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Effects of Different Vegetation Types and Reclamation Years on Soil Bacterial

Community Structure in Reclaimed Mine Areas

HE Long', LI Yan-qin'*, LI Bin-chun', LI Jun-jian®

(1. Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education, Institute of Biotechnology, Shanxi
University, Taiyuan 030006, China; 2. Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: Effects of different vegetation types ( Ulmus pumila, Larix gmelinii, Armeniaca vulgaris, Picea asperata and Robinia
pseudoacacia) and reclamation years (15 and 20 years) on soil bacterial community structure in reclaimed Antaibao opencast mine
areas were investigated using polymerase chain reaction-denaturing gradient gel electrophoresis ( PCR-DGGE) and clone sequencing.
For 20-year reclaimed soils, the significantly highest and lowest bacterial diversity were found in U. pumila and A. wvulgaris stand,
respectively, whereas no significant differences were found between the other three vegetation types. Under 15-year plantations, soil
bacterial diversity index of P. asperata was significantly higher than that of R. pseudoacacia. Soil bacterial diversity index significantly
increased in R. pseudoacacia planted soils but decreased in P. asperata treatment with the increase of reclaimed years. No significant
change of soil bacterial community structure was observed in the same reclamation years based on the similarity coefficient analysis,
cluster analysis and principal component analysis (PCA). Pearson correlation analysis demonstrated that bacterial diversity index was
significantly positively correlated with soil pH. Nitrospira, Sphingomonas, Arthrobacter, Brachybacterium, Rhizobium as well as
Mesorhizobium , which play important roles in the nitrogen cycle, degradation of polycyclic aromatic hydrocarbons and other organic
matter, were identified by clone sequencing of the DGGE bands. Our results indicated that U. pumila and P. asperata were conducive
to the recovery of soil bacterial diversity. The most dominant bacterial community from reclaimed mine soil would be beneficial for
restoring wasteland contaminated soil and improving soil fertility.

Key words : PCR-DGGE ; reclaimed mine areas; vegetation reclamation pattern; bacterial community structure and diversity ; functional
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Table 1  Restoration vegetation pattern and physiochemical characteristics of sample plots

RS B RAGEA HRARR/a pH MR/ g kg ™! MAE/g kg ! A5
1 Tﬁj’m( Ulmus pumila) 20 8.22 0. 20a 4.56 +0.09a 0.38 £0.07a Vi A+
2 V& ( Larix gmelinii) 20 8.37 £0.22a 4.42 +0.11a 0.35 +0. 04a Vg -
3 A (Armeniaca vulgaris) 20 7.96 0. 06a 11. 17 £0. 06¢ 0.92+0.11d VhHE L
4 Z % ( Picea asperata) 20 8.33 £0.09a 4.60 +0.07a 0.37 +0. 06a g
5 ﬂium(Robinia pseudoacacia) 20 8.32 +0. 18a 3.95 +0. 10a 0.65 +0.05¢ Vg A+
6 FIFE(R. pseudoacacia) 15 7.85 +0. 15a 5.35 +0. 13ab 0.49 +0.07b Vg -
7 =AZ(P. asperata) 15 8.16 0. 06a 4.15 +0. 12a 0.40 £0. 02a W+

1) BRI RAIE R R F R R R SCEE ; BUE NI + b 22 , AR PR R R R B2 ] P <0. 05 KF B2 5 3%

1.2 +FEREE

FAFEHALTE 3 ANEE/NX (5 m x5 m) , /MK
KA N2 AR A LA BE | 5B b R A 4 AN
B ,6 ANFE R BENL LB (0 ~ 10 em) RS,
132 mm 0 —Fa HARKE, KL sE +
BERACRHE ; 73— 8B RAE T 4°C TR B
DNA. RAEEWTE] R 2014 4£9 H 14 H.
1.3 AR DNA BB 4k

PP AR S FOCHR[9 ] B FEAE I T 2
U - S5 - S B B A 1 R Gy -5 B 4R, U
JE DNA B}, PEG-8000 Z&3k i 2 A 10% , NaCl 243k
JER 0.8 ~1 mol-L™". 4lifk DNA LR H PVPP
HZErE.
1.4 PCRY"I4

PSP 16S rRNA V3 1] 28 X F B, 1 2 K

PCR ¥4 1. SE LA DNA MM, V3 X8 ] 51
Y1(338 £ #1518 1) " #47F Touchdown-PCR'"™'. T
LA Touchdown-PCR /=¥ A Bt , 77 GC & 5|49
(338 {-GC F1 518 r), # 47 Reconditioning-PCR""’
3.
1.5 DGGE A& IR, sokElly

% Bio-Rad HLVK R Gt. ZEMEBS R 40% ~
60% 11 8% 5N I WE e 5 I, PCR 7= 4 Lk 7
pL'™ . 7E 1 x TAE B0l ,60°C 1H i . 70 V Je il
HLUK 30 min, FAESSFRIERHLDK 14 h. BHIER Y, &
TR, VIR S A #2257 2%, O SE B S
1.6 Fdmaba

DGGE 3% K H Quantity One #0443 AbF | 5
AR R BN R B 45 2 B e R T2
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FEVE 43 Mr. 3 WL 43 43 B ( principal component
analysis, PCA) Il JUAR 73 #7 (redundancy analysis,
RDA).

