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Abstract; Ton-absorbed-type of rare earth deposits that are located in Ganzhou have been mined on a large scale since the
1970s because of their wide distribution, high reserves, and easy extraction. The deposits are extracted locally by heap
leaching and processed through centralized production. Heap leaching has higher extraction efficiency than traditional
methods, but it can strip the vegetation at the mine and alter severely the ecological balance. Additionally, the residue of
ammonium sulfate has an impact on the soil and water components of the rare earth tailings after exploitation. Therefore,
ecological restoration of rare earth tailings has become an indispensable task.Microorganisms are important component of the
soil ecosystem; they promote stability of contaminated soil ecosystems by adjusting the function of the soil. Nutrients and
microbes in an ecosystem have enormous potential in environmental repair. However, questions such as how soil microbial
community responds during the process of vegetation restoration or how to develop a mutually beneficial relationship within
the plant-microbe-soil composite ecological restoration system during restoration of rare earth tailings do not yet have clear
answers. This article studied how the plant-microbe-soil composite ecological restoration system improved soil quality in An

Yuan rare earth tailing and analyzed the change of the bacterial community structure after vegetation restoration. Finally, it

BEWE FHCH ¥ (2012BAE01B02) 973 111 (2012CBA01200) 5 ¥ B R 2ATFFE A BIHT & U5 01 H (0x2012004)
YRS HHA:2014-11-18; ) 45 i iR B #A :2015-00-00
# W IRAER Corresponding author. E-mail ; wl690902@ hotmail.com

http ://www.ecologica.cn



2 S % 36 &

discussed how bacteria improved soil quality during the restoration of vegetation on rare earth tailings. In this study,
Ganzhou-AnYuan rare earth tailings area and vegetation areas undergoing different levels of restoration were selected as
research study sites. We investigated the quality of soil in the original tailing area and in six vegetation restoration areas and
used denatured gradient gel electrophoresis technology and canonical correspondence analysis to illustrate the characteristics
of soil microbial community structure. Finally, we discussed how soil microbial community responded to the vegetation
restoration.Original soil quality of rare earth mines was severely damaged by exploitation. Original rare earth tailings had
poor soil moisture content, organic matter content, high nitrogen ion content, and low microbial community diversity and
evenness. Soil quality in areas undergoing different levels of vegetation restoration were significantly improved compared to
the quality of tailings soil without vegetation restoration, the soil moisture content and organic matter content increased 2—3
times after vegetation restoration. Bacterial community structure analysis showed that after vegetation restoration soil bacterial
community structure changed significantly; the relatedness degree of bacterial community was only 0.21 between the original
rare earth tailings soil and the vegetation restoration soil, bacterial diversity, evenness, and abundance were significantly
improved compared to the original tailing soils. Among the different vegetation restoration schemes, the vegetation restoration
schemes with the highest improvement in soil quality utilized Pinus elliottii and Lindera. These two schemes not only
improved the soil moisture content and organic matter content, they also improved significantly bacterial community in the
soil. Canonical correspondence analysis showed that bacterial community structure in the soil of the original rare earth
tailings was significantly affected by soil pH, and once the vegetation was restored, the main environmental factors were
replaced by soil moisture content, organic matter, organic carbon, and total phosphorus content. This study further reveals
that microbes play an important role in the process of vegetation restoration and the study provides a rich theoretical basis for

ecological restoration of rare earth tailings.

