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Abstract: The structure and diversity of soil bacterial communities in tea plantation soil is important for maintaining a
healthy, fertile, and sustainable soil ecosystem. In the present study, soil bacterial communities and their diversity in
ancient and modern tea plantations and forests in Jingmai, Bulang, and Nannuo mountains in the Yunnan Province were
analyzed via [llumina sequencing of 16S rDNA. Soil bacterial abundance and diversity in ancient tea plantations were higher
than those in modern tea plantations and forests. Operational taxonomic units ( OTUs) were assigned to 47 phyla and 89
orders. Furthermore, Proteobacteria, Acidobacteria, Actinobacteria, Firmicutes, and Bacteroidetes were the dominant
phyla with relative abundances of 91.86%, 82.48% and 77.08% in forest, modern, and ancient tea plantations,
respectively. At the order level, both Burkholderiales and Rhizobiales were dominant with average abundances of 13.91%
and 8.17%, respectively. Moreover, the relative abundance of twelve orders including Xanthomonadales, Rhodospirillales,
Bacillales, Actinomycetales, and Bacteroidales, etc., were greater than 2%. Principal component analysis revealed that soil
bacterial community structures among forest, modern, and ancient tea plantations were significantly different. With the

exception of the Jingmai mountain, the abundances of the primarily dominant soil bacteria were in order of ancient tea
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plantation > modern tea plantation > forest. Thus, the soil bacterial diversity in ancient tea plantations showed an increasing

trend.

Key Words: tea garden soil; bacterial ; metagenomics; high—throughput sequencing; diversity

Z5M [ Camellia sinensis (L.) 0. Kuntze | /23K [ g 7 # 2 2R ARAR L TAEY) , 2016 4F, i [E A0 Rl T
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TSI RE AN SRRV RN RN B B IR RS R A E S . ARy A B
FRVEY) , BEAE pH3.2—6.8 Ay 3erp A K A5 Tl L3 T2 M 0T B0 — (L bl AR 2R 20 i ) 2 B
FREAE A B8 R ASAR R 4 0 U030 S48 T PR, S5304o8 A4 e] 4 9 Bt 3 A Aol i i) e iR Ak

TR YR P R B H 2R RN E B WAL 2 — R LSS T S SRR AR R
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Fobs, Xt £ RS A5k RRsEtE L A BRI O (R R 2SR 2R | K 4 pH | R
T HCERAE IR | iR 75X A ML A 5 R 5 A 2 2 5 i A RIS 4544 00 Lauber %5 IAH
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S5 BT 16S rDNA 7 X 2 bel - AN BRI v 2 RO AT

F 33 2 mm % 0.15 mm i FH T -3¢ pH {  FHES F3c#e it (CEC) A ML (SOM) AR (TN) (28 (TP) 447
(TK) ATRCAE (WA R (Olsen—P ) GEACHR M - HEH™ 5T 70 28 A7 250 F5 Bk el 8 () 000 2

R1 FEREMRERERL

Table 1 The basic situation of soil sampling points of tea gardens

NGRS SiE Jingmai Mountain AL Bulang Mountain &1L Nannuo Mountain
Tea garden type AL BURERE 2 WARIE/I3 AMBL O BURARIE/B2 N ARIE/B3 FRM/NL BIRZRRE/N2 HARRE/N3
HIZAERY Ages of tea planted / — 504 > 13004 / > 60 4F > 300 4F / 5—104F  500—800 4F
2 F Longitude 100°02' 100°00' 100°00’ 100°09’ 100°29' 100°29’ 100°36' 100°36' 100°36'
4B N Latitude 2°12 2°12' 2°11 21°48' 21°48' 21°47' 21°56' 21°56' 21°56'
¥ (m) Altitude 1416—1422  1601—1603 1594—1600 1664—1670 1594—1597 1748—1753 1577—1582 1576—1579  1553—1559
HBE Slope 18—32° 19—24° 12—14° 20—22° 14—24° 18—30° 35—38° 5—10° 35—40°
. LM BT AR R ZM R M .
. T3 il Bl N T 4
i b EAL FOAT MR, Fapm LR
. £ 2 E%’;*‘ BAER, 5 i 4L %’;q;ﬁ
LI A PLEE SRR A
R’ ﬁSZﬁy - Wb MW BAT, R B, A ﬁjzﬁ -
T MR AT
1.2 HERpE KR4 & il g

