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Effects of Vetiveria zizanioides L.. growth on chemical and biological properties of

copper mine tailing wastelands

XU Decong'?, ZHAN Jing', CHEN Zheng', GAO Yi', XIE Xianzheng’, SUN Qingye"*, DOU Changming’
1 School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China

2 School of Chemical and Life Science, Suzhou University , Suzhou 234000, China

3 Anhui Institute of Environmental Science, Hefei 230061, China

Abstract: Vetiveria zizanioides .. is a Gramineae herbaceous perennial with rapid growth and is highly adaptable to its
environment. It is often found in wasteland and lead/zinc mining abandoned soil. V. zizanioides is also strongly adaptable to
copper mine tailings. The criteria for determining successful phytoremediation focus on both aboveground vegetation and
substrate characterization. To understand the effects of artificial revegetation on the remediation of wastelands associated

with the Tongling copper mine tailings in Anhui Province, we studied the dynamic changes in chemical properties,
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microbial biomass, enzyme activity in the tailings, and the relationships between these factors. The tailings were collected
under V. zizanioides communities constructed on copper mine tailing wastelands at different times: JX (V. zizanioides
communities were established in the recent stage) ; ZX (V. zizanioides communities were established in the middle stage) ;
and OX (V. zizanioides communities were established in the early stage). The results showed that the tailings under the ZX
and OX communities, had higher pH values and lower electrical conductivity and available Cu and Pb concentrations than
the tailings under the JX community, indicating that the process of tailings acidification slowed down after the establishment
of the V. zizanioides community. As the V. zizanioides community developed over time, the total N and available P in the
tailings at 0—35 cm and 5—20 cm depths increased ; with the total N and available P in the tailings at 0—5 c¢m under the
0X 4.64 and 22.44 times higher, respectively than at the same depth under the JX. The total N accumulation at 0—5 c¢m
was significantly higher than at the 5—20 ¢m depth, indicating the effect of the phytoremediation on improving the substrate
chemical properties. With increased plantation time, the dehydrogenase, catalase and urease enzyme activities and the
microbial biomass C and N contents also gradually increased at the 0—5 cm and 5—20 c¢m depths, but the alkaline
phosphatase activity did not increase. The dehydrogenase and catalase activities and the microbial biomass C and N contents
were all either extremely significantly or significantly negatively correlated with the electric conductivity. However, the
microbial biomass N contents and all soil enzyme activities were significantly positively correlated to the total N content,
indicating that total N was a dominant influence on soil enzyme activities. The microbial biomass and most soil enzyme
activities decreased with increasing Cu and Pb contents, and the dehydrogenase and catalase activities were most sensitive to
Cu, but less sensitive to Zn. The V. zizanioides has shown a significant ability to improve the chemical properties of
tailings, and also to increase microbial biomass and soil enzyme activities. It is an adaptive plant species, and is

recommended for the ecological rehabilitation of copper mine tailing wastelands.
Key Words: Vetiveria zizanioides L. ; copper mine tailings; chemical properties; microbial biomass; enzyme activities
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1 #RF7 %
1.1 BRI

IKA T RRAT 7 (30°55'N, 117°50" E) 37 22 U e T 58, Jas A7 B Je i 2 XU fee , 47 2 <l 17 4
C, TR 230 d, AFREK B 1370 mm , TR ST, 45-F- 24 H BRI 2050 h, AP0 N 75% —81% , i 4F- 3 %
JUE] R ZRAC IR, B 35 R 60—100 m, Sy 45 B RE AT I 5 4, Sl 1R LU AW % 22 32 o N T 5 R AA K ( Pinus
massoniana Lamb. ) FIFEAR- S HHEVE . T 2004 955 B8 AN, N TIRE B IR 77 1o sk i IR 23T 43 3 A4~
B0 B — GBI (AR 5 A R RS o AR LU = A H R
Z X2 4.5 7 m’, T 2006 % 2008 4553 3 B B R A AR A, b i 0 D R AR AR FCRE IS (V.
zizanioides communities were established in the recent stage, JX) FI 3] B A & AR B BE V% (V. zizanioides
communities were established in the middle stage, ZX) 7370 7E56 = & B, WP AR EHEYE (V. zizanioides
communities were established in the early stage, OX) /3 H7EE B,
1.2 KRR S4B

