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Effect of planting substrate based on Yellow River sediment for ecological

restoration in mining area
SONG Liang'*?, ZHAO Binggin'?, XIA Dong'**, WU Xin*, HU Xinkai’, XU Wennian'~, BAO Hailong"
(1.Hubei Key Laboratory of Disaster Prevention and Mitigation, China Three Gorges University, Yichang 443002, China; 2. Hubei Provincial Engineering
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3. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, China; 4. Inner Mongolia M—Grass Ecology
and Environment (Group) Co., Ltd., Huhehaote 010000, China)
Abstract: The primary constraint for the ecological restoration of mining areas in the Yellow River basin is the significant scarcity of top-

soil resources. The predominant loss of soil particles in the form of Yellow River sediment holds crucial value for utilization purposes.
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Natural soil was substituted for Yellow River sediment in this study, and Portland cement was employed as the binder. Planting substrates
were prepared by adding various amounts of cement, broken corn stalks, and various external materials. Orthogonal testing was performed
in situ at the landfill slope of the Suhaitu mining region in Wuhai City. The ecological restoration effect of the planting substrate based on
Yellow River sediment was evaluated by monitoring the moisture and strength characteristics of the planting substrate and the plant's
physiological characteristics. The results showed that cement as a hard material can improve the planting substrate strength compared with
CK treatment, and the increased range was 0.62—1.67 times. However, 6% high cement content made the planting substrate dry and shrink,
reduced the internal friction angle 1.2°-4.1°, and had an inhibiting effect on the germination stage of the plant. The sediment in the Yel-
low River is silty sand with few pores. The organic material can significantly improve the pore structure of the planting substrate, and in-
crease the maximum water storage capacity of the substrate by 12.57%—15.88%. In addition, the soil water infiltration rate was increased
by 35.56%, which was beneficial to the growth and development of plant roots. In addition, fibrous straw can improve the ductility of the
planting substrate to a certain extent and inhibit the extension and expansion of substrate cracks. When the amount of cement and organic
materials were both 4%, the cohesion of the planting substrate reached a peak of 25.17 kPa. Correlation analysis and PLS-PM compre-
hensive analysis showed that under the combined effect of plant physiological characteristics, except for plant height, the variance of other
indicators was greater than 0.7. The overall planting state can meet the slope ecological restoration requirements, and the plants were in a
relatively stable growth state in the later stage. In conclusion, when the content of cement and organic materials is 4%, the water-retaining
and strength characteristic of the Yellow River sediment-based planting substrate can achieve optimization, and is suitable for ecological
restoration and plant growth in abandoned mining areas with a shortage of water and soil resources. This research can be extended to other

lakes and reservoirs involving dredging in the Yellow River Basin, which can play an important role in the ecological conservation and res-

toration of the Yellow River Basin and has a wide application perspective.
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BT I LB RHL AR BRI JE . K8 A
PLYRL, AESR A AHLE . A AEER KGR
Hh SRR e FH A6 T 5% 9 T B T v K MK 2
JE XIS IR e, SR A Z 5 i+ | 355 i 2 mm
it o MR (b TAER T VA bR )Xo S T I e A
PRt A T I, W 1. KSR A P.O42.5 H5E
RERRER KR, A HLYVRLE ] T ORFEFF, LB s
ik 5 mm G AT AR AR R AR = RS T B

5 AW hoO AL, T8 T = e L A R
FRikre i (B A5 01138343.7), N & Wi 1k
PRI A ARCR Y T, 22 ARk WL 45 iESE
TCEA K YRR Sl v . TR L i
TR S A A0E T, H pH ol 5.5, A3 RIS TR AR 3.0%
106 cfu/g. A HLIE A B 77 248 3 i 85 805 1 T4
25, pH R 7.9, AHLET . AL B BRGS0 A
45.8%. 3.2%. 1.6% 1 0.7%. B4 I0H IR B K
N :P,0;: K,0=16: 7 : 7tk tb); fRAK IR HIE
BT RIEIERE PAM, 2 AR, 52 £ &K
TR AEA N 323 o/g. B RIERD T RS 24
He AR A W) FEFR PR B (Elymus nutans) FIEARAY)
VT (Ammopiptanthus mongolicus) . ¥7:5% (Caragana
korshinskii). 178 (Artemisia ordosica), 1R 15 1% i &
N 40 ~ 45 g/m?, i BT RL3E SiEEAE A SR AR PR A B
fRft . i B KR S A VYRS 5 508 2%,
4% F1 6%, & 9 P LAY, T Al FHS Gt B 2 (L
N 6% AR AL 3% FHHLAE . 0.15% & & N
0.08% /K H| . iR EHE R DI 4 Bt o 5
Bl 1 0T £ 53 B0 3, D3 A0 LA Al v RS e A A 25 et
M4 (CK), BAABL L 73R I3 2.

