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Soil bacterial community structure characteristics in coniferous forests of

Montane Regions of eastern Liaoning Province, China
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Abstract: To determine the effect of different coniferous plantations on the soil characteristics and diversity and community
structure of soil microorganisms, Illumina MiSeq high —throughput sequencing and OTU analysis were used to assess the
structure of the microbial community in Larix gmelinii and Pinus koraiensis forests in the Baishilazi Nature Reserve (LGe,
PKe) and the experimental forest farm of Liaoning Institute of Forest Management ( LGd, PKd) in the montane region of
eastern Liaoning Province, China. Soil physiochemical properties were determined to analyze the relationship among
bacterial community structures, forest types, and soil environmental factors. Ours results showed that (1) soil total carbon,
total nitrogen, and available nitrogen contents in LGe was not significantly different from Pke, and LGd was significantly
(P<0.01) higher than PKd; (2) 34 different bacterial phyla were identified in the soil of L. olgensis and P. koraiensis
forests in this area. The dominant bacterial groups were Proteobacteria, Actinobacteria, Acidobacteria, Chloroflexi,

Verrucomicrobia, and Gemmatimonadetes; (3) structurally, there was no significant difference in diversity and richness
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indexes between LGe and PKe. The diversity indexes of the soil microbes in LGd were significantly higher than that in PKd,
and there was no remarkable difference in richness indexes between them. The results of the Metastats analysis showed that
the number of significantly different phyla and genera between LGe and PKe were relatively few, exhibiting a converging
trend, than that of LGd and PKd; (4) redundant and correlation analyses indicated that soil pH, TN, AN content, and C/
N were the main factors that correlated with microbial community structure of coniferous forests in this region. We concluded
that planting L. gmelinii had no significant difference in increasing soil nutrients and improving bacterial community
structure with P. koraiensis in Baishilazi Nature Reserve. However, L. gmelinii was remarkably more conducive to soil

nutrient accumulation than P. koraiensis in the experimental forest farm.

Key Words: montane region; eastern Liaoning Province; coniferous forest; high — throughput sequencing; bacterial

community structure

N TARREAT 2R L X LR A S 70 22 — 20 28 50 4R LIOK | BT A8 A 7= AR 36 X A1 75 2R B AS W 134
I, 24 DX AR AR 2 TR IR | R £ [ ARG AL A 95 s ( Larix olgensis ) FZLAR ( Pinus koraiensis )
N Al BEAE R R AR N AR, b 3 AR 8 R it i 52 e, S0 W Vs 454 Pl 2R 1 A
Uitiessblds T R AU e S il — AR RS HIEZ R S E W T, S AN TR RS )
A, AERF R AN TARAE S RS — B Y% X B E AT 55, SRR, X 380 A i v 254 22 Ak
PEAT W AT SRy SR A A3 AR AR R G RN TORRT Fp 2 22 5 R B e Aty 17T H AT OGAL AR b X 1 B8 7
YIRS 254 ZRE X AN RN RIS R AR A iy e 7y T /D, PR, SR XA TR N TR S R e 4
A AR LA AU E S R G E BAAREE XL,

IR YR RS R G E B A B 5 E IR R TR TR KRR ) A g
RS ARG 0 Yiee MR e Y e AR N, R A R R A R I SR AR L R,
5T HIEHAEYINT TR R | R R A A R L, 7E R R R | Ry
P HE B R T 5 A0 TN 2 PR AR 2 M L R A W BRI 240 0 TRl — R R AT, e 28 R ) - S R
PR A B N YA [ R 2 R T 0 G R AR R A I 25 ST, i X - SR A R R 7 A S
Mt ARSI R R R 2t i A i R R IE S R R e P R A e R AR
b 1 S Gl A W 0 RS S e T I AR S R BT AR L AN TR R T S R R R 2 R R W R R
AT AN [RVEF I AT - 5857 53 K A A e B ) s e ALl v S B, DT MG 388 o Bt 5 A [ A i = SR A D 7
Fo A SR FR 53 00 G Z AT B T4 i Aot - SR T A SR AR R RN R 4R AR - e A A A B
B,

