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Effects of alien soil improvement of copper tailings on physiological characteristics and heavy metals uptake
of Vetiveria zizanioides

FANG Qing, DING Zi-wei, SUN Qing—ye’, WANG Ning

(School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China)

Abstract: In order to explore the effect of different alien soil improvement methods on the rehabilitation of tailings, a pot experiment of
Vetiveria zizanioides was carried out under improved conditions of soil-mixing treatment (mixing 10% and 20% soil) and soil-covering
treatment (covering with 5 em and 10 em soil), and the properties of the improved matrix, physio—ecological characteristics, and heavy
metals content of plant were determined. Results showed that the application of alien soil increased the content of matrix nutrition elements
and decreased the content of available heavy metals (Mn, Cu, Zn, Cd, and Ph), improving the matrix environment of copper tailings. The
biomass and photosynthetic pigment content of V. zizanioides increased to different degrees after alien soil improvement. The most
significant effect of promoting plant growth was observed in 10 ¢m soil-covering treatment. Moreover, the content of malondialdehyde
(MDA) and activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) in the plant
decreased in all the four improved methods, effectively alleviating the biological toxicity of heavy metals. The two soil-mixing treatments
had little effect on the heavy metals content of V. zizanioides, whereas soil—covering treatment promoted heavy metals absorption by plant

roots. Compared with the control, 10 ¢m soil-covering treatment increased the Mn, Cu, Zn, Cd, and Pb content of V. zizanioides roots by
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104.71%, 47.47%, 103.13%, 61.54%, and 47.82%, respectively. Soil-mixing treatment did not alter the translocation of heavy metals in V.

zizanioides; heavy metals were still accumulated in the roots to maintain high plant-resistance. Soil-covering treatment can increase the

accumulation of heavy metals in V. zizanioides roots and effectively fix heavy metals in tailings. The alien soil-improving measures of this

study can improve the physicochemical properties of copper tailings, promote plant growth, and relieve heavy metals stress.

Keywords : copper tailings; alien soil-improving; Vetiveria zizanioides; physiological characteristics; heavy metals
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Table 1 Basic physicochemical properties and heavy melals content of matrix (Mean ,n=4)

LA SR Bk sy A A oy
IS pH Electric Total Total Total Available Available Heavy metals/(mg-kg™)
Matrix conductivity/ nitrogen/  phosphorus/  potassium/  phosphorus/  potassium/
(Seem™)  (mg-kg’)  (mg-kg)  (mg-kg')  (mg-kg") (mg-kg™) Mn Cu Zn Cd Pb
. !EIEJEE . 7.18 712 262 170 926 2.23 0.39 2463 447 670 247 287
Copper tailings
-4 Soil 7.71 1823 765 1331 1774 56.20 72.70 314 21.5 4838 024 254
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Table 2 Matrix ratio and mass

AEFE Treatments LT HE Matrix ratio + 3T i Soil mass/kg il B4 5T & Copper tailings mass/kg  F&J5i 55T & Total matrix mass/kg
CK i e 0 12.0 12.0
C10 90% il 4" +10% -1 1.2 10.8 12.0
€20 80% il FE T +20% -1 2.4 9.6 12.0
F5 #Ht5em 2.0 10.0 12.0
F10 #1110 cm 5.0 7.0 12.0
2L 60 do WE
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F3 BEIMRMEREY BUMERMZI(FEHEAREE n=4)
Table 3 Effects of alien soil-improving on physicochemical properties of copper tailings (Mean+SD,n=4)
Jb 3 EETE'F}: N E’?Ek SR gstell 4 ‘ Bu ¢ - A ‘
Treatments pH Electric conductivity/  Total nitrogen/ Total phosphorus/  Total potassium/ Available phosphorus/ Available potassium/