{#i | Shannon-Wiener 35 %X ( Shannon-Wiener
Index, H)fiid AN BEIE 200 TR A,
H=- > Plog,P, =- > (n/N)log,(n,/N) (1)
P, n, s FRERNERS | SRR EE ;. N R A B
AT B EIREE ; P,y 5 i AR R BE K T8 B R
JE .

DGGE FITEEUF AL F 5 | ARAFAH XS 5 B 5 4%
WIS OLE 1 — 4 S [, 32 il CANOCO HEfF 4 fF,
Xt 20 R RE TR ZE R AL AT PCA. X 40 TR A V% 2544
P AFAE AT RDA.

AN ) A 40 T 1Y) 22 RE I A5 B0 22 S e TR, TR
SPSS HriF AT HLR K J7 2553 #1 (one-way ANOVA) |, Jf:
KR/ Ak, BEAF N @ =0.05. +
FELN P ZAEPEFE BRI BEAL R AE B 24T Pearson #H ¢
Peor . BT BAE St 0 M 4E Excel 2016 H1 SPSS
19.0 HHikFT.

2 HFRESW

2.1 DGGE Elig&5r#r

WX 7 A AP 16S rRNA V3 X 4T
PCR-DGGE & 8CI83% (&1 1) 2087, ol LU 2 44 4
FEA I E AR 1=, BB T - AN B A 2 A
PE. 2% Bl BS, B8 Ml BO i BLAE T A AL 0
LA 225 AN, RE R ARSI R
WA —FE R AR R A S AN B FPREAS[H]. 4
0 B6 = FE 1, 2 3 MRS, A BI3,
Bl14 J&+FE 5 AL ARAT .
2.2 MRBRNZE A I 2 R

SRR AFZ R X 4 58 04 f0 B 4 TR R ) e B
J& K DGGE 1% hbr 5 1) 2t YIRS Il | sk
T %A BEMLEE L 6 A SERED T, If7F GenBank %%
PEPE T Blast S8 5E. S5 REW(F£2) . Ik 46
FHBUFI), P 1 R (eSS 2-4) 5EEE
A VLD, HAy 45 % (1 2 5 EE ) X LA
PR 92% ~100% Z [6]; £ 80. 00% A A 1] 15 5
YNTE (36 4%) , 5 H AR Y 2 808 R B3R 11
HSAH — Bk X HIETT K L, 308 8
ApRBTE. Hh AT 1 ANt KRB L E
(wkEHS 5-6). He 71 AN05HETAEER]
(14 %) | BRZRTETT(8 %)  BRFFIEIT(T7 %) | &k
TEIT(6 55) . BT ITT(4 5) . HILIREERT]

KBS FER 1 LRGBS 4545 Bl ~ B14
XF I 14 Y DS SE R e 1 2%
1 THZAERI16S rRNA V3 X DGGE Elif
Fig. 1 DGGE profile of bacterial 16S rRNA

V3 region from soil samples

(3 %) FRERERE] (2 %)

TE & 7K - b W 40 S A4S 39 Ay KR
JC, Hi A 17 A4 (23 %)l 85E s, 78 DGGE &
T Rl 5 BE v 0 B DL A O 4 L X A
RLP E FRFp W R % B AR SR g d
PL#i 2% 47 BS. B8 F1 B9 % %2 i (1Y Acidobacterium
(FRAT & ) . lamia . Sphingomonas ( # % I 9. il
J& ) 1 Nitrospira ( fil A W2 i v 8 ) A BIr A R B A
g, &7 B11 K58 W Arthrobacter (T FFH &) M
BRAAE 2 SMHE ISR, K47 B13 ., BI4 %
%€ W) Brachybacterium ( & W % A 1L 40 &) .
Rhizobium ( ARJE & ) M1 Nitrospira K +-H£ 5 AU H
J& %
2.3  Shannon-Wiener Z 48505047

T HEY B Shannon-Wiener 48 2050 1 w7~ (A
2): BB 20 F4H, A (R B, R (AR
3) ik, HoAy 3 MEBA BH %R ER 154
W, = (T BES TR (LM 6). thsh,[F
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#2 PCR-DGGE FHFILAER"
Table 2 Results of sequence comparison of PCR-DGGE bands