1.2.1 3 pH {E R 1:2.5 /K (Fiin) o, B & A A E

FH 25 22 4 i ( cation exchange capacity , CEC ) F 2 FREGAC e bt B—2& 187 |
T IEA LI (soil organic matter, SOM ) H H 58 PR 1 28 S vk —A Mk
2R (total nitrogen , TN ) FH R A 2 - WA /K T 78— [ AU ; 2% (total phosphorous, TP ) i iR - X4
TR —PRBR T L 61 287 (total potassium , TK) YA R - BUEEUK IH 28— KA ERE 1k

1.2.2
123
1.2.4

1.2.5 AR EED . 87 A (alkali-hydrolyzable nitrogen) 1 1 mol/L NaOH A ff# 9 803 ; AL A Olsen-P

0.5 mol/LL NdHCOﬂ%"{’&‘{%jﬁZ*%ﬁE Fe gk s SR (available potassium ) H TR EG I $— K AE G

1.2.6 AR (Cu) FE(Zn) S (Mn) FCHE T IRISOME 6 EETHE
2% T HERE S B HR WL 2,

®2 HFESAREEITEERLFMERILER (FHOEARERE n=3)

Table 2 The soil physical and chemical properties( means + standard deviation, n=3)

e 5B Jingmai Mountain il Bulang Mountain HEH L Nannuo Mountain

Tea garden type MO U/ A3 Ab/BL BURAIE /B2 W RRE/B3 O ARMOND BURASE/N2 O RIE/N3
pH 4.43+0.01B  4.64+0.02A  4.3020.06C  4.86+0.01A  4.65£0.01C  4.75:0.03B  4.55:0.03C  4.75:0.03A  4.6420.01B
CEC(cmol/kg) 9.28+0.02B  8.43:0.06C 10.46+0.03A 18.41x0.06A  6.54x0.04C 12.81x0.28B 20.37+0.01A 14.61x0.29C  16.6520.29B
SOM(g/kg) 70.13+0.42B  58.39+0.27C  87.34£0.75 A 96.99+2.72A  55.40£2.04B 101.18£1.05A 85.19+1.16C 100.28+0.42B  104.06:0.96A
TN(g/kg) 1.36£0.01B  1.15£0.02C  1.55£0.03A  1.76:0.02B  0.84:0.01C  1.96£0.01A  2.07:0.01B  1.88£0.02C  2.44:0.01A
B A (mg/kg) 112.07+2.23b 116.08+1.39a 110.03£2.05b 122.35+1.89B  87.14+1.64C 144.97+0.77A 150.69+0.81B 134.26+2.41C  172.03+1.45A
TP(g/kg) 0.19:0.01C ~ 0.34x0.01B  0.5420.01A  0.86£0.06A  0.29£0.06C  0.63z0.06B  0.92+0.01A  0.46+0.00C  0.7120.01B
Olsen-P (mg/kg) 7.05:0.41C  10.86:0.49B  19.19+0.62A 45.68+0.58A  7.63:0.23C  20.81:0.11B  48.65:0.49A 16.030.19C  20.42:1.18B
TK(g/kg) 1.62+0.35B  6.30£0.00 A 2.43:0.35B 12.61:0.36A  7.73x0.35C  9.15:0.35B  3.04x0.35C  8.13x0.00A  4.67+0.35B
AR (mg/kg) 104.1242.33B  145.7722.33A 106.81+4.03B 359.36£0.24A 151.14£4.03C 227.71%4.03B 114.874.03C 210.25£2.33A  137.71x2.33B
A5 (mg/kg) 0.37£0.01C  1.19:0.02A  0.5620.01B  0.48£0.01A  0.430.02C  0.46£0.01B  0.62:0.01B  0.630.01B  1.020.01A
HREE (mg/kg) 1.14:0.01A  0.64£0.01C  0.74£0.01B  0.65:0.02C  0.80£0.01B  1.49:0.01A  0.81x0.01B  0.85£0.01A  0.78+0.01C
A5 (mg/kg) 2.88£0.19A  2.03:0.02B  3.010.03A  1.20£0.04C  2.64:0.04A 221x0.01B  8.55:0.01A  1.53£0.02C  4.57+0.01B
C:N 29.86+0.16B  29.39:0.52B  32.61x0.59A 31.99£0.65B 38.06+1.14A 29.88:0.09B 23.82:0.43C 30.94:0.39 A  26.89+0.16 B

