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Abstract: As a traditional industry in the Horqin area of Tongliao City, agriculture plays a pivotal role in the development of
economy. Understanding the structure and function of soil microbial communities and their influencing factors is of great
significance for crop planting and remediation of contaminated land. In this study, microbial community and function composition
were investigated in a total of 71 soil samples collected from the Horqin area of Tongliao City with an integrated approach
including 16S rRNA gene-based Illumina Miseq high-throughput sequencing technology and FAPROTAX. 1.1 functional
prediction platform, followed by statistical analysis with the use of R software package. The results show that the microbial
communities in the studied soils were mainly composed of Proteobacteria (19.77%), Thaumarchaeota (17.85%), Acidobacteria

(17.14%), Actinobacteria (15.58%). The functional prediction indicates that a large portion of the microbial communities in the
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studied soils were involved in nitrogen cycling, among which aerobic ammonia oxidation function predominated. Variation partition

analysis (VPA) indicates that environmental factors accounted much more for the shaping of microbial community structure in

interpretable range than spatial factors. Mantel test shows that the microbial communities in the studied soils were significantly

(p=<<0.05) correlated with soil pH, electrical conductivity (EC), total nitrogen (TN), ratio of carbon to nitrogen, and concentration

of Mg, Na and Sr elements. It is concluded that pH, EC and Sr element concentrations were important environmental factors

affecting the microbial community composition, function and diversity in the soils of the Horgin area of Tongliao City.
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Table 1 Geochemical parameters of 71 soil samples in the Tongliao area
2 R/ME fRRAE I {E 24 fR/ME PN 4 {E
pH 6.61 9.91 7.76 P (ng/g) 200.00 1740.00 476.34
EC (pS/cm) 18.63 1083.00 145.48 Zn (pg/g) 30.00 117.00 48.48
C/N 13.07 165.83 41.11 Mn (pg/g) 362.00 807.00 486.69
C/H 2.10 6.39 3.68 Cu (ng/g) 6.40 28.10 13.42
TN (%) 0.01 0.13 0.06 Ge (pg/g) 0.02 0.82 0.37
TC (%) 0.62 6.03 2.42 Ni (pg/g) 9.20 35.80 18.06
TS (%) 0.02 0.27 0.05 Pb (pg/g) 15.30 24.10 18.22
TH (%) 0.25 1.38 0.64 Se (pg/g) 0.06 0.23 0.10
TOC (%) 0.21 2.82 0.86 Sr(pg/g) 208.00 369.00 260.42
Ca(mg/g) 9.70 55.10 23.80 As (ng/g) 3.00 16.70 7.76
Fe (mg/g) 13.40 35.10 20.00 Cd (ng/g) 0.03 0.20 0.11
K (mg/g) 18.40 25.60 23.00 Cr(pg/g) 20.00 52.00 32.28
Mg (mg/g) 3.50 12.10 6.50 Ga (pg/g) 11.60 20.20 14.31
Na (mg/g) 11.00 23.60 16.80
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communities
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A= W B T A5 R 25 S AR R, AELAE /N Y L DY BE R
I3 2 R (K 2).

B
57
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2.3.3 INEEF T A EF X RE W 8 & A R A
MEEMENEEMSE S E T M\ BT R R
FAHSCHE F 5 (L BR A M Z 5 A B I pH
EC Na.Sr#l TN) 5 # (A G 2k Yy i dg 2547 M5 X 7
M (CCA) (] 6a) , 45 /8 CCAL1FI CCA2 iy fiFk
e 40 R 7.6 % F14.0% ,EC . Sr.Na,pH 1 TN L)
Keas ] [H 7 (PCNM1 Fl PCNM19) ¥4 24 3 58 13 A=
BEE S5 g [ Lk, SR A VPA 40 i 56
BT (LB A AHOCZ )5 W B 58 IR ) Fn 2 8] (]
(PCNM1 I PCNM19) Xif 5 {4 A= 4 7 7 1) AH X 51
ik . &1 6b i 7R R T K1 R0 23 i) [ St % 45 4 BTk
B A B O 17.940%6 K il B B Ry 82.06 0 5
o R R T M B 4 13.34 %6, a5 1) IR T Y A
it 2.91%, W Y 2 A R A S 1.6900. EIR Ok
A, VBP0 e A B A W A T 22 S 0 DT IR AE AT i
FEHIE BB R F2s [ A 7

