Abiotic) AE |

2o E&E 1 O]‘— A1 E-o] ALl AAFFo]| Azt of oF
< F7) Hth(Ramegowda and Senthil-kumar 2015; Pandey
et al. 2017). EF0AE (Soil bacteria)= A1&2] +H (Rh1

zosphere) ol Al FAYSHAA 7|8 2ol e, 24

A AA, AgoA e Sushe T A2l A= Eﬂ
T oL, vopt B AW A S st §8
ot A3H-S St} (Prasad et al. 2015).

o]y 3t Eofu|Eo] AL BAsl= oz J|=&
ofli= Bl F A (Culture-dependent methods)= ©]-8-5FH%
O}, B2 719 (Molecular techniques) < ©]-8-gF HH<F
P (Culture-independent methods) ©] @710t A 1] Y

20) chopd @ )5 Aol o 977} Z7Hl0
(Busby et al. 2017), ©] FolA ZFAI 714 E24] (Next

generation sequencing; NGS)-Z 142t 42 &l 7|4

2o 2 T4L BHGRE oItk tlEHe A4 o
71 G824 5 P}l Pyrosequencing w412 THFEE A1 4]
A o] nAET S ot gEetA Fohs o 2 AR
ot (Sogin et al. 2006). EF £/} £ 7821 (Envi-
ronmental factor)-= A]Aoh= A 280 o2t EQFu| =
o] A% A tFdol= &S T Frh(Song et al. 2018;
Wau et al. 2018). 0|23t &7 @ 919] ®Hist= Ay og A
Ed~g Zrgste] EYnd= o
ol EGmAETES AFste dl ol B ST 2
< 27 8 Qo] A 242 vl Fasttt &
QAT (Petterson 2004).

A2 FUAE P @ FYAHE] et o] Hol

SRR LEERES EERESEP
7l A&7 f71 s Aol EGuAEol digt o]
=0}Z] 11 Itk (Prasad et al. 2013). THEA Q1 BE2]2=E<1
4] 72, pyrosequencing =412 0]-8-5to] FI7FA| & =
W] QU AAle] BTG tE ATE P
5] 3= 11 1Tk (Nguyen et al. 2016; Dong et al. 2018). %]
Tolle U] AFRlael Foko A& NGS system= ©-&
stof Y87 Asle] 42 ol gR Y Wall e
ATE +Pota A TH(Hartmann et al. 2014; Li et al. 2014;
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Fig. 1. Cultivation area and collection of wild-simulated ginseng
samples.
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AR SollAE 1Al 1334 AR AlRE 7 s
2 AT (Fig. 1). EF A== ZF Ao BE
= AAS EA 10~30cmollA & EF 100gS AF
Shodeh AF T A Alss (A ZEAuAI-] 9
42 & e o] wet 8 (Sphagnum moss)E 1ot
2 9L 3 4o A2 A0l HoIATH(Jeon et al. 2018).
F Alme ARgEA] et FEslA Bkt vl
e FHEA o] 8T EYZ -20°Co] WFae] Byt
P 240 AHEE E2 AETte

o2 2 mm sieve & 0|85t AE

!
A, Epolstets] EAL HEUEH

_O|L
2
H
2
foly
o

2, At Hulix|e) EGMIE2Y 24

2|9 2fHT EF AR total DNAS] 52 Power-
soil™ DNA isolation kit (MO BIO Laboratories, Carlsbad,
CA, USA)E Al&5te] 253t 168 rRNA Polymerase
chain reaction (PCR) 5% 2 97144 £42 3 (Chun-
lab, Seoul, Korea) 9] Illumina Miseq sequencing systemoﬂ ot
2} 35T}, Primer= 341F (S-TCGTCGGCAGCGTC
AGATGTGTATAAGAGACAGCCTACGGGNGGCWGC
AG-3")¢} 805R (5-GTCTCGTGGGCTCGGAGATGTGT
ATAAGAGACAGG ACTACHVGGGTATCTAATCC-3') =
A+-8519 V3-V4 regione BHAC 2 PCR 552 3Y5HA
T} PCR 2712 t}-2 7} Ztt. Initial denaturation: 95°C, 3
min, Denaturation: 95°C, 30sec (25 cycles), primer annealing:
55°C, 30 sec, Extension: 72°C, 30 sec, Final elongation: 72°C,
5 min. Raw sequence 1> Mothur pipeline (ver. 1.40)<
o]-g-oto] B495191 31 (Schloss et al. 2009), Hlo|E H|o] A=
‘Greengene’ reference databaseE ©]-85to] 7|4 E-E &
A5} (Schloss 2009). 0]% A7) X E-2 Distance based
greedy clustering (DGC) 245 ©]-85}F0] 97% FAF <=2
Operational taxonomic units (OTUs) = T 2cto] EHA
] FH3}(Clustering) D ATHA B4 (Relative
abundance) & =415+t (Kim et al. 2019).

