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Influence of Mn Mine Tailings Amended with Sewage Sludge on Plant Growth of Four Ornamental Species and
Accumulation of Heavy Metals
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Abstract : Phytoremediation can phytostabilize or phytoextract heavy metal contaminants in mine tailings through revegetation by using ap—
propriate plant species. In this study, four ornamental plants: Mirabilis jalapa, Celosia argentea, Salvia splendens and Celosia cristata, were
used to evaluate effects of sewage sludge amendment on phytoremediation of Mn mine tailings in pot experiments in terms of plant biomass,
seedling height, root length, Pb, Cd, Zn, and Mn accumulation in plan tissues. Addition of 5%~20% sewage sludge (dry weight)in Mn mine
tailings increased the EC values, the contents of total N, P, K, and organic matter, and decreased the concentrations of Pb, Cd, Zn and Mn in
medium. Application of sewage sludge not only increased plant biomass, seedling height and root length, but also increased Pb, Cd, Zn and
Mn concentrations in both roots and aboveground tissues of plants, except for Zn content for M. jalapa. Plant growth and heavy metal accumu—
lation differed significantly among the tested species. Plant biomass, seedling height and root length of M. jalapa and C. argentea were greater
than those of S. splendens and C. cristata. The concentrations of Ph, Cd and Mn in roots of M. jalapa ranged from 3 110.93 to 4 189.16 mg-kg™,
300.28 t0 399.16 mg-kg™, and 31 100.93 to 36 809.77 mg-kg™, respectively. The Pb content was larger than 1 000 mg-kg™ in roots but very
low in aboveground tissues of C. argentea. The concentrations of Cd and Mn in aboveground tissues of C. argentea ranged from 322.13 to
441.88 mg-kg™ and 21 888.544 t0 26 511.31 mg-kg™, respectively, which were much higher than those in roots. C. argentea showed a hyper—
accumulation capacity to Cd and Mn. Application of sewage sludge could be a practical option to improve phytoremediation of Mn mine tail—
ings contaminated soils by planting M. jalapa and C. argentea.
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Table 1 Properties of Mn mine tailings, sewage sludge

and their mixtures

W R L
MS-0 MS-5 MS-10 MS-20
pH 6.21 6.23 6.21 6.23 6.22
EC/mS+em™  12.06 1.77 2.89 3.54 4.96
MAUgkg! 1636 027 1.20 1.78 3.55
Mf/g-ke!  10.05 1.69 221 2.69 342
HHp/gket 241 0.68 0.72 0.82 1.19
bl kg' 43821  1.36 253 47.08 83.22
Himg-kg'  12.36  597.09 581.27 541.33 464.55
Fiimg-ke! 3045  621.65 596.11 546.01 490.33

Fi/mg kg 53.05 36 792.02 3489547 3318091 29 376.55

Hamg-kg' 078 11.13 10.31 9.79 8.81
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Table 2 Biomass of four ornamental plant species grown on Mn

mine tailings amended with sewage sludge(g+plant™)

yusil SERA A — L X TEAE
MS-0 1.83+0.13a  1.11+0.09a  0.33+0.04a  0.47+0.03a
MS-5 2.92+0.31b  1.53+0.14b  0.51+0.02a  0.63+0.04a
MS-10 3.48+0.33¢  2.02+0.19¢  1.03+0.09b  1.31+0.11b
MS-20 3.71+0.49¢  2.11+0.08c  1.29+0.07b  1.54+0.08b

L AR R R R — 51 PN R R B [ 22 5 AN 35 (P>0.05 )
NGB
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Table 3 Seedling height of four ornamental plant species grown

on Mn mine tailings amended with sewage sludge(cm)

piseil E$ 3] GEi| — e XA
MS-0 22.33+4.28a 39.81+6.0la 4.63+0.77a  5.76+0.11a
MS-5 31.63+£3.77b 50.86+5.01b  6.03+0.34a  7.91+0.88a
MS-10 38.11+2.03¢  60.48+5.81c  9.86+0.96b  13.66+0.75¢
MS-20 41.85+£3.22¢  69.11+3.01d  10.15+£0.57b 16.87+1.01d