AR NG FREFR S R[] A1 25 Sk B3 (P < 0.01) FIZER B (P < 0.05)
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1.3 AN
1.3.1 5 DNA $2£H

11 DNA $EHUS H8 Proteous %5 A &% B )5 i, SR T SDS—GITC-PEG %, JFEIE S8, FREL
0.5 g BAET 2 ml B0 Frhms 7 S44% e e sk 20 20 4%, I AR5 — 5 B S 55034 2k 15 000 g, 10
min, HABRAEDBREACRAS
1.3.2  16S rDNA H:[H P4 50

16S rDNA H:H 41 . F 168 rDNA JE [R5 FH 5 9 341F 806R( W3 3) A 50 pL & R #17 PCR §"#, PCR
2% . A barcode FIRESF S IP HEFEAR 16S tDNA FFE AT V3-V4 X8, IR R R .50 pl [ Wik & g
£ 5 wL A9 10x KOD Buffer,5 pL 2.5 mM dNTPs, 1.5 wL 5147(5 pM) , 1 pL ) KOD A, F1 100 ng iR
DNA, ¥ 34040 . 95°C HAEIE 2 min, B 98°C 728 10 s,62°CiE k 30 s,68°C ZEfH 30 s, 3k 27 MEH &5
68°C LA 10 min,

®3 HRPEANSY
Table 3 PCR primers used in this study

519 JFH(5'- 3") H bRt FEF Fr BOK B2 /bp
Primer Sequence Objective gene Gene segment leghth
341F 5'-CCTACGGGNGGCWGCAG- 3’

16S rDNA 1400—1500
806R 5'-GGACTACHVGGGTATCTAAT- 3’

W X3 =Py Ul e [, 1 QuantiFluorT™ ZOGTHHEA T i, SEHEAF & T 225K B9 HFE i 16S tDNA %
FEi LA PR AT B J (M) X V3 R VA XA T 4 TR BRI A B e e T A TR A
HEREN P4k AR Tllumina ‘B 5 BEBAG #2015 SCH%E , Hiseq2500 1 PE250 55X EHLIT >,

B AR - JS BRI S R v AR Sk G Y A A IR A AR FEF A (A0 poly A) KA N FS
# reads FHELFPAI AT LLESE HUXT B 15 bp BOK B MG AZ reads 45 #53K15 4% ; 45 reads H poly 74 AU i =
10 bp, WA 22 B P90 Y reads., FEHEAT G L5 M Z BT, 10 75 B0 HLARCHE v Jo7 e {8 050 A1 ) sl 66 o i {1 /)
T 20 BB T SN HEATRE R DRAIEHS — 4% reads b BT HEE(E & T 20 A HREER 5 iR B8O @ 3 /N T 80% 1Y
reads 2 JEHHL