(pS+em™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 7.12+0.01a 706.12+2.96d 266.32+4.21d 167.15+5.48¢ 925.46+4.99¢ 2.26x0.18e 0.392+0.002d
C10 7.14+0.01a 724.27+2.46¢ 273.34+3.80c 176.28+4.77d 953.23+17.60d 2.43+0.07d 0.434+0.002d
€20 7.14+0.01a 730.21+2.03be 284.07+5.87h 186.26+3.36¢ 981.32+6.37¢ 4.78+0.12¢ 1.270+0.013¢
F5 7.13+0.03a 735.29+4.41b 289.20+7.52b 194.38+5.03b 1 030.19+16.90b 5.25+0.33b 1.832+0.006h
F10 7.15+0.02a 753.38+7.69a 307.32+3.68a 228.34+6.91a 1077.21+8.73a 11.90+0.65a 3.260+0.025a

T 2[R PO RN R R AR B E) 22 55 1 2 (P<0.05) . IRl

Note : Different lowercases letters in the same column indicate the significant difference among treatments (P<0.05). The same below.

R4 BIURTHEVEAERNSEEESE(THEAREE, n=4;mg-kg")

Table 4 Available heavy metals content in copper tailings under alien soil-improving (Mean+SD ,n=4;mg-kg™")

AR Treatments Mn Cu Zn cd Pb
CK 1737.4+65.5a 299.4+23 .4a 481.2+21.9a 2.03+0.14a 21.6+1.4a
C10 1 656.4+46.7ab 299.3+16.0a 469.3+16.4ab 2.00+0.13a 19.6+2.1ab
€20 1607.2+93.6hc 256.3+6.0b 450.2+23 2bc 1.89+0.13ab 20.1+0.9ab
F5 15442429 8cd 297.2+13.8a 434.3+12.9¢d 1.76+0.08bc 18.6+1.3b
F10 1512.3+8.6d 227.128.7¢ 412.3+7.5d 1.66=0.06¢ 19.4+0.6b

TR R A T R L A AN TR R R L (EAAE
F10 43 bk 2 i 2 7K - (P<0.05) .

LM RE, FR AN MDA 7 8 CK FEAR
11.21%~25.23%,SOD . CAT F1 POD 3% 1 tH B0 A [7] £
FETRFE(E) . #EF104bFE 2, SOD . CAT Fl POD i
TR BB T CK(P<0.05) , 43591t CK A% 35.80% .
38.89% F1129.25%, C10 Ab # rp 3 Fh i 5 P 55 CK T 2
EHER
23 BT RMEREGHESESENTM

5 CKAE, &+ B W& s AR AR A
S )& Frak (bR C1048) X B3 4| & it A
BE(E2) . HFE LA A AR SRS M, Cu,
Zn F1 Pb % 5 45 4 A3 i im 2 25 1S hn (P<0.05) ,
AHM P ESE SR LR EZES . ARTBLL
PLE YR A ESE SR B S T CK
(P<0.05) ,3f H F10 .2 % T F5 (& Cubh) , [F] i, A
AP AR AR L | Mo P & S T CK
(P<0.05)

BB RPN RV (F6)  FME G5
FiveE 4 J& 5 RBTEA R R AT HR/NT 1L, %
Tk R HESEER RS CK 225 AR % UE
F10 H, Mn 568 28083 5 T CK(P<0.05)

2.4 Pearson tHXMHES T
A A BRAREAE AT RS 4 R O 2 BT 3R WA

(7)) FWEEY RS R P Mn & 2 5
F(P<0.05) A AHC, 54 RS Zn F1 Cd 5 i 24 B 3
(P<0.01) 7 AH C (FH 56 R 8043 51 2 -0.962 F1-0.967) .
BRI R a MR b &SR A S Cu
R B E M (P<0.05) . SOD G 54 %44 Zn
A Cd 7 52 i 3 IE A 26 (P<0.05) , POD 36 1 57 4L
A Mn & i 2 2 IEAH G (P<0.05) .

