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Chapter 1 Introduction 

1.1  Background 

 

Soil erosion is an important environmental process affecting many agricultural landscapes all 
over the globe, leading to loss of topsoil material including nutrients, reducing soil quality and 
loss of biomass production. Associated with soil erosion also soil organic carbon (SOC) is 
translocated. However the net effect of SOC translocation on the soil carbon (C) balance is 
still raising questions. Globally, soils are the largest terrestrial SOC repository, storing 1502 
Pg C in the top first meter (Jobbagy and Jackson, 2000). The erosion-induced redistribution of 
SOC is therefore an important component of the global C cycle (Lal, 2003; Stallard, 1998). It 
has been shown that soil erosion by water or tillage has significant impacts on this large pool 
of SOC (van Oost et al., 2007). On the sloping sites, large quantities of SOC at the upslope 
positions are redistributed across landscapes by soil erosion (Berhe et al., 2007; Harden et al., 
1999; Smith et al., 2001; Stallard, 1998; van Oost et al., 2007). So far, the erosion-induced 
movement and fate of SOC in eroding landscapes is not yet fully understood, which remains 
an important uncertainty in quantifying the global C cycle. 

Soil erosion is a complex process, which shapes the land’s surface and redistributes soils 
including SOC across landscapes (Berhe et al., 2007; Lal, 2003). It laterally redistributes SOC 
along hillslopes. Soil organic C is displaced from upslope positions and the eroded SOC 
accumulates at the downslope depositional sites (Berhe et al., 2007; Gregorich et al., 1998; 
Yoo et al., 2005). Soil erosion is generally recognized as a four-stage process involving 
detachment, breakdown of aggregates, transport of (aggregated) soil particles and subsequent 
deposition of sediments (Lal, 2003). All these four stages could influence the transformation 
and hence sizes of SOC pools and affect their spatial redistribution in and over the soils. 
During the transport process, the eroded labile C could be potentially mineralized (Lal, 2003; 
Stallard, 1998) or ultimately delivered into aquatic ecosystems (Cole et al., 2007; Smith et al., 
2001). A number of studies have been conducted to investigate the roles of soil erosion 
processes and the fate of the eroded SOC at depositional sites (e.g. Billings et al., 2010; Mora 
et al., 2007; Polyakov and Lal, 2008; van Hemelryck et al., 2010). Until recently, however, 
there is no consensus on whether soil erosion acts as a net source (Lal, 2003, 2004) or sink of 
atmospheric C (Berhe et al., 2007; Harden et al., 1999; McCarty and Ritchie, 2002; Stallard, 
1998; van Oost et al., 2007) as our understanding of the processes involved is incomplete.  

Within this specific context, this thesis will focus on the fate of SOC in coupled eroding and 
depositional systems in soils from agricultural landscapes in the W-European loess belt 
(Belgium and the Netherlands). The thesis will further explore these processes and is based on 
the results from several laboratory experiments performed on loess soil material from 
agricultural fields. Loess soils cover significant areas in Europe (Figure 1.1). They are
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Figure 1.1 Map of loess distribution in Europe (Modified from Haase et al., 2007).  Indicates the two sampling sites located in the Netherlands and 
Belgium where soil was taken for our study  
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important for agriculture, but by nature very vulnerable to soil erosion due to their low 
structural stability and susceptibility to crusting (Kwaad and Mucher, 1994; Kwaad et al., 
1998; Winteraeken and Spaan, 2010) and as such widely studied in Europe (e.g. Evrard et al., 
2007), China (Fu et al., 2000; Shi and Shao, 2000) and Northern America (e.g. Wilson et al., 
2010; Wilson et al., 2013), but not in the context of soil organic matter (SOM) redistribution 
processes. It is therefore important to know how C in loess soils could be affected by erosion 
in response to global change, e.g. increasing precipitation in Western Europe (IPCC, 2007), 
and its substantial effect on global C cycling.   

The loess soils studied are all decalcified and do therefore not contain carbonates. 
Consequently all carbon discussed in this thesis should be considered as (soil) organic carbon. 

Section 1.1.1 below gives an overview on the relationship between soil erosion processes and 
redistribution of soil organic matter. Section 1.1.2 presents how soil redistribution affects 
lateral C movement and C mineralization. Finally section 1.1.3 reviews previous studies on 
the possible mechanisms controlling stabilization of the eroded and deposited SOC.  

 

1.1.1 Erosion processes and SOC 

The four-stage processes of soil erosion (detachment, breakdown, transport, deposition) are 
effective at certain positions in the landscape and affect the fate of SOC quite differently 
(Figure 1.2).  

