8557 % 52 M + o W) Vol. 57, No.2
2020 4£ 3 A ACTA PEDOLOGICA SINICA Mar., 2020

DOI: 10.11766/trxb201902190602

FRA, BB, PN, BBR, WG, BT, R/ ARG R EE AR B b e AR X IR OKBE I R AGE MU )]. e,
2020, 57 (2): 296-306.

WANG Chengshu, YANG Xiaonan, SUN Wenyi, MU Xingmin, GAO Peng, ZHAO Guangju, SONG Xiaoyan. Soil Water Storage Capacity

and Rainwater Infiltration in Hilly-Gully Loess Region under Severe Rainstorm[J]. Acta Pedologica Sinica, 2020, 57 (2): 296-306.

MimZEWMEETELIERASBXTIEFKEHFINE
i

EAS, mrmt, oo, BARY, m OB, RN,

RN
(L PHIRAAMBHE R A 1 R i 5 Sl R R E G S0 s, BRPITE 7121005 2. A EREBKMHOK L ARFFIF T LR b5 ol
R E LR, BRI 7121005 3. PEALAMBHIC KR SRS TRESBE, BB 7121005 4. wdufel JeasmnHu s i IX AT,

WALERE 071001 )

\\

O WA RURAAMIE R TR SIS, N AR I PR AR R AR AL ] REX AR SO R | K SGE R KA LR AR S R
Gey= oy BN o ST I AR T A F T 0 3 B KRR RS R, b ) B R R A i L LA
MRHEME . SR IR OB 7267 R R BT A T 35 + Fr b v A% X b ) 1T+ 38K o AT 1T S haS el Zbr
T At W AR D 3K A B AR AL R E K R, IR Horton AJBRERUSTIL T T + 4K SR B 132 s i 7
7R T AR A R A T I ORI ARSI . BRI (1) WA AR IE R, B P i VA AR DX T b A [ R
JRAR FHEK 5 S RER SRR AR RN, B MR AR AN, L, 0~140 om SZSZ0 i X 3K SO R Y O
Bk (2) HHOKSTEEILE R, RIS RIRIRIE A 140 cm, +IEE/KAEIA 22599 mm, BIEFTRT 95.37 mm BN T 1.37
£ 5 (3) Wi e b ol 22 v R 28 132 ST BB [B) S X BB IBOC F/ . HARB HURBEA ROy, RIEEREGER; (4) %
Vi oA T 3 A 2t DX 38 T R b 1 7 A LA AR B P R A, 6T s S 7 Y R ML R 9 38 K ST AR R LA
LR E X

KER: HERRWEX; 726" WuREN; ABSRE; STl

hESHES: S152.7 XEARERS: A

Soil Water Storage Capacity and Rainwater Infiltration in Hilly-Gully Loess
Region under Severe Rainstorm

WANG Chengshul, YANG Xiaonan"*, SUN Wenyil’”, MU Xingminl’z, GAO Pengl‘z, ZHAO Guangju“, SONG
Xiaoyan®

(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling, Shaanxi 712100,

* [ R SR THRITH (2016YFC0402401 ) FlE R AERL# L4 H (41501293 ) %8 Supported by the National Key R&D Program of
China (No0.2016YFC0402401 ) and the National Natural Science Foundation of China ( No.41501293 )

+ WIRAE#H Corresponding author, E-mail: sunwy@ms.iswc.ac.cn
fEH& TR ToRAS (1995—), H, WiEwisd:, FEMNFEAELBKIIIS . E-mail: wesmissing@live.com
Weks B : 2019-02-19; WEMEHR HHI: 2019-08-014; fR5E4F MR H M ( www.cnkinet ): 2019-09-11

http://pedologica.issas.ac.cn



2 3 TR R ER TR AR E R 8 b B 1 AR X L HERKBE I FAE LA 297

China; 2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi
712100, China; 3. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China;
4. Mountain Areas Research Institute of Hebei Province, Agricultural University of Hebei, Baoding, Hebei 071001, China)

Abstract: [ Objective ] Revegetation of the Loess Plateau, especially since the implementation of large-scaled “Grain for Green”
projects, has brought about great changes in land surface coverage and underlying surface (or subsoil layer) of the plateau and
altered significantly physical properties (soil structure, porosity, etc.) of the soil. Such dynamic changes in the environment may
generate very important impacts on hydrological processes, hydrological fluxes, water balance, and ecosystems at a watershed
scale. In recent years, rainfall-infiltration-runoff processes and their mechanisms as affected by global warming have become a
hot topic in the field of hydrology. Therefore, the study to explore water storage capacity of and rainwater infiltration processes in
soil profile under severe rainstorm may help expose processes and mechanisms of soil hydrology, soil erosion and surface runoff,
and hence is of great scientific value to elucidation of processes of runoff generation and convergence and their influencing
mechanisms. [ Method ] In this paper, a real-time dynamic soil water monitoring system was used to monitor soil moisture layer
by layer at 10 cm intervals in 2 m soil profiles in a tract of grassland in a hilly and gully loess region during the “7+26 severe
rainstorm event in northern Shaanxi Province. Data of the rainfall event was obtained from the meteorological station of the
region. Both rainfall data and soil moisture data were extracted at 1-hour intervals. Based on analysis of the rainfall and soil
moisture data, dynamic changes, distribution characteristics and soil water storage capacity of the soil water in the profiles during
the severe rainstorm event were acquired. And with the aid of the Horton infiltration model, movement and infiltration processes
of the soil moisture wetting front in the grassland profiles were simulated. [ Result] Results show; (1) the response of soil
moisture in the profile to the rainfall varied with process of the rainfall and depth of the soil layer. The soil profile could be
divided into three layers, i.e. soil moisture quick-changing layer (0~60 cm) , soil moisture active layer (70~140 cm) and soil
moisture stable layer (150~200 cm) , with soil water varying in the range of 15.49~16.72 mm, 2.01~13.27 mm and 0.22~0.44
mm, respectively; (2) The 0~140 cm soil layer is critical to the soil hydrological process in the profile, with average water
storage being 26.49% higher than that of the 150~200 cm soil layer. The soil water storage of that layer could reach as high as
225.99 mm, 1.37 times its initial water storage capacity (95.37 mm) . Thereinto, the 0~ 100 cm soil layer is the one with available
soil water closely related to its grass cover; (3) In this area, soil infiltration depends on physical properties of the soil. Soil steady
infiltration rate decreases with increasing soil bulk density, and the decrease declines in magnitude with risng bulk density, too;
and (4) Rainwater infiltration rate on grassland hillslopes (P<0.01) shows a decreasing trend with the time going. The attenuation
is high in rate in the initial period and turns low. The infiltration rate varies exponentially with time. Cumulative infiltration (R*=
0.99, P< 0.01) shows a logarithmic relationship with wetting front movement process (R’= 0.99, P< 0.01) along the time series.
The Horton infiltration model is suitable for simulation of the infiltration process (R*= 0.97, P< 0.01) as affected by severe
rainstorm. [ Conclusion ] During the severe rainstorm event, the mechanism of runoff generation is still dominated by infiltration
excess runoff on hillslopes of the region. The increase in infiltration can reduce runoff volume and delay runoff generation to a
certain extent, which has a significant impact on the mechanism of runoff generation.

Key words: Hilly and gully loess region; “7-26” severe rainstorm; Infiltration process; Mechanism of runoff generation and
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