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Spatiotemporal Variation Characteristics of Soil Water Storage and Their
Influencing Factors on a Larix gmelinii var. rincipis—rupprechtii
Plantation Hillslope in Liupan Mountains
LIU Shan', LIU Zebin**, WANG Mengfei**, WANG Yanhui**, XU Lihong*?*, LIU Xiaofen', YU Pengtao®*
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Positioning Observation and Research Station of Liupan Mountains, Guyuan, Ningzria 756400, China;
4.School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)
Abstract: [ Objective] Variations in meteorological conditions, vegetation characteristics, soil properties, and
topographic features lead to differences in soil moisture distribution along hillslopes, which in turn cause significant
spatial variability in soil water storage (SWS). However, the current understanding of soil moisture dynamics and
their influencing factors at different slope positions on forested hillslopes remains insufficiently systematic.

[Methods] A study was conducted on a typical larch forest hillslope in the semi-humid Liupan Mountains. From
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May to October 2023, the spatiotemporal variations in soil volumetric water content were monitored at three slope
positions (upper, middle, and lower) within the 0—80 cm soil layer. During the same period, meteorological
conditions, vegetation structure, and soil physical properties were observed simultaneously. [Results] 1) Soil
water storage (SWS) varied significantly across different slope positions, with the average values following the
order: middle slope>lower slope=>upper slope. However, the greatest fluctuations in SWS were recorded on the
middle slope. 2) Temporally, the incremental changes in SWS within the 0—80 cm soil layer exhibited strong
variability across all three slope positions during a single rainfall event. Among different layers, the SWS in the 0—
10 em and 10—20 cm soil layers demonstrated relatively lower variability. The primary factors influencing the
temporal variation of SWS increments were rainfall amount and duration. The variation in SW'S reduction in the 0—
80 cm soil layer was also highly variable at all three slope positions during a single rain-free period, with the least
variability observed in the 10—20 cm soil layers. The main factors affecting the temporal variation of SWS
reduction were potential evapotranspiration and the duration of rain-free periods. 3) Spatially, SWS increment
magnitude followed the order of middle slope™>lower slope>upper slope, mainly related to soil bulk density and
saturated hydraulic conductivity. The magnitude of SWS reduction followed the order of middle slope>upper
slope>lower slope, mainly related to stand evapotranspiration, gravel volumetric content, and total porosity.
[ Conclusion]| These findings provide valuable insights into the mechanisms of soil water redistribution on forested
hillslopes and offer scientific guidance for sustainable forest-water management in semi-humid mountainous regions.

Keywords: the Larix gmelinii var. principis-rupprechtii plantation hillslope; soil water storage increment; soil

water storage reduction; spatiotemporal variations; controlling factors
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Table 1 Stand information of sample plots at each slope position

WAL 34 /m WL/ C) MR/ Gk -hm D BBHTE PGS /m PR /em b EAY R/ Ghm )
¥k 2471 26.3 942 0.73 19.43 21.83 98.67
Yerh 2 386 26.8 933 0.79 20.05 22.30 127.51
¥ 2276 34.9 907 0.72 19.49 21.40 110.59
T A CRLAE T A R REAS R V& ) A= ) D oy 2020 48 31 25 5008
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Table 2 Soil physical properties of sample plots at each slope position
R . e e v e, PEEYEY
i EJREE/em BBURE/(grem™  HEIFEKE/ (g kgD GBS/ % SALBEE/ % Cmmemin )
0~10 0.79+0.05 342.484+11.32 4.75+1.62 65.00+3.61 0.48+0.03
10~20 0.78+0.07 328.09411.06 3.504+1.52 56.95+2.72 0.51+0.18
e 20~40 1.384+0.15 312.024+7.81 27.00+0.87 48.804+2.99 0.23+0.90
40~60 1.5840.25 208.8649.98 22.00+1.52 44.9543.46 0.33+0.12
60~80 1.41+0.14 163.17+11.90 39.00+0.86 46.30+3.52 0.32+0.23
0~10 0.97+0.07 405.63+15.5 4.25+1.01 67.70+2.81 0.67+0.13
10~20 1.06+0.11 352.224+14.22 13.004+0.86 65.45+1.49 0.45+0.07
Wi 20~40 1.07+£0.22 231.84+8.62 27.00£2.18 60.80+2.46 0.70+0.61
40~60 1.274+0.21 186.81+3.80 61.00+2.08 49.504+1.63 1.774+0.86
60~80 1.3440.08 159.70+4.19 59.50+3.61 39.05+2.68 2.04+0.55
0~10 0.92+0.04 399.31+12.08 3.25+0.87 59.38+1.04 0.17+0.14
10~20 1.014+0.09 350.87+13.39 1.504+0.28 56.05+1.85 0.51£0.15
W 20~40 1.024+0.19 357.9247.40 2.00+1.04 54.2540.90 1.7740.10
40~60 1.264+0.13 170.69+10.85 18.50+0.57 37.55+2.98 0.31+0.52
60~80 1.63+0.18 149.25+4.29 21.00+0.76 42.304+0.63 0.53+0.27
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Fig.2 Variation characteristics of meteorological conditions,
stand evapotranspiration, and soil water storage in
each soil layer at different slope positions
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Fig.3 Changes in soil water storage in different soil layers during a typical rainfall event
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Fig. 4 Statistical characteristics of soil water storage increment
during a single rainfall event
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Fig. 5 Changes in soil water storage in different soil layers at different slope positions during a typical dry period
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Fig. 6 Statistical characteristics of soil water storage reduction
during a dry period
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