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Bacterial community in the rhizosphere soil of Betula platyphylla in the Daqing
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Abstract; The bacterial diversity and community structure in rhizosphere soil of Betula platyphylla, a pioneer species in the
succession of a natural secondary forest ecosystem, were studied using high-throughput sequencing technology. The results
showed that bacteria from 28 phyla, 90 classes, 126 orders, 213 families, and 286 genera were detected in the rhizosphere
soil samples. The relative abundances of the top 8 dominant bacterial phyla in all three sampling sites were greater than 1% ;
they were Proteobacteria, Acidobacteria, Actinobacteria, Gemmatimonadetes, Chloroflexi, Nitrospirae, Verrucomicrobia,
and Bacteroidetes. The sum of the relative abundances of the first three phyla in each sampling site was above 60%. The
analyses of the alpha diversity index, cluster heatmap at phylum level, and the PCoA of bacterial communities in
rhizosphere soil of B. platyphylla showed that, among the three sampling sites, the species compositions of soil bacteria were
similar in Xiaojinggou (B2) and Hadamen Forest Park ( C2), which were different from Jingerliang ( A2). The species
diversity and abundance ( ACE index) of Xiaojinggou and Hadamen Forest Park were significantly higher than those of
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Jingerliang, indicating there were significant differences in the ability of the bacteria to adapt to different environments. The
RDA and correlation analysis of bacterial community structure with soil physical and chemical properties showed that the
degree of influence of soil environmental factors was in the order of TN > pH > WC > AK > NN > AN > OM > EP. Of
these, TN, pH, and WC were the main influencing factors for dominant bacteria in rhizosphere soil of B. platyphylla. The
results of this study provide a theoretical basis for further understanding of the community structure and influencing factors of

rhizosphere soil bacteria in forest ecosystems.
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(Betula platyphylla) Xf T IX AR ST RA EZE X, HAT, ST HHARPR MRS (U HERER) A
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1.1 WF5E XA
F I XA F N Sl HIE XPE A 4 L3 (g5 A2, M3k 1789 —1912 m, E111°26'54"
E111°44'23" N40°53'22"—N40°54'39") M&IA TR B (4050 B2, 1§48 1794 m—1830 m,E111°39'19"—
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E111°40'33" ,N40°57'8"—N 41°58'32") Fl/NI (45~ C2, 14K 1715 m—1854 m,E111°47'52"—E111°49’
56" ,N41°2'32"—N 41°2'38") =/MEEHL, FIAMESE R 1049 4F i AT 5 78 KB b b3 i 35 5 A Kl R 1 2
MR X IR AT KBRS, BRI 22K AR 400mm 247, AEZE K R 1800mm A2 45, I 0.3—0.6,
AESERAR 5.9°C 4 H BREFEL 2976.5h, = KU A PE LKL, JEFE I 90—180d, WA A I T RS 43 T J LR AR
JET5 10 29 km /NI T IRTTZRAR AT ZR 62 km, WS TR B AN VA FORERRR £ 2Rk AR A /N
BE ( Berberis kawakamii) | 5% i1 Ji Bk ( Amygdalus mongolica) . 55 4% %5 ( Spiraea salicifolia ) . 5¢ 1 3 ( Caryopteris
mongholica) FENE T ( Ostryopsis davidiana) , 3 JLGE FARERR T A AR i 1L 548 W

1.2 R

FEILZE W IE T TRRAR A R RN 3 AR A BIr A REAS 2R F B3 B I b e BRUAE R A7 1% T e 25
ROAREEA 50 m 224y, SRAEMT, S /NI B 25 3R 2R AS I it W o AR %) A 3 2 B 0 8 AR P R i, TR BBE 7R
10—40 cm , WM PR 14985 ATC SRS P-4 | SR 57 [0 528 2 EA TIRAE , T M RE LY 25 > AR 7E—
e, LR tmm B, IRESE A EFED DD, — 0 T b v B i e, 5 — O P s )y, &4
FEM ) 3B 4 DSEATREA  HLRREL (A2) 45}y BP15 BP16 BP17 BP18, My A ] AR AR Fel L ( B2)
4 BP25 .BP26 .BP27 .BP28,/INIVAE ML (C2) 45> BP35 .BP36 ,BP37 .BP38,

