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Abstract

To investigate how soil bacterial communities respond to the change during conversion from nat-
ural meadow grassland to farmland, and the relationship between bacterial community and soil
properties, we detected the shifts in diversities and compositions of soil bacterial communities as
well as the relative abundance of dominant bacterial taxa with the high throughput IlluminaMiSeq
sequencing technique from natural grassland, 7-yr farmland, and 50-yr farmland in Horqin Sandy
Land. We found that land-use change resulted in the significant changes in soil physical and chem-
ical properties with the distinct decreases in soil organic matter and total N contents and the in-
crease in soil conductivity. Soil bacterial community structure was affected by land-use change,
with the significant change in relative abundance of dominant bacterial populations. However,
species composition of bacterial community remained unchanged. Soil properties had important
effects on the structure of soil bacterial community. Proteobacteria, Acidobacteria, Actinobacteria,
Bacteroidetes, Chloroflexi, Gemmatimonadetes, Firmicutes, Planctomycetes, Verrucomicrobia, Thau-
marchaeota, and Nitrospirae were the dominant taxa in the Horqin area.
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1. 518

TR AR A R G BRIy, R RS YRR B Ay, Sl TR
VR AL RE RIS o WCEYIR A7 PR BT+ 70 B, IR EY) 2 AR AR R E e i iR E 1
F SR U S SR a0 S E R o (Y S AR, TN IR AR S R SR TIE R AR [1]. A
AR HAM D730, TR SRR HI B . PR K AN UGAR D it A B 45 7 T ) B
ZE5t, AIA LSRR EE AR R WA, SRR, L KA ARG EAR, N
MR AE 2 REE T R AE AR AR [2] o T M8 3R P ARG 5 R LI 2 FETEI R A RS i, X
THRITT R A B S A R A B RS o FATOS T A 7 AT AR T R R
ENAAAC KW TG 7 REACR(3] [4] [5]. 2RI, B FREANERIRER, ST oM 5 2006 3k
Y& Sl R RS 5 T AT T AR IE AN IR o

LTk, EEAH 600 5 hm® RAREMEIT BORH[6], 1M E R AL E Hai e, ASHHER
AT BRI . N NATTEE 22 M A AR U A s T B IR A A A A, A LR R, O IR
[ Jb 7 RS A DB R ZUR R I HLIX , 2035 20 X B A4 2 IR R JE o BHRI0 VD Hhy (B k) g 58 1
LA « KEFLMEAREEZN, 2ESENEHONX, HirE R dt+oEiE. A
FEREIRIG vb b o 7Y e oy Bty RAN [R) T RAEBR AR O R, SR = IR 00578, WF 7 4 ) Bt
TFPROAREG, IR0 2 FEE v S5 M (AR AR, oM IR AT R A0 S B A R I R A
LASYID - 438 o o VP47 M ) S B B SR (R AR
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2. MREXBARAREZE
2.1. FRXHER

A FC DX AL TR R U0 70 1 76 35 55 2R R 1 = BT [X (430 02'N, 1190 39'E) . HTE J& Tl il AH i AR 2 b
XBEybHRAR, emARE], SRRSO, AT E TR B R TEHES . 1ZH X i iR KR e T R
A%, SMETAR, KD K BARE, X 4.5 ms™, BEAF# XD H %L 200 KLLE. SE P4 [47K 340.5 mm,
ZAREPTE 7-8 A, FHKE 2500 mm 4. PR 6.4°C, GAEH 130 K. HFEAREYEE T AR
AR R AL, A I R BALEDIX RAK AEYIX RSB, b Aii) . Fhk
WRENRZEHEYX REY . HATJEAERE O BIRTAR, K Qs b A AN B g . B
R — oA T Fe AR HRE )3 b, BT 3 ROK o M ey, M RN R, s
B, AR EEERNBEART M, RN BHECHEEMREFR7 . B9 4~10 H BB, 475
MRS 10 A~KE 4 AT &0 (BREE N DUREE & S Rl K, 6 4T 5037 iR F o B R
5, KHEARST I BOVAR H . B R B b sm £, 3 E A+ 45

22. BEMIRE . HAREESSBRESH

FE T TE A [R5 Bt S FH AR ST 90 BT 5 22 SR e A X ol [ 7 6 b P SR o 38 38 R PR i e B bh (47
Biz). WLARTF R 7 4R HANJT R 50 45K HONBE o R . R0 bR 7 2047 82 20 m x 20 m #fH 3
NGB IREL), TMFEHIBENIAT I 20 NEURE s, 433K AR 0~10 em (138 RE o B ASRE 38R 43 R 2
B, — 0 AT G F T e B PE R, 59— 3% T2 P A4S, BURl S T80 CUkAH R A7, T DNA $2HL.