Key Words: GanZhou; rare-earth tailing; microbial community diversity ; DGGE ( Denatured Gradient Gel Electrophoresis )
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WA e B A T T IX b iR R LU A HE v B 647 (25°1637.00"N, 115°26'18.08"E ) , f#1E &
FEH 3N B0 BPIR KRR SS R RS R AT 6 FIOR R AU DA B AR e B — A A& 52 R A X
M, BAMEEREE =k, DI, BRMEE AR XRZ 0.9 km® BB KUY 5.4 km®, £ HPE
0275 % EE A B D3R 1 MR AL A 1.5—2 m, 4505 RAME S 208 1200—1300 #k/km® AR AR HE 4 Al
14000—19000 ¥/ km* FEAKEY) . Fl % Fl AL 5 75 7 FEOAS [RIAE 9 20 1k R W E AT BR 5 97 b | B g 25 4k 4
TAE,

x1 HEEBEAE

Table 1 Vegetation restoration scheme

FEHb Site 1) 44 F% Plant Name HIBITEAR Plant Traits
A TBHUAS (pinus elliottii) 1 ( Miscanthus si nensis Anderss) WEE AR 2 R R A
B AT (Schima superba) (153 ( Dicrano pteris pedata) LRI TR A FAR
C WS (Camellia oleiferabel. ) 7% T N
D J55 48 ( Citrus sinensis (L.) Osbeck) A ¥ 5 ( Paspalum natatw) HERENEAM AR AR RN
E ¥ ( Eucalyptus) | 15 F5 BRI SRR/ N
F ISR ( Lindera glauca ( Sieb. et Zuce.) Bl.) [ EH TEW R R S4B AR

TR ETAEWNHBERN 1349 A RFEELL “S” 815 SR AL U7 X FH 25 T4 0—15
em FEHILR R TSI THORE AR A MR 4 O FATHRE SRR 28 Iy . KRR A CARIC Y B BH4E bty ] 52
B A AR ST 40 HOR, ERR A B HRAR MY R AR SR B | BGHRAE i 2 IR RO A = o i O
‘72i§>>[7: A B A 7 5 38 pH 5 70°C 3 i BE 20 % A 338 5 7K i (Soil Moisture, T8 SM) ;500°C 55 #f 42
I 5E + 32 JK 43+ ( Ash Free Dry Mass, fijFR AFDM) , R R 3 P 94 ML & ; Easychem i 8l 78 5 45
PrASC g T S A SR LA v T B TR P A A -2 R R 3 B L 5 i 5 HLEH B0t
JEEIE TR i, S AR R A C KR Y 2mL B0, T E T -80°C UKAR PR A, T A
WRFTR S5 34T o

1.2 H&maoH

1.2.1  GUZEY A DNA S 41 16SrDNA ) PCR 371

- HER AP . DNA $RBCR PGB AR - B BR AR . 40B 16SrDNA {138 FH 514 GC-358/907r k4T
P # | GC- 358f JF 41 K. 5'-CGCCCGCCGCGCGCGGCGGGCGEEGCEEGGGCACGCGGGGCCTACGGGAGGCAGCAG-
3 FRIZH AR GC F)JF 5] ,907r J5511 H7 .5 -CCGTCAATTCMTTTGAGTTT-3' ( A TAEW/AH]) . 25uL
P 1A Z 4 . 10XPCR buffer 2.5uL MgCI12(25mM) 3L dNTPS(2mM)2uL 5491 (10uM) 4% 0.25uL . DNA B4
fiti (5 U/wl)0.125L 3% DNA #4% 2wl ddH,0 14.375 pL, 4075 PCR §7 34 444 K .95°C  FiZZPE 3 min,
94°C ZE 1 30 5,57°C iRk 30 s,72°C FEAH190 5,35 DMEER, e 72°C ZEM 7 min) 4R B PCR H A A BEAR
FH 19%35 NEWHEE I B, PRSI I ] OMEGA /A &Y PCR 44k 7] & gk i 4iifk
1.2.2  HY R BARR E BERE LUK ( Denatured Gradient Gel Electrophoresis )