1.3 FIMERR PR -8R 5 0 300 P

Xof - SRR St R B AR ARSI A2 PN 58 oy S e AR SRR A PR F) 58 g, A i 1 5 AL R A A (TN) L s 808
(AK) A&Ws(EP) BEA(AN) FAZ(NN) AHF(OM) &K E(WC) Fl pH(FE 1),

SRR R S L LG 0 s SRR SR F LR R - KA Y6 B 1 s A %05 FH 0.5 mol/L NaHCO, 72, 40
SCEETHINE ; B A8 AR A5 R FH SR AL BV W W 45U 2 S s s - A AL R FH i SR IR A AN Ak D 2 5 +
P KB A R FHAE T 140 pH (ERA 1:2.5 oK E BREE TR 2
1.4 THEE DNA $2HL PCR 434 M SC R

K mobio 349 DNA 5 SR BUAF] & PowerSoil® DNA TIsolation Kit X AR PR 43 RE i FE K 4 DNA
HEAT BE OB, 40 B 16S tRNA (V3 + V4) X 3 5] . 5'- ACTCCTACGGGAGG- CAGCA- 3', 5'-
GGACTACHVGGGTWTCTAAT-3", PCR JZ W R F . FE 41 DNA40-60 ng, b FiF5 19 (10pM) %5 1.5 plL, Q5
High-Fidelity DNA Polymerase 0.2 pL,High GC Enhancer 10pL, Buffer 10wL, dNTP 1L, #h7K 2 SR 50l
P44 .95°C 5 min;95°C 1 min, 50°C 1 min,72°C 1 min, "3 15 NMEFF;72°C T 7 min, 55 %P5 0%
&% . HAY XL PCR 4li4k =) 10 pL,MPPI-a( 10pM) 1 wL,MPPI-b(10uM) 1 pL,2xPhusion HF MM 20 pL,#h
JKZE AR 40pL, ¥ 1G4 .98°C 30 5;98°C 10 s,65°C 30 s,72°C 30 s, ¥4 10 PMEF; 72°C IEH 5 min,
PCR 25505 , X = A TSI M EE IS HL Uk . PCR F= ¥ & ik ik In R |, 24k J5 19 7= ¥ £ 4T Nanodrop 2000 &
TR R 1 SHIRAEDY L At B R A YR AT PR R AT IR S BORE S 5 R S I
1.5 HdEabr

X IR AT D2 PR B 0 P 0 R4 T B U8, OF KBRS R, 19 2 = BT 1Y Tags J¥ 41, 7EAH
I 97% 7K XSRS EE TSRS LU T BT A 7 91801 0.005% 158 B 38 OTU

XIHER o ZREMEFE B 0 7R Mothur Z0FE4T, 315 ACE | Chaol . Shannon I Simpson &4 Fh Z2 A 14
F8E, Alpha ZHE% (Alpha diversity ) 2 B BAANEE S AP =E B (richness ) XA 2R (diversity ) , /5 25
fiif 1 F8H5 : Chaol Ace ,Shannon , Simpson, Chaol F1 Ace $§ 1 & %) Fp 3= B BN 4 Fh i 59 £ 70, Shannon Fll
Simpson 8 UH T e Wy Fh 2 FEE | AR S EDS 0 Fh=F B2 A #3851 BE ( Community evenness) B2 00, #H[A]
Yifh R RUEOLT BT Th A W R B SO X ) B WA B V% B BOR ) 2 4 ; Shannon $880U(H 8K,
Simpson F8EUE /N ULIARE i W Fh ZFEVERR S . 7 5 R A B, DUREAS o e 91 05 00 0 P M R AT
ZARBU W T AU 7 45 52 AR A R B O