Aok A O R DR i) P 15 31 94 UK 47 20 25 Jl— 27 T 91 o DR % 2% A i e/ N PR FRC A B D 50 bp,
B XS AVFRYEE IR R 0.02, 455 A AFRT I RIS BARF S BEAFE il e 3R B2 38 5 23] shannon i RBE i
SR P 75 S0 | 3] 52 S R i PR R 20 s P B 4 3 1 - £3 SO gt T LA
AR e TR, A T R T A T P R B R N SRS e ) R 2 R
1.4 Bdlaortr 5 hk
1.4.1  HSEEEAYE T ) o0 B Ak B

F SPSS 21.0 BT SEB R HEAT 23 Mt , SR B DK 2 05 22 93 BT (oneway-ANOVA ) I 2 5 L4 (LSD ) 12 ik
725 AR AL EH BT (a=0.05 F110.01) , FIF P A5G A mean = SD,

1.4.2  16S rDNA B ZH ZHEE bR ESS 250

16S rDNA #H & 7 KK 20 V3 Fil V4 XIS F45 R if it PE reads REU& , SRAFAFS 4540 007 51 Bk H 47551
tag,ﬂﬁﬁ Mothur[zﬂ(V-l-?"‘--O) At Xt tag ?ﬁﬂﬁﬁ?T?&Tb%ﬂ‘fi,MtF‘ykﬁtﬂ unique tag 52l ,ijXﬂL unique
tag [=FRE A BEAT T 453 i 2L T Naive Bayesian 773500732525 rdp classifier T B X} tag JEFTHIRHERE )
WA A B (78 4k , e 4344 24 % Confidence Threshold (4 0.5) AT W R /3255 FREMHT .

1.4.3  ZHTE 7 B R 2 2 AR 0 e U B4

ST I AR A5 R T R 2 AR (S B, R Mothur 715 0.03 BEES T (97% R AHBLE ) /9 OTU

( Operating Taxonomic Unit) £ M HZ 9 5 B OTU EJ&F | Alpha LR R AT
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22 WA % BT 168 tDNA X 25 e + AN B RETS A BT ST 5

45 OTU MR RS B LA L OTU FEA [AAE A rh iy 3k geit 5t 1 49 B B s Afh & — A>3 280K
V- AR R IR DL, ARAG YR A3 SRR ARG R 1 23 S RRE 1B, SR B AR AR RN O 26
P50, H Canoco5.0 #£47 3 i 5343 HT ( principal component analysis, PCA)

2 ERE5S

2.1 AN RN R B S AR S A

FRIGZNTE 16S rDNA ) V3—V4 XM 455, Geit 9 4~ 39 RE i A0 o E 7% =F B [ ZREE B 45 TR b (3
4) . R PTEM ,J@ﬁ%zéﬂi%ilﬁﬂ@%%?ﬁ, B a0 1 4% el A 4 ( coverage = 52.73%)) Ah, HATFEAR I
73.66%—99.55% , V- 3314 83.56% . Ut ARG T S 37 (1) SC PR AT LU 35 B SEAT R Hi S BRFEAS BB Al ol M6 . 2%
A AR 5 2 b HEERY 4 B OTU %8 H 43 51l 327—17009 ,5547—25866 il 10816—27837 , W 3 HE 4%
LARAR IR A TR OTU 4 H 22 57 il B TS BECE S . AR 9 > TR RIS 1Y Alpha ZHEESETT
#XH, chaol Ml ACE $REUZELHAF S OTU F8 50— 20 50l I AR (J1) MR AR (NT) SIS R (N3)
Shannon F8EUEAK, 43910 3.17 F14.77 5 4.69 , 1 HiAth 6 4~ + 31 F- 4 Shannon $5%0i5 6.98—8.82, iHHX 6
A RS SO RS . — MmN A RIS 3 Rt AR I R 2 SRR A K (50
FELLE, R D) EEPAE S ERIEE (£ 4), J=X7. NI S TR — B 2% vy 25 Tl + 3 40 5 18 OTU 4%, Shannon 18
#  ACE 455K Chaol #8503 T AR BUAR S [l 1458 , U A iy 2% el 1S9 40 7 2R PEAR R B R 23

x4 HAME Alpha SHMESIT
Table 4 Statistical analysis of bacterial Alpha deversity in samples

