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Abstract’! The Telatlve importance of the determlnlst{g ve;sus stochastic processes underlylng cé‘mmunlty dynamics héas-leng Mo £
central theme in -bommurnty ecology, and is mtenslvely débated in the field. Mlcroblal{tommumtle[s play key roles in nutrient qychng
and the flow of énergylin ecosystems. The reseq.rch on the structural dynamics of imigrobial community will provide data dnd theoxetical
support for understandlng the assembly mech‘amsms of "community | and for predlctlng the dynamics of microbial community funder
env1r9nmental stress.” In this study, the Wlumina Mlseq method’ was, applied to investigate the structural dynamics of bacterial and
fungall community#in a dam ‘of Shibahe mine tailings -at' dlffeTenE__Iestordtlon stages (1-45 years). The results indicated that the soil
physicoéhemical properties in the dam of mine tailings forined an ecological gradient, and the plant community showed succession along
the restosdtion time. The diversity of plant communities was significantly correlated with soil nutrient contents but not with soil heavy
metal contents. The structure of the microbial communities showed significant differences at different restoration stages of the dam land,
in which Proteobacteria, Actinobacteria, Firmicutes, and Acidobacteria were the dominant bacterial phyla, and Ascomycota,
Basidiomycota, and Zygomycota were the dominant fungal phyla. The assembly of the microbial community was shaped mainly by the
soil nutrients and soil heavy metal contents, but plant diversity had no significant effect on the microbial community structure. It was
suggested that edaphic factors drive the dynamics of microbial communities under the stress conditions of pH and heavy metals on
small, local scales.

Key words: copper tailing dam; microbial community; structure dynamics; edaphic factors; heavy metal
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Fig. 2 Changes in the plant diversity indexes along the successional

chronosequence of plant communities in the tailings dam
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Table 1  Relationship among the different environmental factors and plants diversity

pH PS TC ™ C/N As Cu Mn Ni Ph
pH 1
PS 0.53* 1
TC -0.84* -0.41 1
™ -0.70* -0.44  0.80" 1
C/N 0.54* 0.3 -0.46 -0.74* 1
As -0.60" -0.11 0.37 0. 44 -0.36 1
Cu -0.16 0.45 0.19 0.03 -0.24 0.19 1 . 1 IF
Mn -0.72* -0.26  0.61* 0.61* -0.60*  0.51* “0.25 1 =/ £
Ni -0.54" 0.08 0.45 0.46 -0.47 0. 46 0250 0,70 ** 1 ik
Pb -0.37 0.18 0.35 0.4147 -0.59*  0.49 10,66 | 061" 0.54* # &1 °
Zn ~0.55" ~0.15  0.46 0.57" ~0.64  0.46 | 10.23 083" 0.57% 5.5'"0. 70
PB -0.60* -0.38 0.68 0. 65 -0.52*  0.19 008" 0.39° 0.47 L0581
Si 0.73" 0.44  -0.76[ -0.558 " T e -02 | F 021 U-0)56° -0.2 0441,
sh 7 -0 76” o052 o827 | /) olso 4 —0.25 0.15 "4 202" | 4. 0.58" 0.3 -0.49 &
Pl —odast ) 4o omf oﬂ'g -0.13 0.3 /o2 | Yo -0.1 -t
Cat | _o.n S -0 0. 75 # P92 056t 0.3 FO 4 ° 20.45 0.29 -0.2%
Ure -0479" . -0.72" 0.7 | S l.«o, 95 -0.46 0.49 £+0.39 0.75" 0. 44 0.07,4
Sy -0 o -0.78* o0.87 [ o._§6‘!* -0.50*  0.26 -0.24 0.61" 0.34 —0.23
sR g Ubosi=%  _oa1~ o7+ 4 o711, 50.38 0.3 7 —0.15 0.674  0.38 0.3

F " 14 Upp s S Cat Ure Sue SR

Zn ¥R '
PB ;o -0.02 1
Si -0.27 -0.56* 1
Sh 0.23 0.63*  -0.96" 1
Pi 0.25 0.35 -0.87*  0.79* 1
Cat 0.4 0.62* -0.59*  0.62" 0.41 1
Ure 0.68*  0.39 -0.63™  0.64™ 0.53*  0.81" 1
Sue 0.31 0.71*  -0.73*  0.80* 0.54*  0.90* 0.84 ** 1
SR 0.29 0.74™  -0.67"  0.74™ 0.56*  0.73* 0.73 ** 0.90 " 1