2009 4F 5 A, A BHIRAE JX ZX il OX F 0—5 em 1 5—20 em BH HES, A FE R GRS FEIR &
5 ANESAE TS 6 ARSI/ IR AR S TR, 23 5% A TR SRS b TR A, HORARFEM 30 1>, K
I A5 B 5 53 1 2 3, 1 A SE RIS ARAE T 4 °C UKAR, T 58 BT i A= 1y 12 TR 5 P A I, D3 1 A R
22 AARIAT I 3k 0 =2 5 T A 2 B e A
1.3 & Trik
1.3.1 RO gty e

pH (EFH A5 5 pH THRTH SR & (B Ky = 1 g:2.5 mL) ; SVECR LR E Z0E I E 5 3
R A R 0.5 mol/L kIR Z AN IR - BT L R

& Cu Pb 1 Zn | HCl- HNO,-HF-HCIO, 1L ICP % ; A RLA Cu Pb 1 Zn ]l DTPA 1242, JE 7RIS
SR
1.3.2 AR E

BB R C N SR EZE-R A RIS P AL C R T H B IR B AU Th- B R IV 2K R o 123, N SR B
PO EAIE ™ Mz E YR C N MTTS4% B Turner 61 171
1.3.3 S PER

At B RO S R TTC He s, ie LA triphenylformazan ( TPF) mg-kg_l-d_1 2R 5 o S A U I SR
FH T 50 BRI 2 15 15 2L 0. 02 mol/L KMnO, mL-g™'~h™" 7R ; Bl i R e 140000 5 2R 0 i i A R M 1 (2
1ML p-nitrophenol wg-g™'-h™" 7N 5 IR 4 2 R FH&E M0 5 L (32, 36 PE L NH-N mg-g™-h™ EIR,
1.4 Hyeib s

BE 5341 H SPSS16. 0 #£4T, One-Way ANOVA (LSD Kz ) H T2 5 L (P<0.05) IS AEAS -k 50 HH T
G3HTE A Rl —RAE X ST )2 A A 22 ] Bl LA s WU B A O 53 B R Pearson AHOC R AL,
2 HRESH
2.1 FARRE T R LB A R Ak

F1 KW LR pH (HEI P 2HmEE, B 0—5 em 15—20 em JZ pH [HHEI N JX<ZX<0X,, i HL
SRR A IX > ZX > OX,IX THZHEG pH HAH F3R 5 ZX 0X 257 W3 ( P<0.05) . ¥HMEAL
WAL TR =AU R 2 R AR I, X ] BB T BOZAL E R E pH (RGN L SR R i %
JEIA . EEMGESES RN 0X > ZX > JX,JX F0—5 cm HJZEA S OX P B E2ZR( P<0.05),
OX F 0—5 em J2 55 UM B9-F- K (E 70 B2 IX R A9 4. 64 A5 A1 22. 44 A, 3 3 WA Bl 25 7 AR 7 4
FEN FoE AR TA) A SE G B o v S R A e 5 b 2 B 4 vy
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SRR ET ZX M OX, MR Zn MIF PN IX<ZX<OX, B ANHF5E XIS 55 b & Ph & i A 784k B S
B Cu FILEL Zn AHHE2E S48/ ok B Al — A AL 019 R )2 B0 35 Cu Zn fI Ph BB TR EH 25 (P>
0.05) , FWIMFFE X Ik 3 Fv i 4 & S i A X A A8 1k 32 28 R IRl B IMEAR R H S PR BT TR

5 RN ES R &R R KIS S E AR T E RN Cu>Zn>Ph;2 EREI A Cu Ml
Pb F ¥R IN IX>SZX F OX, A B Zn & WERI K IX<ZX<OX, ARl i B M EF R R T, 12
B (0—5 cm) FHIA A Cu ZRA KT Z(5—20 cm) 53, Wi A [ i IR A0 B AR S REE T 2 2R
FIARUAS Zn R BE2ZES IXAHRE Cu ZX B Ph Ml Zn 78 L FEZREY A B3%E 25 (P<0.05
570.01) (H&H M E FEZRV P AEMSESE S ERESRENLAHERRE, D EgRRRET A 8E
fieE e SRR EME K H L ESE BT 5 Z NI A B