A FEHEBEIL AR LU X A F AR DR AP DX B A5 PR AR R ) 7% P N TR (LGe ) FIZIAA N T AR (PKe) , LA
KT T8 FRAREE BT 5% T S50 bR 37 57 b S5 A AH [R] B 7% A N AR (LG ) FIZEAA N T AR (PKd) IAFFERT 4 | 38
ot AR R TR 1357 53 S A R P 5 A 1) 22 5, R 28 S Wy W AR T) N TR Ay i 1, 4% BH AN [ 4 o i
RIS Xof + 3855 53 e+ S IR Is S5 M B 52 e, B TE M IZ IX N TR S RGN 48 485 B R de L e
A

1 HRMXEHARTE

1.1 RS X HEN
TMETE XA F AL AR HL X g iRy 2 XA, DO 2R3 B 4R 43R 6.5°C P F% R 926—1100 mm, JTC 5
1 127—140 d, WF5E XA IR 1,
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Table 1 Survey of stands in study areas

MoraE

- . iy T AR AT . 7 i 47 B 5 A 2
BroEIX Worsm Hh EJ:*/T Wit R AT iy Stand TR VN1
. Geographic . Crown . Mean Herb
Study areas Stand type . Altitude/m . Foreat age density/

coordinates density/ % ) DBH coverage/ %

(#%/hm?)

FIALT FAARPIX LGe 40°54'46'N,, 734.5 85 51 2475 24.17 100
Baishilazi Nature Reserve PKe 124°47'00"E 734.5 85 51 2475 23.68 100
T4 ARG S W 38 BT 5L e
LT8R E BB SR LGd 40°52'31"N,340.0 80 28 2100 12.68 90
L7
The experimental forest farm of
Liaoning Institute of PKd 123°56'43"E 340.0 70 61 1800 21.94 30

Forest Management
LGe: HARF HARGEY X % WM, Larix olgensis forests in Baishilazi Nature Reserve; PKe: AT H AR R X 5 4L FABK, Pinus koraiensis forests in the
Baishilazi Nature Reserve; LGd U TEBRGET R %ZI*’LVM’\, Larix olgensis forests in the experimental forest farm of Liaoning Institute of Forest Management;
PKe: 1T THBMAEIT T LIRMIGLANM, Pinus koraiensis forests in the experimental forest farm of Liaoning Institute of Forest Management; Mean DBH . iz
Mean diameter at breast high.T[ﬁl

1.2 IR AR S b B

T 2017 42 8 H , 7EO-A DXRIMA 43 B35 6 57 b 25 A — B LA FNVE A TR b, 78 B Rl AL R 4351
W 3 HUEBER T 100 m ¥ 20 mx20 m MRS, BT R S TE AT 2, AL B4R 4R 15—20 1~ 0—10 cm
TJERES, DL PUAMET B2 1 ke S A EE R 1A AR K AR A A TER ) A 48 bR id G &
FAUKE K AT I PR AR A7 ARARAE AR S0 % SR IR A T A SR AR RN A RS A, BRI
57,3t 2 mm i, —FR5r A B T -80°C UKFE AT ERAT: , AIEHEA T30 A Wi 7 A, — 3 o0 - 43R S e == 0 T R
T BB L T SRR B AT
1.3+ DNA 2 Hu4lifk

43 5 DNA {#iF3€E OMEGA A ) A9 MoBio PowerSoil® DNA Isolation Kit( MP Biomedicals, Santa Ana,
CA,USA) I & , B MR AR 0.5 ¢ B+ 398, 2 R S 3R OB BRI T . 1% B3 W R ¢ Fh kA )
LU DNA (4t B fn e s vE | %R &2 71X NanoDrop ND-1000( Thermo Fisher Scientific , Waltham , MA , USA ) i
DIFEHC DNA ¥ B 2l
1.4 40 16S rRNA FEAI A4 18I0

5% 338F (5'-ACTCCTACGGGAGGCAGCA-3") il 806R (5'-ACTACHVGGGTWTCTAAT-3") ¥ 1% 4 B
16S rRNA JEH ) V3—V4 [X, PCR FWAKFR 24 wl 45 B i 5 pl, Q5 B EZZ WK 5 nl,0.25 wl @i
H DNA BAH#E(S U/pL) ,dNTP (2.5 mM) 2 pL, ETFHESIHI(10 uM) £ 1 wl, DNA itk 2 wL, fa A B4
7K (ddH,0)8.75 pL, PCR 44444 .98 C 2LV 2 min,98°C 75k 15 5,55°C 3Bk 30 s,72°C ZEfH 30 5,25
AMEIR; B 5 72°CZEM S min, PCR 7347 Wil 2 2% S 6 0 i Pk R AT R0, 3% B A B Bt AT V) g [
e, PISCR T AXYGEN 28 /] i 8E e RIS 6 . R A Tllumina 23 7] %) TruSeq Nano DNA LT Library Prep Kit il
M SCE
1.5 AWfE B

