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Study on Plant Rehabilitation at Dump Sites
of Open-pit Mine in Inner Mongolia

YU Shuang', ZHU Yue', XU Changyou®, LIU Yongjie*, ZENG Lixue’, QU Laiye’
(1 College of Life Science and Technology, Mudanjiang Normal University, Mudanjiang, Heilongjiang 157011, China; 2 Inner
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Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: To explore the effects of different restoration years on vegetation community changes and indi-
vidual plant growth in open-pit coal mines, and further strengthen ecological environmental protection and
ecological restoration measures. Taking the plant community of Inner Mongolia alpine open-pit coal mine

during the four years of restoration (2018 —2021) as the research object, we adopted the quadrat survey
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method to investigate the plant community in the sample site. The herb quadrat (1 m X1 m) and shrub
quadrat (5 mX5 m) were set to record the plant species composition, height and coverage. Shannon-Wie-
ner diversity index, Simpon index, Pielou evenness index and species importance were calculated. The
change characteristics of plant community and nutrient uptake of dominant plants in different restoration
years were discussed to provide scientific basis for artificial vegetation restoration in mining areas. The re-
sults showed that: (1) With the increase of restoration years, the total species number, biomass and di-
versity index increased significantly. Total species number was increased from 16 to 31 which from the
first year to the fourth year after rehabilitation. This due to the non-planted species increased from 6 to
19. Especially the species number was significantly increased on the second year, then steady on third and
fourth year. It demonstrated that second year was key year for plant rehabilitation. (2) The dominant spe-
cies were Gramineae plants Elymus dahuricus , Bromus inermis; leguminosae plants Medicago sativa ,
Melilotus officinalis, Astragalus adsurgens, Caragana sinica; Artemisia sieversiana (Compositae);
Brassica napus (Brassicaceae) and Hippophae rhamnoides (Elaeagnaceae) in study sites. (3) Compared
the nutrient (N, P and K) uptake among dominated species, there were higher nutrient contents of Leg-
umes and compositae than Gramineae plants in herbaceous plants. The N content and P contents in the
stem of H. rhamnoides were significantly higher than that of Caragana sinica in shrub dominant species.
According to the study, in the initial stage of vegetation restoration (4 years), legumes and compositae were
the preferred pioneer species of herbaceous plants, while H. rhamnoides is the preferred species of shrubs.

Key words: open-pit coal mine; vegetation restoration; recovery year; biodiversity
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Table 1  Species composition of artificially planted plants with different restoration years
GES & % iR 14 2 4 34 4 4
Family Genus Species One year Two years Three years Four years
ARAEL Gramineae P08 R Elymus WK Elymus dahuricus 1 1 1 1
AKAEL Gramineae 452 J& Bromus Tet: 42 Bromus inermis 1 1 1 1
KRB Gramineae W8 Calamagrostis i+ Calamagrostis epigeios 0 1 1 1
ARAF Gramineae P2 ® Phragmites 5% Phragmites australis 0 1 1 0
H B} Leguminosae X LJE Caragana #X)L Caragana sinica 1 1 1 1
&Pl Leguminosae B %58 Medicago B %8 Medicago sativa 1 1 1 1
H#} Leguminosae WAMREE Melilotus HRME Melilotus officinalis 1 1 1 1
Bl Leguminosae )@ Astragalus YHTIE Astragalus adsurgens 1 1 1 1
%#} Compositae I8 Artemisia KAFE Artemisia sieversiana 1 1 1 1
A% FF} Elacagnaceae YR Hippophae Yl Hippophae rhamnoides 1 1 1 1
T F4EF} Brassicaceae 22 &8 Brassica M3 Brassica napus 1 1 1 1
i #% Rl Rosaceae WeJE Amygdalus @Bk Amygdalus com munis 0 0 0 1
3B} Rosaceae oty J& Sanguisorba Wty Sanguisorba officinalis 0 1 1 0
% #%Fl Rosaceae ZEWR K@ Potentilla W3 Potentilla chinensis 1 1 1 1
SR Total 10 13 13 12
x2 ARAMEERIEATHENEY Y AR
Table 2 Species composition of non-planted plants with different restoration years
B4 IEE4 T4 14 2 4F 3 4R 4 AR
Family Genus Species One year Two years Three years Four years