A HUPUCR AR TR PRI E s & N RAEEILIRE N L AN SR S BoEE
4 P RABHBAPULL (7 A5 20 P R NaHCO, 2 HUE; T3k & B R A ET5; pH ATHL 5255 51K A
pH I A E [7] .

2.3. HEEFELE 16S rDNA SiEENF

00 0.3 g HriE 4%, H DNA FEEUAT S (RAR)FEEL 135 DNA. R 77 245519 341F F1 805R 41
16S rRNA F£[X . PCR M (50 pL)4L % e: 10 x buffer 5 pL, #H DNA 10 ng, dNTP (10 mM) 0.5 pL,
341F A1 805R F141(50 uM)#% 0.5 uL, Taq BE(5 U-uL™) 0.5 pL, MNEE TN EEIR . RIGHRFE T F
94°C 3 min; 94°C 30s, 45C 20s, 72C 30s, 45 /MiEH; 94°C 20s, 55°C 20s, 72°C 30s, 320
ANEIR; BT, T2°CLEMH 10 min. $ZRRULEA Y, KA EENEBE R S 2lifl PCR 74, EIUS=#H Qubit
2.0 E&. T QUME.L)MF4irE G T4, kT i iE. ZERKE/NT 200 bp. P4 <
25 fik &k fG, BE1SEIMFHIA T OTU 2. KA UPARSE 3 44(7.1)X0 5 #13EAT S (F SIAR AU 15
N 97%), 4RXJ5 il RDP classifier (Ribosomal Database Program) 1 i 5y%: 5 A & OTU e 51 HEAT W Fdh 73
K5I8, A Mothurs B AF(L.21.1) A £ & 2, IEiHE Alpha ZFEMEFRRR, G4EA & 45 % (Shannon
Index). ACE #8%. Chao #5455 . Bray-Curtis 2= 48 £0H T 11 HAF 5 AR H RS, FEEH PCoA 43 #r
ECICRE S TR AR AL . S P MeV version 4.2 34T & 43t

2.4. BBEIXNIHT(CCA)

K CANOCO 4.5 Bft oy Ay -3 AL PE R R B 4 25 M O K &8, KA CanoDraw 4.0 L% CCA 4y
i
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3. RS54
3.1. B R RAXHIRBME R

RRR T ZS R, RATMABAREG, TIEEAMTURE T RERN. TIEE%E. AR,
W N, HUSEREEI, M4 P AEM N SRR RIE KT (ER 1, P<0.05). L£id—suditt
[BIH 54T, AP &S T B A LR 5 2 R R (P < 0.05), RUIERL P& B FETT R 7] £ B
EWnas . RAFH LHEE PR S B EIAT] 4.45%, MAR 7 FE0E TN, TRIEEXE 46%.
HEEFALZEMITRA MG, H225R20Pzh, HEOFRAE, Ik T A PR R . A LR
ESERIPUE TR, MR e BN A, R SR R B Y, B
Mo T BAR a2 e - S ER AL R

3.2. 16S rDNA MIFEER MBI H

T 9 MRS T BRI, L3R 66072 A OUT, AMFEM AL 6114-7735 4~ OUT (¥ 2).
A 50 FEFEHLP) OUT HE Ak T HAh P ANk . >R A Mothurs %t ACE,Chao,and Shannon %5 o 2 #1445 %1
BEAT TR o RAREHL ACE. Chao $RE T H AP ANFEH, JHAMFREE & FEHh 2 AR R I H B . %
o KA PCOA S M X FE S IR AR BE4T T LA (] 1) PCOA Son RARFEHL . 7 G4 FI AT 50 A< HH %
HEAEEREG AU, R T A EREH A G A VU T S5 0 1 22 57

