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Characters of soil seed bank in copper tailings and its adjacent habitat
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Abstract: Soil seed bank is an important part of plant community, which dominates the development of community
succession. Soil seed bank characteristics of copper tailings and its adjacent habitat were investigated. The results showed
that the seed density of the seed bank between different community microhabitats in the copper tailings were different, the
range of which was 57—593 grains/m’. The average seed density of the seed bank in the tailings was 370 grains/m’, and
that in the tailings dam and the mountains was 999 and 121 grains/m’, respectively. The difference of the sorensen’s
coefficients on species between the seed banks in the tailings was greater, the range of which was 0.308—0. 636. These
showed that the effects of microhabitat on seed density and species of soil seed bank was huge. The seeds of the soil seed
banks in all the plots concentrated in 0—5 cm layer. The sorensen’s coefficient of species between the tailings seed bank
and the vegetation was 0.355, and lower than the coefficient of species between the tailings dam and the vegetation. The

species diversity, abundance and evenness index of the soil seed banks all displayed the followed trend; the tailings dam >
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the tailings > the mountains. The seedling of 16 families 44 genera 53 species from the tailings seed bank were germinated
and survived in the farmland soil substrates, and only 9 families 36 genera 45 species in the tailings substrates survived.
The plants germinated and grow well all belonged to Gramineae, Composite and Leguminosae, and the three families were
also constituted the main vegetation types of the tailings. The seedling germination and survival rate of the tailings seed bank
in the tailings substrates was 62.2% —91.2% , which was about 2 times of the dam soil seed bank and the mountains soil
seed bank. This indicated that the seeds of the tailings seed bank already adapted to the extreme environment of the tailing,
or they were tolerant plants. The study suggested that the microhabitat affected the seed density and the species composition
of the copper tailings seed bank, through human activities changing microhabitat conditions could improve seed density and

species diversity of soil seed bank, thus would speed up the process of succession and recovery of the tailings vegetation.

Key Words: copper tailings; microhabitat; seed density; soil seed bank; sorensen’s coefficient
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Fig.1 Level location maps of artificial restoration area in the copper tailings dam

1.2 Hh BAEg A

TR AL TE 2010 4F 8 H iR #EAT . A% Ll vh R A P AL 228 R A | A 400 1) 9] A SR AN [ i 2 7Y
(2 1) HREHBENLIRE 5, B REVEAE IR S 4 D 1 mx1 m BIRETT, PRANIC AR TT N B MW a6 B Fh 2k
2H LSRR ) A AR (FoR i F AR ) o AT IUARIE BILAR S 51 4 A4~ 5 mx5 m HEJr, #E4T
FEARA, HENEARE TP IE 2 1 mx] m WEARFETT, HA R IR A KA, Frid
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Table 1 The types and characters of plant community in the copper tailing

LSS T FEE/ % EHHE
Community Number of species Coverage Dominant species
A 12 7585 5 Imperata cylindrica, ¥ #8 Cynodon dactylon, K5 & T Medicago
lupulina , A ZE ok B Zoysia sinica
B 21 60—75 45 5l % Trifolium repens, % 5 Artemisia lavandulaefolia, — 4 ¥
Erigeron annuus, H3 Imperata cylindrica
C 7 30—40 H VWL Oenothera erythrosepala Borb. , HE Imperata cylindrica
D 9 70—85 HAREER T Zoysia sinica, 55 T Lxeris debilis, ) 7 H2 Cynodon dactylon
E 7 70—85 AT KL Hippochaete ramosissimwn, A L5 B Zoysia sinica, 43 3% 5
Coreopsis basalis
F 5 30—60 FE Miscanthus floridulu, F3F Imperata cylindrica

A FIR A+ M0 F RBEVE Imperata cylindrica+ Cynodon dactylon community, B &7 [ 425l 5+ B W +—4E 3% Trifolium repens+ Artemisia
lavandulaefolia+ Erigeron annuus community, C 7~ H WHBEE Oenothera erythrosepala community, D &7~ HAELE 2 B+ 5 J] IEBETE Zoysia sinica+

