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Table 1 Sampling sites for rill erosion survey
A %is Kex5E B ZVEEES B LHEIKIX BHETT
Site types Code  Size/(mxm) Slope/(°) Crop types Coverage/% SL/m VT Tillage pattern
PR Ql 20%5 31 LI/NG 10 20 Hiith AR
Coepnd . @ 365 w7 5 0 : i
Q3 20%5 27 ZY. 40 7 Hiih SR
Q4 20%5 30 BF 20 15 Hiih SR
Q5 20x5 30 BT 30 10 A FAE
Q6 20x5 35 BT 20 38 il FAE
Q7 20x5 31 BT 40 24 i FAE
W.%%#ﬂﬁ S1 20%5 32 BET 25 0 - FAE
Sloping cropland
S2 20%5 38 %Sy 35 0 - S
3 4655 10 e B3 (B 35 (B 0 FEdh 36 (ZEmZE )
FEHhRES (FLED 20 (§L&) FEHLTHE G
Fedh B3 (B 65 () e
. B S f:
Q4 3 R (AT DRE 45 (LRI 57 BHb. B T
Q9 44x14 31 BF 40 59 i, B SR
A TEHH
Fallow sloping S4 20%5 35 B I 65 36 Hitth #iila
cropland
g} 65 CHIBEE) B
il o 205 35 pum. . HARR 70 CEylimghy 0 i
o oiray b e =2
Grassland S5 205 35 W, HRTE 50 CEMEEE) 36 _

80 (/B tuesi )

e 97267 BERERR 13~21 d#ATIE, PRSI, “7.267 BWHETAEE Q8 QY WAHMIAKE . SL N EIARKIXIK, VT JhRAL,
Note: Survey was conducted on Aug. 9-16, 2017, 13-21 days after the “7.26” rainstorm, and all sampling sites were undisturbed. There is an ephemeral gully and a ditch
in the sampling site before the *7.26” rainstorm. SL is upslope length and VT is vegetation type.
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Table 2 Power functions fitted between rill erosion and slope

length
FEb KA Pt = [EA7FE R P
Site type Site No. Regression model
B Q2 Er=1679.5L°%" 0982  <0.001
Bare sloping B1988” Er=1131.6L°% 0970  <0.001
cropland B1989™ E=18737L"* 0997  <0.001
S1 Er=64.15L"%% 0.968  <0.001
. S2 Er=1532.54L"%7  0.994  <0.001
R S1988™ Er=41.05L"3% 0.965  <0.001
Sloping cropland " 0960

M1988 Er=236.74L" 0.960  <0.001
BW1988 Er=10227L"%° 0986 <0.001

T Er NBTANARMEE, tkm™: LOVBTIHEK, m. " REEERRE T
ERETA, 1988 458 A 4—5 [, 2 HRMAFE 19 h, HFEKR 139 mm,
B KE 56.4 mm, i 71 min, PRI 0.794 mmemin”. 1989 4 7
H16 H, B/K# 1053 mm, “FHR5E 0.117 mmmin”, 60 min AR5
0.733 mm/min. #£H S1988 KPR, i 22°~34°, H4K 50 m; B M1988
KT, BERE 23.5°~32°, K 70 m; BW1988 A HEFRSE, HiE 18°~
30°, K 60m; B1988 A1 B1989 Jy#REENHE, I 30°, Ik 40 m.

Note: Er is rill erosion rate at cross-section, t-km? L is slope length of
cross-section, m. By Wang!*. In Aug 4-5, 1988, total rainfall 139 mm of two
events with 19h interval and rainfall intensity of the second event was
0.794 mm'min”' within 71 min. In July 16, 1989, total rainfall was 105.3 mm and
the maximum 60 min rainfall intensity was 0.733 mm'min™'. S1988 was Glycine
max (Linn.) Merr. with flat planting on 50 m-long slope of 22°-34°, M1988 was
Setaria italic in contour trenches on 70 m-long slope of 23.5°-32°, BW1988 was
Fagopyrum esculentum Moench. with flat planting on 60 m-long slope of
18°-30°, and B1988 and B1989 were bare cropland on 40 m-long slope of 30°.
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Rill erosion of long and steep cropland on the Loess Plateau under heavy
rainstorm

Wang Zhigiang®, Yang Meng?, Zhang Yan**, Zhang Shuai
(1. School of Geography, Beijing Normal University, Beijing 100875, China; 2. Key Laboratory of State Forestry Administration on Soil
and Water Conservation, college of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: Rill erosion can be defined by concentrated flow in small rivulets. This type of water erosion has posed a great
challenge on the sloping cropland on the Loess Plateau in China. Most previous studies were focused on the field or laboratory
experiment, while the research on rill erosion under conditions of extreme heavy rain is still lacking, particularly on practical
prediction on specific cropland. The purpose of this study is to investigate the characteristics of rill erosion on long and steep
slopes under extreme rainstorms based on field survey data. After the heavy rainstorm on the central Loess Plateau on July 26,
2017, 15 sampling sites were selected based on Google imagery near the rainstorm center with event rainfall of 212 mm and
the maximum 60-min rainfall intensity of 49.2 mm/h for rill erosion measurement. In each sampling site, cross-sectional
properties were measured at 2-m intervals, and the width and depth of each rill in each section were recorded. Topographic
parameters were measured based DSM derived from drone aerial images in 0.20 m resolution. Rill erosion data from a
previous study on five plots under storm conditions were used to compare the impact of rainfall intensity on rill erosion along
slope length. The results showed that: 1) Under rainstorm conditions, the rate of rill erosion on bare sloping cropland was
22 487 t/km’, and that on sloping cropland accounted for 68.6% that of the bare land, as the slope length was 20 m. Contouring
cultivation can reduce effectively erosion, where the rill erosion was less than 5% that of the bare land, but the downslope rill
erosion still occurred. The rate of rill erosion on fallow cropland was only 12% that on bare cropland with the same slope
gradient, and no rill erosion was found on grassland. 2) The power function, Er=aL’, can fit the relationships between the rill
erosion rate and slope length. The index of slope length (b) was 0.831 for the bare land with the slope gradient of 34°. The
index of slope length increased as the increase of the rainstorm intensity, indicating that the rate of rill erosion enhanced under
heavy rainstorm conditions. 3) Most sloping croplands on the loess hilly region are located in the middle of hillslope, and there
is a steep ridge with 1-2 m high between the cropland and uphill grassland. Upslope contributing runoff can cause severe rill
erosion on the sloping cropland. Specifically, grassland with a length of 38m can lead to the maximum erosion modulus on the
downslope cropland, 56 304 t/km”. However, there was no a clear increasing trend in the rate of rill erosion as the increase of
slope length, indicating that the upslope runoff has a greater impact on rill erosion than the rainfall received on the site. The
existence of ephemeral gullies on the slope reduced the rill erosion intensity due to the confluence capacity of the ephemeral
gullies. The finding demonstrated that the more severely the ephemeral gullies was developed, the less the rill erosion intensity
was. This study can provide an important reference to estimate the rill erosion on different types of sloping land in the hilly
area of Loess Plateau.

Keywords: soils; erosion; rainstorm; rill; sloping cropland; slope gradient; slope length; upslope runoff