X USSR BAE AT R, R QIIME 18.0 X JE IG5k 7 id ik P LB AR IExT
I BESATORIE o SRR A S A 7 VA A5 3l sk VA 2B D 27 R AR S AR AR RU T 2 F R i/r 22 /N
—A/NHFE A OTU, XF OTUs #E47F BEHR B Z AR PEFECSE 04 , 35 75 £ 5 B Chaol $5%450R1 ACE 45
B, HEIE YIS BERY Shannon 48 %UFT Simpson #8440, FI FH Metastats X 17K -l & 7K S BOHEVE 43 IS 24 21 B8 A =F
PAT A
1.6  £dEabr

B ] Excel 2010 #EAT4L 3 453143 H7 R FH SPSS 19.0 bR, BAPK 2577 2270 BT (one way ANOVA, Lsd t-
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test) T A [RIAbFER] 8 22 5 i B PERC 56 | B2 IR #hAH 56 2 81 ( Pearson correlation coefficient ) FH T PEA + e FRAL
J 5 A AN TR RV (] Z2 R M A G | DL LA AN TR 2 5 IR B I T A G M f# ] Canoco 4.5 FRAFXT
AT R T Al o BEPE A T I0AY 0T ( Redundancy analysis, RDA)

2 HREHS

2.1 AFEAT AR e PE

AMFFERA T PAAESE X, I U ASRE A SR AL 5T, LGe I PKe -4 pH | 42k . 4% B 2R C/N #B
T EZER(F£2), LGd Al PKd A9+ pH {EA C/N i E 25, (0 LGd 13 A 2k Al 4 R0 & i i %
T PKA(3£2)

F2 AREALIE T HEEMER

Table 2 Chemical properties of soils in different treatments

MorAm Exd 2R Bl 4 AL

Stand type pH TC/(g/kg) TN/ (mg/kg) AN/ (mg/kg) C/N ratio
LGe 5.40+0.04aA 43.79+2.21aA 3853.50+168.98aA 33.35+3.21aA 11.36+0.11aA
PKe 5.48+0.02aA 41.70£0.58aA 3580.50+37.86aA 28.04£1.08aA 11.65+0.27aA
LGd 5.57+0.24aA 52.24+3.36aA 3890.00+266.65aA 32.05+3.61aA 13.43+0.19aA
PKd 5.54+0.11aA 20.08+4.01bB 1530.00+321.87bB 12.96+2.56bB 13.24+1.88aA

FP AL A BE £ R U2 | R — 1T B A R/ NG FREFoR 25 57 W3 (P<0.05) , R — 1T 8 AR R S k7R 25 57 . 3 ( P<0.01) 5 TC.
N3 ,total carbon; TN, 2H ,total nitrogen; AN ; WS A ,available nitrogen

22 IR T H S0k By R S -
ABITERIT 97% (07 SUMBLE ARy OTU R5r B o ] —-LGd preissesed

{1,348 3 LWL T RRI AP 26 BAT0R0 OTU B, 761 192K 2 ~-LGe s

|- LGe Fil PKe 435145 1904 12018 4~ OTU,LGd fPKd £ ™ | ’

G304 2289 1 3334 4~ OTU, WL 1 iz, ith 2k B 2 ) é 1000 |

ORIV RN TP, B TRETRERE £ so0 |

BOREAG B, O 2 R85 Iz WL AR AR 58 10 S 2 W e v 4 0

1o FH QUIME #4435 % 454~ FE A THEE Chaos] \ACE | O A 00 12000 000
. J#%% Number of sequences

Simpson I Shannon $5%%, LGe il PKe {21y
Shannon $5%¢ ACE $5%1 _Chaol $8¥¢ 7 Simpson FERTE 1 AELETHEAREESESNF 16S rDNA #Hili &

e w . w e Fig.1 Rarefacti f 16S rDNA for high th hput
Y (LGd {9 Shannon 5 ¥R Simpson e ig . arefac lon. curves ol ‘ r! or hig roughpu