Laeris debilis community, E RV Hippochaete ramosissimwn community , F 3878 TLT 2 FEVE Miscanthus floridulu community

&R LMD FEN A R E ittt 42 #, SRR T 13 BlL36 J&, FEAFERAFL 10 F, TR 6 Fi,
HRL6 B, AR S B, YT, 12 AR RAKY) 21 M, ZAEAEARAEY) 20 B, TR 6 FRARXS AR
FE TR LIS MR BEE . HoA B 2P (Imperata cylindrica)  $0719 75 ( Miscanthus floridulu ) %) 4 4R ( Cynodon
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dactylon) . FAZ-H15 ( Trifolium repens ) FERISHEYI 15 19 5. ( Hippochaete ramosissimwn ) ELHIESLAE B S I &
J& o TR ST AR L A 2008 AR E N TAEREMR A LI, 294 2000 m*, N FEERFIA K FE B 15 (Medicago
lupulina) JRFAF( Catsia tora) %395 ( Coreopsis basalis) " JFKk ( Boehmeria) | J7 25 ( Phragmites australis ) FI1¥ i
(Typha angustifolia ) %5, H 9K £ KA —4E % (Erigeron annuus) | 3, 7 19 K, S8 XN A 9 6 2 8
85% —100% .,

WLl A S VA N T S e i S A 4G 9 MR HAEMI R RE, 300y vh AR SR 2R B 5P T
KL EL (Arthraxon prionodes ) . Y 2§ 46 ( Flos Chrysanthemi ) . & K ( Rhus chinensis ) . 25 #E ¥ ( Amorpha
fruticosa) ¥ ( Vitex negundo) FIEF LML ( Zanthoxylum simullans) o J535 A F] 98% —100% .

il BT 3 AR 32 AN T A D B A ( Pinus massoniana ) Mk, Wi AE 445 AT ( Phyllostachys
heterocycla) VAL CETEAE B P AEAURN Y 35 4% ( Rosa multiflora) , T3 A% 100%

1.3 bR ke

NIRRT R T AR RO, T 2011 43 H, BUSARWH & R TR L AR PEAR W
A FThRiC R YR SRR BN LR R DT, ZEREDMREDT Y 20 em % 20 em x 10 em +4E, 43 0—5
em F15—10 em PIJZHORE, LI 80 f H 4, H H ARk VRIS ],

1.4 S5k

FEAMIR Al —FEHL R ZEE AR RS A A 2 0, 45 i L e BT 9 R A A g
FEI, A AR T R S A R R IO R TR, R ST R R AR E A
AW, DA SR . 3% 50 em x 25 em x 25 em SPRHECN B AR, A 15 om HEJRT, TR R
1 K (B 220 120 Cpifldbas 12 ), 5 BRE Bl TR TR, JREAN 1.5 em, ETHEEN
PEAT R A, AERIEA DK 10, DR FF R38R, SelOy 12 h, MR EDY 20—27C, & 10 d
0ok 1 RO AR, JHE SR AR KB O 5 W KRR D I B8 0, PR HARE W &, H R %2k 2 JA
TR FRH A Ik . SRS 30 d, SR YIRIE

BT pH {4 6.85—8.43, BAS L0 900 me/kg, ARBE A AN 1.40 mg/kg, 28N 220
mg/kg, B4 JEFERIN Cu Cd Zn Pb EEEGE, HEREIHAF] 950 3.20.,170 F170 mg/ kg,

1.5 Bl ib B o34
% H Sorensen’s coefficient 5% " T 3R 22 5 M AR (s e A2 ) fARARIE
CC=2¢/(s; +5,)
K1, CC & Sorensen F8EUMWH ; ¢ JEAEM FAEYE S IR ¥ FEH AR IR ECH 5 s, A s, 4000 b 1 AE
BN R R A ECH

MR A HE MR 712 P R 40 SRR, TR 2 R IR T RERF 5T T R I Margalet 4 5 B 48

(1) .Shannon-Wiener ZFEMEFEEL(2) VL AE ML IERE FiETT Pielow Y5 BEFEEL(3) «

R=(S-1)/InN (1)
H=- ipilnpi (2)
E = H/InS (3)