F1 FARTERLEER

Table 1 Chemical properties of copper mine tailings ( Mean+SD, n=5)
REEVRIE Sampling depth/cm

i H Item 0—5 5—20

X ZX 0X X ZX 0X
pH 7.32+0.1la  7.76£0.53b  7.82+0.08b 7.41+0.08A 7.67+0.22B 7.86 +0.20B
15K Electric conductivity/ (us/em)  1438.8 £157.1b 509.0 +292.7a 344.2 = 67.3a 1589.6 +26.6B 783.0 = 380.4A 427.8 +265.7A
S Total nitrogen/ ( mg/kg) 47.9+6.8a 138.9£55.2ab 222.2+104.5b 33.1x£6.7A  39.9+9.4A 41.6=17.1A
FHZL W Available phosphorus/ (mg/kg) 0.09£0.07a 1.32+0.97b 2.0220.81b 0.03+0.03A 0.470.34B 0.71 £0.36B
A CuAvailable Cu/ (mg/kg) 62.41+11.37a 51.47 £11.19a 49.24 +5.99a 78.25£8.5B 38.94 +2.68A 49.67 = 10.5A
A Pb Available Pb/ (mg/kg) 2.8120.52b 1.77+0.21a 2.1720.78ab 3.46+0.68B 2.22+0.18A 2.51 +1.02AB
AR Zn Available Zn/ ( mg/kg) 10.67+1.8a  28.5x1.72b 34.82+4.58¢ 12.16+2.71A 21.61 +2.51B 34.42 +3.28C
& Cu Total Cu/( mg/kg) 3059 £475¢ 1943 £341b 1387 £246a 2804 +442C 2126 £419B 1487 + 266A
. Pb Total Pb/( mg/kg) 31.7£10.7b  21.2+4.1a  23.8%5.2ab 30.6+6.5A 23.2x4.7A  26.8 +10.6A
& Zn Total Zn/( mg/kg) 410 = 70a 450 + 40ab 520 +70b 420 = 70A 470 £ 50AB 520 + 90B

IX AR B AR FEREYE V. zizanioides communities were established in the recent stage; ZX: HFIHAFAE F M REIE V. zizanioides communities
were established in the middle stage; OX . AP ML B BEVE V. zizanioides communities were established in the early stage. LSD K. [l —RAFEE
BER IR B 3R R [R]—4 7 T Bl (B 45 i 25 5+ (| P<0.05)

2.2 FHRETH R T AR

Bl 1 RE A AR A B R A A SE I A i € N BT R A AR R R B () 2 1Y
ZX SR AR 0 X MR ¢ B B 2R (BT E SR E N 3,06 fif) S B RS FE AR E (0X)
TRZ0—5 ecm B AR C SRINIFME R ERE(JX) FRZ 0—5 em B P HEYRE C TR 2%
S RRTE MR E R 1,52 £, FARE R E X Z (5—20 om) AP C RGO AR B | BRI A 4
KA OX ki C W TR IR 0 JX, BR ZX b, BF 2 2R 3R h i s ¢ Sra o & 2%
S(P>0.05),

2 ZREVEF D HEYRE N BERIE OX>ZX>IX, 0X EY R N BEm T IX, WE 1 Al E
3 ASFER R B L RUE Y N SRR 0—5 em J2E T 5—20 em JZ, GEit AR, IX -
JZ(0—5 cm) 5 FJ2(5—20 cm) BA IR HUEY B N S HBLEE 25 (P<0.05) HZX 10X BJEZ5 T
FEZ R APy E N TR E2ER(P>0.05),

FFEWMAYE C N AL 25 R R AP AR Z 20 em BT EE T A 1 0 R i B 2 AR
A K s [ ) S 2 T 45—, RIVARL S Dk A2 ) S L 358 0 XoF 5 S il A 40 18 S i R 1 L T 340
2.3 FRETH RS SRS A

AN s AR 0 B AR AT T 0 EE 0 0 O il 0 1 0 5 SR SR (1 2) | e 4 Pl M B A
A AS A A B AR . 0—5 em J2 5—20 em 25851 i B S BTG R4 R B OX>ZX>)X, i 8 Ak S TG 1 44
IR ZX>0X>TX , Bl P R 1 A Y 3R BN IX>0X>ZX, IREE R IN 0X>IX>ZX,
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Fig.1 Changes of microbial biomass C and N in copper mine tailings
LSD #56: [F]— KA A R F R Ron B 8 B M2 5% (P<0.05) 3 JX: V. zizanioides communities were established in the recent stage ;

7ZX: V. zizanioides communities were established in the middle stage; OX: V. zizanioides communities were established in the early stage

L2 BT LA Y B A A K I A 1Y OX L ZX 0—5 em J2 14 B4 35 J5t o s 460 1 AR 5k 480 Ak S I %
S T AR T [F2 R 5 N S R AEU T A b B ol R R T T A A o A ) [
AARRT /N, H IX )2 (0—5 em J2) BT B S Flid A AL A B 5 T )2 (5—20 em 2) B ZH T
WEZF(P>0.05) (0 ZX il OX LR AR M A ABHEES R ES T NZE ( P<0.05 5
0.01) ;bR JX BRPEBERR SN 3 I AE 0 A& AR AUV T Dl I I A0 R il 15 P 7E B T 2 =2 A Y 22 5 01 AN
BE(P>0.05),

