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Effects of different forestation species on the substrate physicochemical properties

and soil fauna in iron tailings
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Abstract; A large amount of tailings were formed in the process of metal mining, thereby bringing about serious ecological
environment problems in the local area. Iron tailings are a kind of tailings, which directly are formed by crushing the iron
ore. And their physichemical properties are obviously different to the conventional cultivation soil. From the point of
chemical properties, the iron tailings have not been driven by biological factors to accumulate organic matter and other
nutrients so that their fertility is low. From the point of physical properties, the loose structure and rough texture of the iron
tailings lead to poor water retention. These poor physichemical properties which are unfavourable to plant growth bring great
difficulty in the ecological restoration for abandoned mine. We can know that biological factors play a crucial role in the
formation of soil according to this ecological theory between soil and organisms. Thus we should select the plants which have
strong adaptability to iron tailings to construct artificial vegetation. The formation of artificial vegetation will be very effective
on improving soil fertility as well as soil properties of iron tailings so that other organisms can enter and settle in the
ecological conditions. Amorpha fruticosa is a good afforestatin species not only for soil erosion but also for desertification of

land as one series of mesquite. Sabina vulgaris is the creeping evergreen conifruticeta, which is commonly used to conserve
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soil and water, control desertification and green urban landscape in semi-arid area of northen China. Populus tomentosa is a
fast-growing broadleaf trees and a representative of native species in north China. Based on the advantages of the above three
species, we made an investigation on physichemical properties and fauna of bare tailings soil in different type of vegetation
to explore the influence of different afforestation species on properties and fauna. The results showed as follows: (1)
Amorpha fruticosa has the best restoration effect on soil bulk density, moisture, saturation moisture capacity, total porosity
and no capillary porosity, but Sabina vulgaris has a significant impact on capillary porosity, field capacity and capillary
moisture capacity. (2) All of the forestion species could decrease the pH value of iron tailings obviously. Amorpha fruticosa
is the most effective way to improve soil organic matter, total nitrogen, available nitrogen, available phosphorus and
potassium. Sabina vulgaris and Amorpha fruticosa are both conducive to increase soil potassium. (3) The number and
deversity of soil fauna under Amorpha fruticosa system was significantly greater than Sabina vulgaris. This research revealed
by Grey relevant analysis (GRA) that soil fauna diversity was closely related to the total nitrogen, organic matter, alkali-
hydro nitrogen and soil bulk density. However, the soil fauna appeared to be almost unaffected by the vegetation coverage
and height. The result of a principal component analysis ( PCA) indicated that the Amorpha fruticosa had the best
comprehensive improvement of the physicochemical properties and soil fauna, followed by Sabina vulgaris and the
improvement effect of Populus tomentosa was mnot obvious. In conclusion, Amorpha fruticosa is fine species of direct
afforestation in iron tailings soil as the mesquite. In the respect of soil physichemical properties, Amorpha fruticosa has the
more significant effect on soil improvement than Sabina vulgaris, but Sabina vulgaris is even better than Amorpha fruticosa
in the respect of water conservation and deep soil improvement. To adapt to the long—term arid environment, Sabina vulgaris
as evergreen coniferous shrub formed rich underground root system. This is especially important to the ecological slope
protection and winter green landscape improvement which should be developed vigorously in future. Populus tomentosa is a
local native tree species with the characteristics of fast — growing poplar, which indicates the weakest effect on soil
improvement. But there also are obvious water conservation, ecological protection, soil improvement and other ecological

benefits compared with the bare tailings.

Key Words: iron tailings; vegetation restoration; soil physicochemical properties; soil fauna; grey relevant analysis
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Table 1  General situation of experimental plots
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e i ﬁﬁ. B ﬁiﬁ i e Yy 1 i %EI_J.})L i %Egn.n}:
Vegetation Planting space/ Vegetation Vegetation
No. Age of tree/a Slope/ (°) Aspect i
type (emXem) height/m Coverage/ %
1 VLM Sabina vulgaris 5 50x100 40 [iiig[d 0.5 20
2 LML Amorpha fruticosa 5 40x100 40 Eop)d 1.65 80
3 B Populus tomentosa 5 100x150 30 ek 2.39 55
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2 ERESH
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Table 2 Two-way ANOVA for the effects of tree species and depth on physical properties of iron tailings ( F-value)