R85 IR f 25 ) 7 XS TR) ) RE A ol A 4
7% 0 STER I B AN TR] A AR E R AR TR RE Y VPA S BT
7 (B 7a) , 28 8] PR 7 R0 ER 358 DR 7 %o 2 o 9 465 4 78 1k
SRR 27.9200 R fRERER N 72.08 %0, R A B
PR i1 2 [] R ) 5 A Rt 49 0l Ok 22,4206 AN
1.09% , W03 L[] i ff e 1tk 4.41 00 A B R 7 Fl s
[ PR X6 i Ak A/ B (L 7h) 1 BT ik A A 40 4
PR TR B 22 S AR /I BRI ERE T A SR & S AR o %
X3 A A Y 3 50 B R IR R A B B b (A
7c) , PREE K T F 45 6] DR 2 3 R R A A R R 0 )
o 15.73% F4.54 %, W 35 S A A il R &= o 2,400,
AR N 77.33% AL RE 5 5% P A P A B R RS
[i] R A9 i B o 0 0l Ry 12.87 %0 0 3.44. %, BT & 3
[Fi) (1 i R a7 1.64 00, AR MR B £ 5 B 1 82.05%0 (&
7d). AR E A K R G TR R R 0 4
77 A 5 e (LA AR SCRRCHE P fi RE A TR, A
PR X Ty e A 1) 5T ik K 23 ] R

3 it

31 RERTEBEVHABER

KA X AR RCE YRR T AR R, X
G RALH AR (2018) X 1A 524l M IX. + e G 7E W v
L3 200 TR AR 14 BF 5 4 SR — 2, (R BT A TR - AT
>R FH e 2 00 P 1 07 3 A 0 B AR A R Adphap-
roteobacteria . Betaproteobacteria. Deltaproteobacte-
ria Fl Gammaproteobacteria W AFFE 5 T A< 3C B FE iy
WK K B Betaproteobacteria, H I 2 H 4y 3 Fp

Fierer et al.(2007) 1A A , Betaproteobacteria ¥ i 1]
T EFRMAE P AR, /TR THF5E X L3
E WU K Ll 8 = , S 2 Betaproteobacteria W 417
ST FCHTATEME /N — KR RN — oK
YER)SZEG R & B T 28I 4 |, Betaproteobacteria 1%
A A5 Tl R A R R Y KR g v AR N o
B T E oK £+ 8 (Zhao ez al., 2014). #F o W 1]
(Thaumarchaeota) 52 Wt 5% X 1 JE G A= 99 1 55 — K
DB T, H0 TR Nitrososphaeria 20 R 1% X 1 3
EE R NP 3= & NG b - Bl W 2 S i
B — BT 28 Ja R B2 40 A Tl vE RRAK .
A2 M R H VbR 4 8 4 BR 5 P (Tsobe e al., 2012;
Marusenko ez al., 2013;Xu ez al., 2019) , 3 & A1 §5
HWE A Group [ .1afl [ b FRM: 13 AY Group
T .lc JFUEE A ALOHA Group (#4 SR R 11111
pSL12 Group il HWCGIII/Nitrosocaldus Group %
(5K T Mg RN R 208 1F , 2012) . AR SC Y Ty B T 0 25 SR i
NS XY A TR T A A& R L T BE R R AN A
I REHE . B0 R U, R RE DX S A W B VR A Y
25 0 551 N A 38 L A Hl DX 0 5 A5 R R B[R]
{HF T b 1) 28 70 A B R G AR 1 4 SR )
B A AN TR] []— [T 28R [R] I 49 109 A X 3= BE AT A7 A
B K25 (Degrune et al., 2015; MRda 37 %, 2018)
32 RERITEMEVHENYMESR

