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Influencing Mechanisms of Plant Roots on Soil Preferential
Flow in Loess Hilly—Gully Region
WEN Yongfu"**, LI Mengzhen*, DING Jianchuan*, ZHOU Yuchen', GAO Peng’, MU Xingmin’
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Chinese Academy of Sciences and Ministry of Education, Yangling, Shaanxi 712100, China; 4.Department of Computer Science,
Hebei University of Water Resources and Electric Engineering , Cangzhou, Hebei 061001, China)

Abstract: [ Objective] This study aims to investigate the influencing mechanisms of plant root systems on soil
preferential flow in the loess hilly-gully region. [ Methods] In-situ double-ring dye tracer experiments combined
with root scanning techniques were used to systematically analyze the variations in soil preferential flow under
different vegetation restoration types and restoration ages in the loess hilly-gully region, and to elucidate the
mechanisms by which plant roots influence preferential flow. [Results] Vegetation restoration enhanced the
development of preferential flow, and this enhancement increased with vegetation restoration age. Compared to
cropland, the maximum dye-stained depth increased by 1.3 — 3.4 times in the vegetation restoration lands
(forestland 40 a, forestland 20 a, grassland 40 a, shrubland 40 a, grassland 20 a, and shrubland 20 a). Vegetation

restoration significantly increased root length density, root surface area density, root volume density, and root
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weight density (»p<<0.01). These root characteristics increased with vegetation restoration age and significantly
decreased with increasing soil depth (»p<C0.01). Root length density, root surface area density, root volume
density, and root weight density explained 73.7%, 76.6% , 68.9%, and 80.6% of the variance in preferential
flow, respectively, with a combined explanatory power of 58.2%. Roots with a diameter of &>>2 mm had the
greatest effect on preferential flow, followed by roots with <<1 mm, and finally roots with 1 mm<Cd<<2 mm.
[ Conclusion | Forestland, shrubland, and grassland promote the development of preferential flow through their
developed root morphology, thereby enhancing soil infiltration capacity and effectively mitigating soil erosion. This
study provides theoretical support for research on how plant roots influence terrestrial hydrological processes in the
Loess Plateau in the new era.

Keywords: preferential flow ; root characteristics; vegetation restoration; soil infiltration; loess hilly-gully region
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Fig. 2 Spatial distribution characteristics of soil preferential flow under different vegetation restoration types
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Table 2 Characteristics of preferential flow parameters in vertical soil profiles
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Fig.4 Relationships between preferential flow parameters and composite preferential flow index
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