. N o - o o " BEALERE BB

- NG WRSPKR BRRAR mRakR game ook R ERLAE
It\ Bulk/ Field Capillary Total Total P .try -ap it 1y

o (g/cm®) moisyur/ % moisyur/ % moisyure/ % capillary/ % (pglr)O)SI/z;b ( g(g;s)l/y%
FF Species 17.398 " 10.380 " 0.739 " 52.257* 2672 2.279*" 4.924"
T+ HERE Depth 1.727* 0.220"* 0.535" 2,442 0.318 " 0.206 ** 0.342"*

e ¢ - I .
ki RIRE 4.426" 1.616 1.331 17.138 " 7.765* 2.813* 6.041"

SpeciesXDepth

* % P<0.001; * P<0.05
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Table 3  Physical properties of iron tailings in different vegetation types ( Mean+SD)
MEKH MR CDRRT WASKE  BbKE mRakE sdm TS EN
Vegetation Depth Bulk density Field Capillary Total Total %ﬁfgf/tfﬁ 3??:5?;%@% %Lft{ngtt
type Jem  /(g/em’)  moistre/%  moisture/%  moisture/%  porosity/% ) ’ NC; :; dOCP
VAT 0—10 1.53+0.01 15.46+0.01 20.60+0.80 25.80+0.02 39.40+0.01 31.46+0.95 7.95+0.56 0.25+0.02
Sabina 10—20 1.50+0.03 15.81+0.02 21.40+0.89 28.74+0.25 43.24+0.48 32.19+1.26 11.05£1.74 0.34+0.07
vulgaris 20—40 1.44+0.23 16.15+0.96 22.57+1.93 30.64+0.15 43.99+0.47 32.34£2.96 11.65+1.44 0.36+0.13
40—60 1.38+0.38 16.34£1.14 23.74£1.30 32.86+0.10 45.07£0.10 32.49+0.83 12.58+0.73 0.39+0.35
T 1.46£0.33bc  15.94+0.19a  22.08+0.67a  29.51x1.50b  42.93+1.23b  32.12+0.23a  10.81+1.00b 0.34£0.03
E40 0—10 1.32£0.11 14.73£0.29 20.12+0.76 37.342.22 48.33+2.78 32.55+1.21 15.78+2.78 0.48+0.19
Amorpha 10—20 1.39£0.17 12.06+1.69 19.86+2.72 32.93+0.65 43.88+1.53 29.94+3.46 13.94+1.56 0.47£0.33
Sruticosa 20—40 1.400.01 11.78+0.37 18.45£0.57 32.1420.57 42.35£0.84 29.05+2.45 13.30+1.49 0.46+0.21
40—60 1.41£0.01 11.51+0.62 18.23+0.43 31.15+0.73 42.00+0.91 28.82+1.07 13.18+1.73 0.46+0.17
T 1.38+0.20¢ 12.52£0.75h  19.16+0.48b  33.39£1.37a  44.14+1.46a  30.09£0.85h  14.05+0.60a 0.47+0.01
EA 0—10 1.44£0.17 14.05+0.27 20.93+ 0.87 30.00+1.25 42.32+0.87 30.07+1.34 12.25+0.66 0.41£0.06
Populus 10—20 1.43+0.24 11.89£0.35 19.61+1.21 28.36+0.99 39.84+0.44 28.05+1.02 11.79+0.29 0.42+0.03
tomentosa 20—40 1.50+0.05 11.23+0.74 17.32+0.56 26.30+1.23 39.01+0.75 26.42+1.11 12.59+0.04 0.48+0.01
40—60 1.60+0.13 10.50+0.21 15.03+0.89 24.23+1.31 38.17+1.21 25.60+1.72 12.57+0.48 0.49:0.21
T 1.49£0.39ab  11.92+0.77bc  18.22+0.30bc  27.22+¢1.25b  39.84+0.90b  27.54£0.99¢  12.30+0.19b 0.45+0.20
BEH 0—10 1.57£0.36 10.86+1.21 15.83+1.02 20.43+0.13 34.41+1.22 27.12£0.45 6.59+0.98 0.24+0.02
Bare 10—20 1.53£0.08 11.75£1.07 16.50+0.77 19.730.83 35.50+1.57 28.45+0.78 6.25+1.01 0.22+0.12
tailings 20—40 1.57+1.49 10.36+0.98 15.94+0.09 21.08+0.21 32.48+0.99 25.54£1.01 6.14£0.08 0.24+0.11
40—60 1.62£0.19 10.27£0.35 14.93£0.48 24.04+0.65 32.24£1.77 25.05+0.07 5.99+0.96 0.24+ 0.02
SEEE 1.57+0.18a 10.81+0.34¢ 15.80+0.32¢  21.32+0.95¢  33.66+0.78¢  26.54+0.77¢ 6.24+0.77¢ 0.24+0.08
F 7.475 15.126 10.792 15.521 17.377 10.807 24.709 -