321 MEFEENTEREYIHENZN HEE
PR 282 5% Ml 1 A= ) B 0 R AIE 1 E 22 TR 3R (Lauber ez
al., 2008; Brockett ez al., 2012). CCA ( & 6a) #
Mantel ( fff % 4) 45 Uk BI7E I 45 (19 SR B A8 = v, 4+
B pH . EC M1 Sroc 2 & & 6 il A W BE 7% 19 52 il 5%
K HTATE — L2 55 v i & 30 pH 2 5% ) 5 A ) B
Va5 R B2 K & (Lauber ez al., 2009; Chu et al.,
20105 Shen et al., 2013 5 Ji FHAE , 2018 5K #1 f 55 ,
2018) , 7 3C 1 45 2 7 4% pH X% X R R T A P
FEVR 451 (OTU /K ) Fl 2 FE 5% ) g 25 (&1 2, B
< 4) , Hoth Actinobacteria f1 Acidobacteria 43 5 5
pH 8 1t 2 A I A OC A AR OC 5 i A FE B SR AL 58
FIFE 56 i DX 88 AN AN ] A= A5 2 A iy + A i A=
TE 7 1 3222 11 28 09 M N = B2 B Al & B A czinobacte-
ria fl Acidobacteria 5 pH A M LH & & (pH Ky 4~
9) , 5 T8 W A% pH ok 22 30 H B S 9 4H O M | i S
ARSI 45 R — B (K 3). U 4 e L 5 ik
M %8 B Bacteroidetes 5 pH A B B 19 1E #H & & &
(Lauber et al., 2009) , 1 4~ #F 5% W Bacteroidetes %
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pH Ff AU (& 3) . 88K pH X BIF 58 IX A9 6 44 o B
YR P AT IN (E N o I e )
T A W B 5 A KR X S R X pHL A W R R B L ([
3, 4). —J5 T, T BE pH A & 5 i i 6 f A W A
FREM EBH R, e B sl ik A S 57 0 R R
A= PR A PSR R o5 — T, - pH R & B
5 SR R S5 TR AE N — AN SRR e AR
- 8 A b 3 A M T A A AU R R L R L
B 4 B IV R v SR X 5 pH A R SR 4 Y
% % (Lauber ez al., 2009).

T VR F R Rk T 42 U R R AE 4 HE Y
R Sl S R TR 2 e e o R (e
(Pereira et al., 2019) , 5i AWF2E AN e 5 R 2
FE R GUAE W R TR A R R R (R AF L 20185
Uddin ez al., 2019). A W58 H EC F1 Na,Mg . Ca Jt
RO E MR e W (R 2, MR 4), 1
P, 5 2R TRAE W B VR 22 R R 2 ) e R AT R
HE A IR E (2, B0 5) , R B 5 X i A
Y REvE 22 8]+ R mA R s

Sro20 + 4 JE v FE R TR AV R i
TG EE O N R A A I R ) B Ry S (B ER
4) % o Z AR BT RE M AE W B (1B 2, 81 5) R
IR LR TR AE (4 R D 26 W SRR DX AR W B T A2 B
Sri5 Y I 52 M AL TN G T Srig Yt R B R
6 5 ) [ WF 5 245 R A AR 25 52 OT #RAE (2018) R
Biolog i ~F- iz J7 1 i 5 e 22 16 &2 Sr i Y iy -+ HE s}
KB Sri5 YL i+ HERE Srk BT 38 R W TS
2 FE M 3 R AIC, P R HE 27 T S S R o - b R
Y RETS T AE £ BEME s {2 Wang et al.(2017) % F R k¢
[ 7 1 6 S i5 Yk i - 580 Bl A= W R AT 8 FR A
KB Sr( 4 584 & Srk Ry 242.2 mg/kg) fE 95 i
HE A A W BE T 1 R M NS 1 e SR X St
A B s R xR 25 el ag &t TR
SRR S R HE S S S [ OR R R Y RE
7T Sr iy B 1R TR AR 52 86 SR H il R 168
rRNA A J7 12 A REAG I - 18w 40 B A0 oy B A0 JE V%
LYK i e 0 4G I 380 AR 22 S mT 8 5% 1 B A ) 2SR
X5 TN R RS 3% 05 12 008 5 1 A 0 B A GE S i i)
MAAEMRKES SITERERTRLRGRETE
Yk F LA 52 B - 1 v i) W R R