FE ST PRy R IT HEaR chaol F§%X ACE #6541 FIRAEEL AR AL
Sample TD Number of OTUs Coverage chaol index ACE index Shannon index Simpson index
I 327 99.55% 764.36 1040.23 3.17 0.078
ip) 14330 89.35% 45979.72 78675.27 7.72 0.002
13 10816 52.73% 58260.26 142095.51 8.59 0.001
Bl 17009 86.90% 67851.60 143338.88 8.03 0.002
B2 25866 75.80% 108567.74 245480.12 8.69 0.001
B3 27837 73.66% 113139.39 258248.52 8.82 0.001
N1 7735 94.32% 19992.52 32033.74 4.77 0.078
N2 5547 96.00% 13181.69 19750.50 4.69 0.062
N3 14968 87.28% 50138.95 104603.17 6.98 0.005

2.2 A HIEAEALET K B oA

TEI 532K b 204 16S rDNA R , A6 I S i ey 47 A1) P R B8R 0.119% K U B
B33 21 AN (R 5) o PRl AL RIS LY ZRbR 328 (J1 BT A1 NT) Ko fml— 255 th iy ARpk SR 25 el oty
Z5bE AN BEIE AT T . 1458, ZETE BT ( Proteobacteria ) S BH @ O 34 AN T 25, HiAE 9 MRS R
I o5 =F Bk 42.16—71.85% ,“F-31°4 50.63% , AR A RFF R 1] ( Acidobacteria) | JEREFE ] ( Firmicutes ) | U4 #
I"J( Actinobacteria) JUFF 1] ( Bacteroidetes) \ WPS-2 £t 18 ] ( Chloroflexi) | #% B 4 7 1] ( Cyanobacteria ) | 7%
51 ] ( Planctomycetes ) \AD3 PERLEA ] ( Verrucomicrobia) 10 /B ) HAR X 32 473K 1.06% LA, iy HoA p&
[ 140 2E 50 i 5 1] ( Gemmatimonadetes ) . & w7 B [] ( Crenarchaeota ) . 2§ # [ ] ( Chlorobi ) | i 14 12 Ji€ 7 |
( Nitrospirae ) FI#2 1] ( Fusobacteria ) 2§ 10 N TAYAHXT E AL T 1.00% , HIK, 21 A EZHE T, AL AR
LU ARAK 438 (B AT NT) 40 B8 56 B2 A 20 TR T, W Sl T e 0 LLABRAR R (01 AN 10 AT o B, Bt
B ILAE 2% el - AN RV 0 T 128 B S 5 BE S A s ka3

5K 9 A IR b 2% e AN BV A O3 AT AR XS BN AR AE |3 s L BRARSS el Ay 2 el 1 08
BT VTG T T PR B 51.30%F1 40.92% , HAK WTRFF 1T 19.61%F1 19.78% W] 5.46%
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H7.19% JEREGE] 4.42%F 3.16% S5HIFFHIT] 1.26% F1 6.03% , it 5 N TE T 1A R BE 2 F1 43 514 82.48% Fil
77.08% A% T ZRAK 133 5 AT T AR REZ R 91.86% . 7 W, AT 2% FIAT 2R AR I8 138 i A2 ik - SRR R e TR
PERFPRERITE B, F4) R Il 3R R B Sl A W 355

