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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-keg™ 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
MAT16 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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1 mg-kg™
Table 1 Inorganic nitrogen components to copper mine tailings under different amendments mg-kg™
Plants Treatments Ammonium nitrogen Nitrate nitrogen Nitrite nitrogen Total inorganic nitrogen
C. tora MAO CK 2.60+0.61aB 22.09+11.79aA 0.62+0.28hB 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
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 24.84+9.28aA
MA32 2.54+0.23aA 24.83+11.87aA 0.33+0.07a 27.54£11.91aA
C. juncea MAO CK 1.29+0.73aA 31.47+3.25abA 0.28+0.01aAB 33.10£2.30aA
MAS 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

o o o

0.05

0.05

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.

2

3

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

Plants Treatments a b ath a/b
Chlorophyll a/mg-g” Chlorophyll b/mg-g" Chlorophyll a+h/mg-g"
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+0.18aA 1.02+0.05aB
MA32 0.61+0.12aA 0.65+0.11aA 1.26+0.22aA 0.94+0.08aA
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
C. juncea MAO CK 1.05+£0.08aB 1.04+0.08aB 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 25.35~37.40 cm, 28 d .
56d MA32 CK
6.73 cm 9.25~12.47 cm P<0.05 42d MA32 N
5.48 cm 9.43~22.55 MA8  MA32 N MA16  MA32
cm 30.25 ¢m CK P<0.05
43.60~61.85 cm, 70 d 56d 70 d MA16
10.75 cm CK P>0.05
15.55~21.80 em CK
11.76 cm 17.80~40.05 cm P<0.05 .
50.00 ¢m 71.40 ~ 2.4
94.40 cm, 2 42 d
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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 ecrown width( the 42th ,49th, 56th and 70th day )
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Figure 3 The effects of chicken manure amelioration on root length(the 70th day )

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



3 2011 11

4 N.P

Cu -Cu.Zn

B3 Khatun
Cu

B9 Monni  B7

38-39]

[40]

MA32 70d 94.40 ¢cm
N 4.33 236

3 - MA16

[1] Conesa H M, Robinson B H, Schulin R, et al. Growth of Lygeum spartum
in acid mine tailings Response of plants developed from seedlings, rhi—
zomes and at field conditions[]J]. Environmental Pollution, 2007, 145
700-707.

[2] Teng Y, Luo Y M, Huang C Y, et al. Tolerance of grasses to heavy metals
and microbial functional diversity in soils contaminated with copper

mine tailings|J]. Pedosphere, 2008, 18 3 363-370.

[3] Hurek T, Reinhold—Hurek B. Azoarcus sp. Strain BH72 as a model for
nitrogen—fixing grass endophytes|J]. Journal of Biotechnology, 2003, 106

2-3  169-178.

[4] Yang S X, Liao B, Li J T, et al. Acidication, heavy metal mobility and
nutrient accumulation in the soil-plan system of a revegetated acid mine

wasteland[J]. Chemosphere, 2010, 80 852-859.

[5] Lei D M, Duan C Q. Restoration potential of pioneer plants growing on
lead—zinc mine tailings in Lanping, Southwest China[J]. Journal of En—
vironmental Sciences, 2008, 20 1202-1209.

[6] Tordoff G M, Baker A J M, Willis A J. Current approaches to the revege—
tation and reclamation of metalliferous mine wastes[J]. Chemosphere,
2000, 41 219-228.

[7] Reichman S M. The potential use of the legume-rhizobium symbiosis for
the remediation of arsenic contaminated sites|J]. Soil Biology and Bio—
chemistry, 2007, 39 2587-2593.

[8] Yang B, Shu W S, Ye Z H, et al. Growth and metal accumulation in ve—
tiver and two Sesbania species on lead/zinc mine tailings[J]. Chemo—
sphere, 2003, 52 1593-1600.