. o % . o sequencing of bacterial under different treatments

7+ PKd y 1M Chaol EFE.%Z%[I ACE ;J:El @%E%ﬁﬂ ( %‘:Z 3) o LGe: 14 fr T B 8K - 97 X 38 0 #8 K, Larix olgensis forests in
AHRNE AT 45 R 7, AR 1Y) Shannon 8205 pH £ Baishilasi Nature Reserve; PKe: [ 47 1 F [ S8 5 5 X 15 21 4 4,
%IE)FH%( r=0.966 ,P<005) ( %% 4) ’4 /I\ALI*IEEP L.Gd j: Pinus koraiensis forests in the Baishilazi Nature Rcsewe;LGd;iT_ﬁz/ﬁ
e pH 5 5, WT RS R S BN T BEVE S5 M S RE VR R ARMREE BRI S S A i LU AR AR, Larix olgensis forests in the

experimental forest farm of Liaoning Institute of Forest Management;
BRI,

23 RRATHERamET e o
TEIRF L LGe , PKe , LGd 1 PKd FE3R 4% 34 4~ Management ; OUT ; #5325 Hi7T., Operational Taxonomic Units

BB PN F2 B <0.1% S BEA 2 Hoft, 15931 18 4>

HHE PR EEES 1% 8 10 4> (B 2) , A 22 B 1] ( Proteobacteria) (43.11%,40.28% ;36.22%,

39.77%) B AT B 1] (Acidobacteria) (27.62% ,19.19% ;11.98% ,16.04% ) , iU ZE B [ ] (Actinobacteria) (6.99% ,

8.35%30.76% ,21.25%) , 425 | ] ( Chloroflexi) (5.42% ,6.50% ;5.82% ,10.96%) , P 1] ( Verrucomicrobia)

(7.23% ,4.12% ;3.78% ,0.65% ) , 2 ¥ 5 '] ( Gemmatimonadetes ) (2.24% ,2.24%;5.19%,6.07%) , JERE B 1]
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( Firmicutes) (0.52% ,8.60% ;0.64% ,0.16% ) , IUFT ] ( Bacteroidetes) (1.90% ,4.60% ;2.09% ,0.77%) , iF T3 #
I']( Planctomycetes ) (2.07% ,1.78% ;0.94% , 1.68% ) F17il§ {42 i€ &1 ] ( Nitrospirae) (1.54% ,1.75%;1.37%,
0.98% ) A EZARFEIEHE SR Metastats J7i5XT LGe 1 PKe $EAT HLEAS S, ZBA 4 DT THIX £ AR BF
225¢(P<0.05) , Ho  BRATE 1] (Acidobacteria ) B A i 5 122 5% (P=0.008) (£ 5) . LGd Al PKd 128 IE
B 1 ( Proteobacteria) JUZR ] (Actinobacteria ) IR AT 1 ] (Acidobacteria) B W% 8.3 22 7 (P<0.01) , P {H/ 5
47 0.008,0.000 F1 0.011, 2825 R[] ( Chloroflexi) 41 3 25 57 (P=0.033) , YEU | ] ( Verrucomicrobia ) F1 2 Al
B 1( Gemmatimonadetes) TGEF (K 6) »

Table 3 Soil bacterial diversity indexes of different treatments

R3 AREETERAEY SRR

(Vi K51 IR OTUs AARAER ACE 5% Chaol F&%% IR

Stand type No. of sequences OTUs number(P) Shannon index ACE index Chaol index Simpson index
LGe 59384 1904 8.85+0.12aA 2301.71£146.78aA 2145.39+119.19aA  0.9913+0.00058aA
PKe 59175 2018 9.20+0.32aA 2369.34£210.98aA 2239.96+205.75aA  0.9933+0.00166aA
LGd 58097 2289 9.57+0.12aA 2689.71+200.86bA 2549.13+180.37aA  0.9949+0.00166aA
PKd 63395 3334 9.33+0.06bB 2886.78+101.81aA 2718.54+75.46aA 0.9922+0.0007bB

