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Abstract : Substrate amendment and tolerant species selection is the key to the ecological restoration for heavy metals mining wastelands. In
this work, several potted tests were performed using 4 kg tailings as the substrate to explore the effects of different proportions of composted
chicken manure—amended on inorganic nitrogen components of copper mine tailings and growing development of three legumes( Cassia tora,
Sesbania cannabina and Crotalaria juncea). In each test, four levels of compost chicken manure were added at 0 g, 8 g, 16 g, and 32 g, re—
spectively and the treatment numbers were recorded as MAO(CK ), MA8, MA16 and MA32, respectively. After adding chicken manure, the
main form of available nitrogen in the tailings substrate of three legumes was nitrate nitrogen and total inorganic nitrogen content achieved
17.96~44.82 mg-kg™'. Among these, the content of ammonium nitrogen(5.31 mg-kg™) reached the highest in the tailings substrate of C.
juncea MA32 treatment and the content of nitrate nitrogen(43.06 mg-kg™) and total inorganic nitrogen(44.82 mg-kg™) were the highest in
the tailings substrate of C. juncea MA16 treatment. The highest contents for chlorophyll a, chlorophyll b and chlorophyll a+b were observed in
MA16 treatment of S. cannabina and C. juncea. The ratios of chlorophyll a/b was 0.92~1.08 in three legumes. In the same chicken manure
proportion treatment, the contents for chlorophyll a, chlorophyll b and chlorophyll a+b of C. juncea were significant higher than those of C. to—
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ra and S. cannabina(P<0.05). Chicken manure—amended copper mine tailings substrate could promote three legumes growth by improving its

height, crown width and root length, increased significantly along with the growth period extended. The plant height(94.40 cm) of C. juncea
on the 70th day was the highest and the effect to prevent tailings wind—water erosion was the best in MA32 treatment. These results demon—

strate that the MA16 treatment was a suitable method for copper mine tailings amendment with chicken manure and Crotalaria juncea was

found to be the favorable plant for ecological restoration of copper mine tailings.

Keywords: copper tailings; chicken manure amendment; leguminous plants; ecological restoration
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Table 1 Inorganic nitrogen components to copper mine tailings under different amendments(mg-kg™)

Fi% Plants AbFH Treatments £47Z5%, Ammonium nitrogen FHZARZ Nitrate nitrogen IVAHZAS, Nitrite nitrogen & JCHLA Total inorganic nitrogen
YLl C. tora MAO(CK) 2.60+0.61aB 22.09+11.79aA 0.62+0.28bB 25.30+11.35aA
MAS 2.60+0.84aA 15.28+6.55aA 0.17+0.01a 17.96+7.15aA
MA16 3.02+1.02aB 18.02+10.10aA 0.43+0.14abB 21.47+9.83aA
MA32 3.13+0.23aA 23.88+14.00aA 0.16+0.07a 27.08+13.99aA
H# S.cannabina MAO(CK) 2.24+0.25aB 24.24+1.87aA 0.20+0.06aA 26.74+1.85aA
MAS 1.90+0.69aA 26.30+11.76aA — 28.21+11.96aA
MA16 2.44+0.47aAB 22.15+9.76aA 0.28+0.11aAB 24.8419.28aA
MA32 2.54+0.23aA 24.83+11.87aA 0.33+0.07a 27.54+11.91aA
BUF C. juncea MAO(CK) 1.29+0.73aA 31.47+3.25abA 0.28+0.01aAB 33.10+2.30aA
MAS8 2.86+0.20aA 21.47+6.47aA 0.39+0.08a 24.54+6.60aA
MA16 1.69+0.55aA 43.06+£18.93bA 0.16+0.02aA 44.82+19.41aA
MA32 5.31+2.32bB 27.15+3.61abA — 32.46+5.53aA

RS AR RVNE FREFOR A — A &AL BEE 22 57 3% 0.05 B K, RIS AR R KRE FaEFRR R — A B A YA 5922 535 0.05 2

EFKVY, —FrKiEH . TR,

Notes : Different small letters in the same column indicate significant difference at 0.05 level of the different treatments in the same plant, Different capital

letters in the same column indicate significant difference at 0.05 level of the different plants in the same treatment. — Means not detected. The same below.