HIK. 5 MS-0 AHLL, S5 H] A — B LR s AL
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Table 4 Root length and root tolerance index of four ornamental plant species grown on Mn mine tailings amended with sewage sludge

e SRA HH —HRLT X 5EAE
MK /em RTI F/em RTI e /em RTI A /em RTI
MS-0 12.3120.98a 1.00 16.31+0.87a 1.00 7.1120.23a 1.00 6.89+0.44a 1.00
MS-5 18.37+1.62b 1.49 22.37+0.63h 1.37 8.14+0.22a 1.14 9.22+0.38h 1.34
MS-10 29.33+1.58¢ 2.38 29.81+1.01¢ 1.83 11.93+1.12b 1.68 9.33+0.51b 1.35
MS-20 35.36+1.08d 2.87 33.81+0.64¢ 2.07 12.66+0.55h 1.78 13.36x1.11¢ 1.93
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31 100.93~36 809.77 mg-kg™', Ty T-HoH b #B4 ; U
s e b 23 0 SR F AR AR A bR 4 7 1,
W& 435914 9.0%~18.4%F1 32.7%~37.0%,
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TIN5 U8 8 25 18 T — A 2 AR SR A b 358 IR
i, AR R AR S G R S N 25.0%~81.1%
F1190.9%~362.2%, % & HEIGHR 5T 0K 9.7%~25.0%
H1 47 .8%~62.1% ; Us N5 PR 3G N — H3 LDARFR AN L7
ST O SRR o i (IR B 2 . R
H110%~20% 775 ¢ A" . 35 14 in— Hp 20 4 _F 350 5040 2
i, HIGIE R 64.5%~66.7%

7 8 NG IEEALARER 5 1 [ 4R 5 i WA
HRFR 55 b L35 3 VR RIS & SR /D R o i s S
V5 e A XS AL AT VEE AR AR B i, R ER AN
i b A3 YR g3 O D 97.8% ~109.4% F
209.1%~254.8% , B T e B 43531 A 31.5%~98.4% Al
186.6%~371.8% , A& & 4w 4 510 71.7%~137.5%
1 124.3% ~165.3% , % & 1t G 0F 3 5 32.6% ~
129.7%F1 4.6%~57.4% .,
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Table 5 Metal concentrations in roots and aboveground tissues for Mirabilis jalapa grown on Mn mine tailings amended

with sewage sludge(mg-kg™)

MS-0 MS-5 MS-10 MS-20
it Hh 14 93.23+5.33a 162.73+7.01b 169.23+10.83b 181.66+9.72b
AR 3 110.93£20.77a 3 891.00+30.01b 4 009.28+35.15b 4 189.16+58.72b
(23 i R 53.08+4.01a 30.70+2.33b 26.23+2.43b 22.02+0.92b
IR 80.11+4.01a 59.02+1.23b 53.22+3.15b 49.16+1.02b
i Mo L85 2.21+0.03a 2.29+0.11a 2.33+0.16a 2.41+0.09a
AR 300.28+4.87a 391.00+£3.01b 398.20+5.15b 399.16+5.39b
i Hb LR 53 1 023.23+24.33a 1 357.73£20.51b 1 369.66+15.22b 1 401.66+18.72b
HEB 31 100.93£80.51a 33 891.01+18.01b 36 619.28+25.15b 36 809.77+48.12b

R o ARAEFTRYREY EETHSERBINM LBIEBEE (mg-ke")

Table 6 Metal concentrations in roots and aboveground tissues for Celosia argentea grown on Mn mine tailings amended

with sewage sludge(mg-kg™)

MS-0 MS-5 MS-10 MS-20
i i RS 10.66+0.83a 11.73£1.01a 12.22+1.55a 13.14+0.72a
Piski 1 110.94£19.37a 1 391.00+23.01b 1 873.21£25.66¢ 1 929.17+37.02¢
B M 1 25.08+2.01a 49.702.24b 93.23+9.83¢ 109.02+12.22¢
HRER 1 080.88+29.01a 1 230.02£30.66b 1 793.81£63.15¢ 2 229.16+18.45¢
b Hb LR 5) 322.13%9.17a 396.98+3.44h 401.53+12.09h 441.88+2.51b
R 17.08+1.22a 20.002.01a 22.20+1.15a 22.1621.86a
i i RS 21 888.54+79.33a 26 421.73+60.01b 26 469.61+99.33b 26 511.31+18.44b