1 FH € 171 2R A FI B9 Bio-Rad Universal Mutation Detection System Xf PCR Zlifb = #it4T DGGE I , 41
PCR F Bt FH 6% (W SR TG IR | PR 2 1 25 251 H IR RGAE SR 28 1 ), MR A 1) SCHR S S5 PR B858RO 5 vh 4 A
PCR F Beoe FEAR PR e BE A R 40%—60% , PCR Zlifb =% L RE =~ 10 pL, BRIk RGEMEHR K 85 V,
60°C THIIRA FAE IXTAE 28 i Pt AT HLPK 16 h, HL Pk HUR R AR Yk ) S BR ot AT e (0 IR
1.2.3  Hdsanbr

i SPSS 21.0 for Windows X} +- 8B ZHGHA TS 12250 H7, DGGE 35 H Photoshop CS6 47403,
Quantity One 4.6.2 #47 DGGE Eli5r#r, HIEANPE RV 530 K 1y B AU R 20 B ( CCA 20 ) fi F 4
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Table 2 The soil physics and chemistry character in in different scheme area

‘ TR WER il 7Y i

R K ERGTE . - ok A %
R pH NH;-N/ NO3-N/ TOC/ TN/ TP/

Site SM/ % AFDM/ %

(mg/kg) (mg/kg) (g/kg) (g/kg) (g'kg)

A 36.67+5.18a 4.75+0.11a 8.49+0.54a 3.25+0.24b 0.76+0.04b 2.47£0.24b 0.50+0.03b 0.04+0.01a
B 28.19+5.00a 4.62+0.04b 7.37+1.09a 7.44£0.74a 1.45£0.16a 2.35£0.29b 0.38+0.02b 0.02+0.01b
C 23.32+4.00a 4.79+0.10a 4.55+0.69a 5.33+0.66a 0.77£0.06b 3.18+0.05a 0.42+0.04b 0.04+0.00a
D 27.36+6.87a 4.63+0.04b 6.87+1.38a 4.01£0.36a 0.71£0.07b 2.93£0.27a 0.67£0.02a 0.03+0.02b
E 33.23+6.29a 4.66+0.06b 8.05+0.38a 4.01£0.52a 0.94£0.13a 2.35£0.07a 0.63+0.08a 0.04+0.00a

F 36.17+0.83a  4.76=0.06b 8.5120.13a 6.76+1.57a 0.87+0.11a 2.48+0.47h 0.62+0.03b 0.07+0.03a
FEEKEH  9.4420.00b  4.93+0.00a 2.41+0.06b  6.68+0.96a 1.06+0.08a 1.95+0.13b 0.47+0.03b 0.01+0.00b

a.b IUEABFEMER, SM. F/KiE Soil Moisture; AFDM ; 25K 43+ 5 Ash Free Dry Mass; NH} -N: #4250 Ammonium Nitrogen ; NO; -N: A5 %
Nitrate Nitrogen; TOC ; 545 HL#% Total Organic Carbon; TN ;L% Total Nitrogen; TP B Total Phosphorus

22 HHEAHE PCR ¥

RIS SRR Al ) U W RE TR AL DNA JR K A 1 DT T A2 RE B DNA 43 3F I itk — 22 A 165
rDNA ZH 38 FH 514 GC-358£/907r i#£4T PCR 9™ Jf4lifk , 3453 14 4~ PCR 72y (7 MEHD, B HEHE 2 A5
). AR KPR .

CXA Gl ) Il B4 Bl DD G2 Gl Bl AR Al NMindeer

- s G D SN G S e D e e e ggggp
p

El1 TIEMEE PCR R (A MR B ORFEREM ; C AR D R REAE M B R 1 (LB BURE SR
Fig.1 The soil bacterium PCR result

Y PCR HLUKJS B A A it 25l S 40 T [l — 7K SF- T8, FErb 20 TR i 25 032 T Marker 1) 500bp 1 650bp 5%
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Fig.2 The soil bactria DGGE atlas and band schematic diagram in different scheme area
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TR REHL IR N —SSHERE , S FIAS [ B 18 S A M 2R Sy O — R, P RO AR UM A O 21% , R 5 K&
SEAEHIAHLE MBS RE U E IR S50 R A T A, AR RS SRR MR A S o S AN [l 4 53 3, Horp
TS ( Camellia oleiferaAbel. ) , 5516 ( Citrus sinensis (L.) Osbeck) FEHBGA W15 A —S7 , AHRIYE R 43% , TR HA
(pinus elliottii, ) A ( Schima superba) KM ( Eucalyptus) (A Lindera glauca ( Sieb. et Zucc.) Bl ) FEHLER
N33 AR AR 45%
2.3.3 M E MR HR)ZE IR 2 b