14 ¢ ) 50
= O JX T
‘ w c
Fg12r B zX T 40
o £ o0
<& 10 B 0X g7
22 3
w5 08 25 E 30
=3 g2
oo L ® 3
53 0 2252
2 | £x
HE; 0.4 A ﬁllgvjs“‘]
&5 2 a A 25 10
®< 02r g
= 0 I ] < 0
=]
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=9 250 80
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Sz %3
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RAEVRBE Sampling depth/cm

2 ETEREEETL
Fig.2  Changes of enzymatic activities in copper mine tailings

AR FHIRESR BFE

2.4 EARETHRE BT RS A YT TR 5 AR

M2 WA R G P S A O B DI R O AR (B [ R 2R 2 I 1 O A DG EAF AR 22 5%, i
U AN S S 0 5 R o SRR Al 5 e S R 0 3 TR OC T e R g S A0 S 35 S O B
PRI AR5 V48 5 B A i B 8 IR AR OC | 5 i 35 B TR S 3 AR S 22 5 R T pHL {ELAN A5 BV
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PRI PR S A 35 ARG A B SRR SR A S PE 5 8 Cu Sl P R A4S Ph 5 B 5 B 25 il 1 3%
RS, TS5 8K Zn 258 X SRR 25 IR ARG, Hoad AL SOGE M 5 A 8 Cu 3548 22 038 TORTG  BR AR
B PR 5 6 Zn 500 5 W R IE AT S A | Bl A A I R i 15 15 HL 2 B i R RS 4 o B A AT S P
A,

WCEYE C N &SI WA S S VIR R . A ¢ N B 5 H SR8 B 2
FHAK, BMCEYE C 5 pH (HE B IEMSE, BUEYE N 58 R MBS & 2 A B B A, A,
FFMEYE C N 55 Cu ARG Ph & i 52 0 3% sl 2 25 DO SG T A 20 Zn 50 L 0 38 el (o 3%
IEARSE, WUEE N i SARGES Co T2 BF MK,

R2 AETHFERSREMEEHEXXR

Table 2 Correlations between microbiological and chemical properties of tailings

T Wams  teieam OO BUEBEC BUEWREN
Ttem dehydrogenase catalase Alkaline urease n.ucroblal ITIICTUblal
phosphatase biomass C biomass N
pH 0.223 0.346 -0.491"" -0.106 0.446 0.315
H1 5% Electric conductivity -0.522** -0.657 ** 0.262 0.012 -0.414 " -0.579 **
MU Total nitrogen 0.748 ** 0.565** 0.361" 0.370 " 0.164 0.704 "
L Available phosphorus 0.894 ** 0.639 ** 0.197 0.083 0.254 0.787**
A Cu Total Cu -0.432" -0.514*" 0.190 -0.080 -0.414" -0.528**
. Pb Total Ph -0.362" -0.407" 0.209 0.044 -0.357 -0.246
. Zn Total Zn 0.234 0.204 -0.335 0.385" 0.005 0.347
FRAS Cu Available Cu -0.246 -0.458 " 0.355 0.057 -0.367" -0.304
A Pb Available Ph -0.440 " -0.621*" -0.041 0.158 -0.445" -0.370"
HEUAS Zn Available Zn 0.516*" 0.588 ** -0.237 0.259 0.375" 0.603 **

" P<0.05; " " P<0.01

3 g

AW LSRR TEH S B R R S E A AR RS | B A AR R A A A R AR RS T
A2 FE A A T e W P R 38 2 AN TR R R AR Ak,
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B EM RN RIS pH H— KT 8.0 M TRV H&E KBS EMIY, BE T P4
JEBRALY (FEAIE FeS, ) TEAMKIIEH T 5 & AERRAEAE N, A0 H SOT FiR k2, S 8URBH K 57 3L i
pH {8 T FEAE SR Th i fEARRISE, OX F1 ZX T RB# pH (8 %35 TR i i R 5 RE% (IX) T,
T FE S 238 DU e B LR A S ) R 8 SR AR R I AR RE 8 A AR S B IR 57 b & R AL W i E Ak, X 5 Lei
ISR A% T AR RS TR pH A H SR T 4518 — 80, A, A A 0 ki
BN T 4 B & B AR 22 T R T2 OX ZX A X Z R R 22—