[ —F R[] R RR 2 5 B3 (P<0.05)

2.2 AR RO B A s P A 5

BRI T A S 52 AN [ 3 AR o ) 5 i B

4) o MHZFETT 220 Hrab R (K 4) KW WA 4 1

0, B A SR BE RN AT A — 5 1A AR (11—

F4 YRETERUBPHEREMM CERETARNERFTESW(FH)

RIEE X R AT SR R o & AT R

Table 4 Two-way ANOVA for the effects of tree species and depth on chemical properties of iron tailings ( F-value)

£ 4 k7 2 AL A
HHUR 2% i i ﬁfﬁﬁ’*’ﬁk 1_)75(@-? 1_)'4("5‘45
i H . . Total Total Available Available Available
pH Organic matter ~ Total nitrogen . . .
ltem (&/ke) /(e/kg) phosphorus potassium nitrogen phosphorus potassium
v i Mgke)  /(gke)  /(mgky)  /(mgky) [ (mg/kg)
PP Species 13.158 6.91"* 18.627** 110.87 * 9.503 ** 7.658 ** 6.829 ** 49.49 **
L3R Depth 4.105" 3.0427 6.521"" 4.675" 5472 4.906 ** 7.219 %" 17.855*"
FiFhx L SEIRIE SpeciesxDepth  2.589 * 0.219 3.696 ** 9.827 " 2.191 2.944 % 2.768 " 10.491 **

# x P<0.001; * P<0.05
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Fig.3 The total nutrient content of iron tailings in different
plots ( Mean+SD)
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Fig.4 The available nutrient content of iron tailings in different plots ( Mean+SD)
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Table 5 The grey relational degree among factors affecting soil fauna in the iron mine tailing
. H 7] EE gl HAL BE FEEE )
PiE SR ki owkm o awki omr e awr s
: (%) (x3) (x4) (x5) (%) (x7) s ?
FHFEL 0.679 0.602 0.619 0.668 0.651 0.634 0.658 0.594 0.779
Gl 0.755 0.552 0.567 0.621 0.602 0.586 0.597 0.563 0.681
ZREMEFREL 0.702 0.709 0.717 0.804 0.751 0.726 0.823 0.719 0.843
YRESS S 0.712 0.621 0.635 0.698 0.668 0.649 0.693 0.625 0.768
F % o S el A A AL R RO ER T
Factors (%19) (x1) (x15) (x13) (x14) (x15) (x46) (xy7)
L 0.870 0.573 0.651 0.827 0.653 0.722 0.483 0.612
I 0.804 0.543 0.605 0.908 0.615 0.651 0.505 0.628
ZREPERREL 0.669 0.704 0.661 0.537 0.633 0.711 0.545 0.478
IR AT 0.781 0.607 0.639 0.757 0.634 0.695 0.511 0.573

FH 1] F 7K &« Field moisyure, B 45 #35 7K &t ; Capillary moisyure, {1 % 7K & ; Total moisyure, LR B : Total Capillary, & & fLBR FE : Capillary
porosity, AE B FLELEE : No capillary porosity , 5 ML : Soil organic matter, 4% : Total nitrogen , 4% ; Total phosphorus , 2% ; Total potassium, Hgifi# 4 :
Available nitrogen , #5(# : Available phosphorus , B H ; Available potassium , 18} &5 J& ; Vegetation height , /% % 7 28 ; Vegetation coverage , 2SFE%L .
Number of groups , % £ : Individal density, ZREHEHE %L Shannom index , JK (5 ICHKE : Gray relational degree