1) Rel: FISCHE, PS: L MEMIE, TC: B8%,

P <0.01

2.3 B0 I G YRR AN e 2R
A 3L T A0 R A S P A v R A B 1) 81
TERL T B S RSB, IR 2Bk W e 4 A AN &
FAE K — A A0 B A AR At S 75 S B — 2 Y T
BAETE. Al , SRR 45, 15 A1 a FEHLAY 1
AT FE A il Y, b R E R
SRR ZREME (R 2). KPP ATLIEH, BEE WK AR

N: BA, C/N:RA L, As: B, Cu:fd, Mn:%h, Ni:%, Pb. 4%, Zn.%F, PB.AHYIEW R, Si:
Simpson 84X, Sh: Shannon #§%¢, Pi: Pielou ﬂ]’q FEFERL, Cat.id B AL &, Ure: IRE, Suc. FEREREG, SR, 1ML,

# FR P<0.05, % % FIN

BRIG Jm, A HETE OUT %, =5 £ 45 %0 ( Chaol |

ACE) . ZHPEF8 %0 (Shannon | Simpson) 5 i 3
Thi s, R BB WS AF R A4 55 0 240 i = 5 B2
ZHAE R EIG . BWEPIEEIRAE 1 AFFE M
K, BE&F 8BRS S A, A2y
YA, BERIZ I ) B8R, e, R 5
KEWFE3) BoR, AEEEE3(a) ] RS
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A % W ] ( Proteobacteria ). JU £ W [
( Actinobacteria) | JEBEEE [ ] ( Firmicutes) . FRFT 1]
(Acidobacteria) , HeHZETEH1(39. 7% ~63.4% )
LT (20. 6% ~28.9% ) HIXF F B e . LA,
A L FF B ] ( Bacteroidetes ) . Zf 2 I [
( Chloroflexi) | ZFFLI A '] ( Gemmatimonadetes ) 4.
HwWfEdk (B 3 (b)] £E 7% ET]
( Ascomycota) . HF ] ( Basidiomycota) . & B
[T ( Zygomycota ) 5§, Ho v T & ] (58.2% -~
77. 4% ) A 2 fe e

WMEYIREE SN 4 7R, 7E45. 15 F11 a
Fesorh, AR A IR (FE=1%) £
A3 55 W45 4T B B ( Caulobacteraceae, 8.9% . 12.8% .
47.4% ) . ¥4 B8 "8 B 7 B} ( Sphingomonadaceae,
3.7% . 5.2%. 2.2%), M T M1 #H Bl
( Comamonadaceae, 2.6% . 2. 1% . 1.7% ) . H T
B £} ( Methylobacteriaceae, 1.4% . 2.0% . 9.0% ) .

®2 FRASHELRRED SRR

THEREEFL ( Micrococcaceae, 2.3% . 1.7% . 3.5% ) .
WA W B ( Microbacteriaceae, 1.5% . 1.5% .
6.2%) . 25 F K BF ( Nocardioidaceae, 3.0% .
3.4% . 10.8% ). BLAh, PEEANRBR LA L1 IR AR
( Rhodospirillaceae ) . 12 A= # J& & F} ( Bradyrh-
izobiaceae) . E 22 {§{ I/ #} ( Hyphomicrobiaceae ) | fif
% B Fb ( Streptomycetaceae ). B BR s
( Streptococcaceae ) %[l 4(a) ]. 3 ML, B
MELANRAR(FE=1%) (Bl 4(b) ] FEM
F5 B Bk 52 Bl ( Pleosporaceae, 1.33% . 16.9% .
3.51% ) . XEFF( Trichocomaceae, 6.3% . 10.3% .
15.9% ) . M\ 72 B} ( Nectriaceae, 4.3% . 2.4% .
2.1%) . ZEWEH H A€ (Hypocreales Incertae_sedis,
1.4% . 1.3% . 5.9%). T % W [T R # ik
(' Ascomycota unidentified, 1.9% ., 1.4% . 1.8% ).
WA, EBEERE A B2 E R Chaeto_r_nia'c'e-ae) N
¢ H B} ( Sebacinacdae ) 4. ot ,..—-”:f' iy