T340 R IX Cd As TR & il T4 [F 1 4
I, CATC R & SRR TR 1 2R T
SFO) 1 Tl A 0 T T A B34 2 B M S 1 O A OG (&

2~4) . Khan ez al.(2010) W58 IN A Cd {5 G 22 i 3% 10
il - 58 v Ak AR W PR O ol AR AR AR W ) B TR A5 A
Ding et al.(2017) W 581N Jy 5 43 J& vk J8E 0 I isf o AT
i BE G W 00 35 R s AR BIE SR AT RE T b Y Cd s
Yy BT A XA g b Cd e B A, DA T
Hh— S35 N =y Cd MR B B AR W E VR R BUR A Y
a ZFEPERG N . AH T Cd 5 Y 14 T AR G 320N
T N i Cd B AR A B 1 T B AR O S B ARG, TR 4
BT 0T 5 A B A W 1 T B 5 i B, Cd I R R B
A B AF S PE (B 6 4)  As TG 3 &% 1 78 S Xk
O3 AR B A) XA W T 0 20 AR M LA AR A
K225, PRI R 3R R s 5 B AT 2k 0 e v 1Y) i 5 A
KAE T Se TCER TE M X N i ik =, AUAEH 431X
S AR R R L RS DX P R S B Se 5
A= W R 2 A W R DG OG &R
322 ZFEEEMNITEREYEHENRZNE K
A7 2 3 W9 R B2 [R) DR 2 5 e AR Y RE VR
45 K ) 5 B R K (Martiny ez al., 2006;Zhang et al.,
2018) . FEA BT, 23 ) P 2= % 2 A A 24 A AL D g
FIH AL ) BE 1Y G 2E W) 0 7 25 S 00 ik R B AR IR (8]
Ta.Th) , 75 A SR AE X PN Gl A= ) T v 45 A0 I b 2 B
B A A R AR R (B I 2) . i A% & AR TR Y
I 5% S 7R K DX 3 R B T b PR 26 % 3 7 19 52 i) %
K (Marusenko, 2013;Jiang et al., 2014) , 1 #ff 5% [X.
T R (0~600 km?) A X 52 /0y , B4 DX P9 35 7 A
HY Sk 1% b P . s ) L3R X i T 340 D R R Ak
AE S AF TR IR A e R o W S TR (8T 7e . 7d) B
T2 5X WA IIRE R A R L, Tk Y) %
T ] b 25 Y 1) 3 A ) 52 5 R A RE G 5 e K,
HE— 25 0 43 BT R B LU, B GRS T
PRI =7 £% i S92 -, PG T 31 58 PR (181 6b) , J 47 I 3l LR
B AR AL TR T A A 2 S e O i (B IR 2)
H B b AT R B BT DR X A B 9 R e o
AT L ZR L TR, — 5T 25 A AR RO AR R
T T8 PR B0 1Y A8 IR - I, P R X6 AR )
PR 23 R T A5 8 N 15 o5 — 7 T, fE AR WF 98 vh
AL 75% B RE T S5 R 8 S VN B PR BE AR AR
23 () DALk Ml B L AT5 A T 22 R Y DR 3R R XY
SR A YR v A LR

WA, ASAIF 5 2R FH 4 e i 00 R ) e o
A —E BB R R L an = 3 AT H AR
o I 3] Jeg K SF- 14 B L T RE TN 1 RE R g8 A B
T B ) D RE RE R AT 20 A L R TR TR IR X
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Tl A= W A v B4 R T RE 38 5 9 — A0 SR U RE Ak A
U TR AT

4 4k

(DZEX A Z R, L3RS 354
11,96 444 . 202 4~ H . 297 4 B} A 480 A )@ , 32 %2
FAEJE W 1] (Proteobacteria) (19.77% ) &y i & 1]
( Thaumarchaeota) (17.85% ) . & #F B '] (Acido-
bacteria) (17.14% ) | i £ W '] (Actinobacteria)
(15.58% ) &% . 1) g ¥ M &5 S W 7w ok A 9 i v LA
AR A A AL TR S AL T R 8 IR R Ak
RES RN &

(2) P55 K 22 %A 50 IX - 358 4l 26 W e 7 AN 2 g
PR 52 M) K 28 ) B B . R B IR I &R O 123 pH LEC
F St , b EC A Srt 4 R Wi vk 1t 2 0
PR R B e B Y SRR T, Sk i X R A
YyiE V5 AT RE 52 0 03 k5t Ak AN H G e TS G 1 S )

e AHE AT B P (http://www.earth-science.net).
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