KB N = BRI , IR —ATEUE A RN T REROR 2253 35 (P<0.05) |, R —AF8UR A R RS TR 08 28 53 .3 (P<0.01)

x4 PEEESHMESTERN MR Pearson XM ST
Table 4 Pearson correlation coefficients between bacterial community « diversity index and soil properties
Qb pH e ot R A AL
Treatments pH value TC TN AN C/N ratio
FrAAE S Shannon Index 0.984* 0.056 -0.189 -0.251 0.886
ACE 54 ACE Index 0.838 -0.551 -0.748 -0.747 0.932
Chaol $§%X Chao 1 Index 0.866 -0.523 -0.726 -0.731 0.944
3 FRFE S Simpson Index 0.758 0.520 0.315 0.235 0.572

* P<0.05

R 5 LGe T PKe T3 AEMTK TR Metastats I F LL IS R G R
Table 5 The Metastats of sample compared with the statistical table of test results at phylum level in LGe and PKe

A A HAYIREE 1K P1H
Comparison of soil type Microbial community phylum level P value
PKe-LGe FRAT#1] (Acidobacteria) 0.008
Saccharibacteria 0.028

Armatimonadetes 0.039

GAL15 0.046

& 6 LGd 71 PKd TR AWK TR Metastats F A LL BG4 REtit &R
Table 6 The Metastats of sample compared with the statistical table of test results at phylum level in LGd and PKd

T A EEYIREET 1K PE
Comparison of soil type Microbial community phylum level P value

PKd-LGd LR (Actinobacteria) 0.000

AT ] ( Bacteroidetes) 0.004

I ] ( Proteobacteria) 0.008

FRFT 1] (Acidobacteria) 0.011

KEETA ] ( Elusimicrobia ) 0.018

Tectomicrobia 0.021

JEEBETE ] ( Firmicutes) 0.025

2725 1] ( Chloroflexi) 0.033

Parcubacteria 0.036

WA 1] ( Fusobacteria) 0.044

http ; //www.ecologica.cn
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Fig.2 Relative abundance of soil bacteria at the phylum under different treatments

2.4 AN[ELNTAR S0 R I% 45 M e Jm /KP3993 B

FEJE AT I AR 5] T 458 N2, K LGe,PKe, LGd il PKd -S4 %F 5 B < 19 25 15 0 Hoft, 755 19
AR, HA (others) # 70% (1K1 3) . HiH A 10 AMEHEIEEE, 70 B AS L 3 & ( Nitrobacter) (4.77% ,6.75%
6.18% ,4.99% ) . Candidatus Solibacter (1.27% ,2.37% ;5.29% ,2.99%) . Pseudolabrys ( 1.73% ,2.98% ;3.47%,
2.94%) | Variibacter (1.74% ,2.93%;1.97% ,1.62% ) . Bryobacter (0.75% ,1.62% ;2.80% ,1.97% ) . Haliangium
(1.45%,1.10%; 1.55%, 1.51%) | ZL¥ii 3l & J& ( Rhodoplanes) (1.68%, 1.69%; 0.85%, 0.80%) . | £k P&
( Rhizomicrobium) (0.99% ,0.92%; 1.52% ,1.33%) . % ¥}l 1§ J& ( Gemmatimonas) (1.55%,1.90% ;0.53%,
0.74%) Fl H16(0.74% ,0.64% ;1,69% ,1.16%) . H:rr, i E Variibacter L1520 T & A 27 B 1 Js A2 3
PKd H A L, Candidatus Solibacter  Pseudolabrys Bryobacter FIRIEK & /& LGe FEHLH AL F AN & .

IR A YRR AR R K A T W R 225 (R 7,35 8) SR Metastats 75 3% LKL 56, 2 BH LGe
1 PKe A 7 A& AN A M #2557 LG F1 PKd A5 25 AN HAHXT = B A i 3 25 5 (P<0.01) , Ho,
PE BB B RS AL AT 1 & ( Nitrobacter ) F Pseudolabrys KB W 22 5% (P<0.01)
2.5 AP B AR PR R A G