AKAF} Gramineae VK JE Agropyron VKL Agropyron cristatum 1 1 1 1
RKAF} Gramineae 5 R Leymus £ Leymus chinensis 0 1 1 1
AAFE Gramineae &7 H )@ Cleistogenes BE B2 F 5L Cleistogenes squarrosa 0 1 1 1
ARAF} Gramineae )&/ Stipa 5% Stipa capillata 0 1 1 1
AAF Gramineae ¥ ¥ )8 Festuca #3¥ Festuca ovina 0 1 1 1
AAF Gramineae AR Lolium MOE R Lolium perenne 0 1 1 1
SR} Leguminosae WK T )8 Lespedeza WAL T Lespedeza bicolor 1 1 1 1
R} Leguminosae WEJE Astragalus S Astragalus membranaceus 1 1 1 1
4%} Compositae WRAE K& Serratula WALk Serratula centauroides 0 1 1 1
%5} Compositae R Artemisia B MR Artemisia scoparia 1 1 1 1
% Bl Compositae B Artemisia Wi Artemisia frigida 1 1 1 1
4%} Compositae R Lveris W 3EZE Lreris polycephala 0 0 0 1
4%} Compositae BILJE Cosmos FKYE Cosmos bipinnata 0 0 1 1
# B} Chenopodiaceae ¥ E3¥XIE Salsola ¥ E ¥ Salsola collina 0 1 1 1
#F} Chenopodiaceae ik JE Kochia 4 32 Kochia scoparia 0 1 1 1
#F} Chenopodiaceae #JE Chenopodium WK Chenopodium album 0 1 1 1
A FF Umbelliferae LR Bupleurum Jb 488 Bupleurum chinense 0 0 1 1
ZEHi B} Plantaginaceae ZHi )& Plantago S-44i Plantago depressa 1 1 1 1
P % Bl Rubiaceae PP R Galium T3 Galium verum 0 1 1 1
BEFEL Total 6 16 18 19
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Table 3 Indexes of plant community diversity

ik 2 A R Shannon-Wiener 18§ % Simpson 15 %{ Pielou 8 %¢ E
Restore year Shannon-Wiener index Simpson index Pielou index Coverage/ %

1 1.8240.02b 0.64=+0.12b 0.65+0.04b 64.32+0.37b

2 2.13+0.05a 0.68+0.02b 0.66+0.01b 75.7141. 24a

3 2.4840. 21a 0.784+0.01a 0.75%+0.01a 79.0542. 31a

4 2.2140.07a 0.67-£0.02b 0.67%0.03b 78.0240. 75a

TE B0 P ME bRl 22 . /NG TRPUR AR R IR R AF R 0] 22 S 3 . R

Note: Data are mean= standard deviation. Lowercase letters represent the difference between different recovery years. The same as below.
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(Medicago sativa) K ARME (Melilotus officinalis) .
VATHE (Astragalus adsurgens) . K¥F#E (Artemisia
sieversiana) I3 (Brassica napus) X JL(Cara-
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Table 4 Important values of dominant species in plant communities

L T 95 At ) Bl

&2 45 PR Restore year

Dominant species in plant communities

2 3 4
P B Elymus dahuricus 23.60+0. 13a 21.25%+0. 03a 20.80+1.01a 20.04=+1.03a
Tot248 4 Bromus inermis 3.3340.03a 3.1740.11a 3.044+0. 16a 3.094:0.91a
E 4 Medicago sativa 21.5040. 13a 21.3840. 11a 21.0640. 29a 20.7340. 31a
l‘iﬁ HOKME Melilotus officinalis 23.524+0. 16a 22.9140.01a 22.03+0.03a 21.05+0.01la
WATHE Astragalus adsurgens 8.50+0.12a 8.48+0.09a 8.62+0. 20a 8.6040. 16a
KHAF# Artemisia sieversiana 9.9140. 08a 9.0240. 13ab 8.51+0.01b 8.5340.05b
M3 Brassica napus 1.424+0. 04a 1.37£0.11a 1.0540.01b 1.03£0.11b
WA B33 )L Caragana sinica 2.7840. 13a 2.65+0.17a 2.4340. 13a 1.94+0.03b
Shrub Wil Hippophae rhamnoides 4.3740.01a 4.1240.01a 3.94+0. 12a 4.0140. 61a
XL b AT A AR S B, A T TR A or . a
W9y e R B A R A R 4 e 1 T B T o Sl
WSS |4 AR RAS . B AT T 2 48 .3 4E A wio| &
A AR i (P <20, 05) fHIR S 2 4F 3 4E L 4 4R 1Y ﬁ% w0l
R S R AR AR 25 |
BT R B R 1925 K 2 7 T AR R, R R ol
FARFHEAREY) 2R BE, ERAEY D, TRHE 0 : - -
AR VA R KR 1 BB K T A e R

LB EY R EOR . BRMEYR AR Y i B TR
SARHEY) (P<C0.05) . AN [FAEY) MR e bE 22 S d 3%
Forb SRME Y E B AT HEAR e Fe A i e T
b AAEY) (P<20. 05) , JE AR ARHEDI 19 3 45 247 s
MR PRI L AT 25 22 5 (I 2)

P R R /N g 3 R R R IK 52 4R BR 1) 22 53 .35 (P <<0. 05)
1 YA AR A R Y A2 Al
Different normal letters indicate significant difference
among restoration years (P<C0.05).

Fig. 1 Changes of plant biomass with restoration years
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Fig. 2 Biomass and root-shoot ratio of dominant species
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Fig. 4 Changes of element uptake in different shrub plants
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