35 4 451 ~458 Vol. 35 No. 4 pp 451 ~458
2017 7 MOUNTAIN RESEARCH Jul. 2017

1008 —2786 - (2017) 4 —000 - 08
DOI: 10. 16089 /. cnki. 1008 —2786. 000242

1 1 2% 1
(1. 400716;
2. 712100)
o 6 (0 5% 10% 20% 30% 40%)
o (F=115 P<0.01) ;
; (F=208 P<
0.01) ; 20% 20%
S157.1 A
8-15
16 .
3000 ~5000 t/( km® * a) 1
o ( rock fragment)
> 2 mm 14 .
18-19
T 0 10% 20% 30% 4
. 2" 10%
( Received date) : 2016 —6 —2; ( Accepted date) :2017 -7 - 10
( Foundation item) : (41401298) ;
( K318009902 - 1418) ; “ ” (20140105 o  National Natural Science

Foundation of China (41401298) ; The Foundation of State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau under
Project ( K318009902 - 1418) ; The Science and Technology Innovation “GUANG Jiong” Project of Southwest University ( 20140105)
( Biography) : (1994—) o Han Zhen (1994—) female born
in Shan xi M. Sc. candidate mainly engaged in soil erosion. E-mail: m13658372800@ 163. com

* ( Corresponding author) : (1983—) o Wang Xiaoyan ( 1983—) female

Ph.D. lecturer mainly engaged in soil erosion research. E-mail: wxy8388@ gmail. com



452 35

; 10% 1 o
10 mm 1.3 g/em’
2 ~4 cm o
10 cm
o o 30 cm
5 cm
R (100
em’) o 0.5%
10% 20% 30% 40% 6
90 mm/h 15°,
6
20% 2 9% o
1
o Fig.1 Schematic diagram of experimental set
1 1 min
: KMnO,
11 50 cm
(29° 45- Ilm2m3m 4m o
N 106° 22” E) A
5 em NN
: 30% ( 3 :
) 0.5 mol/L
MS2000 2
( 0.01 ~
2000 um) . 2.1
o 3.22 glkg
0.67 g/kg 1.
1.2 °
o 2
SmxIlmx0.4m( x x ) °
1
Tab.1 The physicochemical property of test soil
1%
/(g/kg) /( g/kg) <0.002 0.002 ~0.02 0.02 ~0.1 0.1~0.5 0.5~2

3.22+0.01 0.67 £0.03 18.25 +1.24 24.90 £1.11 37.66 +1.63 18.17 0. 81 1.02 £0.17
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4
2
Tab.2  Average rainfall intensity of different experimental groups
/(%) 0 5 10 20 30 40
/(mm/h) 91.34+5.71 88.88 +3.09 88.62+1.59 97.27 +2.58 85.51 +£2.98 90.21 +3.52 3.60  90.30 0.04
20%
2 2 2.2
) 24
25 . 3
O Al

5% ~10% 20% 30% 40%
6.25.7.5.7.15.7.5.8.8.25 cm;
7.5 .8.5.8.25.9.5.9.9.75 cm;
9.9.25.9.75.10.75.10. 2511 cmo
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o

Fig.2 Infiltration and runoff coefficient

under different rock fragment contents
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Fig.3 Wetting front under different rock fragment contents
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2.3 ;
3
125 ~192 s 5% ;
192 s 30%
130 s 1 mino
o 3 4 min
. 0 5% 10% 20% 30% 40% 6
1.55 1.45 1.46
(F=208 P<0.01), 1.54 1.44 1.44 mm/min.
1.36 1.36 1.40 1.47 1.35 1.32
mm/mino 0~
o 20%
o 20%
I R. o
IR Spearman 4
( 4
3
Tab.3  Runoff parameter under different rock fragment contents
1% 0 5 10 20 30 40
/( mm/min) 1.52 +5.71 1.48 +3.09 1.47 +1.59 1.62 +2.58 1.43 £2.98 1.50 £3.52
/s 180 £5.50 192 +£5.00 170 £4.50 168 +4.50 130 £4.00 125 £5.50
/( mm/min) 1.55+0.14 1.45 £0.08 1.46 £0.01 1.54 +0.08 1.44 £0.04 1.44 £0.08
/min 4 +0.50 5+0.25 4 +0.25 5+0.75 7 +£0.50 6 +£0.50
/( mm/min) 1.36 +0.04 1.36 £0. 14 1.40 +0.05 1.47 £0.03 1.35£0.11 1.32 +0.08
4 .
Tab.4  Correlation analysis between runoff coefficient rainfall intensity rock fragment content and combined factor
/s /( mm/min) /min /( mm /min)
| 0.284ns 0.293 0.764" 0.039 0.353ns 0.247 0.729" 0.05
R -0.938** 0.003 0.496ns 0.158 0.805" 0.027 0.276ns 0.222
IR 0.925%* 0.004 0.754" 0.042 0.780" 0.034 0.464ns 0.177