S
J =2 =T
w570, 2217, Fa7o], Ao AEEE 2%
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TH(KSVS 2014). 0|5 AteFAF 2|6t B ZH4E A
Z|5Fal EPSON scanner (Expression 12000XL)E ©]-8-5F¢]
27081}, A 788 1+-2 WinRHIZO™ Pro software (ver.
2017, Regent Instruments, Canada)E ©]-8-5}0] 4t 7
S-S Tl (Pixel) 912 SRt F, Wol Tz Hetst
o] TAA (Cross-section area), I HZ] (Surface area), 5T
(Volume)E S SFATH(Wisam et al. 2018).

M

4. 37 3 guEA 2N

i

HEAH dloH+&= Hut + B2 2 (means + standard error;
SE) #oz yetilal, A9 dlolg o] FAA ] 9 24
72 Statistical analysis system (SAS, ver. 9.4) software S
-85t EFAITFTA cluster 70| AR ==} AHeF
A S5 i BARAL T-H8e o Fod=
A7kl #]A-F-2]2} (Least significant difference; LSD)+
p<0.05 oA FA A shlet. AFae] 54yt
EFAlAH 7He] A EA 24 (Correlation analysis)
STATISTICA software (ver. 7. 1) AF8-6}%] Spearman’s
rank correlation A= ()2} 7214 (p<0.05)= &5k

]

1. AtobA THHHX| 2] E QFol2roby

AP Al A] 82 o] B o|sfot S ARG At &
= AR 0] B FEATEO| AL, EYAE (pH) = 3.84~
52002 A T oA EOFO 2 LFEITH(Table 1). F
7] &< (Organic matter)~> 4.2~21.4%°| 117, F-a04F
(Avaliable phosphate)-> 41.9~292.1 mg kg ', 18 4= (Total
nitrogen)+ 0.12~0.69%, potassium (K)-2 0.06~0.54 cmol
kg™, calcium (Ca)-2 0.9~12.0 cmol" kg ™', magnesium (Mg)
2 0.17~5.57 cmol* kg™, sodium (Na)<> 0.04~0.08 cmol*
kg_l, Fol2 x]|2H8EF (Cation exchange capacity)% 14.4~
35.9 cmol* kg ' 22 YEFGTE 2013 FPZISHollA X
ARRE @ejubet M= AkerAr Aol EYF £42 pH
4.0~6.0, 4E2 0.15~0.8%, F71& 2.0~7.0%, K 0.3~0.7
cmol” kg_l, Ca 1.2~4.1 cmol® kg_l, Mg 1.0~1.5 cmol” kg_1
o7 & Ao A Aol ARt Atk AfaiA] 82191 €]
E 549 vluet 23 BEF pHOF A oS fAF



Correlation analysis between bacterial community and growth of wild-simulated ginseng

Table 1. Soil chemical properties of wild-simulated ginseng cultivation area

Exchangeable cations

o 0l 2) - pd) 4) 5)

Cultivation Soil type pH EC oM Avai. P N P Ca Mo Na CEC
area
(1:5) dSm™ % mg kg™’ % cmol* kg™

A Loamy sand 459 0.09 214 233.2 0.69 0.34 12.0 1.18 0.06 314

B Loamy sand 5.02 0.1 6.1 574 0.20 0.19 3.4 5.57 0.05 16.6

C Loamy sand 5.20 0.26 79 419 0.28 0.54 1.5 1.79 0.04 173

D Loamy sand 4.39 0.17 M4 219.4 0.41 0.15 34 0.34 0.05 23.6

E Loamy sand 4.61 0.08 8.7 169.7 0.30 0.20 3.6 0.54 0.05 19.8

F Loamy sand 431 0.15 5.9 168.4 0.18 0.14 0.9 0.40 0.08 15.6

G Loamy sand 454 0.07 4.2 150.1 0.12 0.06 1.0 0.17 0.07 14.4

H Loamy sand 3.84 0.28 13.7 292.1 0.63 0.18 2.6 0.47 0.04 35.9

YEC: Electric conductivity, ?OM: Organic matter, ?Avai, P: Available phosphate, “TN: Total nitrogen, *CEC: Cation exchange capacity
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Fig. 2. Clustering and relative abundance of the bacterial coommunity in 8 different wild-simulated ginseng cultivation area. (a) Phylum, (b)

Classes.