3.3. EMFFERAMNBEERFESHHRR

KJH RDP classifier X454~ OUT MR FHIREAT YR 73 3822 0. 45 RILRI7> 30 4171, 682
ANEE 1197 A&, 1729 b 30 ANTTHAX 3R >1%0 3= B4 Proteobacteria, Acidobacteria,
Actinobacteria, Bacteroidetes, Chloroflexi, Gemmatimonadetes, Firmicutes, Planctomycetes, Verrucomicrobia,
Thaumarchaeota 1 Nitrospirae, 548 OTU [ 95.07%~97.16% (/4] 2). Proteobacteria 1 Acidobacteria
TERSRFEM (5 AR5, P IR 345 23 ) 9 29.4% 1 31.8% .« FF B Ay B J 3 19 AP 34 1A (10 AFXH A
AFERE T, 7 AR H N 22.8%H1 18.8%, 50 4% H 7371l 4 21.3%F1 20.1%. Actinobacteria, Bacteroidetes,
Chloroflexi, Gemmatimonadetes, Firmicutes #1 Planctomycetes FAH X 25 5 T £ it 25 B b B 5t HH 30 4 3%
RS LT R 2 AR R PRI 0 S R AN T ke 7 A B R

3.4. EMFERAXMEELE BRI

TEJE KT, B IF BN AR A3 2 o B VR G5 A R AE — e I RE I, o AR LR 35 S AR AE X A 34
PRI A R i, AR B R R AR A, o H BB B H IR S A R R 1 . U Blastocatella,
Sphingomonas, Acidobacteria_bacterium 11 Chryseolinea £ &SR 5 11 o (1 AR XTI 355 23 51 N 2.43%, 2.50%,
2.09%#1 1.00%, TMH7E 7 SR H H U T %N 1.95%, 1.18%, 0.60%7F1 0.32%, 1E 50 FFA4% H 43514 1.53%,
1.67%, 1.19%F1 0.30%. HUtAHR, —EE7E RIRFEH IR0 3 BAR IR, JF BAR B S 10 35 KR
$. 40 Pontibacter, Flavisolibacter, Adhaeribacter, Nocardioides F1 Massilia FIHH XI5 35 5 7 K SR B 1
A 0.17%~0.69%, TfI7E 7 4F4< HIAN 50 44 FAFE M 73 73l 4 51 21 1.009%~3.65%F11 1.29%~2.18% (4] 3).

3.5. TR B AE R SRR

KH CCAZp#r 7 H3EANIF . 4 N &Py AN, HRP. pH. &/KK, BESER5HIEAMWEME
YIBEE (BT RAHE SRR, S50 IE 4. B4 R, LEEAHERSMEESEHEEYIRR, £
oR A HUSRT A N O RAR B o ma K, FEIABHE (7 SR H) 52 pH AT S5 m ok, K B 4%
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Table 1. Soil physical and chemical properties of different samples
= 1. AEM T IRIBH MR