x1 FEAKREEAYEERIER
Table 1 Basic physical properties of the Yellow River sediment

BRTEE  mAEKR WY WY Ktz oAl %
(g em?) % % % 050~025mm  0250~0.075mm  0.075~0.005mm  <0.005mm
1.62 15.6 17.6 32.3 8.64 10.4% 352% 49.7% 4.7%
*2 EAKREBEEEEEMEILAR
Table 2 Proportion scheme of the Yellow River sediment-based planting substrate
FA RS T LR /%
T s N ;
B ke HOLR A A HE A AHLIE =Ry PRI
Z1 100 2 2 6 3 0.15 0.08
Z2 100 2 4 6 3 0.15 0.08
Z3 100 2 6 6 3 0.15 0.08
z4 100 4 2 6 3 0.15 0.08
75 100 4 4 6 3 0.15 0.08
Z6 100 4 6 6 3 0.15 0.08
z7 100 6 2 6 3 0.15 0.08
Z8 100 6 4 6 3 0.15 0.08
Z9 100 6 6 6 3 0.15 0.08
CK 100 0 0 0 0 0 0

1.2 Rt
T b A P S VA DX T TH O T R XM
HI7II (106.766°E, 39.536°N, K 1% 1 048.0 m),

IR 1A RIBC U RS 29 0 40°0Y 1A iR & 1k

AT B, AN 1 T o BRI SR A

TR EE 0t T T 221 30 om 8 TR U8 — 3k 7
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Fig.1 Sample plot distribution
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B 4
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PO &, 55 15 K2R &, HAE R,
HCTERERR 14 d K ZEINES S, X e R4 e vr 2 2 ¢
AT R A, IR L T R AT 4 A BEAE B
WE, R BN R P e s R AR SR
30 d J5 I A R R, 50 d S I A AR g Y, 78
0.5 mx0.5 m bRAEREJ5 T, 43 SIWSCHEAF P 0 L L it
NERA, FERE KA IR R, I AR T
SR FH 43 A1 V-0 7 AR ) B T B, R A 0 A AR
105 °C &% 15 min, ZJ5E R 80 C #tT 8 h BIHHE,
AR o s A g R
14 HIELESSH

F FH Excel2016 F1 Origin2021 #E47 % ML AR i
it LA AR SR SPSS 26.0 BEATHLR 7 22504,
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AT BN — IR A2 13 7B (PLS-PM), 135
WK AR TR S AN K = KR K e+
i K B K &, e RIRFRE I K s=EE LB < 1 =
JERE, Fe oK K =AE BE LB < L BRE . Bt
595 S HOR FEE JR-PEAR A AT 04T o=
otan prco HA, o o L RIPTBY IR, kPa; 0, HIEH
ESY VI LAk N JT, kPa; o A INEESEFAA, (°);c M
ZhE 71, kPa.
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BRI, FEALHE T A FLBUIRI DL
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Bt RAURACR ARS8 55 1 8 i AE R,
A A IR B8 R B 1.17 ~ 3.23 mm/min, FH
A HLA RS S0 3G T S, - ELAA FLAYRE A
2% HEIN ) 4% BF, BB R B T 091 ~ 1.02 1%,
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Table 3 Physical properties of different planting substrate ratio
EZEIE] PASE(g-m”)  BRUHHICKE/mm BORHRAI K i/mm AR E/mm BB RE(mm - min)
Z1 1.59+0.04ab 41.18+1.26¢d 2.85+0.28¢c 44.03£1.00c 1.31£0.09¢
Z2 1.5540.05ab 44.07+0.41b 3.19+0.32b 47.26+0.36b 2.63+0.12ab
z3 1.46+0.02 d 47.72+0.43a 2.34+0.32cd 50.06+0.11a 3.234+0.16a
Z4 1.60+0.06a 40.67+0.57cd 2.04+0.12d 42.71£1.43cd 1.26+0.10c
Z5 1.57+0.04ab 41.97+1.92bc 3.43+0.30a 45.40+0.75bc 2.41+0.17b
z6 1.47+£0.04 d 46.01+£0.73ab 3.18+0.22b 49.19+0.51ab 3.13+0.32a
77 1.62+0.06a 39.79+£2.74 d 2.70+1.26¢ 42.49+0.71d 1.17+0.21¢
Z8 1.58+0.05ab 41.87+0.47bc 3.41+0.33a 45.28+2.10bc 2.36+0.17b
79 1.5140.03¢ 44.79+0.66ab 1.92+0.11d 46.74+0.76b 2.80+0.11ab
CK 1.62+0.05a 38.68+1.01d 2.21+0.14d 40.89+0.28 d 1.4340.23¢

