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development of Caragana korshinskii plantation. Thus, by exploring the effects of precipitation types and rainfall on soil water
content in the loess hilly area, this study seeks to clarify whether precipitation replenishment could meet the water demand of the
growing season of Caragana korshinskii forest, and provide theoretical support for the ecological construction of artificial
Caragana korshinskii forest in the loess hilly area. [ Methods ] The analyses in this study are based on precipitation and soil
moisture data of Ansai Lime stick forest in Shaanxi Province from 2019 to 2023. The monthly dynamic changes of soil water
under Caragana korshinskii forest at different depths were analyzed, and the response process of soil water to different
precipitation types and rainfall during the growing season was investigated. The precipitation data was recorded every 30 minutes,
and the soil water data were repeated at three monitoring points on the slope and under the slope, with the monitoring frequency
of once an hour. The soil volumetric water content at 10 depths (10, 20, 30, 50, 70, 100, 200, 300, 500, 1 000 cm) was monitored.
[ Results ] (1) The precipitation in the study area could be divided into 5 types according to the characteristics of precipitation:
light rain, moderate rain, large rain, heavy rain, and very torrential rain. Most of the precipitation events in the study area
belonged to moderate rain type, with 59 events accounting for 46% of the total events. (2) Soil moisture content was affected by
precipitation, and the annual variation of 0~100 cm soil moisture content showed a "double peak" pattern. In May to August,
when Caragana korshinskii was growing vigorously, the seasonal dry layer appeared in the 50~100 cm soil layer. The
occurrence time of the dry layer was closely related to the precipitation of the year, and the dry layer disappeared after sufficient
precipitation recharge. (3) There was a significant positive correlation between rainfall type and soil water infiltration depth (R>>
0.81), in which the infiltration depth of heavy rain and heavy rain was the deepest, reaching 100~200 cm, followed by moderate
rain 10~70 cm, while light rain was limited to 0~10 cm. The response time of surface and deep soil of heavy rain was the
shortest, followed by heavy rain, while the response process of light rain was relatively slow. Also, the soil water supply of
rainstorm were significantly higher than that of other rainfall types, accounting for 87.5% of the secondary precipitation, followed
by heavy rain (36.2%) and long-duration moderate rain (29.7%), while the precipitation of light rain and short-duration moderate
rain was mostly lost in the form of evapotranspiration. [ Conclusion ] (a) Most precipitation events in the study area belonged to
the moderate rain type. The recharge efficiency of light rain and moderate rain was low, and more was loss in the form of
evapotranspiration. Although the occurrence frequency of heavy rain was low, it played an irreplaceable role in replenishing soil
water. (b) During the flourishing period of Caragana korshinskii growth in summer, the 50~100 cm soil layer generally had
different degrees of seasonal drought, which adversely affected the normal growth of vegetation. However, the infiltration depth
of heavy rain and rainstorm events reached approximately 50 cm and replenished soil water, and the annual precipitation could
meet the needs of Caragana korshinskii growth.

Key words: Loess hilly region; Soil moisture; Caragana plantation; Rainfall response
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F1 2019—2023 FEFEIKIFE
Table 1 Rainfall characteristics during the year of 2019—2023
ok TR = 1 /N R K W KW Bt
AEAy Year
Rainfall events Light rain Moderate rain Large rain Heavy rain Very torrential rain Total
2019 kY 3 9 4 5 1 22
¥ B ®/mm 8.44 205.12 126.08 167.72 220.36 727.72
2020 kY 2 13 5 4 0 24
¥ B ® /mm 6.8 173.3 169.2 331.21 0 680.51
2021 kY 1 14 9 3 1 28
¥ B ®/mm 13.3 138.56 327.91 59.97 145.68 685.42
2022 Bk 0 7 8 8 0 23
4 T 2 ®/mm 0 64.17 110.4 331.67 0 506.24
2023 " 4 16 8 4 0 32
4 T 2 ®/mm 15.6 268.4 87.2 119.2 0 490.4

(DFrequency, @Rainfall
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Table 2 Characteristics of rainfall-soil moisture response process
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F# 7K Rainfall /mm 11.80 2.60 12.40 20.80 1.00 42.98 41.20
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12h f7KAE 12h rainfall /mm 7.44 6.24 14.88 11.88 3.96 28.68 14.16
Rk FEA 50 2 1 1 1 1 2 1
[%7K i3 & Rainfall process P8 P9 P10 P11 P12 P13
29 Type 255} KR ZTN KN LRISS] T
[ 7K i 15 Rainfall duration/h 44.0 21.0 110.0 25.0 14.0 42.0
F% sk Rainfall /mm 42.88 41.62 347.1 44.16 9.40 34.40
T Y 0.97 1.98 3.15 1.77 0.67 0.82
12h f /K 12h rainfall /mm 11.64 23.76 37.8 21.24 8.04 9.84
(I ERI 3 2 2 2 1 2

(DAverage rainfall intensity, @Number of rainfall events
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Table 3 The Relationship correlation analysis between response depth of soil moisture and rainfall attributes

, Rée 7K T B/ MK mm  BKWHRY/(mmh!) FHWIRY (mmh!) AR fem
[ K s
1 0.937" 0.826™ 0.666" 0.908™
% 7K % /mm 1 0.864" 0.771" 0.908"
AR/ (mmh™) 1 0.880™ 0.796™
SR (mmeh ) 1 0.754™

HMAVRIEfom

1

H: * P<0.05, ** P<0.01, (DRainfall duration, @Rainfall, @Maximum rainfall intensity, @ Average rainfall intensity, ®Supply

depth.
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Table 4 Characteristics of water balance in a rainfall process

i Fekid ik BEEK i
FE K Al B KA ZZER"Y
Rainfall &7 ®wAE

Rainfall type fhY/mm  /mm

/mm /mm 2/%

346.85 36.7 3.036  303.62 6.53
Heavy rain
KT

42.98 5.1 0.151 15.14 22.74
Large rain
Kpim e 34.40 2.9 0.187 18.74 12.76
EHNHTEC 11.80 1.2 0.0090 0.90 9.7
JINFR

2.60 0 0 0 2.6
Light rain

(D Surface runoff, @ Volume water content change , ®
Variation of water storage capacity, (@ Evapotranspiration, &

Long-duration moderate rain, ©Short-duration moderate rain
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