SHA UEFg o, R71E-S YRR K, Ca, Mg2] 2 2t
o]F Holz Zo 2 g1 (KOPPI 2013). ©]of 22
ATH=e ZAHE AFFA AEiR] o] Zpol& QIgH Ao = Y7t

=, AT Do = EF pH 6.5 ©1A), SR Q4L
mg kg ', ZE 0.8 cmol” kg O]/ollA] AteFate] A
2 ARhs vtk Iaet A9ANE Fol & Al

2w
o 8

Al ek

logenetic tree’ S ©]-85t] =1t A3} 82 A O] EFA|lw-
Aol 2709] cluster (Cluster 1: A, B, C, E Aui 2] 2] E A+
w3, Cluster 2: D, F, G, H A8 %] 2] EFAM|H) 2 T3
SH| #HSFE ol F= A2 T 4= 18It (Fig. 2). Phy-
lum 0] A 15 215 AT, 82 H 9] AjujA]
L5 Proteobacteria®] /3t R1k4=7}F 24| H+2] 35.4%
2 2-Ql o7 BRIE|A O™ Acidobacteria (22.9%), Acti-
nobacteria (10.3%), Bacteroidetes (9.7%), Chloroflexi (6.9%),
Planctomycetes (4.4%) <=2 2 LEFLTH(Fig. 2a). Classes 5=
Tl A= Ahlpaproteobacteria”} 24.4% % -7 01111, Sparto-
bacteria (7.6%), Acidobacteriia (7.5%), Ktedonobacteria (5.5%),

Actinobacteria (5.1%) <02 =2 A& RIL+E 8Rls}
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Table 2. Comparison of relative abundance of bacterial Phylum and Classes between the two clusters

Bacterial Phylum
communities  proteopacteria Acidobacteria  Actinobacteria  Bacteroidetes Chloroflexi Firmicutes Cyanobacteria
Cluster 1 31.0+0.31b 22.0+0.89a 12.1+1.16a 9.0+1.12a 5.1+0.86b 1.1£0.18b 0.3£0.04b
Cluster 2 39.7+£2.96a 23.8+0.76a 8.6+0.12a 10.3£1.02a 8.7+ 1.15a 2.8+£0.33a 0.7+£0.07a
pvalue 0.028* 0.168 0.246 0.433 0.045* 0.005** 0.004**
LSD 72723 2.8587 2.8564 3.7027 3.5165 0.9164 0.2213
Classes
Alphaproteobacteria  Acidobacteria  Ktedonobactetria ~ Betaproteobacteria ~ Gammaproteobacteria Bacilli
Cluster 1 28.7+£2.92a 6.81+0.34b 3.01+£0.39b 4.38+0.38a 2.62+0.22b 0.99+0.17b
Cluster 2 20.1£0.78b 768+0.43a 726+127a 2.96+0.25b 4.31+0.57a 2.45+0.34a
p value 0.029*% 0.042* 0.019* 0.021* 0.034*% 0.009%*
LSD 74061 1.3039 3.2649 1.1118 1.5074 0.9333

*Each value represents the average of four replicates per treatment = S.E. Significant difference according to least significant difference (LSD) at p<0.05 levels
are indicated by different letter. Significance are demonstrated as: p<0.05 (*), p<0.01 (**), and p<0.001 (***).

Table 3. Growth characteristics of wild-simulated ginseng between the two bacterial communities

Growth characteristics

Bacterl.all Fresh weight  Root length  Root diameter  Rhizome length  Cross-section area Surface area Volume
communities
() {cm) (mm) (mm) (em?) (cm?) (cmd)
Cluster 1 446+0.78b 25.4+114a 11.3+0.98a 28.2+1.65a 252.6+42.2a 11589+2514a 64.2+115a
Cluster 2 8.09%1.25a 274+3.14a 13.2t1.1a 275+2.09a 368.9+80.0a 793.6+132.6a 96.1+£14.9a
pvalue 0.049* 0.571 0.258 0.748 0.246 0.246 0.141
LSD 3.602 8.168 3.629 6.524 2214 695.5 46.25

*Each value represents the average of four replicates per treatment+ S.E. Significant difference according to least significant difference (LSD) at p<0.05 levels
are indicated by different letter. Significance are demonstrated as: p<0.05 (*), p<0.01 (**), and p<0.001 (***).