PC1-Percent variant explained 63.65%

febr RARF b TAEAH 504E4¢ H P F
4N (g'kg™?) 0.085 + 0.002¢ 0.017 +0.007a 0.058 + 0.004b 163.79 <0.001
HHUF(g°kg ) 4445+ 1.072b 2.068 +0.221a 3.824 +0.588b 8.850 0.016
4P (g'kg™) 0.067 £ 0.005a 0.030 + 0.002a 0.073 +0.033a 4.351 0.068
HEHP (mg-g?) 5.314 £ 0.931a 14.01 + 1.986b 28.34 +11.87¢c 8.349 0.018
AN (mg-g?) 2.240 +0.285a 2.402 +1.507a 1.866 + 1.090a 0.192 0.830
K E (%) 13.11 + 2.495a 13.81 +0.934a 13.25 + 2.633a 0.087 0.917
pH 8.67 + 0.200b 8.74 +0.151c 7.95+0.128a 17.831 0.003
52 (usem ™) 86.90 + 6.329a 350.2 + 60.75¢ 196.0 + 53.88b 23.735 0.001
ZREERTIHME, A—ATRANSTFREREREE .
Table 2. MiSeq sequencing results and diversity estimates
2 2. MiSeq MFF4E RIS A
P Total OTUs ACE Chao Shannon Coverage
RAREH-1 7298 6600 6345 10.15 0.94
KAREH-2 7735 6695 6491 10.39 0.94
RAREH-3 7691 7259 6988 10.62 0.93
SEEAE 7575 6851 6608 10.39 0.94
A 7 4E-1 6926 6331 6152 10.60 0.95
A 7 4E-2 8466 6255 6147 10.69 0.95
AR 7 -3 7616 6542 6353 10.60 0.94
FHE 7669 6376 6217 10.63 0.95
A H 50 4E-1 6114 6499 6286 10.49 0.94
A< 50 4F-2 6825 6438 6236 10.46 0.94
A< H 50 4F-3 7401 6726 6555 10.55 0.94
PIME 6780 6554 6359 10.50 0.94
PCoA-PC1 vs PC2
=U7 3 =U7_2
2 3 B
g o
2' uU7_1
3 S -
£ o
= aM1 =M3
38
'g o sM2
g o
s < =U50_1
<)
-
o <
a =U50_3
8 «U50_2
cl> T T T T
-0.10  -0.05 0.00 0.05 0.10

Figure 1. PCoA analysis of soil bacterial community structure of different sites. M: natural grassland; U7: 7-year upland;
U50: 50-year upland (the same as below)

[E 1. TEHAEREZEHIA PCoA 947, M: RIREM; U7: 7HEKHA; U50: 50 ERE(TRE)
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Figure 2. The relative abundance of dominant phyla in different sites
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Figure 3. The relative abundance of dominant genera in different sites
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Figure 4. CCA analysis between the structure of bacterial
community and soil environmental factors

4. LIRMEEREMSIMERE TR CCA SR

PR (50 4FEAR HH) 4 P FHSH K PG R B 74 45 A RE I B3 K o AR CCA 3T, ] LUK T FF & 40 =A%,
L5 PCoA [ #irdh R —FL.
4. VWHig

b TR A 0 SRR 3 R (3R A L 3R S Eh . pH )W AE I REVE S5 H A 24 B 9]
[10]. TEAHFIH, 7 FAERMEA 50 44 HI5 2 HARREHIT Bk, RARFHBPITEANRBE, &t
BIREAE Y, R BIMRAR . XA R SR Z b B5R T L 3R A 1 TR A AR 4 AR S DA SR ML 1 4y
R FE[11], FECEBAAPURAI S N &8 KIEE TR 1). [RIRARAGHE B ORI 2 15 i 3 3R R B 12
Fr, T A O B AT R R R B AR . R ER N A, AR SR AR BNk, HRK
oA BRI IR BN WA B R R, AKX T RN, BB R LR E[12]. L ER )
ASAY, e S B IRE WI R S AR A B SRR . — SR AR T 38R 7 =R O A A T S Bt
VR SR RN DB TE S5 M 2538 [13] [14] [15]. PCoA Hi1 CCA 4MHilE B 7 B duf) B 77 e A s, 380
BRI SETE R o 5, JFBEERHER MK, BRSSO ET AR R (K 2, [ 4).

B I B 5 SRR o TR, RAREM T BONAR B S,  S[RIRE Rl A 34 18 21 o A ok
AR, AN [ 4 TR (AR X G 34 B R A T ST I A PR R e DRI Bl A A 45 ) PR AR A AN SR I A A 8 L
25, T BRI AR RS Ll 28k b . Jangid Z5(2011) BT 7R BI[16], TIEMAEMIREE Y
PR 2EL o, 2 T A e T R R A s, T R 2R R R 4 R R LA /N o Suleiman 25(2013) AR
H R 7 Sk - A R A M R, RO IR AT R K AR S R A TG, i ELX BB
BAUABUR I PIF[L7]. ABFFE S5 DL SRR IE — 80, R IITEAH R 3R A 461, LRI 7
A SRS IR VR (R A R B R, T R O R A R AR A . Rk, R
SR B FH D7 AR A tef 338 A AR 1) R e = AR I AR R Y AR AL
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