TERTOCIR R = (y,,x,) ,ryry J(RS) W, WK, SEAHHE 163 (0.487 ) 2 e/
FBEEZ 2R (0.870) 52 W fie K, % FE 52 0 fff & BRI FREE PR 3K €8 0I5 B - 1 AR B/ MR IR
(0.908) Mt K, — & Y52 M i BE S g /N, 4 O 2(0.781) VA AL (0.768) | f}aﬂiﬁ’ifn(o 757) |
4 0.483,0.505, ZHEVEIRECZAHLIT(0.483) 5%  HHEAEH (0.712) 1 F & 7K & (0.698) | 3 &% 4
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Table 6 Comprehensive appraise value and sequencing of different vegetation types

R # LA Every factor value GRAM LS %,
Vegetation type fi b Comprehensive appraise value Rank
LT Amorpha fruticosa 1.54765 -0.86752 0.71 1
VM Sabina vulgaris 0.38243 1.23875 0.63 2
E ¥ Populus tomentosa -0.43151 0.44108 -0.18 3
WRH" Bare tailings -1.498 -0.8895 -1.32 4

1 6 RIHT, A [ T AR b pkov) 2k 2 B AL
PR+ 3 s W B e R BCR 55 W0 O - SRR
MU HAAMS R BRSER BB, S SE B A R
ORI, FEUTE VD HRARK A7 PR B8 A0 R8RS T
W (AT EBAR S, A i B 57 25 PF S 1 TR
R,

3 Zi5itie

IR AL R A R AL i A v |3 R A B bR
JRYIREA R R AR, I O A LT
FE SRS (AN R R OGS - S 45 R A -
TR AE 25 o EGE HIRESHORE , U
HUAFIARAN 58 R MK 2 REAT A R IR Bk B A
{H. (AR e B 5 ) b SEREARAR T LA EAK
UCHER, U0 M D) 2 BT AR 3, 150 P 55 TR X
FE R E UG E A G, WHAEA A T IR +
ARG FUR TR T 4 7 T R AL UK
DL AL AL 38 o L Bt i 5 i 2 Y R AL
ST | - A SRR A AL R A SRR
MOF A LTS R R, HLBE TR AR, X vl

RESE M AR A E AR B R, Vb i
FER R o ) ) A R e D M AV
D APUR AR, R AR RS T
RLHE R BIMR 2R M0, (i F 2 s b 2 L, AT 45 ) T
R 2 Lo ™2 B R g5 A K
SRR 1, B AFLBR A 40%9—50% 2 [H]
FEBEILBE KT 10%, A B LB E 5 BE 1L
BREE L BITE 1:2— 1241 TR LA BRI 12
/N, B LB TR B — e R 5 e, ff
HEBEILBR S BB Z LN T 104, SHIHAE
HiE, B8 5 EEEBREY SRR EEMN e,
U RO B A LB 11 eV i B, KT
PR L B B AN 3 B A L R B 114 o503 4 FH S Bt
AL, U0 M AAARER K BE 138, R e X I 2 + ek o
VEFIWI R . SRR - 6 B PR A U, AN it 4%
R AR AL B B | B AR B A FLBR 1 H Bl
SEFLRA R I R R AR L AL BR 45 A A B, ek
RO ECH I, EGE L2 M TOR R B
W), R0 B> pH (ERER, 302 i TRk &2 i
B, A ML A3 I T I — o 0 B 3 S e, Rl