| R IR * x * ns
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Fig.4 Changes of rainfall intensity and runoff rate during rainfall under different rock fragment contents
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5

Fig.5 Changes of the runoff flow velocity under different rock fragment contents with time

4) 20%
20% 20%
5)
6 N
1) 0. 80
( References)
; 1 . . M .
2) 2003:13 —16 HE Yurong ZHENG Lin CHEN Xuehua
et al. Purple soils in China: PartII M . Beijing: Science Press
! 2003:13 - 16
3) (F 2 . 7.
=208 P <0.01) 2010(2) : 41 =43 ZHAO Jian LIANG Min. Characteristics and

control paradigm of purple soil water loss and soil erosion J .

China Water Resource 2010(2): 41 -43



4 457

3 J. 15 POSESEN TORRI D. BUNTE K. Effect of rock fragments on soil

1991 5(3): 53 =62 YANG Yansheng SHI erosion by water at different spatial Scales: a review J . Catena
Deming LV Xixi. Research on soil deterioration in the Yangtze 1994b 23: 141 - 166
Three — Gorge Region ] . Journal of Soil and Water Conservation 16 GRANT W J STRUCHTEMEYER R A. Effect of stones on
1991 5(3): 53 -62 runoff erosion and soil moisture J . Soil Science Society of
4 MILLER F GUTHRIE R. Classification and distribution of soils America Proceedings 1966 30: 638 — 640
containing rock fragments in the United States J . Soil Science 17 ABRAHAMS A D PARSONS A J. Relation between infiltration
Society of America Journal Special Publication 1984 13: 1 -12 and stone cover on a semiarid hillslope southern Arizona ] .
5 BUNTE K. POESEN J. Effects of rock fragment size and cover on Journal of Hydrology 1991 122: 49 -59
overland flow hydraulics local turbulence and sediment and 18 WILCOX B P WOOD M K. Factors influencing interrill erosion
sediment yield on an erodible soil surface ] Earth Surface from semiarid slopes in New Mexico J . Journal of Range
Processes and Land Forms 1994 19: 115 - 135 Management 1988 42: 66 — 70
6 19
. :D 2008 38(3): 375 -383 J. 2007 44(5): 801 —807 ZHOU Beibei
ZHU Yuanjun SHAO Mingan. Spatial distribution of surface rock SHAO Mingan. Effect of content and size of rock detritus on
fragment on hillslopes in a small catchment in wind — water erosion infiltration J . Acta Pedologica Sinica 2007 44(5) : 801 -807
crisscross region of the Loess Plateau J . Science in China: Series 20
D 2008 38(3): 375-383 I 2006 22(2): 64 - 67 ZHU
7 Yuanjun SHAO Mingan. Process of rainfall infiltration and
I 2016 21 sediment yield in soils containing different rock fragment contents
(10): 102 - 108 HAN Zhen WANG Xiaoyan LI Xinxin. J . Transactions of The Chinese Society of Agricultural
Processes of runoff velocity and stages of soil erosion under the effect Engineering 2006 22(2): 64 —67
of rock fragment content ] Journal of China Agricultural 21
University 2016 21( 10) : 102 - 108 J . 2011 42(05): 1214 -1218
8 MAO Tianxu ZHU Yuanjun SHAO Mingan et al
J . 1996 3(4):111 - 115. CAI Characteristics of runoff and infiltration in stony soils under
Chongfa DING Shuwen ZHANG Guangyuan. Study on soil surface simulated rainfall conditions J . Chinese Journal of Soil Science
characteristics and its effect on slope erosion of red soils derived from 2011 42(5): 1214 -1218
granite J . Research Of Soil And Water Conservation 1996 3 22 . I
(4): 111 -115 2010(06) : 779 — 787 ZHU Yuanjun SHAO Mingan.
9 WESEMAEL B V POESEN J DE FIGUERIEDO T. Effect of rock Simulation of rainfall infiltration in stony soil J . Advances In
fragments on physical degradation of cultivated soils by rainfall J . Water Science 2010( 06) : 779 —787
Soil and Till Research 1995 33( 3) :229 -250 23 D .

