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Morphological characteristics of ephemeral gullies in the cultivated
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Abstract : [ Objective] Ephemeral gully (EG) erosion poses a significant ecological challenge to cultivated land in the Mollisol region

of Northeast China. Elucidating the development laws and influencing factors of EGs is crucial for managing this form of erosion.
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Understanding the development characteristics and related factors of EGs from the top to the bottom of hillslopes provides important
theoretical support for accurately identifying potential gully risk points at the slope scale. Addressing the issue of cultivated land
degradation caused by gully erosion in the Mollisol region is crucial for sustaining agricultural productivity and maintaining ecological
balance in this important farming area. [ Methods] Four typical EGs in the Hebei small watershed of Nenjiang City, Heilongjiang
Province, were selected. A total of 113 fixed measurement sections were established along the EGs. High-precision global navigation
satellite system-real time kinematic (GNSS-RTK) measurements and unmanned aerial vehicle (UAV) aerial surveys were conducted
to obtain EG width and depth data during the 2023 snowmelt and rainfall seasons. An analysis was conducted to investigate the laws
of variation in EG depth and width from the top to the bottom of hillslopes. Utilizing decimeter-level digital elevation models and
centimeter-level digital orthophotos, digital terrain analysis and hydrological analysis methods were employed to derive catchment
areas and slope gradients along ridges (ridge slope) for the EGs. The relationships between these factors and the morphological
parameters of the EGs were analyzed. Additionally, the differences in EG morphological parameters under corn and soybean planting
conditions were compared. [ Results] 1) From the EG head to the bottom of the hillslope, gully width,depth and cross-sectional area
increased rapidly, then fluctuated, becoming wider and shallower near the bottom of the slope. This fluctuation was influenced by
forest belt, topography, and crops. Upstream of the forest belt, EG width increased, while within the forest belt, depth increased
significantly and width decreased. The width of the EG increased, whereas its depth decreased under tributary inflow conditions. Crop
type also influenced EG width and depth. 2) There was a significant correlation between EG cross-sectional morphological
characteristics and two topographic factors: ridge slope and catchment area. Ridge slope had a substantial impact on gully depth, with
the depth of the EGs increasing positively with the ridge slope (R=0. 60, P<C0. 05). Catchment area primarily affected gully width,
with an increase in the width of the EGs corresponding to an increase in the catchment area. A significant positive correlation was
observed between these two variables (P<Z0. 05) ,with a correlation coefficient of 0. 56. 3) Corn fields exhibited greater resistance to
EG erosion compared to soybean fields, with significant differences in EG morphological parameters between the two crop types.
Under similar slope and catchment area conditions, the depth, width, and cross-sectional area of EGs in soybean fields were 1. 81,
1. 76,and 2. 46 times of those in corn fields, respectively. [ Conclusion] The morphological parameters of EGs, such as width and
depth, exhibited regular changes on the slope scale and were influenced by topography and crop types. These findings enhance the
understanding of the development patterns of EGs in Mollisol-cultivated land in Northeast China, provide theoretical and technical
support for accurately identifying the risk points of the transformation from EGs to permanent gullies,and hold significant scientific
implications for future EG control strategies in the Mollisol region. At present, research in this field is still at an early stage. This
study only clarifies the situation of typical watersheds in the rolling hilly region of Northeast China. Future research should further
explore these patterns under different climate, soil, parent material and other environmental conditions.

Keywords: Mollisol region; Northeast China;sloping farmland; ephemeral gully; morphological characteristic; topography; crop
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Tab.1 Comparison of ephemeral gully erosion in soybean

and corn fields
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