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Rheological Evaluation of Soil Mechanical Stability During Vegetation Restoration
WANG Xinyu'*s ZHOU Lin'*, MENG Jing’, HU Shaojie’, LU Yinyan’, XU Chenyang’, HU Feinan'*
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CAS & MWR, Yangling s Shaanzi 712100, China; 2. College of Resources and Environment , Northwest A&F University s
Yangling » Shaanxi 712100, China ; 3. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: [Objective] This study is aiming to evaluate the dynamic evolution of soil microstructure stability
during vegetation restoration on the Loess Plateau. [ Methods] Soil samples from four stages of vegetation
succession in the Ziwuling forest region were examined. Utilizing the amplitude sweep test method, soil shear
strength and viscoelastic parameters were assessed under various matric potentials (0, —3 and —10 kPa).
Correlation analyses between these parameters and soil physicochemical properties were conducted. [ Results] (1) Soil
shear strength and viscoelasticity exhibited an increasing trend with advancing vegetation succession stages,
attributed primarily to the increasing of soil organic carbon, exchangeable Ca*" and sand content, along with
reduced Na' during vegetation recovery. This augmentation contributed to enhanced interparticle adhesion
and frictional forces. (2) The soil shear strength parameter increased with the decreasing of matric potential.
Under low matric potential conditions, there was no significant correlation between soil shear strength

parameters (G’ yg. tive and T ) and exchangeable Ca?’ and sand content. Under high matric potential
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conditions, soil shear strength parameters showed a significant positive correlation with exchangeable Ca®’
($p<C0.05), while tyus G'ives Typs and G'yp exhibited significant positive correlations with sand content.
(3) Soil viscoelastic parameters (¥Yyp and I,) showed a decreasing trend with declining matric potential.
Particularly, under high matric potential conditions, these parameters exhibited a positive correlation with
organic carbon content, which gradually attenuated with the decreasing of matrix potential. Viscoelastic
parameters were negatively correlated with clay content under different matric potentials. (4) The overall
mechanical stability of soil was positively correlated with soil Ca*™ at 0 kPa, negatively correlated with soil
silt and K* content at —3 kPa, and positively correlated with clay content at —10 kPa. [ Conclusion] The
changes and influencing mechanism of soil mechanical stability under different vegetation types and different
matric potentials were revealed, which provided an important basis for understanding the evolution of soil
characteristics in the process of vegetation restoration on the Loess Plateau, and also provided theoretical
support for soil protection and ecological restoration in the future.
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Fig. 5 Correlation of parameters under different matrix potential
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Table 5  Characteristic value and cumulative contribution rate of principal component analysis of soil rheological parameters
W 0 kPa —3 kPa —10 kPa

WF  FRAEE ST/ BIPTiikER/ M BRIEE TR/ 0 BabsimE/ 0 KRR stk /0 Rt/ X

F1 6.51 81.38 81.38 4.69 58.61 58.61 5.67 70.92 70.92

F2 0.78 9.71 91.09 2.87 35.83 94.43 1.76 22.00 92.92

F3 0.54 6.81 97.90 0.50 6.24 99.16
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Table 6 Stepwise regression analysis of soil mechanical stability

and physicochemical properties

Ty . .
L R* HER pf

kPa

0 S=—57922+7 965 Ca*" 0.873 0.860 0
—3  S=1785605—38 314 F—184 428 K™ 0.932 0.917 0
—10 S=—718 316+45 967 N 0.534 0.488 0.007
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