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Abstract: [ Objective] This study aims to investigate the water transport mechanisms in the root-soil composites
of typical landslide-prone areas on the Loess Plateau and its influence on slope stability. [ Methods] A systematic
analysis was performed on the variation process of the soil water breakthrough curve within the root zone of the
region. By measuring soil physical properties, macropore structural parameters, and root parameters indicators,
the key influencing factors of saturated hydraulic conductivity (K,,) were identified in combination with linear
correlation analysis. Furthermore, redundancy analysis (RDA) and variance partitioning analysis (VPA) were

applied to quantify the contribution of each influencing factor to the change ratio of outflow velocity (CR;), which
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is a key indicator of the dynamic process. [Results] 1) Non-capillary porosity (NCP) , macropore area ratio
(PAR), and root surface area density (RSAD) were the main influencing factors of K, with the coefficient of
determination (R*) between PAR and K, reaching up to 0.99. 2) Soil gradation and macropore parameters overall
had a significant effect on the change ratio of outflow velocity (CR,) (F=2.67) , explaining 78.05% of the
constrained variation based on redundancy analysis. 3) Gradation influenced the variation mechanisms of water
flow paths by regulating macropore structure, explaining 34.8% of the variation based on variance partitioning
analysis. [ Conclusion ] The saturated hydraulic conductivity (K,,) of root-soil composites on the Loess Plateau is
jointly influenced by basic soil physical properties, macropore parameters, and root parameters. It is primarily
dominated by non-capillary porosity and macropores ranging from 0.8 mm to 4.0 mm, and is negatively correlated
with soil bulk density. Roots improve permeability by promoting pore development. Furthermore, the influence of
particle size distribution on saturated hydraulic conductivity (K,,) exhibits significant variations among soils under
different vegetation types. Regarding the change ratio of outflow velocity, the proportions of sand, silt, and clay
are the most dominant influencing factors. This study provides a theoretical basis for further understanding the
water transport mechanisms in root-soil composites of loess regions and for evaluating slope stability.

Keywords: loess region; saturated hydraulic conductivity; change ratio of outflow velocity; redundancy analysis;

variance partitioning analysis
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