http ; //www.ecologica.cn



20 41 ZEERE A N R MR ok ik R A R R TR - S S ) B R 5755

RER H, GHTREY ST pH [HRRILS, 5
BRARXT R A A LT 4 A Bl L R AUt | i
RO B G s, U AR AR R A W
FROR . Harris 5720k, 2484 RV 0 M AL
P& 1 AR GRHMEY AR K= Z 05 iR AE
AR, AR T AR A S 0 A ALY BT, ik A
HLIBTH Y C/N A, T 7E 23 fife I 7T LA A5 4
I E IR R R, SORA SR BSR4 SRR — 3
0, BRET T35 (018 o/ke) LT b4
TR R (19.2 o/ke) . XK -4
A A A RIS B AR, 48 o
AFF, HIFH AT REE P IC R &) T bk, i ok & v
W TE U TS TRk, ST R
T ANFIT Z2 80 A0 AR G T VD iR S AR AN
X RE A IE A R A A8 i A b rh A i
PR TR S FIE SRR A5 O R
), o e B B TR A LB A S
i, AT RIS | R A AL RS SR
LR O RFRERRG TEREY TS YRR e
S TR S PR SR A 0 A )R S A A
PRE T TR B L M R T s
BRI 5 g (B[R] Y 3 RS b Xt 1= S 3l
RS E IAFTE 22 5 . SRR MM T 3 2
TEESORI 25 B2 (3 IV T e 2 2, O VD s R AR 4
BRI/ BRI A BYBRFSE R T, I d /N
T mmn 2L, IESY R E R L, i
A HLITTRE AR - 1 % Py B4 A RN Ak 25 R i, A R T
A SRS 1 1Y JE i, DA T 2 26 A 0 04 A K R 3R 43
A, —MEOLT , R LTS R, 1 S
VAR BOR 27 S O i A2 Hb 1 3
ARBTG5 MR, 30 52 5 ML A5 RS IR R e, HATE
A5 2 BH I 1] 0 334 B8 287 B XoF 0 38 B 5 A R L
Sandrine Salmond 4 [RF5E 45 S KW . LYK
B T 32 1 R PR S BE CIE EGY L S AN ] e
F32 00 K PR 5 B 0 SRS [] BT S B 3 sl 1
PRECAAAE 22 5 o T332 D) 3 S5 ok 2 i - 38 55 K &
Xt s P A B AR ST RIE S A A R
e EEARE  EAE B 7 T R R S R [F] R G
WA T4t SR AR WY M 0BT o RN - S B ) 2 R S
WiV /)N | JIT LASBE 1) W] BBt S 52 ) 4= S 3l 4 43 A 1) A
2, TR MEENEEEAT LIEI Y RL, X

VR AT R T R B, i SRR AAR R R
ek RO 2 S YR O T IS B AR ST O, X it
BT TE 58 42 A [A) 57 4 2% #F R EAT TR AN L2 B
W

Zi LIRS RN GRAS R, W R A
o AR P T M - S S ) 255 2 R ACR R 2
SEERRER L EIE AR OL R A b AR e )
HREE | TR R T TR TS A, 1 R AR
K ORI SRR T R T R A
TRIEE, A Rk F AR R SR Skt
TEAR X R A 5P A o (0 5 R A Rk
IS QWY 3/FE 77 0 s B o U i NS B N |
AR HRIE S B B X AT S AR AR, (H
SRR, WA B AR R A S
eI R AR A A

References:

[1] FuW H, Wang Y, Yu Q Q, Li Y L. Effect of different
improvement measures on the reclamation effect of iron tailings.
Northern Horticulture, 2012, (8): 158-163.

[ 2] Yang X, Gao L. A study on re-vegetation in mining wasteland of
Dexing Copper Mine, China. Acta Ecologica Sinica, 2001, 21
(11): 1932-1940.

[ 3] Mendez M O, Maier R M. Phytoremediation of mine tailings in
temperate and arid environments. Reviews in Environmental
Science and Biotechnology, 2008, 7(1) : 47-59.

[4] YeZH, ShuWS, Zhang Z Q, Lan C Y, Wong M H. Evaluation
of major constraints to revegetation of lead/zinc mine tailings using
bioassay techniques. Chemosphere, 2002, 47(10) ; 1103-1111.

[5] GuoSP,BanYD,SuPF, QiGH, Li BG, Li L H. Studies on
the effects of different reclamation measures on iron mine tailings
wasteland. Hebei Journal of Forestry and Orchard Research,
2011, 26(2) . 157-180.

[6] Ren X X, Cai T J, Wang X F. Effects of vegetation restoration
models on soil nutrients in an abandoned quarry. Journal of Beijing
Forestry University, 2010, 32(4) . 151-154.

[7] SongJL, WuF Q, Yao J, She D, Bao Y X. Changes of soil
physical and chemical properties during vegetation restoration on
abandoned cropland. Agricultural Research in the Arid Areas,
2009, 27(3) : 168-173.

[8] Wang L Y, Hang Y Z, Zhang C L, Pei Z Y. Reclaimed soil
properties and weathered gangue change characteristics under
various vegetation types on gangue pile. Acta Ecologica Sinica,
2011, 31(21): 6249-6441.