Shannon $8%#% FxCiHE, Hrh PR SE @ RN B8R & 4 B ad LU,
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B ZHFEE (Beta diversity ) 43 HT{HFH QUME #RAFHEAT, Lh 3 2 HREARTE Y 2P 5 T AA AR (AR DU B2
A 5E K FH 3 A8 F543BT ( Principal co—ordinates analysis, PCoA ) 1 3= AR FR 23T AT DL S 22 4 5 1) 0 2
2D TR FE AL A R 2R 25 5, AR PR IRT B IR B BT B A o AR BRER

B R BT R A B R 2] S 45 R 5 . A Canoco (version 4.5) B XS AU TEHE VR 451 5 5
HPACH 5 AT ICAR ST (RDA ) o HI SPSS 22.0 B AT 20 T8 = B A - S AR M J3 1) AR DG A 43 A B I 25 P A
55, ANEALEE AR 5% 1Y 5 2 MK R LSD( Least significant difference) 28 [

2 HRE5SWH

2.1 HIEEfR T

P A R T R L 3 AN b - S A A P T I 25 SR D3R 1, FR L AR T ARAR A Bl AN 1) 4 4
SRR A AR AU S K IR B 2 (p<0.05) s LR I B A U o B
T IR T TZRAR N BE RN /N7 5 LSRRI I8 T T ZR AR Bl A A A 0 i i 2 s /N
2.2 MFEERITAL

X KT 3 A SRAEH MR PR 0 12 AR v 4 T Y e 38 0 459 2156 7 51 3k 876074 4%,
ZBIEAL GBI RUF 5 708847 4%, P9I 420bp 2247, T340 OTUs MG REMZE I 1 Fis,
12 R B B Hh 2 e 2R 122, U I e o 2 DA A i v A i o 2 R
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Table 1 Physical and chemical properties of rhizosphere soil of Betula platyphylla in three sampling sites in the Daqing Mountains, Hohhot
, - AR SR AL Ak AHLE
R - . . . . : P,
K Ammonium Nitrate Available Available Organic K&
Sampling ~ Total N(TN)/ | . pH
sites (/kg) nitrogen( AN)/  nitrogen( NN) / K(AK)/ P(AP)/ matter WC(%)
(mg/kg) (mg/kg) (g/kg) (mg/kg) — (OM) /(g/kg)
FILFE(A2)  2.92+0.05a 16.46+0.83a 3.34+0.43a 0.17+0.02a 4.75+0.15a 67.08+2.24a 29.00£1.00a  6.95+0.11a
MEIAIT(B2)  2.54+0.08b 29.57+1.75b 2.92+0.26a 0.29+0.02b 9.43+0.25b 84.59+4.36b 22.67£1.53b  6.88+0.08a
/NEE(C2)  3.87£0.05¢ 27.16+3.06b 2.32+0.2b 0.39+0.02¢ 8.51+0.34¢ 94.42+0.93¢ 14.67+1.53¢  6.34+0.09b
AR RE IR ] — 51 A A B (LA e S8 3 25 52 (P<0.05)
2.3 WS AT 1300

TE 97 % WAL EE KT, 43 AT B RE i Y OTU A~
B, AWFsEEEREWH(E 2) , H LG (A2) /NEE(B2)

FIRIAT TRRARATE (C2) = FEHL L HEANE OTUs BCik §
SYHI 1256 1281 F1 1263 A, Hop 3 AR FEEHL 3L B
FAIE OTUs ik 1207 4, TiANFaREBRO A 5
B OTUs BURELZ 0 9 4 I LA U AT 41T OTUS §

