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A B S T R A C T

Soil erosion strongly influences the transport and fate of carbon (C) and nitrogen (N) in hillslope soils. However,
in dynamic landscapes, erosional effects on soil N cycling and primary controls on N bioavailability are not well
understood: particularly with respect to differences between topsoil and subsoil. Here we aim to explore the
influence of erosion on (i) spatial distributions of soil N fractions and (ii) controls on N bioavailability in eroding
vs. depositional sites within the Belgian Loess Belt. Soil samples were fractionated by aggregate size and density.
In addition, intact soil samples were incubated to determine the influence of oxygen status (0, 5, and 20%) and
labile organic matter on mineralization and nitrification of N in the context of erosion. The results showed that
the deposition of eroded upslope soil materials led to N enrichment throughout entire soil profiles. Across both
eroding and depositional sites, more than 93% of the total N was associated with minerals. Increased macro-
aggregate- and mineral-associated N at the depositional site indicated that aggregation and N stabilized by
minerals contribute to N enrichment in the depositional soils. Inorganic N, mostly NO3

−-N, was also larger at the
depositional site. Oxygen concentrations were positively related to net N nitrification and mineralization rates
regardless of geomorphic position. Glucose addition significantly reduced net N mineralization and nitrification
rates. In conclusion, our results indicate that soil erosion might not only lead to spatial variations of N pools but
also potentially affect the transformation and bioavailability of N along eroding hillslopes. Future research
should consider the fate of different N species in eroding landscapes and consequences for both carbon se-
questration and N leaching.

1. Introduction

Soil erosion and subsequent deposition significantly regulate bio-
geochemical cycling of carbon (C) and nitrogen (N) across soil-mantled
hillslopes (Berhe et al., 2018; Quinton et al., 2010). Globally, soil ero-
sion laterally redistributes a sediment flux of about 35 ± 10 Pg yr−1,
of which water erosion is responsible for approximately 28 Pg yr−1

(Quinton et al., 2010). In the past, many studies have focused on
quantifying the magnitude of erosion rates and transport of organic
matter and vertical C exchange (Berhe et al., 2018). Over the past two
decades, researchers have started exploring the fate of eroded soil or-
ganic C and its stabilization mechanisms as a function of topographic
positions (e.g. Berhe et al., 2012; Doetterl et al., 2016; Wang et al.,
2013, 2014, 2018; Wiaux et al., 2014). In comparison, there has been
limited focus on how erosion and subsequent deposition affect redis-
tribution and bioavailability of N in eroding landscapes (Berhe et al.,

2018; Berhe and Torn, 2017; Liu et al., 2018) despite growing knowl-
edge that soil erosion exerts an important control on spatial patterns of
nutrient availability, soil fertility and plant productivity (Berhe et al.,
2018; Doetterl et al., 2016).

Nitrogen is one of the essential soil nutrients and its bioavailability
strongly limits plant productivity (Jilling et al., 2018; van Breemen
et al., 2002). Most process-level studies on soil N cycling and trans-
formation have focused on flat, stable landscapes that experience
minimal soil erosion and deposition (Bimüller et al., 2016; Verchot
et al., 2001; Vitousek and Matson, 1988). On hillslopes, the soil N cycle
can be strongly affected by erosion and the transport of soil mass (Berhe
and Torn, 2017). Globally about 23–42 Tg of N per year is thought to be
transported by erosion (Quinton et al., 2010). These erosion-induced
lateral N fluxes are on the same order of magnitude as N applied in the
form of agricultural chemical fertilizers (http://www.fao.org/faostat/).
In addition, recent estimates suggest that the erosional soil N loss
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