9 , . - [J]-

,2002,21 2 47-52.
ZHANG Zhi —-quan, SHU Wen —sheng, LIAO Wen -bo, et al. Role of
legume species in revegetation of mined wastelands[J]. Chinese Journal
of Ecology,2002,21 2 47-52.
[10] , , . [J].
,2004,23 1 135-139.
WANG You-bao, ZHANG Li, LIU Deng-yi, et al. Analysis of vegeta—
tion state in the copper tailing yard in Tongling[J]. Chinese Journal of
Ecology,2004,23 1 135-139.

[11] Li M S. Ecological restoration of mineland with particular reference to
the metalliferous mine wasteland in China A review of research and
practice[J]. Science of the Total Environment, 2006, 357 38-53.

[12]Ye ZH, Yang Z Y, Chan G Y S, et al. Growth response of Sesbania ros—
trata and S. cannabina to sludge —amended lead/zinc mine tailings, a
greenhouse study|J|. Environment International, 2001, 26 449-455.

[13] . , .

[J]- ,2010, 1 46-48.

ZHU Xia, HU Yong, WANG Xiao -li, et al. Effects of several plant
growth regulators on seed germinating and seedling growth of Cassia
seed[]]. Crops, 2010, 1 46-48.

[14] . . o [l

,2007,24 12 52-56.

GAO Hui-lin, GAO Yang, WANG Zhao—hui, et al. Primary report of
wild forage legume resource investigation in Hunan Province[]]. Prata—
cultural Science,2007,24 12 52-56.

(151 € ) . [M].

, 1985.

Cooperative Research Group on Flora of Anhui. Flora of Anhui[M].
Hefei Anhui Science and Technology Press, 1985.

[16] : [M]. ,
1996 33-37.

LIU Guang-song. Soil physical, chemical analysis and description of
soil profiles|M]. Beijing Standards Press of China, 1996 33-37.
[17] . [M].
, 1978.
Nanjing Institute of Soil Science, Chinese Academy of Sciences. Physi—

cal and chemical analysis of soil[M]. Shanghai Shanghai Science and



30 11

2293

Technology Press, 1978.

[18] . [M]. ,
1999.
LU Ru-kun. Soil agricultural chemical analysis method[M]. Beijing
China’s Agricultural Science and Technology Press, 1999.

[19] . . .o [M].

,2004.

HAO Zai-bin, CANG Jing, XU Zhong, et al. Plant physiology experi—
ments[M]. Harbin Harbin Institute of Technology Press, 2004.

20] , , . [M].

, 1999 197-244.

HAN Xing—guo, LI Ling—hao, HUANG Jian—hui. An introduction to
biogeochemistry[M]. Beijing Chinese Higher Education Press, 1999
197-244.

[21] . . .

[J1- ,2001,21 3 492-497.
MO Jiang-ming, PENG Shao-lin, FANG Yun-ting, et al. A preliminary
study on the dynamics of bio —available nitrogen in soils of pine —
broadleaf mixed forest in Dinghushan biosphere reserve|J]. Acta Eco—
logica Sinica, 2001,21 3 492-497.

[22] s s .

[J]- ,2010,30 21 5958-5966.
AN Zong —sheng, ZHANG Jing, SUN Qing—ye. Changes of nitrogen
components in wastelands of copper mine tailings with the formation of
natural plant communities[J]. Acta Ecologica Sinica, 2010, 30 21
5958-5966.

[23] s s .

[J]- ,2002,30 4 40-45.
LI Si-liang, LIU Cong—gqiang, XIAO Hua—yun. Microbial effect on ni—
trogen cycle and nitrogen isotope fractionation on the earth’s surface A
review|J]. Geology Geochemistry, 2002, 30 4  40-45.

[24] , . - Ul ;
2002,33 5 385-391.
FAN Xiao—hui, ZHU Zhao—-liang. Nitrification and denitrification in u—
pland soils[J]. Chinese Journal of Soil Science,2002,33 5 385-391.

[25] s s .

[J]. ,2010,30 12 17-19.
LU Yu-lan, HUANG Jia—xiong, WANG Yue—quan. Effects of magne—
sium fertilizer on chlorophyll content of leaves and fruit quality of Ber

Zizyphus mauritiana Lam.  []]. Chinese Journal of Tropical Agricul—

ture,2010,30 12 17-19.