30

98 AN, M IR T RR AR Bl M b 47 A7 4l TR OTUs $4 i i
R 64, RIS RIFEHLR] B 4 TH OTU 4 UAA7E —
FEMES
2.4 fRHAMFE

3o o v A D P 4 SR 3, DA 3 AR Y
FEAS o U P A5 B AR PR AN R OTUs HE45 1308 4>, 70 J&@ T
28 17,90 49,126 H 213 B .286 J&, 1E1/KF L (K
3), M XFFEERF 1% 80T 5 0 Kk A T
( Proteobacteria) . R #T 1 ] ( Acidobacteria ) | i £% F# []
( Actinobacteria ) . 2 HL it 59 ] ( Gemmatimonadetes ) |, £§
5] ( Chloroflexi ) Al A6 2 i€ 1 ] ( Nitrospirae )  JEIH
B[] ( Verrucomicrobia ) M MU FF & ] ( Bacteroidetes ) , 1
3 R AR XS B B B T AR IR R T]  RR AT )
IR T], o AR TR 1R 1] OTUs $ii ik 2, 72 LR
(A2) /NI (B2) FE IR TRRAR A FE (C2) 3 A FEHE
JIE o5 AR 4350 26.82% ,30.83% il 28.21% ; FRFT B 1]
TE 3 DR AR E 273514 21.67% 18.93% Al 19.
09% ; AT 17E 3 A REHL A RIS S B2 2351 0 14.56%
20.78% 1 21.76% ,1X 3 T 1A MRS F2 5 22 FIAE 254 1L
TS 60% . TEIEATRISIAEI AT (K 4) , KN
R (B2) FIREIRTIARAAR A B (C2) TSRy —2, 32W]
X2 AR TR [ TR B Rh e b T, S
FEILZE (A2) (R A BUAFAE—E 25 5
2.5 o ZHAPEEEOMT

1E 97 % AHRIE KT 3 DFEHE o ZAEVETREESE
THA RN 2 B o 23 B 3R W AS TR RE el 1 HEAR B + 8

| | | | |
0 5000 10000 15000 20000
J351 % Number of sequences

1 MERERTAE L 3 M B HRE T EMAE OTUs R
2k
Fig.1
Betula platyphylla in three sampling sites in the Daqing
Mountains, Hohhot

Rarefaction curves of rhizosphere soil bacteria OTUs of

C2

B2 MFESTASL I NMEEERIRIRTEAE OTUs HE
(A2 31U, B2 /NI, C2 . W3R T T AR AR A TR )

Fig.2 Number of bacterial OTUs in rhizosphere soil of Betula
platyphylla in three sampling sites in the Daqing Mountains,
Hohhot ( A2 Jingerliang, B2: Xiaojinggou, C2: Hadamen Forest
Park)

http ; //www.ecologica.cn



6 A

N
PN
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Ul 2Rt S EMEEENA e 25, FRIEH
BRI R BT R W, /NI I8 (B2) FIRG I T ZRAR A
bel (C2) MARPRAN TR Z et 3 m , S LR (A2) B 3
PE2£5 (P<0.05) . ACE $5%UM Chaol $5%5 M 1,
NIRRT (B2) FE IR T TR AR T8 (C2) FIHEAR B 40 B
FEmTHILRE(A2) . HA6, B R OTU 7 35K 1Y
BT 99% , [T 45 & -S40 OTU Rkt Ze (1 1) i
BHAS YR 5 BEASH I 2 85 vh 48 K 250 i, Bif o2 445
FE R ST 1L P MEAR R - R A R B AR ) ) LS OO
2.6 BRI EUT

WX 3 N FE H T HEAR PR 80 B REVE PCoA R
REERHT(ES) , RIS PR 4 A~ER
KRS T R —%BR Bk B2 HEbA — 4B 5 HAL 3 4~
FEEALEN R W), UL R 0 = R, AR
SEAHXTRL/IN T 3 A FEHB IR TR R G R 156 B 40 1)
Z5SE

PC1 i A b 22 S MR R I 2 AR AR B 4, it R T
R 71.18% ; Fok A PC2, f REFE N 15.58% , Wi~ T AL b
i SRR IR R 86.76% ., FE PC1 4EFE L, REFFIF L

100 - B Others

B Chlorobi
B Tectomicrobia
L B Firmicutes
Saccharibacteria
B Latescibacteria
60
@ Planctomycetes
B Bacteroidetes
Verrucomicrobia
40 |-
B Nitrospirae
@ Chloroflexi

B Gemmatimonadetes

Bl N1l

FEXTEE I Relative abundance/%

20 -
Actinobacteria

B Acidobacteria

0 Proteobacteria
A2 B2 C2
FEH Sampling site

B3 FEFERTAE L 3 A EM AR ER L B E T K B
LI (A2F LR, B2/, C2 WG IR TR AR B )

Fig.3 Bacterial community structure in rhizosphere soil of Betula
platyphylla at phylum level in three sampling sites in the Daqing
Mountains, Hohhot ( A2: B2. C2.