 

 

Figure 1.2 Conceptual model for lateral and vertical SOC-fluxes in agricultural landscapes. From 
Hoffmann et al. (2013). 
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Soil erosion leads to breakdown of aggregates and disturbs the topsoil layers, in which fresh 
and labile SOC fractions have accumulated. The C enriched materials are released and might 
be preferentially translocated from the upslope sites to the lower positions (Figure 1.2). 
During transport labile SOC could be mineralized to CO2 (section 1.1.3) and the remaining 
SOC would arrive at the footslope where it could be further decomposed or buried (colluvial 
or alluvial deposits) or be entrained in the fluviatile system (section 1.1.2). However, most of 
the C enriched materials (70–90%) transported from the upslope sites will be relocated and 
deposited at the downslope positions within the same or adjacent watersheds, thereby 
potentially increasing the SOC concentration at those locations (Berhe et al., 2007; McCarty 
and Ritchie, 2002; Stallard, 1998). Hence the often found higher SOC concentrations in 
depositional profiles are usually related to the preferential detachment and downslope 
transport of C, potentially enriched in labile components such as the light fraction obtained by 
density fractionation (Gregorich et al., 1998; Kuhn, 2007; Kuhn et al., 2009). However, a 
portion of the labile SOC released from the breakdown of aggregates will be mineralized 
during transport (see section 1.1.2).  

At the eroding sites (upper slope), the eroded surfaces might have a higher sequestration rate 
of SOC from decaying plant material, which offsets the loss of transported SOC. This 
dynamic replacement (see section 1.1.2) takes place on fresh mineral surfaces and depends on 
the net primary production (NPP) (Berhe et al., 2008). By comparing the C cycling at non-
eroding, eroding and depositional positions, Doetterl et al. (2012) found that the eroding 
landscapes stored up to 10% more C due to soil redistribution than non-eroding landscapes, 
which is the result of the stabilization of C in former subsoil at both eroding positions 
(dynamic replacement) and as well as by partial preservation of buried C in pools of 
intermediate turnover at depositional positions.  

 

1.1.2 (Preferential) transport, mineralization, and decay of aggregates and 
associated SOC 

Soil organic matter has a very complex and heterogeneous composition and is often mixed or 
associated with soil minerals to form soil aggregates as a major binding agent (Del Galdo et 
al., 2003; Six et al., 2000b). Tisdall and Oades (1982) proposed a conceptual model for 
aggregate hierarchy describing that larger aggregates are formed from assemblages of smaller 
aggregates. Therefore macro-aggregates have elevated C concentrations because of the 
organic matter acting as binding agents. This organic matter is qualitatively more labile and 
less processed (Elliott, 1986; Oades and Waters, 1991). Furthermore, Six et al. (2000a) 
developed a conceptual model presenting the formation of macro-aggregates and micro-
aggregates (Figure 1.3). The processes are (i) at time t1, macro-aggregates (250-2000 µm) are 
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formed around fresh residues which then becomes coarse intra-aggregate particulate organic 
matter (iPOM); (ii) from t1 to t2, fine iPOM within a macro-aggregate is derived from 
decomposition and subsequent fragmentation of coarse iPOM; (iii) from t2 to t3, as fine iPOM 
is formed it gradually becomes encrusted with clay particles and microbial products to form 
micro-aggregates within macro-aggregates (Six et al., 1999; Six et al., 1998); (iv) eventually, 
the binding agents in macro-aggregates degrade, resulting in loss of macro-aggregate stability 
and the release of stable micro-aggregates (t4), which become ready for the next cycle of 
macro-aggregate formation (Jastrow, 1996).  

Water erosion preferentially removes materials enriched in labile C from the upslope sites, 
including a large proportion of light SOC with a density < 1.6 g cm-3, probably the C 
occluded in the former aggregates (Gregorich et al., 1998; Schiettecatte et al., 2008; Zhang et 
al., 2006). This material can be easily transported because of its low density in comparison to 
the heavier source bulk soils (Gregorich et al., 1998). Soil erosion was observed to be 
selective with respect to the lateral movement of SOC in both field and laboratory studies e.g. 
(Chaplot et al., 2005; Schiettecatte et al., 2008; van Hemelryck et al., 2010). These eroded 
sediments contained up to 5 times more SOC than the non-eroded soil, which is often also 
expressed as the C enrichment ratio (CER) (Schiettecatte et al., 2008).  