R

6 907.22+98.66a

7 291.01+20.18b

7 709.44+25.35¢

7 726.55+28.41¢
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Table 7 Metal concentrations in roots and aboveground tissues for Salvia splendens grown on Mn mine tailings amended

with sewage sludge(mg-kg™)

MS-0 MS-5 MS-10 MS-20

Gy Ho b 2.98+0.01a 3.7340.11a 3.230.83a 4.26+0.74a
B 1.93+0.07a 2.09+0.09 2.28+0.03a 2.33+0.07a

L Hb B4y 33.12+1.44a 96.36+3.33b 139.23+9.83b 153.08+6.11c
B 800.23+8.81a 1 000.02:+60.66b 1 389.4425521c¢ 1 449.16233.07¢

i Hb LR 4) 0.93+0.02a 0.98+0.01a 1.53+0.07b 1.55+0.09b
MR 1.08+0.07a 1.00+0.03a 1.20+0.05a 1.66+0.13a

i Hb B4y 223.10+7.38a 329.73+13.51b 330.66+15.83b 361.66+8.27h
B 82.935.51a 91.01+4.01b 99.28+3.18b 103.676.34b

xS ERKAFTRURET EEFHGELRDBMM LBIEREE (g kg)

Table 8 Metal concentrations in roots and aboveground tissuesfor Celosia cristata grown on Mn mine tailings amended

withsewage sludge (mg-kg™)

MS-0 MS-5 MS-10 MS-20

HE Hb LRy 19.231.27a 59.4422.31b 62.28+3.22h 68.22+3.47b
B 43.0120.42a 85.08+3.70b 89.07+5.17h 90.08+6.07b

(24 Hb 13843 8.27+0.51a 23.70+1.39h 33.23+2.83¢ 39.02+0.92¢
IR 12.18+0.88a 16.02+1.89b 19.22+2.03b 24.16+2.89¢

i Hb -3 43 12.97+1.63a 29.09+1.28h 33.53+1.14b 34.41£1.09b
B 12.28+0.87a 21.0820.99h 28.28+1.39h 29.16x1.22b

k& Hy RSy 223.45+9.67a 323.00+20.51b 339.66+3.82b 351.66+8.72b
RS 300.13+7.51a 398.01+10.98b 619.33+5.78c¢ 689.32+10.88d
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S, AN RA P W AT B 4 T /T AR Y o v AR K HE
B AR, W AT T RE R S R e SR )
ST R YIIBIETE S A SCTE o B SR AE il
AP AR SR TR SRR T TR
{E YA :>100 mg Cd-kg™',>1 000 mg Ni Pb.Cu-kg
F1>10 000 mg Zn Mn kg™ (-5 )", A& My KL 5 v
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ISl S A e 2 B 95 % - 3ERE i 5% (Spinacea
oleracea) FNAZ% (Brassica oleracea) [ T AEERT
AN U, H N AEAZ RE (Lolium perenne ) 4 F 1
MR S, TER AR S R G TP i TS e, H e
AP BTG LIRS A MR, SR IR 55
PEWERR T 5 FL G0 A5 T 6 4 il AN 2R g Y 40
RN Il NS SN AR ZE A S TSR T g 4
B 3 RN e R R RT A, 6 AR X R
AIIa IR, TERHE R TG Y IR Es G e
B A KA TIE S 5, TR AN T S5 A e e,

TSR RS AR A Y WIS 4R X AT g
R PR A s G el R AT H TR M A A A A
YA ) Z R EAEAR B R T R, A ] e
HERA WA T A Bl TR A R A AR A i
WS gt o BN 5%~20%75 e Bl AR FE i , SRR
HR R B 2 S LR 5 H L3840 (R B RN A 7 £ o 3
B, A AR ERVER R S AR & i S b B R
B TGO, — AR LD R RS 1 N, X e
ABHE B RN S AR S, Y SR R
b, IS INHMENE el AU IS AR, B R SR A T
HE A I KSFR, AR B A A S B UK Bk (Pity—
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