K5 ARTEAEEKTE LMD TR

Table 5 Soil bacterial communities at the phylum level

il 1% 12% 13% B1% B2% B3% N1% N2% N3% A%
Bacterial Phylum Jleratio  J2-ratio J3-ratio  Bleratio  B2-ratio  B3-ratio  Nl-ratio  N2-ratio  N3-ratio Mean
Proteobacteria 71.85 48.14 17.68 44.32 42.16 55.13 65.82 63.60 46.96 50.63
Acidobacteria 0.03 22.09 38.57 28.46 23.43 20.57 2.93 13.30 0.20 16.62
Firmicutes 10.33 4.16 5.17 1.12 4.61 3.20 22.26 4.49 1.11 6.27
Actinobacteria 1.50 7.63 4.55 8.19 6.65 3.98 1.77 2.09 12.98 5.48
Bacteroidetes 14.94 1.26 2.13 2.09 2.22 3.04 0.05 1.60 12.39 4.41
WPS-2 0.00 4.97 2.86 3.74 5.01 3.29 2.01 0.48 0.01 2.49
Chloroflexi 0.00 1.72 7.39 2.59 3.45 1.72 2.05 2.02 0.75 2.41
Cyanobacteria 0.00 0.22 0.45 0.22 0.22 0.25 0.06 1.37 17.03 220
Planctomycetes 0.00 0.46 4.29 0.28 0.76 0.33 0.07 372 1.03 1.22
AD3 0.00 0.87 2.64 L1 175 0.31 0.11 3.27 0.00 112
Verrucomicrobia 0.00 2.00 3.75 0.33 0.71 0.61 0.33 0.02 1.75 1.06
Gemmatimonadetes 0.01 1.48 0.50 1.56 1.40 1.29 0.21 1.99 0.11 0.95
T™? 0.00 0.76 0.26 0.85 0.61 0.96 0.07 0.03 0.12 0.41
Crenarchaeota 0.00 0.23 0.03 0.95 0.54 0.42 0.24 0.26 0.00 0.30
Chlorobi 0.00 0.12 0.05 0.18 0.08 0.06 0.02 0.00 2.13 0.29
TM6 0.00 0.49 0.09 0.52 0.71 0.25 0.18 0.05 0.06 0.26
Nitrospirae 0.00 0.30 0.24 0.18 0.17 0.18 0.01 0.63 0.02 0.19
Elusimicrobia 0.00 0.24 0.46 0.40 0.34 0.26 0.01 0.00 0.00 0.19
Fusobacteria 0.40 0.00 0.55 0.00 0.00 0.00 0.00 0.03 0.35 0.15
Armatimonadetes 0.00 0.08 0.26 0.15 0.36 0.08 0.04 0.00 0.08 0.12
Chlamydiae 0.00 0.16 0.14 0.11 0.16 0.20 0.07 0.14 0.04 0.11

2.3 AR AN TE HKF LA R 2 R b

R T E AR AN KO RATTGE T T 9 A 3RE S AE 00 20K B 1Y tag JP VAU Yoy s
JE(ON EFET) N B (100%) > 17(92.87%) > #N(83.70%) > H(76.76%) > F}(44.58%) > J&(10.11%) >
Fl(2.009%) . 189 AFESINT ) OTU FRéih 2 BAE i 18] bray BB 2§ 2RS4 SO WLRE S i i Fh iy

AR LLAE OTU ZKF EAFES AN MIEL 1 (a) AT, S5 Ll ZRAR (J1) FIRGAR L ARAR(NT) Bz B4R

Z5bE (N2) T30 OTUs $555 ( BpYFh 5 R ) W A T oAt 0398 | [ml s 55300 L ZRAR (J1) Bty 25 Bl (13) 08
1Y) OTUs 5% ( BRI p &S ) B AR T A s Ll 358 11 1(b) IR AT Bl 3 1= 4% (B1 B2 1 B3) 5 &
IR Bl (J2) 33840 TR T B 0 A 6 4 LS ARARL, i S5 LU AR AR (J1) FITEE ARG LUy 5 el (N3) 398 1% 48 71 b
HELE AL 5 Ho A 8 s bk R