XS G 1A 3540 P T AT = B2 R0 R SRR DA 7 AT TUAR 0 A (81 4) S5 R R 28 1 VR 2R 2 4l
SR 55355 94.4% F1 98.2% , (ET 1K L (& 4A) | 28— HE e il A0 28— HE e il 1) 0 L A8 23501 A
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0.832F10.112, 13 pH(r=0.9482) F1+3% C/N(r=0.9377) 5%l 1 FIAHIEMER A, 55 | Bl Bk 5] 1783.2%
TEJRKFE L (E 4B) 5 —HEF A ERE(E A 0.755, 14 pH(r=-0.9810) fil+3€ C/N(r=-8.778) 5% 1 #lif¥)
FHEPER R, 55 1 SRR s 3 1 75.5% , T340k (r=-0.8981) , 144 N(r=-0.9224) F1 + R H A (r=
-0.8623) 5% 2 MAHICHER R, 236 —HEF B RFAEAE Ry 0.227 , B RERE Ry 22.7% , EAT1 L R A BE A E W 6 22
{EI%) 98.2% , FH AT UL, 33X PRIl B 73 Fs e - 39 B35 PR 2200 - ST 2k W s 5 A 1) 52 i

B other [A Nitrobacter O Candidatus Solibacter
E1 Pseudolabrys O variibacter Bryobacter
Haliangium Rhodoplanes E Rhizomicrobium
E1 Gemmatimonas L1 Hi6
100
° T,
% ST
4 AT
=
o
)
=
E 90 -
9
H# 2 ST T ST
% E R R
Eé RIS 25T,
9 85
i
Ho
e
23
5 80 |
=]
<
o
=
5
o}
&~ 75 F
70 1 1 1 J

Kb FH Treatments

3 TREAME T EREEKFAXEE

Fig.3 Relative abundance of soil bacteria at the genus under different treatments

&7 LGe 7 PKe THEREY B KT8 Metastats 7 7 LL 54056 445 R4t 1 3% (P<0.01)
Table 7 The Metastats of sample compared with the statistical table of test results at genus level in LGe and PKe

I A A IREE R KT P
Comparison of soil type Microbial community genus level P value
LGe-PKe Granulicella 0.001
Burkholderia-Paraburkholderia 0.002

FRAT 1 )& (Acidobacterium ) 0.004

PR R (Massilia) 0.004

Candidatus. Koribacter 0.005

Acidibacter 0.008

Edaphobacter 0.008

&8 LGd 7 PKd TIEMEYEKFH Metastats F A LL BRI E RS iTR
Table 8 The Metastats of sample compared with the statistical table of test results at genus level in LGd and PKd

ete i3 WEEWRE TR PAH
Comparison of soil type Microbial community genus level P value
LGd-PKd Faecalibacterium 0.0002
16 A= AR IR TR R ( Bradyrhizobium ) 0.0004
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Comparison of soil type Microbial community genus level P value
Pseudolabrys 0.0008
/NA & (Microlunatus ) 0.0010
Rhodovastum 0.0015
P18 [QIHE ( Luedemannella) 0.0017
N T & ( Micromonospora) 0.0021
TS & ( Microvirga) 0.0024
K22 W8 (Longimycelium) 0.0029
Variibacter 0.0032
S ALAT 18 )& ( Nitrobacter) 0.0036
Dongia 0.0038
Ferruginibacter 0.0041
Solirubrobacter 0.0044
IR 41 ( Rhizobium) 0.0048
BT & ( Mycobacterium) 0.0051
Vibrionimonas 0.0063
L3R & (Massilia) 0.0066
Flavisolibacter 0.0070
215 KT P & ( Rubrobacter ) 0.0073
KT 1R & ( Pedobacter) 0.0078
TRERIE T )& (Acidisphaera) 0.0087
Krasilnikovia 0.0090
S & (Aeromicrobium) 0.0094
Candidatus.Alysiosphaera 0.0097

1o Bacteroil:gégsiCUtes A b B
VariibaCtI\eIritrobacter

— Nitrospirae = Gemmatimonadetes

S S Rhodoplane

g pH 5 CIN Pseudolabrys

~ ~ pH

é Chloroflexi ;

ctinobacterial
Proe Gemmatimonadetes
06 Acidobacteria 1o . N atiangium
-1.0 1.5 -1.5 1.5

Axis 1 (75.5%)

Axis 1 (83.2%)

B4 MBEET(A)FMRBEERE(B)SLERBEFRRIN
Fig.4 Redundancy analysis( RDA) on soil dominant bacteria phyla( A) and soil dominant bacteria genus(B) constrained by soil variables

TC : 26 , total carbon; TN: 4%, total nitrogen; AN : Bifift & , available nitrogen; C/N B, C/N ratio

