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Preferential flow characteristics and hydraulic response in
shallow landslide zones of granite residual soils
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Abstract: [Objective] The development characteristics of preferential flow and the differences in hydraulic
response among different structural soils in shallow landslide zones of granite residual soils were investigated in
order to clarify the controlling effects of vegetation roots and soil-rock structures on the rainfall infiltration process

and to provide experimental support for understanding slope infiltration processes and parameterizing landslide
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hydrodynamic models. [ Methods] A typical shallow landslide area of granite residual soils in Wuping County,
Fujian Province, was selected as the study area. Three representative soil types, residual soils covered by Schima
superba (MH) , bare residual soils (BR), and completely weathered granite (QW) , were investigated. Field dye
tracer experiments were conducted, and image processing was used to quantify the dyed area ratio, matrix flow
depth, mean maximum infiltration depth, preferential flow ratio, length index, and coefficient of variation of dyed
area. A comprehensive preferential flow index (PFI) was then constructed to systematically analyze the spatial
distribution characteristics of preferential flow in different structural soils and the differences among them.
[Results] D Preferential flow occurred in all three soil types, but the spatial distribution patterns and infiltration
depths differed significantly. In MH, preferential flow was dominated by finger flow associated with root pores,
the preferential flow pathways were well developed, and the maximum infiltration depth exceeded 40 cm. In QW
preferential flow was mainly controlled by structural planes and fractures, and dye staining was concentrated
mostly at depths of 20—40 cm. In BR, the structure was compact and porosity was low, so dye staining was
mainly confined to the 0—10 c¢m shallow layer. @ Significant differences in the spatial heterogeneity of preferential
flow were observed among the soil types. BR had the largest coefficient of variation of dyed area, indicating the
strongest spatial dispersion, whereas MH showed relatively uniform dye distribution. @ The comprehensive PFI
differed clearly among soil types, with mean values ranked as MH (0.596 9) > QW (0.472 9) > BR (0.325 4),
indicating that vegetation root disturbance and structural discontinuities significantly enhanced preferential flow
connectivity and vertical infiltration capacity. [ Conclusion] The degree of preferential flow development differs
significantly among different structural soils in shallow landslide zones of granite residual soils, and vegetation
roots and structural discontinuities are key factors controlling preferential flow pathway formation and rapid vertical
water infiltration.

Keywords: granite residual soil; preferential flow; dye tracer experiment; image processing; evaluation
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Fig.1 Vertical profile staining characteristics of different soil types
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Fig.3 Boxplots of six preferential flow indicators for different soil types
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Table 3 Mean square deviations and weight coefficients of
each evaluation indicator
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index (I) for different soil types
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