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Abstract: To clarify the effective composition of the vegetation layer for ecological restoration of steep slopes and the evolution
patterns of vegetation layer properties under freezing-thawing conditions, the changes in soil cohesion characteristics under
freezing-thawing conditions were clarified through direct shear tests, combined with the attachment test on the steep slope
surface, vegetation test and the optimized vegetation layer ratio. The results show that biochar can improve the vegetation
performance of the soil; the addition of polyacrylamide is not conducive to plant growth after adding binder and water-retaining
agent. The optimal vegetation layer composition is 0.8% seaweed polysaccharide, 1% carboxymethyl cellulose, and 1.5%
biochar. After 20 freeze-thaw cycles, the loss rate of soil cohesion in the substrate soil is 1.27—2.93 times that of the
reconstructed vegetation layer. LLow water content conditions are conducive to maintaining the soil cohesion characteristics
during the freeze-thaw process. The cohesive structure formed by the binder and water-retaining agent effectively maintains the
stability of the reconstructed vegetation layer, and its anti-freeze-thaw deterioration ability is significantly better than that of the
substrate soil. The findings can provide a theoretical basis for the material ratio of ecological restoration vegetation layer and

engineering protection for steep slopes in the seasonally frozen areas.
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Fig.1 Sampling point location and on-site environment
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Table 1 The basic properties and particle size composition of soil
NEE Y
TR Tk £k ‘ N ASTRPRLE 5 e (26)
s TRWEG,  WRw(%)  BRw,(%)  pHE
olg/cm?”) w(%) 0.075~2.000 mm  0.005~0.075 mm <Z0.005 mm

1.82 26.8 2.70 35.2 24.7

6.10 2.11 74.97 22.92
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Table 2 The content of soluble salts in the soil

_ H BT (mg/kg)
Bt (mg/kg) — - - ;
Na® K Ca' Mg SO, * Cco,* HCO, Cl
587.310~595.980 209.070~210.910 3.705~10.530 13.200 8.050 100.800 0.000 30.255 222.230
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Fig.2 The physical diagram and properties of the external admixture for the plant layer configuration
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Table 3 The various ratio schemes for the plant performance

test groups

B W TH W A S R4l

SP(%) 0 0.8 0.8 0.8 0.6 0.4
CMC(%) 0 1 1 1 1 1
PAM(%) 0 1 1 0 1 1

BC(%) 0 1.5 0 1.5 1.5 1.5

FK A 30% . B AE 20 em X 10.6 cm X 12 cm B F
AR Th A 10 em B 1 )2 JFER)Z 2 em W Bl N
7 ol 28 ) P oA A A B T B A 6 B Y T
NN S Rt S o T I R R O S 2
N =340 Z AR L REAHEY) R R R GR YA R
B T FE A = Y [ RURE 0 RE D e RS I AR K AR
(2 i =T S < NE RRYARE o B A 1 A S Ty o
iy KUBS: (5 , 20155 AL SCRR AR, 2023). BOAF £
2 42 I AE 20~30 g/em®(Xu et al., 2017). # Fb
HIE R 5 em X 5 em FF 7 76 B Aok A= J2 o Bl BL
BC=AFETT , N TG RE J7 e F 50 FE = i B AR
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Fig.3 Slope model and the attachment conditions of the vegetation layer soil under different conditions
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Fig.4 Planting performance test procedure
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Fig.5 The plant height conditions of each group at different times after sowing
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Fig.6 The plant coverage conditions at different times after sowing in each group
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Fig.7 The germination rates of plants in different groups and the height of tall fescue plants
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Table 4 Research on the cohesive properties of the planting

layer under freeze-thaw conditions design scheme

il i |
SP(%) 0 0.8 0.8
CMC(%) 0 1 1
PAM(%) 0 1 0
BC(%) 0 1.5 1.5

BB 1 22 S AE R R AE PR R R 09 A2 A () L 3 4 A
R UR B i 5 B S K SRR B R M 22

51.8 kPa, 4 ¥ Ml ¥k Bk B 20 B, H 22 {H
18 kPa; 55 2 A A )2 T R VRl | BRI e e
KSR 6 R S22 60.65 kPa, 24 il vk B0k 5]
20 I, HE 248 O 53.7 kPa; 25 =44 2 AR R
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Fig.11 The microstructure of the substrate soil under a moisture content of 28 % without freeze-thaw and the optimal weight-re-

duced vegetated layer
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