XL SN P JSRE AN - 8RBT R F- AT Pearson AT, 76T TK L RFF BT T 39MX £ 5 pH &2
W B A6 (r=-0.990,P<0.01) , 45 B 1 5% (r=-0.996, P<0.01) FHf# A (r=-0.997,P<0.01) St
UG R T (r=0.960, P<0.05) FIZF B 1] (r=0.962,P<0.05) 5 A ML & 5 & IEAH G, ZEJE /K
- I, Candidatus Solibacter (r=-0.983, P<0.05) , Bryobacter(r=-0.965,P<0.05) fl H16(r=-0.969,P<0.05) f*]
SEXFNT S pH A TG, Haliangium 5 4% (r=0.967,P<0.05) FIfsf#E & (r=0.955,P<0.05) £ i &
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EAHSE, 2L sh B8 (r=0.984,P<0.05) FIZF B & (r=0.956, P<0.05) S5k & b 5 W2 A6 B ERE 5
RA R B FE A (r=-0.972,P<0.05) (% 9) .

®9 ABEELFSLERERFAEAXESN

Table 9 Correlation coefficients between dominant bacteria groups and available edaphic factors

AT ASRE pH {& ERq 2 B A WA L
Bacteria group pH value TC TN AN C/N
["J( Phylun) — — — — —
AT B 11 ( Proteobacteria ) -0.930 -0.256 -0.008 0.049 -0.831
TR ] (Actinobacteria) 0.908 0.066 -0.194 -0.199 0.960 *
FRFT B 1] (Acidobacteria) -0.990 "* 0.020 0.259 0.325 -0.886
SRS ( Chioroflexi) 0.426 -0.948 -0.996 ** -0.997 ** 0.502
P 1] ( Verrucomicrobia ) -0.785 0.691 0.833 0.879 -0.754
ZEHMITE ] ( Gemmatimonadetes ) 0.841 -0.446 -0.660 -0.647 0.962*
J& Genus — — — — —
Tl AL B & ( Nitrobacter ) -0.263 -0.816 -0.733 -0.646 -0.008
Candidatus Solibacter -0.983 " 0.000 0.236 0.307 -0.864
Pseudolabrys -0.826 -0.459 -0.218 -0.172 -0.739
Variibacter 0.223 -0.913 -0.941 -0.887 0.431
Bryobacter -0.965" -0.146 0.106 0.160 -0.885
Haliangium -0.548 0.870 0.967* 0.955* -0.665
211E 5)) 14 )& ( Rhodoplanes ) 0.863 -0.289 -0.522 -0.506 0.984
FIBR B ( Rhizomicrobium) -0.947 0.383 0.608 0.632 -0.972"
2T B ( Gemmatimonas) 0.878 -0.488 -0.698 -0.702 0.956*
H16 -0.969" 0.358 0.575 0.625 -0.925

#* P<0.05, ** P<0.01

3 iTtig

ANTRL T AR o v 388 3 52 e AR GR B8 R 7 0 e 5 00 A 3 ) DL RO 3R 1) S A et R 0 % - 48 pHL
B A ASTRIREE BB 202 ARHIF S s 45 0 9 X I 7 R N TR 398 pH 4Tk | 4 R0 B R0 AR
TS N AR, o LGe 1 PKe JC I35 25 5, 848 5 R HEAE ) mIRCR 22 5 AN 3551 LGd B & T PKd
(FR2), T3 FRA LT R A F 2R T8 7% 9 rh 5 43 00 V3 B 2E W 118G, v 408 i € R vk v 4
AR, TR L RS RTE T 25 R R ARG T RS S L L A T R R A
EHHRTE Y SRR A SN I IREE A BT 5 0 iR R MR, Z00A A iR M S AR, R V5 B
B, FIEFRABONTRE, HIEERS SMUEY A B FEDIRBER, B A B S IR
V% . AR, LGe Fl PKe T 3ERUE W M8 B0 F= 5 FEFR B0 B 35 22 57 (3% 3) , Metastats 43 #7745
W, LGe Ml PKe 761 1K FUE KV L E B %22 MU (£ 5,38 7) , AN BEE S50 WoR T
G4, LGd H3ERAEMIAY Shannon $5 50T Simpson $8 40 8.2 & T PKd, 1M Chaol 84U ACE 540 B &2 R
(% 3), H Metastats /-Hr45 R %8 LGd Al PKd 781 T/KF RS AKF B 822 7 M2 (£ 6,% ).,
- AR T A AR SR R I A AL RN 2 R ELA TR, Ho | Shen Y SERF ST AE SRR, 14 pH 2
PUEME Y ZREE RIS AR B N R ARFSE R I B 1) Shannon #8505 pH 2 B3 1EAE (r=0.
966,P<0.05) (£ 4) , 55 Hartman %> fUBF5E 25 A — 20, FIIRHAE pH /N T 6.5 B 38 A Y 2 REE:
Bl %5 139 pH IREARREZ BEAK . AAFFE T LGd + 340 P11 Shannon $8E0RT pH #8 i , il fig 5 H 182570 Ak
A A P AR OE

