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Abstract: [ Objective ] The effects of different soil and water conservation measures on soil nutrients and

plant diversity in open-pit coal mine dumps were explored, aiming to provide feasible technical measures for

the ecological restoration of mine dumps and other abandoned lands. [ Methods | Eight soil and water

conservation measures combining soil and water-conservation-engineering and plant measures were deployed
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on the exposed slopes of the grassland open-pit coal mine discharge site, with no measures (CK) as the
control. Sampling was conducted to investigate the characteristics of the plant community, as well as to
determine the main physicochemical properties of the soil, compare and analyze the differences in the changes
in the characteristics of the plant community, and soil properties of the different soil and water conservation
measures. The redundancy method was used to analyze the correlation between plant community
characteristics and soil properties. [ Results] O The soil and water conservation measures applied on the
slope of the discharge site affected differently the main physicochemical properties of the soil, in which the
soil quick-acting nutrient content changed significantly (p <{0.05), and the soil quick-acting phosphorus
content of the two measures-spreading mixed grass + ecological bag spacing Im (Il ) and spreading mixed
grass + ecological bag spacing 2 m (Il )-reached 3.38 and 3.13 mg/kg. respectively. These increased by
53.6% and 42.3% compared to that of the control (CK) (2.20 mg/kg), respectively. The soil quick-effect
potassium content of the three measures of spreading mixed grass + ecological bag spacing 2 m C(Il[),
spreading mixed grass + geocell (V[), and spreading mixed grass + grass curtain ([) was 108.25, 126.25,
and 124.00 mg/kg, respectively. In contrast, the soil quick-effect potassium content of the control plot was
only 53.25 mg/kg. @ The effects of soil and water conservation measures on plant community characteristics
manifested mainly in the Simpson’s dominance index, which was significantly higher than that of the control (CK),
except for the insignificant differences (p >>0.05) between the spreading of sedge + salix psammophila sand
barriers (VI) and the spreading of sedge + geocell ([) (»p<C0.05). @ The results of redundancy analysis
showed that the Margalef richness, Simpson dominance index, and Shannon-Wiener diversity index were all
significantly positively correlated with soil quick-acting phosphorus. The Louie evenness index was
significantly positively correlated with soil total nitrogen, quick-acting potassium, and slow-acting
potassium. [ Conclusion ] The implementation of soil and water conservation measures in open-pit coal mine
dumps can improve the soil nutrient content and plant diversity, which has a positive effect on ecological
restoration. The soil and water conservation measures of spreading mixed grass + ecological bag with an
interval of 2 m ([l[) and spreading mixed grass =+ salix psammophila sand barriers ( V) have a better
ecological restoration effect, which can be popularized and applied as the main measures for ecological
restoration of dumps in the mining area.

Keywords: soil and water conservation measures; vegetation characteristics; soil characteristics; redundancy

analysis; mine dump
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Fig.1 Layout of soil and water conservation measures in experimental plots
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Table 1 Basic information on layout of soil and water

conservation measures in experimental plots
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Table 2 Soil chemical characteristics under different soil and water conservation measures

KR AL/ 2R/ MR/ o HMAA/ 24/ HALE/ R/

it 4 5 pH i (g+ kg™ (g+kg7") (mgekg') (gekg) (mgekeg") (gekeg") (mgekg™H (mg+* kg™
CK  8.58+0.06" 2,3040.81°  0.2140.03°  2.20£0.17¢  0.70£0.02°  7.2040.24" 15.33+0.81* 53.254£2.25¢  456.25+7.75"
I 831%+0.05" 5.46+0.12° 0.32£0.01*  2.68£0.05"" 0.4140.01¢  5.8640.19% 14.45+0.63> 110.5042.60" 453.75+6.25"
I 8.7040.03* 3.2340.16° 0.2040.01°  3.38+0.33*  0.37£0.01¢  7.43£0.06* 15.75+1.02" 92.50£2.60°  360.75+7.36°
I 8.56+£0.19" 2.8940.09° 0.1740.01°¢ 3.13£0.19"* 0.35+0.04*  6.660.23> 18.7340.89* 108.25+2.25" 458.50+£14.77"
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W 8.4040.06* 4.434+0.15> 0.26+0.01" 2.28+0.17¢  0.71£0.01*  5.73£0.16° 14.75+1.11" 124,00£3.67* 460.25+14.02"
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Table 3  Soil mechanical composition under different

soil and water conservation measures

KA N TRRE A% - SR Uk 4/ %
fH i 2~0.2 0.2~0.02  0.02~0.002 <0002
éﬁ% mm mm mm mm
CK  6.55+0.44¢  78.78+0.54*" 11.25+0.29*  3.50+0.28"
1 810+0.21*  78.78+0.30" 8.10+0.14"¢  51040.16°
I 7.6540.05" 79.534+0.14" 7.5040.38°  5.35+0.29°
I 7.80+0.10"  79.58+0.10* 7.3540.29¢ 5.30£0.18"
NV 7.934£0.11"  78.9340.49" 7.9840.33"!  5,20+0.13"
Vo 7.5840.41% 78.4840.14> 8.904+0.31"  5.10%0.08"
WV 7.00£0.12°  78.93+0.24" 8.8540.35" 5.2040.27°
W 7.33£0.05*  78.85+0.07" 8.4340.23"  5.45+0.22°
W 6.38+0.11¢  79.2540.05" 8.6040.29"  5.7540.33"
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Fig.2 One-way ANOVA for plant diversity indicators of different soil and water conservation measures
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Table 4 Species composition and importance values in different plots