R2 FEAYRAXNT I HEMNENEAHEESE

Table 2 The chlorophyll content of three legume species under different amendments

AH) Plants AE3 Treatments Chlor::)-lfilgalilg s Chlorz:}fiﬁ/l:ng e Chlor::)-f]lg;z;/l:ng s MFRE a/b
Pl C. tora MAO(CK) 0.69+0.05aA 0.70+0.06aA 1.39+0.08aA 1.00+0.10aA
MAS 0.65+0.10aA 0.63+0.09aA 1.28+0.19aA 1.04+0.04a A
MA16 0.65+0.08aA 0.64+0.10aA 1.29+0.182A 1.02+0.05aB
MA32 0.61+0.12aA 0.65+0.11aA 1.26+0.22aA 0.94+0.08aA
H¥ S.cannabina MAO(CK) 0.79+0.09bA 0.76+0.10bA 1.56+0.19bA 1.04+0.05aA
MAS 0.68+0.17abA 0.67+0.15abA 1.35+0.31abA 1.02+0.07aA
MA16 0.81+0.13bA 0.80+0.17bA 1.61+0.31bA 1.03+0.07aB
MA32 0.51+0.07aA 0.48+0.07aA 0.99+0.14aA 1.08+0.03aB
Bk C. juncea MAO(CK) 1.05+0.08aB 1.04+0.082B 2.09+0.16abB 1.01+0.04bA
MAS 1.09+0.06aB 1.12+0.08abB 2.21+0.14abB 0.98+0.01bA
MA16 1.15+0.06aB 1.25+0.07bB 2.40+0.14bB 0.92+0.01aA
MA32 1.00+0.15aB 1.04+0.18aB 2.04+0.33aB 0.97+0.04bA

cm, WM B 5 K 25.35~37.40 em,  RIMAS 2 0 B Ab
5,55 56 d B AR RIN : LB RS I 2 A 3
H 6.73 em, MG I N R JFH 9.25~12.47 em; HE R
TNXGZE AL AT A 5.48 cm, WK B J5 R 9.43~22.55
cm; BURR AR T INAG 2L AL FERT A 30.25 em, WAEK R 5
4 43.60~61.85 cm, BSMGIES RALIESF, 5 70 d Bt
MR ZRI Ny . BBARIS G ZE L BERT 4 10.75 cm, XS
R RJGH 15.55~21.80 cm; HEF ARG MAGZE L0 HAT
A 11.76 cm, 3 ZE B R J5 K 17.80~40.05 cm; FURRA
ISHNAGZELL IR 2 50.00 cm, XGZEH R 5K 71.40 ~
94.40 cm,

Giitorir e, 55 28 d B, [ p B | FH 3 FBURR
MA32 AbERZE R 5 AR B ING 24 A (CK) B B 2
Z5(P<0.05) ;55 42 d B, (LB MA32 4h34 |
MAS8 Jz MA32 Zb¥EZH BURK MA16 Jz MA32 AbFRZH Bk
RS RBING LA (CK) A 8. E 2 57 (P<0.05);
%556 d M55 70 d BF, PR MAL6 AbHAMKE 54
WG ZEab ¥4 (CK) T i & 2 5 (P>0.05)4h, a4
B FEAL PR PR I 5 RIS IS ZEA 3 2H (CK) A B
FE2EF(P<0.05),

24 WFEYRAEN S RHEYEIEAI M
ME 2T EH, g2 R ARG, 55 42d
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Figure 1 The effects of chicken manure amelioration on plant height(the 28th,42th,56th and 70th day)
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Figure 2 The effects of chicken manure amelioration on crown width(the 42th,49th,56th and 70th day)

KB JE R 8.85~11.00 cm, BINXG N BANHS , 45
56 d B MR RISy . PeBH RGBS MIGIE b IR 7.60
cm, X3 B S 8 11.10~17.00 cm; H R AN
SEFRET A 5.15 em, XSGR EH 9.18~17.95 cm; B
BRAR TS0 2 AL FRAT N 635 cm, WEKBRBE N

12.65~14.75 em, WHNASZER RALIE)E , 5 70 d Bl
TER IR « B R AN XS ZE AL F A 2 10.05 cm, X3
BR G4 13.85~18.60 cm; HHF RIS 4b # AT
4 8.50 cm, M H 58 15.80~21.95 cm; UK AR
TG SR BT K 9.35 em, XGZEHM R JEH 13.70~
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14.00 cm,

Gt ot R BREE 42 d BYH MA16 & MA32
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55 56 d i} FH# MA16 AbFRLH iR 55 R A vy 2 ab 2
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25 BEYRLENERMEWRIKHZM(E 70d)

ME 3 LR S, gk BB E  RK R
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J&G 4 29.00~45.00 cm; FH 35 2R %5 03 2 Ak B Iy
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RIS ZEAL B (CK)TE 8 3 22 5 (P>0.05) 4F,
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A RBEZR(P<0.05)(E 3),

3 i
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AR RGN I, REFVE T IS SR
&S AR IR R A MM T 22 55 R, A
TR B, W30 KR BURR MA16 AbFRZH B F 5
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44.82 mg-kg™, REAXGZE Lk B A 5L RE S 1Y i BT
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TR — B A KA R s m e, HAEH
MLEE R RE AR A K BB B R K S FE RS ',
WA T IR B R RS N, R T
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AR SR MAL6 AIEEEUR BT 5T A A M
RIHA GBS T B, SRR AERES
FFRTERPERSASENIER.
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Figure 3 The effects of chicken manure amelioration on root length(the 70th day)
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