() s, i 7 A A ) ) S, SR 0 R i W S R R, X 5 Zhang S UMFRAE R 3, HoP R E
(0—S5 cm) BAMALEE NI, Li and Daniels™ 78 [ AREIR E X R L BT R AR R E B L AR
JZ2(0—S5 em) , LB R SWKEAFMR R EMH G, bR S 2 B E ML, B 55 v s R & 2t bl 5 A
S A ) A4 K TS 0, Singh 2567 th 22 BRAER™ IX 02 57 M WE 52 5 30 o B o ok 0l 5 ek A e DK A2 4T B 384
MZH T, R A S AU A A B3R5y, AR AR K S L i R o & & B2 S5 MW 7% W8 i 53 i AR
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o -4 pH (HAS LM B> AT o AN B IR 0 B AR RS T R R P A RCS AR SR A4
ARAE 3K — 7 T AT AE -5 A AR O H 4 A WA G, DR SRy 3 SRR 1) A AR B TR Cu i R R
FIFHIAIE Y (P<0.05) ,Pb Fil Zn S0 25 5 — v fig 5 H B A S 200 pH (HREIN L E 4 S
BRSO, MR LU A RS Cu 5 pH (HEW B E T E(r=-0.516, P<0.01) 1A 5L
A Zn &5 pH HEW B E LMK (r=0.609, P<0.01) , A% Pb 5 pH [HAHCHEA B E, X EH 3 A~Fh
LA I ) A AR AR P T4 i RNV R 3R R A S AR i A AR AR AR T BE S 3L R fE A5 OC, Conesa
st R I AR IL RS TR I K BB R T RS AR ) Cu i,

3.2 FH MR EONH AT P P R iR R

FE A W B A AR B T B SR T R B AL IR RN R IR, R R B R R A AR b R ) —
FEARbR, ARG, B AR R R TR 7 b R RS ) ) S 2 R R U e N S
RERT PR S C RIONEHIG TR &S, UL RA YR C A& Bl P 8 i (] 2 K i 45 2 4
T, 15 Singh 2521 AR A Bt AR AR 52 AT BIR 0 8 T T e SR N B 4518 TR TR . Roy 25720 Fll Jia 257 ik
T Wy AR B T B S A FEAB IS R S 9 B, TG Woardle ) DA SR W 52 1 vh S0 I B i A= W i e e, AHOG
SyRTRIT, S e NS RE R b R RURT A ) S IR G (R 2) , RIMARUE R N A AT
FEURN A S AR L O T R ST O UL, W R SRR A B R B e B R 7R 4y
BT O S AEA A S2 AV PR B K, X 5 Singh 2P BRI 4E RA— 2, YR ¢ W pH A B IEH
5%, RILE—E N pH EATHRA R TIRBEHEY R C B3N, X5 Anderson 252 Y25 AR, 35
AW C N 5 H G305 R 3 (A DG, SR IH R T M % L AN 1 368 o ol A & 9 384 1 i i T
i, T ERAY SR HT SOT MRS TET B E 71 pH 5 T M 38T &, B &
FHLUAE YR C N SRR Z BN AAHCH e R S E 4R 5 A s EERA L, BRI E,
AR A Y R N SR R A2 T e i C, WoR TRUEYI R C N S5zt B A ¢
MRAA R,

HE RS AR G HIRBE YR AR, 4R & XM Y ¢ N A iR
WA S E S EFA ., BEAMARES Cu P FREHEFPHMAEY R C N & EEAME, XS Pb Al
Cu XA W RE VS AT T ZU A EEVEAT ¢, IR Lombi 255" Shi 4 fUBFSEWAESE T Ph Ml Cu 5 L HE E AR
5 A W R AN R R R, A SR R Y Zn AR A W A R AN M G BB R 2 (HAR
HIBF ST 25 R A REE Zn SHUEY R C N & 2 0 2% 5ot 8 35 IE AR G, Ui Zn WA B3R B A K NG
P X —J7 T T RE S 0 R TR A AR A A G, RO K W 7 A2 1 4 R TS Y 1 R S 1 i Zn W) FR
AR Ty — T T AT BE S T S A R TE SR A W R 2 | DR HOR (R 0 T IR B T e A B sh R B A
g R YRS LI E SR S R R R E A, (0 2D UL A A b2 5 4 g X ek 4 Y
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3.3 F LRI AT I B R 1 A R
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