Ik L A & SE B (Genotypic richness, S), Shannon-Wiener £ #£ ¥ 38 %4 ( Shannon-Wiener
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diversityindex ,H") , Pielou 3J%] Ff 5 % ( Pielou evenness (2] 0.40 0.60 0.80
index , E) X =8 bR A RE Al B A 2 R0, A
A5 v BT AR 4 TR T 0 2 PRI SR 2 | Shannon-
Wiener Z HEVEARAC Pielow 2SI BER B0 3 s, W |
R AR 2 RS B AN R R B 1
2550, Horp AR A b+ 3B AR W (% 455 BE | Shannon-
Wiener 2 EPEHE L /50 B 16 T Hi o 06 5 HE Mo 7 1 Y e

IS RIS 52 07 ZE A H vh - & 2 | Shannon-Wiener 0B
ZREVERE B IR R LML ( Lindera glauca (Sieb. B3 REEHEHMEEEE DGGE B3 44 (A, 1EHL I REH:
et Zuce.) BL)FEHY 2757 P 5 55 O REHD R AR Af ( Schima B ARBIHENE; C ot FEbE s D BTRERE Mo s E L RS RE 5 F LS ARURE
superba ) FEH ; 111 = & J& | Shannon-Wiener 25 #4841 | #)

i/;] 5 ] J_E_ % 1 E‘E B/\J D—l\ IJ i’)j j\j i % %( Citrus sinensis (L ) OSbeck) Fig.3 The soil bacterial community dendrogram in different
FEHL, S AHOCHE ST R B o8 T A R Y - 4

P RE7% 1945 2 5 Shannon-Wiener ZFE P 48 BUOA M 835 IEAH C (P<0.01) , iy 5 B 5 428 £ & Shannon-
Wiener ZAEIERGEI 0 35 IEAH S (P<0.05) .

K3 BREMRETRMAEFEEREZRFEE Shannon-Wiener 5HF11 5] B M THE

Table 3 The average Genotypic richness, Shannon—wiener diversity indexand Pielou evenness index of bacterial community

=]
S

— N

|;D
fee]
(=]
>>IEEE I EQOTINN

LLLIL LG I DAR

scheme area

R FEwE ZREMFEEL fes);:3
Site Genotypic Richness Shannon-Wiener Diversityindex Pielou Evenness Index
A 20 2.81 0.94
B 20 2.82 0.94
C 14 2.46 0.93
D 12 2.27 0.91
E 21 2.80 0.92
F 24 2.93 0.92
KiEE R 9 1.87 0.88

AR HAARE N, B ARSI C MR AR D BT AR S B AR AE s F - LS AR

2.3.4 HEPHBEE BRI E R Z - AN Vs AR 1Y CCA

Ry — AT IR AN R 5 A S SRR AL PR R A R K DGGE #8803 Hh 4 — 457 DG FE(EAE
YRR , {8 CANOCO R AF 547 3L X B 43 #T ( canonical correspondence analysis, CCA) , ZrHT45 a5k 4
iV

R4 REFHITRIEFZETFEHEERE CCA FHER

Table 4 Result of CCA between the bacterial communities and environmental factors in RE mine area of An Yuan

HEREHl Axes 1 2 3 4

FEAEMH Eigenvalues 0.20 0.08 0.14 0.10
TFh-FRIEAH K B 8L Species-Environment Correlations 0.99 0.99 0.98 0.93
il BAUE 73 2L # Cumulative Percentage Variance of Species Data 18.4% 35.2% 48.2% 57.6%