K, S ASFERLFP T FE TP RSB, N O RR R T A R R B, PO AR @ R AR 0
FHL A MR SRR A
K H] Excel F1 SPSS11. 5 et AT AR GE 1T o0 A, 8 i B b - S5 Rh 1 PR T & 0 b1k
2 ZER551
2.1 AR R R R YRR
A N R R PR R A5 (2 2) RWI, BHE A REGREE TR 80. 9% —100% 1Y K Fh
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HEPTE 0—Sem FIZRT W, A WRHEE S BEE T R S—10em BTE R FE R LA Fh T
Wk,

A A [ R ARV ol 8 ) o 1 T 22 S K, 6 P A s + I 5 +— AR TR (593 Bi/m?)
> WATEREE (537 Fi/m®) > P+ MRS (533 Fi/m®) > PAELE 28+ 55 J) EFEVE (409 Ki/m®) > H L
TR (78 B/m®) > FW SRR (57 Ai/m®) o B HUA - EERN 9 IR H] 999 Ki/m®, B REH NF
Py (370 Ki/m’®) 19 2 £52% , BBA =1 LR 1 HERh T 2R 25 BEAINT IR, 29 0 B0 N b 128 - 35 2% 1 114
1/3, AT, T A SO S A 5 R - 1 PR B A 34, 3R I ) LU TR A TV - 7 2 %%
JEFA XA

R2 TR TEMFENFTFEERESEHRMOBELE

Table 2 Seed density and sorensen’s coefficient in seed bank of different plots

FE B FhF 2 Seed density/ ($i/m?) &3t 0—5 em/% T PR 5 R B DL
Plots Number of species 0—5 cm 5—10 em Total Percentage Sorensen’s coefficient

A 21 431 102 533 80.9 0.456

B 31 504 89 593 85.0 0.491

C 11 78 0 78 100 0. 144

D 14 375 34 409 91.7 0.375

E 12 537 0 537 100 0.279

F 11 57 0 57 100 0.384

G 28 775 224 999 77.6 0.503

H 11 89 32 121 73.6 0.247

A. I+ RS Imperata cylindrica+ Cynodon dactylon community, B P ZE s+ Y s +— A Trifolium repens+ Artemisia lavandulaefolia
+ Erigeron annuus community, C: J VWL H FEJ%E Oenothera erythrosepala community, D W1 4625 2% w5 + 59 J] BEREVS Zoysia sinica + Lxeris debilis
community, E: T35 5B Hippochaete ramosissimwn community, F. FATPHEE Miscanthus floridulu community, G FBH WA Tailings dam, H. &
B =T L& Mountains around the tailings
Wil AP R AR IR LR T B R R T 16 Bl 44 J8 53 B, HA ORAEL 2R GRL b 4xf B (£
3), XSRS EAUHE SR — 2, B S EAESC R BRI, BRI B AR AR
TR S BRI I B R AR, W AR A 55 + S0 IR TR R B — R A . aT L, W
T BB B BT 55 A T AR IB 3 R B AR Py A i FE AR K

R3 TRHEMTEMFENEZEMEFRELLG (%)

Table 3 Species and percentage in seed bank of different plots

B Families A B C D E F G H
RAR; Gramineae 63.09 28.50 39.75 44.74 42.64 70.18 33.93 17.36
% B} Composite family 8.63 36.76 26.92 33.01 22.16 15.79 27.43 22.31
T Al Leguminosae 18.76 21.25 6.41 8.80 21.56 7.02 18.02 8.26
F WA} Typhaceae 6.00 2.02 2.56 0 8.01 0 0 0
WAL Anacardiaceae 1.13 0 0 1.71 2.42 0 3.90 3.31
AR} Pinaceae 1.69 0 3.84 0 0 0 0 48.76
M-3R} Onagraceae 1.83 0 16.67 0 0 5.26 0 0
ZERHF} Plantaginaceae 0 1.52 0 5.13 0 0 2.80 0
FPR} Polygonaceae 0 0.84 0 3.91 3.17 0 0 0
#3F} Rosaceae 0 1.35 0 2.69 0 0 2.00 0
AR} Simarubaceae 0.56 0.51 0 0 0 0 0.80 0
ISR} Cyperaceae 0 4.22 3.85 0 0 0 0 0