Soil erosion does not only laterally redistribute SOC within or across a landscape (Berhe et al., 
2008; Gregorich et al., 1998), but also drastically alters the process of C mineralization at 
different slope positions (van Hemelryck et al., 2011). Mineralization of SOC to CO2 is a 
primary process in the global C cycle. The mineralization rate of SOC is regulated by several 
factors, e.g. soil temperature, moisture, the presence of oxygen, and soil microorganisms 
(Berhe et al., 2007; van Hemelryck et al., 2011). A number of studies have shown that soil 
erosion altered mineralization of eroded carbon at depositional sites (Doetterl et al., 2012; van 
Hemelryck et al., 2010). Berhe et al. (2008) described that the rate of SOC decomposition was 
found to be as many as 2 to 14 times higher on eroding slopes in comparison to depositional 
positions. Mora et al. (2007) incubated eroded sediments for 10-days and suggested that there 
was twice as much mineralization of C in eroded sediments as in the control soil. Van 
Hemelryck et al. (2010) measured CO2 efflux from undisturbed soil cores in a depositional 
area using a laboratory rainfall simulation experiment and estimated that soil redistribution 
resulted in an additional emission of 2 to 12% of total C contained in the eroded sediment. 
Polyakov and Lal (2004) showed that 15% of the deposited C was mineralized through study 
of undisturbed soil samples taken on erosion and deposition plots and using an incubation 
experiment.   
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Figure 1.3 Conceptual model describing the cycle of a macro-aggregate and the formation of micro-
aggregates. These processes are the result of the interrelationship between the turnover of macro-
aggregates, SOM and controlling factors such as disturbance (i.e. tillage). iPOM= intra-aggregate 
particulate organic matter; POM= particulate organic matter; t= time.. From Six et al. (2000a). 

 

Several reasons may exist for differences in SOC mineralization rates along the slope. Firstly, 
soil erosion selectively removed C enriched material from eroding sites and relocated this 
material to depositional sites. The absence or reduced occurrence of labile C at the eroding 
site would decrease C mineralization at this location. However, the opposite was found in 
many studies (see above). Secondly, the fresh and labile materials could be mineralized while 
being laterally transported. These materials, when still present after transport, might strongly 
affect the turnover of the ‘former’ C at the downslope positions (Doetterl et al., 2012; 
Fontaine et al., 2007). Van Hemelryck et al. (2010) found that a significant part (14–22%) of 
mobilized SOC could indeed be mineralized shortly after deposition. This effect was much 
lower (< 10%) under field conditions, which may be due to a lower degree of soil aggregate 
disruption in the field than under laboratory treatments (van Hemelryck et al., 2011). Thirdly, 
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differences in nitrogen content might also control the specific mineralization kinetics of 
eroded sediments when compared to the original soil material (Juarez et al., 2011). All of 
these examples illustrate that controls of C mineralization are not well understood in eroding 
landscapes.  

A relatively large portion of the eroded SOC will be delivered to aquatic ecosystems (Cole et 
al., 2007; Smith et al., 2005). Eroded SOC that enters aquatic ecosystems plays a key role in 
balancing regional or global C budgets, induces changes in aquatic metabolism, and affects 
water quality and its management (Battin et al., 2008; Stutter et al., 2013). The eroded and 
exported SOC consists of dissolved organic C (DOC) and of solid SOC, which is associated 
with the sediment. The labile eroded SOC in the aquatic environment also has a potential to 
be rapidly mineralized (Mayorga et al., 2005; Raymond and Bauer, 2001). Previous studies 
mainly focused on the fate of eroded SOC at the depositional site (Mora et al., 2007; van 
Hemelryck et al., 2010). However, less attention was paid to the fate of DOC transported in 
runoff due to soil erosion. A significant amount of CO2, derived from DOC is released from 
water surfaces into the atmosphere (Stutter et al., 2013; Worrall et al., 2012). Worrall et al. 
(2012) modeled C fluxes in UK rivers and estimated that 70 to 78% of DOC from terrestrial 
sources was potentially lost from the catchment. Polyakov and Lal (2008) studied the effect of 
soil erosion on the transport and mineralization of SOC on Miamian silty clay loam soil and 
estimated that from all SOC displaced by erosion, up to 44% of SOC was lost from the 
watershed to aquatic ecosystems. This result implies that the fate of eroded SOC once having 
entered the aquatic environment cannot be neglected in the erosion-affected C cycle. 