TR DL A e e, AR D R F R R R P A R R EE A A A W EAEE R
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4510 AHPp Y sk Ry Y AR S Y B BN, b AN BRI 4 R 0 L A A RN TR
PR — 22 55 ARIE BT MR T I RBRIEF B 1 1% X A A TR b S 3 B (181 3) , 45 Sun™
SRR AN — 2, AR RV W TR R T EES 5 G 0UR AR SRS 2],
P BT DRI BE B 1] AR T BEAIG, E AT A [ N AR T AR R 1T A TR R A A
607 2, W RV B B RO TEAR ) A BIBFSE 2 B AT B T RO AR 2 B 5 a5 B AT IE ARG
R AR T A B G A WU AR A0 v ELAE T SRR B R He s Y AR A
FE AR BEUE B 3 — WS, (ER AR ST p AN B AR T TR 12 A A B v F) 0 34 B R, 00k A LSS i i AR 1)
FEINREANE  IZ R4S R S e n i T 45 AR — 8 R TS BRI, S A E AR
BERBE ) BRI IR AR S R R 2 ] IR R S R

A A S0 O L A2 R AR AR B, TUAR AT R G 20 A7 2% B 398 pH TN AN Il C/N XiF 41 B8 B 7 254
SRR (F 4,32 9) X — WL SRR T > AR — 80, TUA T R ITE X B T AR -+ e A= 4
PRV T TR B 94.4% g sl 138 pH A HHE C/N PANABE AR BB Al Re 55 1 B Be T 83.2% A28
SRR 2 MR T 11.2% M8 S5 (K 4A) , AHEJEKTA 98.2% M4 515 B RE S g 14 pH 2k 4
A A EF C/N T R (B 4B) o ARBFGS A CHE AT R BT I 1] 5 4% pH BB E A (£9), 5L
AR 25 A — 30 pH 78 58 Yy b ER AL 0 20 3 8 ke S B T, b g v B A s 1y AR LA Y
VAT VER 2R MR 20 R A A A E B PR 800 ORI SR R M AR TS BB T TS AR
Tt R A 2 TG (2 9) , 5 Zeng D RS 4 AW &, RIAEBRMAS RGP, AR R 1E8E &4
TETERRTE 4 SRS T T 1A B SR OB 1) b o (A g R TA 1 1A ZF BRI B T A AR = B 5 - 48 o
bt S IEAHDG (R 9) , AL L vl i & -4 € N B R P HRiR 00, 2 R AF A 38 i () SRR s, (IR L LE
ARG A B 23 i R R A RS RIS R AR L XS TR AR - 3 A Bl R v AR AR Ak 5
H pH AR E I AVUEEEIME A B9 OCR , WUE MR 178 fh 2 13 S P45 PR -5 i R 255 5 S R,

4 it

TLZR I DA RN A bR (i AR FIZT R ) E R B D3 1] e B AR I B T] R 1] RRAT B
] SRR ] PR T TR AR TR ], 3 pH L B R B DAL /N SR AR DX I MR A A 7 45 44 1
FEFCMIN T, SV A FIZIRATIT S, DR DX 25 A9 1 A HILSORI 20 B R 7 2 BP0 18 35 25 5, R BB )
P | TIE S B0 P 1 S BT A 25 i S PR WA v 22 R 038 i T, 8 A AR X S ) T S
DALIUE TSR I ol ot S A P 2 T U SIS il P s e U A VN T ARV R ST/ E R o S 1
3 B AT A BRI v 205 K TG 3 22 e | TN SR AR S e v A A ) T fe g AR T
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