Foalis SRS JPSKEE/bp  GenBank ¥R T EARMUT 51 1) £ B Frol AR %
B1 1-3 191 Uncultured Firmicutes bacterium clone GASP-KC3S3_GO01 EU300353. 1 98
2-1 174 Uncultured Propionibacterineae bacterium clone HK05-H09 EU751360. 1 99
2-2 194 Uncultured B-Proteobacteria clone GASP-KC3W3_BI11 EU300566. 1 100
2-3 190 Uncultured Saprospiraceae bacterium clone2B_15 HE860845. 1 98
B2 2-4 217 — — —
2-5 195 Uncultured Acidobacteria bacterium clone SEG_08_320 HQ597902. 1 96
2-6 189 Uncultured Terrimonas sp. clone S226 JN217083. 1 98
3-1 169 Uncultured Chloroflexi bacterium clone CNY_02699 JQ402372. 1 99
3-2 195 Uncultured Acidobacteriaceae bacterium clone CI12. C19 FM175366. 1 97
5 3-3 169 Uncultured Actinobacterium clone HG-B01220 JN409141. 1 99
3-4 169 Uncultured Chloroflexi bacterium clone HrhB42 AM159259. 1 93
3-5 194 Uncultured Thermoleophilum sp. clone BB66 KJ473551. 1 99
3-6 193 Uncultured Myxococcales bacterium clone CNY_00353 JQ400486. 1 95
4-1 195 Uncultured Acidobacteriaceae bacterium clone T302D11 HM438191. 1 98
4-2 169 Mesorhizobium sp. VG35Dpre KU837071. 1 98
B4 4-3 193 Uncultured Polyangiaceae bacterium clone Plot22-C04 EU665110. 1 99
4-4 188 Uncultured Nocardioides sp. clone T2A-08 GQ369173. 1 95
4-5 188 Uncultured Flexibacteraceae bacterium clone3A_41 HE860924. 1 99
4-6 193 Uncultured Acidobacterium sp. clone OF47 AJ538059. 1 96
5-2 169 Uncultured Acidobacterium sp. clone Whfc91 JX945558. 1 100
BS 5-3 169 Uncultured lamia sp. clone RSC_084 KF041115. 1 99
5-4 169 Uncultured Rhizobiales bacterium clone ML6 KJ191973. 1 99
5-6 169 Uncultured bacterium clone GCSTWT_16S_2923 KT771313. 1 95
6-1 193 Uncultured Acidobacteria bacterium clone AU2229 KC631115. 1 98
B6 6-2,6-3 169 Uncultured Roseiflexus sp. clone A9_24 AM940625. 1 97
6-5 194 Uncultured Aquicella sp. clone Contl_41 JQ701270. 1 92
7-2 193 Uncultured Methylococcus sp. clone 165 GU245899. 1 99
7-3 194 Uncultured Burkholderiaceae bacterium clone AMIH7 AM935484. 1 99
B7 7-4 169 Uncultured Acidobacteriaceae bacterium clonel B_19 HE860758. 1 99
7-5 169 Devosia sp. HM-198 KP152608. 1 100
7-6 189 Terrimonas sp. UBH14 KP398548. 1 99
B8 8-2 169 Sphingomonas sp. DKC-5-1 KU312690. 1 100
B9 9-1,9-3 184 Uncultured Nitrospira sp. HMS590696. 1 99
10-1 169 Sphingomonas sp. NA124 LN832007. 1 100
B10 10-2 171 Uncultured Caloramator sp. clone aa7 KU366314. 1 95
10-3 169 Uncultured Rhodobiaceae bacterium clone6A_04 HE861175. 1 100
Bl1 11-2 174 Arthrobacter sp. SLM13 KT221859. 1 92
11-3 170 Uncultured Caldilineaceae bacterium clone3B_29 HE860950. 1 100
B2 12-1 171 Uncultured Chloroflexi bacterium clone S1P6053 KF145588. 1 100
12-3 169 Rhizobiales bacterium URHD0067 LN876469. 1 100
B13 13-3 174 Brachybacterium sp. CC-LVL15-1 KT807954. 1 99
14-1 169 Rhizobium sp. strain CSB_B103 KU725961. 1 99
B14 14-2 184 Uncultured Nitrospira sp. clone WWTP_Ingolstadt_16 KJ480894. 1 100
14-3 169 Uncultured Kineosporiaceae bacterium clone CNY_01730 JQ401584. 1 99

1) SERE 2-4 fTAT 5% Blast X IRAT 48 3 B 5 AR (L 10 7751

NRBAE, R 20 AR (ERES) REFERTHER IS 2.4 MRUMEREUT

HE(EFE6) ; ARIMTE A = AZAH B, 62 R 20 4F (-4 it DGGE P 45 21 4 - A 41 1 22 18] ) A8 oL 1
HHMPFMTERISAFECLAET). /W AL RE(K3). 42RKY: LA, 2,3 14 MRk
2R AR M = A2 A S fey, RRE 6 R 7 AR R, T UL A IR A2 B ARBR A
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