3 g

B+ o KRS 0GR B I TR TR IR,
RN RN —ERERR ., X585 EEE
P 4 o0 R BE R K A2 5 M A S HE AR VR R A 5T
2t W B0, BTG S A T X &+ R R WS

R5 BEIURTEREEYEMNLGRERR
(FHE+FREE  n=4)
Table 5 Biomass and photosynthetic pigment contents of Vetiveria

zizanioides by alien soil-improving(Mean+SD,n=4)

-4 p H-Z 2= K 3
fbm W &K a FgEDb i l\%?
. Chlorophyll a/  Chlorophyll b/ Carotenoid/
Treatments  Biomass/g o o N

(mg-g ) (mg-g ) (mg-g )

CK 16.8+2.0d 344.3+37.3b  121.2+8.5b  67.6+8.5b
C10 20.1+3.0cd  420.2+97.1b  119.3+29.9b 87.4x15.1ab
C20 21.1x1l.4c  469.4+135.0b 149.4+41.9b 87.3+32.1ab
F5 29.1+3.1b 398.2+41.3b  142.0+11.8b 77.0+14.0ab
F10 38.1x1.7a  857.3+268.1a 305.2+93.1a 114.3+41.7a
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The different lowercase letters indicate significant differences among treatments (£<0.05). The same below
| ETMRTEHEREN _BSEMNELETNE
Figure 1 Malondialdehyde content and antioxidant enzymes activities of Vetiveria zizanioides by alien soil-improving
*6 EIURTEREEESELENEBRRYM(TFHEREE n=4)
Table 6 Translocation factor of each heavy metal element of Vetiveria zizanioides by alien soil-improving(Mean+SD ,n=4)
AL P Treatments Mn Cu Zn Cd Pb
CK 0.548+0.033b 0.080+0.016a 0.426+0.035a 0.456+0.061a 0.160+0.013a
C10 0.552+0.105b 0.092+0.014a 0.404+0.045a 0.421+0.129a 0.180+0.015a
C20 0.551+0.080b 0.129+0.005a 0.355+0.075a 0.456+0.076a 0.248+0.105a
F5 0.627+0.100b 0.079+0.013a 0.440+0.055a 0.383+0.053a 0.220+0.042a
F10 0.876+0.067a 0.076+0.073a 0.429+0.064a 0.475+0.145a 0.218+0.031a
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Figure 2 Heavy metals contents of Vetiveria zizanioides by alien soil-improving

R ERELEEFESETAVUSEE RS ER Pearson X217

Table 7 Pearson correlation analysis on physiological characters of Vetiveria zizanioides with available heavy metals contents of tailings

$85 Index =¥ H Biomass W44 % a Chlorophylla 4% % b Chlorophyll b 2B#] % N % Carotenoid MDA SOD CAT POD
Mn -0.910%* -0.700 -0.706 -0.703 0.813  0.811 0853  0.882*
Cu -0.693 -0.904 -0.889% -0.865 0.802  0.840  0.869  0.420
Zn -0.962%* -0.806 -0.831 -0.756 0.783  0.900% 0878  0.777
Cd -0.967+* -0.770 -0.815 -0.690 0710  0.884*  0.836  0.746
Pb -0.624 -0.253 -0.234 -0.340 0423 0416 0357  0.757

%, P<0.05; **. P<0.01,
Note: *. P<0.05; **. P<0.01.

RGRTE AR TE 40 s RS, SOD G M 5 35 A
RS Zn Ml Cd 5 52 I8 35 IEAH G, POD W& ME S A RS
Mn &2 B EMHK, F LR BT PEEREM
T BEAE T (3% 4) J& 2 BUR AR B rh o pe S AL i A A R) 5

JR A ZE S A E R N R B P R
e S A — RIGURALTI B E LR
JBE, DA i B3k 16 P 4R P o, 2[Rl HIAE A i ™. 1
F10 4 B2 A, R ) b B0 S AL TS A A AR, X mT B2
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