[26] , , . [J].

, 2009,25 2 74-79.
XIE Jian—chun, ZHAO Juan, YANG Shi—yong. Effects of copper mine
tailings on growth and physiological functions of Brassica campestris|J].
Journal of Ecology and Rural Environment, 2009,25 2 74-79.

[27] . [M]. , 2000.
YANG Shi—jie. Biology of plants[M]. Beijing Science Press, 2000.

28] N s , .Cd.Pb.Cu.Zn. As

[J]- , 2006, 37 5

981-985.
SUN Jian, TIE Bai—qing, QIAN Zhan, et al. The combined eco—toxico—
logical effect of Cd, Pb, Cu, Zn and As pollution on a hybrid rice

seedling and the critical value[J]]. Chinese Journal of Soil Science,
2006,37 5 981-985.

[29] Stobart A K, Griffiths W T, Ameen—Bukhari I, et al. The effect of Cd**
on the biosynthesis of chlorophyll in leaves of barley[J]. Plant Physiolo—
gy, 1985, 63 293-298.

[30] s s >

[J]. ,2005,21 4 54-
57.
YUAN Min, TIE Bai-qing, TANG Mei-zhen, et al. Effects of different
modifiers on growth and chlorophyll content of Eulaliopsis binata grow—
ing on soil polluted by lead/zinc ganguell]. Rural Eco—Environment,
2005,21 4 54-57.

[31] Walker D J, Clemente R, Bernal M P. Contrasting effects of manure and
compost on soil pH, heavy metal availability and growth of Chenopodi—
um album L. in a soil contaminated by pyritic mine waste[J]. Chemo—
sphere, 2004, 57 215-224.

[32] Santibanez C, Verdugo C, Ginocchio R. Phytostabilization of copper
mine tailings with biosolids Implications for metal uptake and produc—
tivity of Lolium perenne[J]. Science of The Total Environment, 2008,
395 1-10.

[33] Odell R, Silk W, Green P, et al. Compost amendment of Cu—Zn mine—
spoil reduces toxic bioavailable heavy metal concentrations and pro—
motes establishment and biomass production of Bromus carinatus Hook
and Arn [J]. Environmental Pollution, 2007, 148 115-124.

[34] . . 1.

,2003,15 2 36-37.
LU Xu-dong, WANG Chun. An analysis of nutrition constituents of
stoved chicken dung|J]. J of Heilongjiang August First Land Reclama—
tion University, 2003, 15 2 36-37.

[35] Lou L Q, Shen Z G, Li X D. The copper tolerance mechanisms of
Elsholizia haichowensis A plant from copper—enriched soils[J]. Envi—
ronmental and Experimental Botany,2004,51 111-120.

[36] Khatun S, Ali M B, Hahn E ], et al. Copper toxicity in Withania som—
nifera Growth and antioxidant enzymes responses of in vitro grown
plants[]]. Environmental and Experimental Botany, 2008, 64 279-285.

[37] Monni S, Salemaa M, White C, et al. Copper resistance of Calluna vul—
garis originating from the pollution gradient of a Cu—Ni smelter, in
Southwest Finlan[J]. Environmental Pollution, 2000, 109 211-219.

[38] Kumar G P, Yadav S K, Thawale P R, et al. Growth of Jatropha curcas
on heavy metal contaminated soil amended with industrial wastes and
Azotobacter—A greenhouse study|J]. Bioresource Technology, 2008,
99 2078-2082.

[39] Chiu K K, Ye Z H, Wong M H. Growth of Vetiveria zizanioides and
Phragmities australis on Pb/Zn and Cu mine tailings amended with ma—
nure compost and sewage sludge A greenhouse study [J]. Biore—
source Technology, 2006, 97 158-170.

[40] s s , .

[JI. ,2010,29 7 1302-

13009.

WU Qing—qing, MA Jun—wei, JIANG Li-na, et al. Effect of poultry and

household garbage manure on the growth of Amaranth tricolor L. and

heavy metal accumulation in soils[J]. Journal of Agro-Environment

Science, 2010,29 7 1302-1309.