T Bl FEbREE s SRR/ NG FRROR 225 B35 (P<0.05).

R 3 W8 0 SR 5 R M4k, AR R K e 45
N A BB BTN )RS O R R, LA 2% A
HITRHB R R, CK. 2%. 4% 6% /KI5l AR 3
MRl aniEl 2 iR, BEE S YIRS 3G, 5780
J1 55U M2 JC W] B Ak i 4, £ b
PESYUIARIE , FEA G I AR RE AL R A . 59 Y0 1 7E
SUI AR R 6 mm Z TS INA 2, 2 5 Bk -7
e, WORET VIO 8% 6 mm AL RBTI S MU ETsREE . 5T

350

—a— 100 kPa
—— 200 kPa
—4&— 300 kPa
—e— 400 kPa

300
250

BY 71/kPa

BN F7/kPa

0 2 4 6 8
B )AL /mm
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300 + —— 200 kPa
—4— 300 kPa
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[ [
< 200 o
R R
=150 =
= &®
100
50
J
0 2 4 6 8

By YA /mm
(c) 4% JKIBFI 2% BN

A2
Fig.2
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SEYIN AL RE R, B AR AR AR BT 4R A Y, fifi
PRARTE I, % SRR, IR FSURE [R] 9 5 5 FH 3
K, BYYIRE 1AV B 5 2 il 28 S BLAE AL AR AE
W LT A 2R BT 7E 2% B HLYRHE
i AL T, B INKJE AR AR SEM B 55 5 B 4 CK
LA AN IR B EE  4R vy o X ER AL 2b, ] 2. &l 2d
K I, TE 100 kPa "B [a] & J7 B, 0 2% 4% 1 6%
[ —=— 100 kPa
—— 200 kPa

—a— 300 kPa
- —®—400 kPa
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100
50
J
0 2 4 6 8
BT FS /mm
(b) 2% /KPR 2% G LA
350 _@ 100 kPa
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J
0 2 4 6 8
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FREARBETHAREMEG TN AR R &

Shear stress-displacement curves of planting substrate under different cement content
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86.02 kPa, 3¢ CK 41 & #f (76.85 kPa) 43 Jill #& &1 1
1.51%. 10.53% A1 11.88%, ijd BH s i 7K Y8 ol KB = A9
BH] VS U A A FE A A AR P BT iR R R, H Y 4%
H1 6% /K UeIB E BT, 58 B 5 0o BH 2, (A5 4KHT 1
KBTS i 145 2 0 48 T, A R T E RS
e HAF RS I

AL, RIS [R1 A HLYEHS X 48 A b 59
VIR S0 8% & R, UL 2% KIeiBa T, CK.

30 _g 100kpa

300 - —4—200kPa
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<
=¥
2200
R
2150 F
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0 2 4 6
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Fig.3 Shear stress-displacement curves of planting substrate under different organic materials content
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Table 4 Cohesion force and internal friction angle of the Yellow River sediment-based planting substrate
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