In previous studies on the fate of eroded SOC at depositional sites a modeling approach was 
used (Harden et al., 1999) or more indirectly, incubation techniques of eroded soil material 
(Mora et al., 2007). Some studies on soil erosion processes were based on rainfall-simulation 
experiments (van Hemelryck et al., 2010). Laboratory rainfall-simulation techniques are an 
accepted research approach and have been applied infrequently so far to study the SOC 
dynamics of eroding soils. They allow us to study soil erosion processes under controlled 
conditions, such as rainfall intensity, storm frequency and storm duration, as well as the initial 
conditions prior to rainfall. Major disadvantage is that the terminal falling velocity of 
raindrops is not reached under simulated rainfall because of the limited height of most set-ups, 
which makes the applied kinetic impact by raindrops on the soil surface smaller than in nature 
(Bisal, 1960; van Dijk et al., 2002). Although several rainfall-simulation experiments have 
been used to understand soil redistribution processes (Table 1.1), the lack of direct 
measurements by means of the rainfall-simulation limits our process understanding of soil 
erosion and related SOC dynamics.  
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1.1.3 Stabilization of SOC as affected by soil erosion and deposition 

Previous studies on the role of soil erosion in global or regional C cycles focused on how 
different erosion processes e.g. water erosion and tillage, affected the change of SOC stocks 
in eroding watersheds over time (Smith et al., 2005; van Oost et al., 2007). Only a few studies 
have been investigating the possible mechanisms controlling stabilization and destabilization 
in the context of erosion and deposition (Berhe et al., 2012; Doetterl et al., 2012; Harden et al., 
1999). So far, the mechanisms that determine the persistence of eroded SOC are still not fully 
understood (Berhe et al., 2012). For example, the SOC eroded and buried in depositional 
positions might be better protected against mineralization (Stallard, 1998; van Oost et al., 
2007) due to the formation of a dense stratified layer that decreases the soil respiration rate of 
the buried soil (van Hemelryck et al., 2010).  

Berhe et al. (2012) summarized that at least three mechanisms regulating stabilization of 
eroded SOC can be recognized: (i) physical isolation of SOC inside aggregates (Denef et al., 
2001a; Six et al., 2002; Sollins et al., 1996). Aggregation can render SOC physically 
inaccessible to soil microorganisms and restrict diffusion of oxygen and enzymes (Kleber, 
2010; Six et al., 2002; Sollins et al., 1996); (ii) chemical interaction of SOC with the soil 
matrix (Masiello, 2004; Torn et al., 1997; von Lützow et al., 2006). SOC bound to mineral 
surfaces may be resistant to chemical and biologic oxidation (Mikutta and Kaiser, 2011) and 
(iii) the chemical composition of SOC (Sollins et al., 1996; Schmidt et al., 2011). However, 
the role of the molecular composition of SOC as a factor influencing SOC stabilization has 
been challenged recently (Kleber 2010; Schmidt et al. 2011). Schmidt et al. (2011) concluded 
that the molecular structure of plant inputs and organic matter had a secondary role in 
determining C residence times over decades to millennia, and that C stability instead mainly 
depends on the biotic and abiotic environment. 

Physical fractionation by density was proven to be a useful method for the isolation of 
different functional SOC pools. Recently this approach has been widely used to study the 
mechanisms controlling SOC stabilization in the context of soil erosion and deposition (Berhe 
et al., 2012; Doetterl et al., 2012). The different fractions can be related to physical and 
physicochemical stabilization processes (Golchin et al., 1994; Schrumpf et al., 2013; von 
Lützow et al., 2008). According to the degree and the mode of interaction with minerals, 
density fractionation is often coupled with ultrasonic dispersion to give three fractions of 
SOC: the free light fraction (fLF) comprises relatively undecomposed, labile organic matter, 
which is not bound to soil minerals i.e. plant and animal residues; the occluded light fraction 
(oLF), released from soil upon disruption of aggregates (i.e. SOC protected by aggregation) 
and the heavy fraction (HF), which is considered as stable and strongly associated with soil 
minerals (Cerli et al., 2012; Golchin et al., 1994; Gregorich et al., 2006; Gregorich et al., 
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1998). The mineral-associated heavy fraction contains more processed materials with a slower 
turnover rate and a higher degree of chemical protection (Hassink, 1995). 

 

Lignin 

As one of the major components of plant biomass and SOC, lignin has been used as an 
indicator of the fate of plant-derived organic matter and of the origin and state of degradation 
of SOM (Guggenberger and Zech, 1994; Hedges et al., 1988; Klotzbücher et al., 2011). 
Variations in the relative proportions of lignin-derived phenols provide information about 
microbial degradation, adsorption and desorption processes (Hernes et al., 2007; Thevenot et 
al., 2010). These compositional changes of SOC affect stabilization and sequestration of SOC 
(Schmidt et al., 2011). Soil erosion potentially influences the presence of lignin, probably 
because it preferentially removes SOC that is not associated with minerals or aggregates 
(Berhe et al., 2012; Gregorich et al., 1998). Juarez et al. (2011) studied the impact of water 
erosion on potential carbon mineralization and on organic matter components, and suggested 
that lignin was less decomposed in the eroded material in comparison to original soils, but did 
not control carbon mineralization. However, so far there is little information available on 
lignin used as a biomarker to trace the erosion-induced SOC redistribution. 