Kl 2 i 2Ok (H) MPA 3R K, BRI TSR A P Fh e AR (8] 1 28 AR AR RS O, FR 8] 1
REXR , WAT DI RWHEAR LR, AR AE H S b 2K LRIt 2] 89 4~ LM H, e E T 17
NET . BT R AIE RS R 2RAR Z I 2 (O b 2D FE — AR tags B IA B R tags B Y
19 R BER 43 > B#EATER, G582, BB W90 528 /R 8 [C T B ( Burkholderiales ) FIAR JE 18 H
(Rhizobiales ) AR (J1 . B1 A1 N1) BRACASHE (J2.B2 A1 N2) Kooty 255l (J3 . B3 Ml N3) AUtk B, Hote 9 4
IR P A28 = B A ) GE 13.91% A1 8.17% , 1Ak, Ellin329 | # ML B H ( Xanthomonadales ) | £1 82 7 H
( Rhodospirillales ) . 1. 4 H ( Rhodobacterales ) . #§ Jg H fifd H ( Sphingomonadales ) . ## #F H
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Fig.1 Rarefaction curve at 97 % similarity and clustering analysis of OTUs by bray distance

( Caulobacterales) B0 5 H ( Pseudomonadales ) . % 555 i H ( Neisseriales ) FIRGERE H ( Myxococcales ) fJ-F- 14
FREBIL 6.09% 4.52% 4.40% 3.64% 2.69% 2.20% .1.98% .1.82% 1 1.56% , L H 1% 11 4~ H 1) Bit
SR FFE R 50.99%  Hok  BRAT T TR AT B H ( Acidobacteriales ) | Solibacterales  Ellin6513 Fl iiil- 15, F3F-15
FRE A 9.00% 4. 62% . 3.64% F 1.67%; 25 =, JE RETH '] A9 2F 0 #T 5 H ( Bacillales ) 1 3L AT 1 H
( Lactobacillales ) -3 = B 43 51 k1 4.60% F1 1.67% , i 26 1 '] A9 i 26 8 B ( Actinomycetales ) F1 7R i F H
(Acidimicrobiales ) W43l 4 3.46% F1 1.39% , AT TA T TAHYIUFT# H ( Bacteroidales) 47 2.09% ., H 432K
RE SR AR A BB R S & 1(b) OTUs S fE4 28K B2 4 SR A — 3

AN AWFFE LA OTUs 4EFRXT 9 4> T HEREA AT PCA Giit /0t (K 3) ,2680.9 >+ 3 PC1=47.62%),
PC2=15.97% , /M WILLARAR(B1) BUACLE R (B2) i 45 bl ( B3) Al il BARAS el 1458 (J2) 5 HAth 5 Fh 1 582
P FP RS P 22 53 0] LUK A3 T, w0 oy 25 e 498 (N3t BH g X550 oAt 4 b 438 [R) B[] — JR& 1) AS i) 26 Y
2Rl [A] - AN G A LS A A R B 22 5 S5 IL[ERT, OTUs 9 PCA 43 #r HIREREARIMAM B LR, 5 ik
OTUs Fe 53 27K - RIS (B 1) FIEA R A ek ik () SR Hr (18] 2) 25 5 A — 3k