%Q'(Fig 2b). Nguyen et al. (2016)9] AL A = pyrosequ-
encing 241 0] §5t0] SelLtet QAT AR AR E A
AT 30709 EF Aol rdEwHe 4% A3,
2 AT Axe} FAFSHA| Proteobacteria?t 7 A 2] 30.16%
2 o= VYelHIL, Acidobacteria (29.16%), Chloroflexi
(18.15%) s=2 & YEFSFTE Sun et al. (2017) 2] AFAAE
14 (Panax ginseng) A 2] EFuPEZLH S ZAFRE
A}, Proteobacteria?t 40.88% 2 27401131, Acidobacteria
(15.59%), Actinobacteria (11.55%), Gemmatimonadetes
(7.36%), Chloroflexi (4.17%) <=C. &2 /JtH4 RI=47} 3571]
P O™, classes 5 A= A Iphaproteobacteria” 94

O & A Axe} v [fARHA Ut & 71E]
cluster 7t EGAHFTH Y] At HE4-5 8|0 BA46H
A3}, HA phylum G0l A= Proteobacteria (p=0.03) <2}
Actinobacteria (p=0.02)= cluster 1141 cluster 201 H]5f A
A M7} 598 02 =9kTh(Table 2). ¥V Chloroflexi
(p=0.04), Fimicutes (p=0.004), Cyanobacteria (p =0.004)=

384 ©2019. Korean Society of Environmental Biology.

cluster 29014 cluster 191 H|3] Go]d o2 A& "4
7t &2 A0 2 YEPIT Classes 0l 4] cluster 7H2] A
oA ‘?JETE =HIgE AL Ahlpaproteobacteria (p=0.029)
<} Betaproteobacteria (p = 0.021)% A A HIE 57} cluster
19114 cluster 21 HIsf| & W=7} FolH o= £t
a1, Acidobacteriia (p=0.041), Ktedonobacteria (p=0.019),
Gammaproteobacteria (p =0.034), Bacilli (p = 0.009)<> cluster
2014 o] H o2 A N7t w2 Ao = Lyl

L

3. Cluster 2to] AFA RSN I EOF ojofoby
H| 2

EFA T cluster 7F AR L EA S v BA]
St AFL cluster 2 ZHERA] ol A} =7 7E ACFAF Al=.9] 2|5}
B RS custer 1 ARR|of| A =2 GH AR A= o] H]
3l cluster 2914 214 (p=0.04)2 = =T (Table 3). &
cluster A/Hi 2] 7te] ECQF o]3}eHd-S vl gt @j’,]—) cluster 2
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AEfA] o] EF pHZT cluster 1 Al A of] H] H oA (p= AT AkeFate] A7t 7HeRt 20 2 whohEeh T3t B
0.03).0.2 YA UEFGTH(Table 4). THE E9F o]8Fshd2 pHE= EGRAES] F4o] 93 F= dluddd 4 a
cluster AHA] ZEO] F-2]21Q1 2fo] & A = I3iTt. ©] 2 F shuE, EYrewde 24chks 583 94ge
oF e Avh= Atokal Afui 2] 9] E9F pH7T cluster 1 AHY S (Wu et al. 2017), pH7F ESAAELLH o] vA]= 4
2] &} B#<1 pH 4.86 ©|5toll A 2] OP—r«l Aol 71 ol o] AFEA el et A= 7T TRt &
= AS oulgtey, AA|= 821 Y 2] AT AHiA] Fo o] Efol A Eito] XY= QTh(Bartram et al. 2014;
A pH 4.86 ©]5}°] Al 2] o] At} AE o] pH 4.86 ©17 Cao et al. 2016; Xue et al. 2017; Ren et al. 2018).
o] Az vlof] -2 A0 2 YEFI T (Data not shown).
Lee (2010)2] Aol A] 4tekst Al 2] o] EFEALS A4 4, MQFAO| M E ML EQFM|Z 2T 7HO] Arntty|
gt A7, Wt B pHIF 4.85Q1 O] EF o &2 Uy
1, Kown et al. (2011) 9] Aol A= A= 970 182 4F At S-S ESAIRTA 7o) AEEAIE 24
A AR o] B ESF pHIL 4722 Syt 4 E St AL, Acidobacteria®ll &= Acidobacteriia?t 2173
o] Wt pH 5.48 (Joeng et al. 2002) ETHe tHA| 2 Y] (r=0.857,p=0.007), FHA 9 HHA (r=0.738, p=0.037)
ZAFE o] & Ao AE Fof Kok W pHO| EY o)l o] FBPAE KO, Koribacteraceae=