10  WESEMAEL BV MULLIGAN M POESEN ]J. Spatial patterns of 2012 WANG Xiaoyan. Distribution of rock
soil water balance on intensively cultivated hillslopes in a semi-arid fragments and their effects on hillslope soil erosion in purple soil
environment: the impact of rock fragments and soil thickness J . D . Wuhan: Hua zhong Agricultural University 2012:61 —63
Hydrological Processes 2000 14( 10): 1811 —1828. 24

11 J. ] 2009 23(08):

2005 19(1): 171 =175 FU Suhua. Effect of containing 190 -194 WANG Yongdong ZHANG Hongwu XU Xinwen et
rock fragment on infiltration ] Journal of Soil and Water al. Study on the wetting front of water infiltration and soil water
Conservation 2005 19(1): 171 - 175 redistribution in aeolian sandy soil J . Journal of Arid Land

12 MADH SHAO M A. Simulating infiltration in stony soil with a Resources and Environment 2009 23(8): 190 - 194
dual-porosity model ] . European Journal of Soil Science 2008 25
59: 950 -959 I 1996 2(4):84 -88

13 REIGNER I C PHILLIPS J J. Variations in bulk density and ZHANG Qichang MENG Qingfan LAN Xiaolong. Study on
moisture content within two New Jersey coastal plain soils damp-surface motion in loess low hill area J . Journal of Soil
Lakeland and Lakehurst sands J . Journal of Plant Nutrition and Erosion and Soil and Water Conservation 1996 2(4): 84 -88
Soil Science 1964 106(2): 152 -192 26 I

14 POESEN J INGELMO-SANCHEZ F MFICHER H. The 2015 23(4):616 — 623 DONG Hui LUO Xiao.

hydrological response of soil surfaces to rainfall as affected by cover
Earth Surf.

and position of rock fragments in the top layer J .

1990 15: 653 -671

Process Landforms

Field tests on seepage regulation of aggregate gravel soil under
artificial heavy rainfall J . Journal of Engineering Geology 2015
23(4):616 -623



458 35

Effects of Rock Fragment Cover on Hydrological
Processes in Purple Soils

HAN Zhen' WANG Xiaoyan' > LI Xinxin'

(1. College of Resources and Environment Southwest University Key Laboratory of
Eco-environments in Three Gorges Region( Ministry of Education) Beibei Chongqing 400716 China;
2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau

Chinese Academy of Sciences and Ministry of Water Resources Yangling 712100 China)

Abstract: Variable rock fragments in purple soil change some of the physical properties of homogeneous soil and
therefore their influence is significant on the hydrological and erosional processes in purple soil regions.
Considerable attention is being paid to quantitative information of the effects of rock fragment cover on soil
infiltration runoff and erosion. This research investigated six purple soil samples from a hillslope area with different
rock fragment contents ranging from 0 to 5% 10% 20% 30% and 40% . The results showed that the runoff
coefficient and initial runoff rate were significantly influenced by the rock fragment content. As the rock fragment
increased the runoff coefficient ( F =115 P <0.01) and wetting front increased while the surface runoff rate
decreased significantly ( F =208 P <0.01) . The average runoff rate reached its highest value with a rock fragment
content of 20% and declined when rock fragment content was more than 20% . Rock fragment content had no
significant effect on runoff flow velocity. The results of this research can provide empirical a case study for further
exploring the mechanism of rock fragment content in purple soils and its effect on hydrological processes. Findings

can also be helpful for rational utilization of soil resources and improving soil erosion models in purple soil regions.

Key words: rock fragment; runoff; flow velocity; precipitation distribution