[ 9] ShenG, LiQM, Zhao Y. Progress and perspestives in vegetayion

succession of mine ecological restoration. Modern Ming, 2010, 26

http ; //www.ecologica.cn



5756 R ¥ O 34 #
(10) : 70-73. Water Conservation, 2009, 7(6) ; 104-109.

[10] Gao J. Experimental study on ecological management of vegetation [26] ZhuY H, Shen F, YuJ, Zhang X H, Lu L. Soil fauna diversity
restoration techniques on iron ore tailings pond, in Bengbu. of abandoned land in a copper mine tailing area. Acta Ecologica
Modern Landscape Architecture, 2012, (3) ; 44-46. Sinica, 2013, 33(5) ; 1459-1505.

[11] Liu Z M. Stwudy on the chose species of renew vegetation in [27] Hang Q X, PuZ G, Hou X J, Wang Z G, Su X Y. The
Anshan’s iron mine. China Environmental Management, 2003, 22 relationship between soft animals and soil physical and chemical
(3): 50-51. properties in different greenlands of Baoding. Hebei Journal of

[12] XuZQ, Yuan Y X, Li YL, Xu X H, Guo J, Liu J Z. Impacts of Forestry and Orchard Research, 2009, 24(2) ; 195-199.
forestation on the nutrient content and biodiversity of iron tailing [28] Sandrine S, Nadia A, Lorenzo F, Roberto Z. Relationships
land. Scientia Silvae Sinicae, 2008, 44(12) ; 151-156. between soil fauna communities and humus forms; Response to

[13] Bao S D. Soil Agriculturalization Analysis. Beijing; China forest dynamics and solar radiation. Soil Biology and Biochemistry ,
Agriculture Press, 2002; 34-35, 56-58. 2008, 40(7); 1707-1715.

[14] Committee of Handbook of Soil Fauna Research Methods. [29]7 He X J, Wu P F, Cui L W, Zhang H Z. Effects of slope gradient
Handbook of Soil Fauna Reseach Methods. Beijing; Chinese on the community structures and diversities of soil fauna. Acta
Forestry Press, 1998 24-34. Ecologica Sinica, 2012, 32(12) ; 3701-3713.

[15] Yin W Y. Pictorial Keys to Soil Animals of China. Beijing: [30] LiYL, Zhu F, Wang ] G, San M Z Z, Ban B G E, Ji C X.
Science Press, 1998. Seasonal changes of photosynthetic characteristics and pigment

[16] Li D Q, Shao M A, Liu C P. Effect of bulk density on soil composition of Sabina Vulgaris Ant. Under water siress. Acta
saturated water movement parameters. Journal of Soil and Water Ecologica Sinica, 2009, 29(8) ; 4346-4352.

Conservation, 2006, 20(3) ; 154-157. )

[17] Lin Y H, Zhang D F, Zang J Q, Ou Y X I, Mo D' S, Zhao G Y. AL
Preliminary investigation on temporal and spatial variation of [1] AR, BA, FHEF, EER A SRR
structure of soil fauna community in different natural vegetations of 2R, AbJrE 2, 2012, (8): 158-163.
Dinghushan. Acta Ecologica Sinica, 2005, 25(10) ; 2616-2622. [2] &, mbk EXED " LRSI E SEER. A5

[18] Li S F, Dang Y G, Fang Z G. The Grey System Theory and 242, 2001,21(11) ; 1932-1940.

Application. 3rd ed. Beijing: Science Press, 2004. [5] SFR¥, YRR, 50, SFEDE, ZZ0R0E, Xme ARE

[19] WangZ Y, Zuo C Q, Cao W H, Yang J, Xu Y N, Qing W, BRAGHEXT R R0 P 5 2 RSO S, WA MRS
Zhang J F. Physical and chemical properties of soils under 2011, 26(2) ; 157-180.
different vegetation restoration models in red soil hilly region. Acta [ 6] ARBEH, #80RA, TAENE. RIFRPEIKE AR X X % 7+
Pedologica Sinica, 2011, 48(4): 715-724. HEFRA ORI, JE B AR K2R, 2010, 32(4) ¢ 151-154.

[20] Chen B. The experimental research of tender twig cutting [ 7] KW, RER, %, 20, iy, sekHbm ke o s
propagation of sandy cypress. Inner Mongolian Environmental op AL AR A R T R RO BESE, 2009, 27
Science, 2007, 19(2) : 62-67. (3): 168-173.

