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The location of the study area and the ecological restoration test area
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Fig.2 Plan layout of ecological restoration test area
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Table 1 Lithology of the study area
b Si0,/% ALO,/% TFe,0,/% Ca0/% MgO/% K,0/% Na,0/%  HAl/%
b+ (P ) 29.94 6.94 3.25 22.05 7.46 1.66 0.21 28.49
b+t (Vi i3%) 31.94 6.71 2.79 23.93 5.07 1.41 0.27 27.88
b+ R FEAE ) 26.39 6.37 2.73 24.26 7.94 1.48 0.23 30.60
W+ (5 5E) 33.99 8.77 3.60 19.53 6.57 1.95 0.29 25.30
o+ (P02 15.75 3.03 1.74 30.42 10.54 0.64 0.15 37.73
W+ 4 (Fr2%) 23.83 4.21 2.07 27.29 7.95 0.91 0.26 33.48
F2 MRXRITEBENESTH
Table 2 Soil separate of the study area
RS 95 e SFEEEPRIEZE /% 3L e SRR ERE /%
b+t AR 42.60+7.98" b+ A HLAL AR 45.5147.89°
HHAD 21.60+4.42° KRS 21.3246.23"
ity 20.00+5.44° g 17.96+6.08"
b 15.17£2.53" b 14.09+4.03®
BhkL 4.66+0.58" Bk 4.34+1.07"
W+ E+Z A0 FaRTiA 48.25+8.51° ++EPLE FaRTIA 42.83+6.70"
bick) 19.1942.92° bick) 20.86+3.64°
it 20.52+7.39" ity 20.02+3.52°
b X 11.14£0.24 b 15.16+2.27%
FhkL 3.06£0.93 RhkL 4.78+0.75"

T RPN Al FREFR IR R 9 AN ] SR 5 ) 22 5 12 2 (P<0.05)
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Fig.3 Precipitation, relative humidity, and air temperature

in the test area (May—October 2022)
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Fig.4 Soil temperature in the test area of Hedysarum scoparium and Atriplex canescens (May—October 2022 )
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Fig.5 Soil moisture content in Hedysarum scoparium and Atriplex canescens experimental areas (May—October 2022)
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Table 3 Two-way analysis of variance results of the effects

of plant and soil matrix on soil organic matter

2SR M df HUF F P
it/ 8.45 6 1.41  31.00 <0.001
TR R 2.99 3 1.00 21.93  <0.001

Y > E TR 6.83 15 046 10.02 <0.001
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Fig.6  Soil organic matter of different plants and soil substrates
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Table 4 Plant survival rate
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A comparative study of ecological remediation approaches
in arid limestone mining remnants

Guo Yuanshang'?, He Mingzhu’, Liu Jianbing’, Zhang Xi*, Gu Shoujiang®,
Wu Wenjin®, Gao Libo’, Feng Xiaoli’, Han Guojun'
(1. College of Resources and Environment, Gansu Agricultural University, Lanzhou 730070, China; 2. Geological Ar-
chives of Ningxia Hui Autonomous Region, Yinchuan 750021, China; 3. Northwest Institute of Eco-Environment and Re-

sources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: The ecological restoration of mine sites is an important measure to promote the harmonious coexis-
tence between humans and nature, and achieve green and low-carbon development. Mining remnants in arid area
are characterized by poor site conditions, low vegetation coverage, and strong soil erosion caused by mining ac-
tivities. The determination of a scientifically rational restoration model is crucial for the success of ecological res-
toration. In this study, the typical arid limestone mining remnants in Zhongwei City, Ningxia, were selected as
the research object. By comparing the soil temperature, humidity, organic matter, plant survival rate, and rela-
tive growth rate of new shoots (RGRs) of seven kinds of ecological restoration plants under different soil matrix
reconstruction measures, it aims to screen out the optimal mode for ecological restoration of arid limestone min-
ing wastelands and construct an eco-restoration plan combining soil improvement and vegetation reconstruction.
The results show that: (1) Soil matrix reconstruction measures are the prerequisite for ecological restoration of
limestone mines, which can effectively improve plant colonization environment. The plant survival rates of dif-
ferent soil matrix reconstruction measures are: soil + organic fertilizer > sand + soil + organic fertilizer > sand +
soil + compound fertilizer. (2) The range of soil organic matter was 0.56—2.84 g-kg". Plant species and soil ma-
trix and their interaction had a significant effect on soil organic matter content (P<0.001). (3) The range of
RGRs was 1.51-1.87 mm-cm™-month”, and there were significant differences in RGRs among different plant
species. (4) Through Hierarchical clustering analysis, the most suitable ecological restoration mode for the study
area was found to be sand + soil + organic fertilizer (with Calligonum mongolicum or Tamarix ramosissima as
the selected plants). This study proposes a joint ecological restoration scheme from the perspective of soil im-
provement-vegetation reconstruction, which can provide theoretical basis and practical reference for mine ecolog-
ical restoration in arid areas.

Key words: soil matrix reconstruction; plant survival rate; relative growth rate of new shoots; cluster analysis