KPR T 5 iER7/RL S B m B 734 FHE/ % HEH
. Pl 5 (Elymus dahuricus) RAF P 0% R 3 8 0.638
K i VK& (Agropyron mongolicum) RAB K E 2 4 0.362
Pl 5 (Elymus dahuricus) RAF P 0 R 2 3 0.177

1 HORME (Meliloutus albus) R R RBE R 5 13 0.663
LW ETE (Medicago sativa) ERENEE 1 5 0.159

FORME (Meliloutus albus) RNV N 5 38 0.464

LW TE (Medicago sativa) SREER 1 4 0.070

I S Artemisia argyi) SR 2 10 0.142
# 5 (Leymus secalinus) RAFEL i 5 R 4 20 0.324

FOKME (Meliloutus albus) RV N Y 5 8 0.610

il LA H T (Medicago sativa) SREE R 2 5 0.230
PE¥E (Leymus chinensis) NN S R 1 3 0.160

HEARME (Meliloutus albus) EREE VN 5 20 0.350

) W 1% (Medicago sativa) GRETE R 4 18 0.279
N #fi ¥ (Leymus secalinus) RAEL 8 2L R 2 20 0.211
Zlr VKB (Agropyron mongolicum) ARAFHKE R 2 12 0.159

WO (Elymus dahuricus) RAEL B 2 5 0.123

B (Meliloutus albus) RSV 3 4 20 0.356

LI E 18 (Medicago sativa) SREE R 4 8 0.237

v #i 5 (Leymus secalinus) RAEL 5 R 2 10 0.169
Y ITHE (Astragalus adsurgens) SREER 1 3 0.051

¥ B3 (Salsola collina) ERHERE 1 4 0.063

B AW (Meliloutus albus) TR R 3 2 0.309

LW H T (Medicago sativa) SREAE A 2 3 0.151

v #15 (Leymus secalinus) VNN 1 5 0.168
“E¥E (Leymus chinensis) KA1 5 2 10 0.373

KM (Meliloutus albus) RV N 1 5 0.249

‘ LB TE (Medicago sativa) TREEE 1 3 0.152
L ¥ 32 (Salsola collina) HREEXRE 3 10 0.432
H i€ 16 (Convolvulus arvensis) TEAE Bl HE AL R 1 1 0.143

PR (ELymus dahuricus) ARA T 0 3 20 0.283

‘ R MR (Meliloutus albus) ER2N- W N4 3 30 0.482
L LW HETE (Medicago sativa) SR ETE 2 5 0.174
Y ITHE (Astragalus adsurgens) SRR 1 2 0.061

23 HYBESTESIEAFEERENXR

) BV SRR AIE 5 - M Ak 2% 1 U T %) A DG 43 Bt
R (F 3), Margalef 8 EF S + 5 H 0
JOT A A R AR I 3 Bk G (p<<0.05), 5 £
A0 5 A0 B IE A 06 (p<<0.05) . Louie #4] FEFE %
55 4 R USRI 28 ABR 3 IE A G (p<<0.05)
Simpson {348 £ 5 + 8k B IE A (p <
0.05), 5 4= 8 W & 1 A 3¢ (p <<0.05), Shannon-
Wiener 2 #4845 + 2 400 A1+ 1€ 2~0.2 mm
B 2H B 3 IE A 5€ (p<<0.05) , 38 33 TUAY 0 B ¥ A
YIRET R AR A 3 R 7 R A7 HE P 40 (L ) L AE ) B

TERFE S 7 [8] RDA 0B (0 WAl i B 1 s
Y 69.92 %0 b A S 4 Wl I S5CBR G AR W B 95 R
fE B, 138 pH A 3 0.2~0.02 mm HLIK
0 AE R I R IR 52 W AR/

MR E |1 )3 73 B 45 5 (3 5) , Margalel & & JE 154K,
Louie Y57 B 48 20 F Simpson It ¢ B 48 251 5 A 1 B¢
PR 19 Sy Wl A0t A A R A R AR A5 [l 05
TR AR T R T 2210 81.8%.82.6% #1 86.6%.,
Shannon-Wiener £ ¥ 48 £ 09 & 4£ i B X+ b 4
RS PN Aok BTy € N EI =y 8 Sl i s
5 64.4% .
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B3 #EYzaitERstELFERENMEXES R
Fig.3 Correlation analysis between plant diversity indicators and soil chemical properties
x5 TERTFEEYBEESMERFESN
Table 5 Regression analysis of soil factors and plant community characteristics
Kolmogorov-Smirnova Shapiro-Wilk .
e o — BRI R?
Statistics  df ) Statistics  df )
Margalef 0.166 27 0.055 0.954 27 0263 Y, =1.67+0.077pH+0.171AP—9.43TP—0.15NO; -N—0.387TK—0.005AK 0.818
Louie 0.150 27 0,122 0.857 27 0198 Y,=0.232+0.066pH—0.028 AP+0.294TP40.035NO; -N—0.162TK+0.002AK  0.826
Simpson 0.137 27 0.200 0.917 27 0.289  Y;=0.68310.04pH—0.01AP—3.836 TP+0.002NO3 -N—0.075TK+0.001AK 0.866

Shannon-Wiener 0,136 27 0.200 0.943 27 0.141

Y, =0.582+0.183pH—8.167TP—0.0INO; -N—0.281TK+0.01AK 0.644

TE o df O A IR 52 BRI B0 A8 WA

1.0 CKO

cK o

<V

0.02~0.002mm ; B CK

RDA, (9.85%)

0.8 1.0
RDA, (60.07%)

B4 TEEFRREKIARFFHEIE RDA HFE
Fig.4 Map of RDA ranking of soils with different soil and

water conservation measures
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