3 e

ZOM IR ) Y2 18 NN T3 S BT R - A VR, RS FRAE O N E 75  A Y SR TR T MR Tk A 1k S 2 el
A ) R BRI g 2 I, 5% el A T B R O 1 T AR AR PR R A AR OR A R
JEBERE LUK ( DGGE ) WY R I 25 7 b A G 15 AN [R) A Bl 37 b RMR b AR FH O =X i) - SR 3 A O e 0 R 2 e PR 4R
PR ekt > 256 > AkHb, ZR40 R ZE SR ] RT-PCR 437 %F 213388 A [5]  Hb 1) FH 7 2 6T 4 498 400 o 45 e
RAER R R 2R > B AR X (CRBERR ASHENE , g F AR ) > A, A5l 3 A B i F
IR R I 2R . ARSI E X 3 84 LLARAR  BIARAS el ity 2% Pl - 98 0% 240 17 % ZE (K 28 16S rDNA 5
K OTUs 43 F A5 B2 W .9 Fh - HEAEAS (1) 4 71 0t S Shannon $5 %% ACE 4841 Chaol $8% (£ 4) 3
b A hE > IARASTE > ZRK, DA EH 2 el - S 00 20 TRTR S I, v A% el - A TR A R R X A 2 el
JFEE SATA MRS R IR B, X TRE S AW IR T AT R AR T AR R i Bk
AT S0 A5 Tel + 48 pH B AR Tk SR Sy (36 2) 1102 Ry ZS PRIAR R AR AR T R i AR S IR Y T
)55 2% bl A= S A o ) BT S AR AT

I T P At 5 el 4 9 ) e A A e 5 1) 35 TR L 2 B 9 2 20 AN T PH A 20 SR S B 3 A 40 8 ik A
16S rRNA L 751 70 A1 56 52 Rk LUy 250 RN 5 M AS AR o 398 40 181 7F % &5 4 1) 2 ARk e B . AR AR B = 192 440
BB TR JERERE T TAASIE ], Hoh dy 25 A 355 70 55 31 20 N8, S A E 8 0 17 A& 728 —
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Fig.2 Soil bacterial communities at order level

KA AR BR TR PRI 0 2 E R E R B M T H M . ABIFGE A FH e 38 0 7 e AR AR AR RN 5%
el - SFE A TR 75 2B 20 T2 E A5 B e I 3R W FE T 10 2507 1,9 A R REAR A R L 53 )8 T 47 AT,
o ARSI BT TR AR AR IR Tl Aty A Tl 3 B B AR P FE B IS 50.63% , LUK FRFT TR 1] AR T
TR T T ST ], AT AR B B 1T AR = B 2 R0 o Bk AR s B Aty 25 B 19 91.86% ., 82.48% Fll
77.08% . S  WEFE A EEFN T iE AR TR (A9 25 SR =2 0] 2 AR R A AU | S [R] 2 B AR s g Hl e, AN
TR B NIART AT AR R A IR E Y R N S T T U R R AR A

ARHIF 5 P O TF 25 el RN R VR B P R A (1 2) BEEH .3 RS I 48 43 AN H L, VB T 9 AN
1T, AR TR B T E B IR 50.99%  FLPCH TRAT IR T JEEREGE ] JRCZe A 1) S AUAT IR 1), X —FoR 45 5 50
LRGPV T 16S rDNA I AT AR AR PR A 54 0 20 2R 25 M AR 9T 45 1 « MR AR B - e A 25 AN 1, 3
HARTE AT BT BT RRAT IR 1] SRR T T U2 TA T oG B L3 AR TR T T 2 ol i 1 I R TEAR
[ - HEA T o £ 5 39.049%—53.71% 8L, BEAT, B PN 56 T 2RbK B A I - S0 0 B 22 R 1 (0 T e 5 >
T, RIEPOLS AR T AT ] R AT R BT JEERE TR T RE B T S A E AR B 1 1
FH 7 3R B, R hy oot I AR 5 B AR 2R 0 I TR 2 1 0 22 A A A ) LA 2 R A o %) £
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PIZEAE FH A F 52 | HLAS 4 PR35 R AE 2 18 15 40 B 24 il
5omiEBRE, AR SR RS T A0
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A IS DX 3k 3 P | vy SR 4 R DR 2 A e R
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ﬁ%ﬁ%ﬁ@ ,ﬂ:ﬁ f#?ﬂ‘%ﬂ?fﬂ‘?{o Fig.3 PCA analysis of the soil bacterial communities based on
the relative abundance of OTU
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