—

P

Table 2 Diversity indexes of tlie microbial clonal library in soil w1lh different gr#dienls o
B3| PRI IR 5] ' %0TU ; a =
7 A‘ 4 ! | - Chaol ACE Shannon “Simpson
B 45 30572 | OB T 17664.09 ¥ at 05441 ¥ 9.991 4 0.993 4
A 'y R 31267 |/ ) /f%_g_?f' 11675.25 % /11682.027) 47 9.3180 0.9870 ="
= | 32885 W 364 447. 02 424.76 3.8508 0.8156
= / i ¥ — 7 ] -] 4
: '45 47730 § S f 395° stz /0 M em.0a% s 06 10292
L 15 31701 f rJ365 502.28 573.28 5.04 0.92.4°
f 1 71160 1 F 211 238. 89 253.63 5.19 0.95

=)

1) P R AL R 1000 POR 5727 i B P TR 2t S AR, S T (RSP SO 75 XA
%

FE AR s U R b AR, 788 B2 11T S 0 (1

2.4 R PRI SR YR TR ShAS 18K Bl K
B RIR, R U T G A W A I 2H RN £
MTEARRI I AERR B W 25 5. SRR 2T
3BT (NMDS, stress =0.01) 55 (& 5) B, 165
IKF |+ M B ( Micrococcaceae . Microbacteriaceae |
Nocardioidaceae . Caulobacteraceae .
Methylobacteriaceae ., Methylobacteriaceae ) EEHEE
TR F IR (TC, TN, TS, C/N) | LHEALBE
Por [J 5211, Micrococcaceae, Methylobacteriaceae it
ZHIEEAE NiL Mo, As BRI, LM IS
P B+ ( Sphingomonadaceae ) S5 HE 4N A[H, FE 5
F4JE Cu, Cd, Zn, Pb M &EAHOC L4 AT
(' Hypocreales
Ascomycota unidentified . unidentified ) 5 &R 7 4l 74
FARL, 52 13T . RIESLBRE 2. Nectriaceae |
Ascomycota unidentified , unidentified i 5 HE 4R

Incertae sedis,  Nectriaceae

Ni, Mn, As #H5%, Trichocomaceae 3 13 pH | 13
BB, Ps, Cr W 52 m. 5 A, B Bk 52 #}
(Pleosporaceae ) 32 -+ 3£ ¥ Ak P i A9 52 W0 %5 /).
Microbacteriaceae . Nocardioidaceae .
Caulobacteraceae , Methylobacteriaceae I Hypocreales
Incertae_ sedis 3 % 4E I FEPK &2 1a B9 FE M,
Micrococcaceae ,
Ascomycota unidentified , unidentified 3= %2 4E 1 7E K
245 a bl B2, TIEMAUIRER S Sl SR
PR EE S LSRR, WP E SRS
.

Mantel 73877745 70 At 3B GIAE W RE TS | A RE
V&R LA K i Z [ AR DGR (£ 3) . Rrp
AR, AR S A R A RO (r =
0.956, P <0.05). TIEANR , Him ks S 2
PETC WA OCHE. NGRS . ARV A RS

Methylobacteriaceae , Nectriaceae |
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E: ¢_Thermoleophilia
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Fig. 4 Relative abundances of the dominant families of bacteria and fungi in the microbial community in the soil of the tailings dam
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Fig. 5 Non-metric multidimensional scaling ( NMDS) of the correlation between

the microbial community ( dominant families) and the physicochemical factors

®3 LTEWNEY T SEMSHE. LEREHN Mantel 547"
Table 3 Mantel analysis of the soil microbial diversity,

plant diversity, and soil quality

Wi H r P
A - LA 0.956 0. 002
YU -HE 0. 598 0.08
FLI A 0.671 0.091
i - T 0.730 0. 029
FLH- 3R 0. 817 0037+
FEA) -+ HE o i 0.817 0. 034
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