Tilt-FRI5E 2 23 LBV b

Cumulative Percentage Variance of Species-Environment Relation

26.3% 50.4% 69.0% 82.5%

CCA Z5RRBT 28— —HEFP B/l e 1 52 40 T VA 2540 18.4% 11 16.8% Y78 S , 17 11y U 4> HE - 4l
LA RE 7R A BRI A58 57.6% 178 S o AR AR BRI A BR AR DR BB RS AE — e R b AR T
T WIRE I 45 A0 A2 AL AR A7 oA T RESE WA B AR MR E VR S5 A O PR PR 1

CCA I8 R LW ity X AN B R PR 7E A8 B 2 3% pH 2 2% (P=0.038) , Mk EE 5, +
SN TR TR PR B 5 I PR W6 A8 R 3 7K B (P=0.048) A HLEE (P =0.006) A HLIK (P=0.030) K B (P=
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0.012) . ¥ CCA 4145 5f8 Hl CanocoDraw for windows
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sinensis (L.) Osbeck) FEHBAN R FEV% 5% TOC NO;-N 521 ° vor TN_ SM
BREI—2 I ( Lindera glauca ( Sieb. et Zucc.) B
BL ) REHB AR R BEVS 52 NHS-N TN .SM  AFDM TP 51
Bk B — 2, 0 M B (pinus ellionii,) | He B PH ck o
( Eucalyptus ) 7 M 20 0 FF 7% 4544 52 0T A1 A BE IR 752 i 24
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b - SN TR 75 2548 52 PR K 752 ) 5 R A8 S A
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—EM RN, MEHLHABEHD; B ATEREH 5 C 3 28R s D 5 B 5 B M
235 e o F s L HURE A

iigiﬁﬁz%%iigﬁzlj&%%ﬂg Eg /_;Eﬁﬁfﬁg , "E"ﬂ L‘j Fig.4 CCA ordination graph between the bacterial communities
ﬁﬁx‘_‘ri%i‘j&% %%%ﬁ? B@ﬂgjjﬁ{/ﬁmﬁﬁyﬁ%i and environmental factors in RE mine area of An Yuan
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RE'' Junjian Li'™ 48 ABFFE T -3 RGP A ) 2o Mot v [ P A b DX TF SR S5 8 3 R 0 R A A 42 11
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WA - T IEE G ASEARRT 400 1 RSB BT 20 TR TR S5 1 8 A SO E AT Z IR G &R X A
WAV AR+ A M B g A b R B p ek RAE I EEAT TR RO . ARFREA R84 2 1 A
MPAE S S, IR RIRAE R4S 2 1 IR 5 i , IR R VR 4 A 2k T ] AR Ak, PR B AT R a8 K
AU SR T 23 54, DIERUE YRR S AR PE AN RN, X SRR R
AR T R R R R I B LU R R R 3 IR T R RE A 22 BREE SRS N+
B pH SZAR R A MR HE R ) S TR, S T s A2 B eV 22 REIE X 5 BE X Ak T HAROK -, 32 s £
ey X e GRS B , SEB K E AL B AL S B RS L S EO L TR, RIS
WS 2 EWT pH AT BB AR S - R A WA 1 B R - A9 R HT B8 A 34 btk
BRI A HAEY) | AR TR R d A I 5 A E RS LI SRR — e
JERIAR R | A St Hy SRR P 72 SRy S IR | 52 W) - 3BT A MR P A5 A W IR B IRt s | 32 - Bk 1
[T SO OS2, - ST A v A T RRU e i 107 A4 0 i N Z2 AR MR, BE A 0T 1 3 v B 2R i Rl R LA
A, JF i I o WA [F] D RERY 380l , D LR IR R A & R AR AR R Wy 2o Al F 198 5 R bl ]
HYRE & 1G4, B IR AR KT B SR oe R o IR A W s HRE T A8 02 5+ e PR 4545 31 B 12 10 ek
B, T B Y ek R OSCRE DRAB ) RES IR AR A E R AT
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