Table 4. Comparison of soil chemical properties between the two bacterial communities

Soil chemical properties

; Exchangeable cations
Bacten_a_l oH ECY om? Avai. PY NY CEC?
communities K Ca Mg Na

1:5 dSm™ % mg kg™’ % cmol* kg™’

Cluster 1 4.86+0.15a 0.14+0.04a 11.0+3.5a 125.6+45.8a 0.37+0.11a 0.32+0.08a 762+2.39a 2.27+1.13a 0.05+0.00a 21.3+3.45a
Cluster2  4.27+0.15b 0.17+0.04a 8.8+2.2a 205.0+£32.9a 0.34+0.12a 0.13+0.03a 2.00+£0.60a 0.35+0.06a 0.06+0.01a 22.4+£4.97a

pvalue 0.034* 0.610 0.616 0.209 0.845 0.074 0.062 0.139 0.356 0.860
LSD 0.5624 0.148 10.16 1379 0.391 0.209 6.027 2.767 0.024 14.80

*Each value represents the average of four replicates per treatment + S.E. Significant difference according to least significant difference (LSD) at p<0.05 levels
are indicated by different letter. Significance are demonstrated as: p<0.05 (*), p<0.01 (**), and p<0.001 (***). YEC: Electric conductivity, ?OM: Organic mat-
ter, ?Avai, P: Available phosphate, “TN: Total nitrogen, *CEC: Cation exchange capacity

Table 5. Relationship between the relative abundance of the bacterial communities and growth characteristics of wild-simulated ginseng
using Spearman rank correlation analysis

Growth characteristics

Bacterial : : -
communities Fresh weight Root Root Rhizome  Cross-section Surface Volume
of root length diameter length area area

Chlorofiexi 0.238(0.570) 0.310(0.456) -0.048(0.911)  0.095(0.823) 0.071(0.867) 0.071(0.867) 0.357(0.385)
Firmicutes 0.000(1.000) 0.500(0.207)  0.167(0.693)  0.381(0.352) 0.405(0.320) 0.450(0.320) 0.524(0.183)
Cyanobacteria -0.143(0.736) 0.429(0.289) -0.024(0.955)  0.071(0.867) 0.190(0.651) 0.190(0.651) 0.405(0.320)
Ktedonobacteria 0.119(0.779) 0.333(0.420) -0.024(0.955)  0.048(0.911) 0.095(0.823) 0.095(0.823) 0.357(0.385)
Gammaproteobacteria 0.500(0.207) 0.476(0.233) 0.214(0.610)  0.429(0.289) 0.429(0.289) 0.429(0.289) 0.500(0.207)
Bacilli -0.071(0.867) 0.429(0.289)  0.024(0.955) 0.238(0.570) 0.286(0.493) 0.286(0.493) 0.452(0.260)
Koribacteraceae 0.405(0.320) 0.810(0.015)* 0.571(0.139)  0.524(0.183) 0.667(0.071) 0.667(0.071) 0.857(0.007)**
Thermogemmatisporaceae  0.190(0.651) 0.405(0.320)  0.048(0.911)  0.119(0.779) 0.167(0.693) 0.167(0.693) 0.452(0.260)
Sinobacteraceae 0.524(0.183) 0.643(0.086)  0.381(0.352) 0.524(0.183) 0.595(0.120) 0.595(0.120) 0.690 (0.058)
Thermomonosporaceae -0.024(0.955) 0.524(0.183)  0.238(0.570)  0.071(0.867) 0.238(0.570) 0.238(0.570) 0.476(0.233)
Bacillaceae 0.071(0.867) 0.476(0.233) 0.024(0.955)  0.238(0.570) 0.286(0.493) 0.286(0.493) 0.524(0.183)
Acidobacteriia 0.333(0.420) 0.595(0.120)  0.857(0.007)** 0.571(0.139) 0.738(0.037)* 0.738(0.037)* 0.643(0.086)

Spearman'’s rho values (n) written are significantly correlated between the variables compared. Negative values denote negative correlation and positive values
denote positive correlation. Values in brackets means p value (***p<0.001, **p<0.01, *p<0.05).
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Table 6. Relationship between the relative abundance of Acido-
bacteria and soil pH of wild-simulated ginseng using Spearman
rank correlation analysis

Spearman'’s rho

Bacterial communities p value

values (1)
Acidobacteria (Phylum) -0.381 0.352
Acidobacteriia (Class) -0.190 0.651
Acidobacteriaceae (Family) -0.167 0.693
Koribacteraceae (Family) -0.762 0.028*
Solibacteriaceae (Family) -0.619 0.102

Spearman’s rho values (1) written are significantly correlated between the
variables compared. Negative values denote negative correlation and posi-
tive values denote positive correlation. Values in brackets means p value
(***p<0.001, **p<0.01, *p<0.05).