[21] Xie Y F. The Study on the Natural Distribution and Habitat of [ 8] Euuf, #iAdk, KA, FRM. RFFE KA AT
Sabina Vulgaris in the Inner Mongolia [ D]. Inner Mongolia: A5 B AR BT KRR A XA AR AL R AE. AR SR,
Agricultural University, 2005. 2011, 31(21) ; 6429-6441.

[22] Wang Y, Li Y L, Shi J H, Guo J, Du J Y. Effect of different [ 9] R, Z=4My, BXOHE 7 LA gk &2 i B F o ok e, AR ™
vegetation restoration measure on the species diversity and soil Ak, 2010, 26(10) ; 70-73.
properties of iron tailings. Journal of Soil and Water Conservation, [10] 7. SRR B o A A BRI Z AL oE. 2E
2012, 26(3) . 112-117, 183-183. 152012, (3); 44-46.

[23] Sun Y F, Wei Z Y, Li X F. Effects of different improving [11] XBR. Blgka gk & i Fh s S, hE SR E
measures on the pH value and available nutrients of iron tailings. B, 2003, 22(3) ; 50-51.

Journal of Anhui Agricultural Sciences, 2007, 35 ( 26): [12] i, BER, ZER, HR¥EE, 000, XEH. Mok
8077-8080. FEW LSR5 ik R R Z R 2 . MRl BE, 2008, 44

[24] Harris J A, Brich P, Palmer J P. Land Restoration and (12): 151-156.

Reclamation;  Principles ~ and  Practice.  Singapore: [13]  f#fi4H. E8eRMbaHr. dbat. P ER H AL, 2002, 34-
Longman, 1996. 35, 56-58.
[25] Man X L, Meng Q F, Liu W Y. Vegetation restoration technology [14] (EHEIYRFTEFMYREA. L0557 % F 0

of stone pit wasted lands of Jixi Mining Area. Science of Soil and

At PEMOE AL, 1998, 24-34.

http ; //www.ecologica.cn



20 HH ZEleE A NIRRT A B LA M RN - SRSl A 5 e 5757
[15] F3cde. hE YR RERLE. Juat. Bl s, 1998. 2012, 26(3): 112-117, 183-183.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BB, WAL, R R E X U RIK S iE s S EU 5
M. sk HARRREAR, 2006, 20(3) : 154-157.

MR BIGHE , SRRTE, BRBHAEZE, S A, A E . 5l
WATR] AR A B - 308 3 W B vk 45 f i s AR Al A S IR,
2005, 25(10) ; 2616-2622.

XK e, 7k R ERGEHIE I (=0 .
Jeat. BhaEd it 2004.

TFWHE, 2o, W SCHE. 20 R KON R A SR A 1
AL PEBTAR G T, L3R, 2011, 48(4) : 715-724.

WRBE. U0 A OB T A S Y. NS SRR R,
2007, 19(2) ; 62-67.

il SLAAAE N 58 1 RAR A MZEBE M BESE [D]. 5
i 4l K2, 2005.

T, ZER, AR, I, . R K R A
BRED PR 2R I 3 FRALE T 2. K PR IR,

(23]

[25]

[26]

[27]

NP, BB, ZEFH R RRIE R A 2R pH 5k
BOR Ay A R L R ORI B 2, 2007, 35 (26)
8077-8080.

TS, PR, X SCH. X PG5 X R AT S R B B
A EKEREERE, 2009, 7(6) ; 104-109.

AokiE, WAk, A, /e, Bibk. SRR ST L 3
ZREPERRIE. AR, 2013, 33(5) : 1495-1505.

AN, NAERE, ZEREA, FRER, SRR, SR TR R S
HHES TR S L HBRA YOG &R WHEMRSE, 2009,
24(2): 195-199.

fapdeitt, My, HETE, skt SRRk H LY ai i
FIZREMERI M. ZEASE ], 2012, 32(12) . 3701-3713.
ZER, RN, TRAI, =AKEF, WAER, HINE. Ko
W38 T R ( Sabina vulgaris Ant.) JGA A6 R 4R 2
WAk, AR, 2009, 29(8) : 4346-4352.

http ; //www.ecologica.cn