£ 7B} Caryophyllaceae 0 1.01 0 0 0 0 1.40 0
ILHFRER} Verbenaceae 0 2.02 0 0 0 0 3.20 0
2575l Rutaceae 0 0 0 0 0 1.75 4.20 0
AJEFEE Umbelliferae 0 1.18 0 0 0 0 2.31 0
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2.2 SRR AR A T R TR A (B

F2RY, B NAREE R LIRS EAE AU 0. 144—0. 491, SRR, R
PR LR 7S 3 E AR AR I E Ry, T ARG

A AN RIS 31 P A B AR L PEAE AR BR 22 e (6 4 ), ZBAKIE R 0. 308—0. 636, Hib iy
TS A IR AR T R A R f e, RSS2+ B ) BRI Y ORI AT LA R B AR, W]
JLAN TR A 3t AR RIS R R BRI BRI T AT 0GR W) L SR 1 R R 4L, R AR 12 5 R A A 1
[ B AR AL P =TT L AR P 55 R A ALl 2R AL ARMRL R &, {ELH) DL e 3% AR T 3 3 9 o S 3 P 15 301
PRBR TR AR IR AR (2 4) .

R4 TEEEM T EEMFEZ EERME

Table 4 Sorensen’s coefficient among seed banks of different plots

Kb Plots A B C D E F G H
A
B 0.549
C 0.438 0.488
D 0.457 0.545 0.320
E 0.424 0.333 0.348 0.308
F 0.438 0.341 0.636 0.320 0.435
G 0.653 0.552 0.359 0.476 0.250 0.462
H 0.353 0.296 0.293 0.357 0.402 0.314 0.410

2.3 HFEMAIEM TR SRR R

M5 AT, B IR R B 2. 74, AT IUA - 38R ¥ R E R, (AL ik 0
R . 5FE RGBSR, BN LR TR AR RO D 2. 424, S5 AR B ME
0.4359, [AFEARTHUA LR 12 M B LR T3 M 128 , Al L, AR R -5 AR i i 3 2 it [ A ), {5
TN TX R BORAB BEE R A 190, AR B r 2 B4R sy, S B0 SR 7 R R W) Fh 2 AR & T
Ao WA N TRBR S, PoRh i —, I AR BRI RE i, BRI T R T M b 2 R

F5 AEHMTEMFENDMSEGE
Table 5 Species diversity of soil seed bank at different plots

FEHL Plots Margalet =5 FE4L R Shannon-Wiener ZFEMEFEE H Pielou Y5 BEH8% £
A 3.19 2.785 0.4348
B 4.54 3.068 0. 4805
C 2.30 2.288 0.5018
D 2.16 2.480 0.4124
E 1.75 2.084 0.3315
F 2.47 1.837 0. 4544
G 3.91 3.155 0.4568
H 2.09 1.680 0.3503

2.4 AR SR R K R

HIP 2 ATRUE Y, A M T R0 T PR A FE A 22 o v i A O JiG 1) 401 A AR B A0 T T L e b il
JIGHE A AN, A P SR O R ST 9440 R T 0 A T 9 S A S I, (R BRI
R BT BB B ETE 30 d ZHTRICAHEIN, 30—50 d Z A AT, IUAHNLLAR b 38 2 v i 19 4
R =R B DD B S WS K BB B S AL TR A B AR B4R

FEnT R UE: 25 0 B YE I T S SR T R e A A T AN BRI K s A AR T R M T RE I A
PERAYHEYI 9 9 B 36 J& 45 B, BB FARE BERRL S RL G ARRE AT ATRERIIE B 1R N A 5
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(=]

B R, K, WA AL, PR ol alwl [wlwlnTal]
IR TAELLIE AR R, K TR R R T e Deyo st sowing

RIRVZ TR 434 25 5 SR BRI, 3000 L 1 2 ) N
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