F240](r=0.810,p=0.015), 51 (r=0.857, p=0.007) <t
A Ao ATPAE Hol= A& 216 (Table
5). Acidobacteriar= 2 A+-2] 82 AHF4A AfufZ] | A] Pro-
teobacteria T O 2 AR =47 22 20w UEH
0, AbeFke] Aso]l 209 G AulRILE H AHEN A1 ] Kori-
bacteraceae®] "FHN A -7} THE A 2] O] AT A H =
Hr} §olxo 2 =2 AL 5lols}ict, Wang et al. (2019)
O] Al M T A4 AulA| o vl a4t A,
ESF pHZF -2 Al R|o| A Acidobacteria v 2] ZFTHHA
a7t oo s g2 208 HUEQIT o]9h 22
Aihs 2 A9 EFATTH ] clustere]l T A
HIE 5= 8|0 et Ao A Acidobacteriial] A2 Bk
7 pH7F W2 cluster 2 RO A] Fo]H o= =2 A
<= FAHSIH, Acidobacteria®ll £oh= vIAETF©] pH7}

2 EgolA B2 AHANESE 7HA] 11, Aberite] A
Ho FUA7E 9gS ote Ao=w woEHn A=
Acidobacteria T/Ew- Y} EQF o|atehy 7ho] A
A9t A3}, Acidobacteria 25 MY ET -2 EF pHE}
O] A AAE B o o] FoA Koribacteraceae2)
A Rl ESF pHEE 5012 Q1 Fo] oA (r=
-0.762, p=0.028)& Hol= Ao =2 FRIE] St (Table 6).
g Ang n|fo] Hop AR Auf 2] o] EF pHot
W Acidobacteria < A=t O] 7 e 2] M7} AboF
PSS - AR ¥AZE Qs Ao ' wtEnh o5
ofl= AtFal= AulistA] ¢b2 EFo] olatehd W Acido-
bacteria <5 ST Y] A RIESE B - 245k
HAFE F7t= ST A AEfof ol mhE B
o|gtohyd B Bt HIgkE &l 4= Q& Aolth

P

ARpaFe] 79, UuHASl QB Hlaste]

o AT 1

2
B}

o,
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o} 24 291 A E P2 0 & ol= (ST AAHE]
= Agsto] e B fA=stal )le whE 2 A2t
&5 ESnBEHT AT A5 ] dEeAE A
ol Sa% A=t 2 Ao AZE AL, volrf ARkt
Al oldell AreFate] sl 87t EFAdTAHS &
AE = Aot ArFd Az g AAsted e €
T S Zoltt. ek, Eqfolsletdyt vl 94 9 F
HAA o] e EFAITE AT A AR5 dig
A 995 IR v Ho gEet JHE
et Aled 4 e A= AtrdEn

S|
pyrosequencing analysis (Illumina platform)& ©]-85F3]
A, EFA A BS54 740 AP BAIE Spearmans
rank correlatione ©]-8-5to] EA5H T 871 AteF4 Aful
A2HY et EFAlTE 2710 f o2 st
£ olF+= A2 st e ESAUENA Proteobac-
teria®t Alphaproteobacteria”t ZYZt 35.4%, 24.4%= 7V =
= A HEsS Bk Aol s ESF pHIT
W1 Acidobacteria®] 7 A =47} H& EFo|A 7t
SH2. ™, Acidobacteriia (class) 2} Koribacteraceae (family) 2]
A ks AR e] s folAQl Fo] A
AE Hol= Ao s Uetth & A7 A7e EGAT
i} Atk A5 o] AEHAIE FEske Fat AR
7t 2 70w AZE A1, ozt Abekal Al o] el 4hekat

o 8ol 48 EFATEAL AL 4 QIrhd e
A ANEAE P B8 F 4 9 Holth ®
3 EQFo|S1ot At Blito] Qi W WA o] T Eop
AT AR RS thet AT a7 &
b2 ARche Rt B AR O ARY S 9
Aoz ARd
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