Jingerliang, Xiaojinggou,,

Hadamen Forest Park)

W (A2) HORE B /N (B2) IS T TAR AR C2) B RE & AR AP M4 TF | 355 RTTE/NF I (B2) A 351 148
HRAATEL(C2) ORI LI (A2) BRI 5 R

x2 EMEHFHARE L3N EEERER T RARN o ZEMEEE(A2 LR, B2 /NG, C2. G IAT TR )
Table 2 Diversity index of rhizosphere soil bacteria of Betula platyphylla in three sampling sites in the Daqing Mountains, Hohhot ( A2

Jingerliang, B2: Xiaojinggou, C2: Hadamen Forest Park)

FEsh ACE 644 Chaol 454
Sampling site ACE index Chaol index

Vol AR AR AR

Simpson index

AR5 H

Shannon index

B R

Coverage

A2 1188.32+12.24a 1196.46+25.87a
B2 1223.45+13.30b 1230.74+26.74a
Cc2 1211.13£15.65b 1221.71£16.31a

0.0079+0.0003a 5.83+0.01a 0.99+0.0010a
0.0062+0.0005b 6.01+0.03b 0.99+0.0009a
0.0061+0.0005b 5.99+0.01b 0.99+0.0010a

[ T BE R R ] — B N A5 S (A TE 0 35 7 22 5 (P<0.05)

2.7 BRIEIR X8 20 T R 7 A W

T 6 AMEAR B 1 A0 TR T 4540 5 - SR R BT 0 RDA 20 b S5 A OCHE 73 B (BT 6 RISk 4) , 3L TN
pH Fl WC X} FIMEAR PR 3= ZEOL SN DA 0 SE MR, £ IR X6 3 A FE b - R 20 T DL 3501 52 i I 4 TN >
pH>WC>AK>NN>AN>OM>EP, TN 5ERATEETT  ZF L MUTA T ] | Latescibacteria | fif A0 MR B [ FIPE SRR T 52 1
WA, SR ETT WA ] S T TR PR R i ] S0 2 2 Bl 2 SR OC  pH S 1] TR i 1]
PR TAASIE AT 24 0 35 500 3 IE A OC, SRFF TR ] | Latescibacteria A AU 88 BE 1] PRI B 1 FAE 25 T4
TR A G WC 5 TR & B T R 1A 1] 22 4% b 25 okl 2 16 AH OC, S 00 GO nE T L A A BB I B T A
Latescibacteria 2 i & HAH ¢ ; AK SVRER AT RO TR 1] A 4 35l b 35 (0ORE O, ST 1) 22 b 38 TE AR 56
NN 5P 152 B A AN a8 Ta T TN 25 7 T ] 5200 0 35 5 8 28 ORI O OM el 1] 48 B 35 1E
FHIG, S TREE TR [ AR D 2 TG EP S 403 A 1] Z2 A 5 FRAH G
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P_roteobacterla AN
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Euryarchaeota 3
Actinobacteria !
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Fig.4 Bacterial cluster heatmap at phylum level in rhizosphere soil of Betula platyphylla in three sampling sites in the Daqing Mountains,

Hohhot( A2 Jingerliang, B2. Xiaojinggou, C2: Hadamen Forest Park)

R4 PREFTAS LOMRRDEAE K EEEENS T BB S RE XS

Table 4 Correlation analysis between physical-chemical properties and bacterial community on phylum level in

platyphylla in the Daqing Mountains, Hohhot

rhizosphere soil of Betula

TN

FRATEA ] Acidobacteria
LB I] Actinobacteria
HUFFE ] Bacteroidetes
L5 ] Chloroflexi
]
Gemmatimonadetes

Latescibacteria

iEALIRBE T T Nitrospirae
T AEH ] Planctomycetes

AT T] Proteobacteria

PEA ] Verrucomicrobia
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