 

1.2 Research questions and outline of the thesis 

1.2.1 Aim and objectives 

Soil erosion is reported to have significant effects on the redistribution and stabilization of 
SOC in terrestrial ecosystems. Previous studies have attempted to investigate the 
redistribution of SOC and its role in C cycle on global or regional scale using modeling 
approaches (Harden et al., 1999; Lal, 2003; Stallard, 1998). Some studies on the role of soil 
erosion in the SOC cycle mainly focused on the fate of eroded SOC using eroded sediments, 
which were deposited at downslope sites (e.g. Mora et al., 2007; van Hemelryck et al. 2010; 
Juarez et al., 2011). In addition, in a number of studies the mechanisms controlling 
stabilization of SOC on non-sloping sites were investigated (Juarez et al., 2011; Mora et al., 
2007; van Hemelryck et al., 2010). However, the understanding of SOC redistribution 
processes and the mechanisms controlling SOC stabilization in sloping landscapes remain 
unclear. Therefore an improved process understanding of how soil erosion affects SOC 
redistribution, stabilization, and destabilization is necessary, preferably to be carried out in 
connected landscape systems enabling the study of SOC transport and transformation from 
source to sink through erosion and deposition processes. Therefore, by combining 
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experiments or comparisons at different field and laboratory scales, a better understanding of 
possible mechanisms governing stabilization and destabilization of SOC in the context of soil 
erosion and deposition can be achieved.  

The main objective of this dissertation is to improve our process understanding of the fate of 
different SOC fractions under soil erosion, transport and subsequent deposition and to get an 
insight into the possible mechanisms governing stabilization and destabilization of SOC in 
coupled eroding and depositional environments.  

The following specific objectives are formulated:  

(i) To determine the possible mechanisms governing SOC stabilization against microbial 
decay as affected by soil erosion and deposition (Chapter 2).  

(ii) To assess how soil aggregation affects SOC stabilization in comparison to interactions of 
SOC with soil minerals in the context of soil erosion and deposition (Chapter 3). 

(iii) To investigate mutual effects of soil redistribution on the fate of different SOC fractions 
and to determine a complete C budget of a loess soil affected by water erosion  (Chapter 4). 

(iv) To determine the mineralization of eroded SOC transported from soils into water 
including the contributions of solid and dissolved OC to total C mineralization (Chapter 5). 

 

1.2.2 Outline and approach  

Chapter 1 provides an introduction to the topic studied and an overview of the ongoing 
debate on sources or sinks of atmospheric CO2 in the context of soil erosion and deposition. 
The importance of the transport and fate of erosion-induced C for estimating the global C 
cycle is emphasized. Furthermore the possible mechanisms controlling stabilization of SOC in 
eroding and depositional environments are explained and the related questions studied in this 
dissertation are presented. Finally, the importance of the soil chosen is underpinned. 

In chapter 2 possible mechanisms controlling stabilization of SOC against microbial decay 
are investigated. It reports a short-term incubation experiment of soils sampled from eroding 
and depositional sites of the Belgian Loess Belt. According to the SOC concentrations 
measured in soil profiles from these two contrasting sites, topsoils (5–10 cm) and subsoils 
(45–70 and 160–200 cm) were chosen for the incubation experiment. This laboratory 
incubation allowed for testing the effects of oxygen availability (no oxygen, 5% oxygen and 
normal air) on the mineralization of SOC from both topsoils and subsoils. Effects of the 
addition of labile substrate, i.e. glucose, were also tested between sites and depths by 
determining CO2 and CH4 evolutions. In addition, DOC concentrations and the specific 
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absorbance at 280 nm (UV280) were determined to assess the relationship between SOC 
mineralization and labile C under erosion and deposition. Finally, soil microbial biomass C 
and N before and after the incubation was determined with the chloroform fumigation method 
to illustrate the role of soil microorganisms for SOC decomposition in the context of soil 
erosion and deposition. 

Chapter 3 assesses how soil aggregation affects SOC stabilization in comparison to 
interactions of SOC with minerals, for which purpose physical and chemical processes of 
SOC stabilization were compared. It reports a 52-days incubation experiment using intact 
aggregates (8–16 mm) and corresponding disrupted ones (< 0.15 mm) at topsoils (0–5 and 5–
10 cm) and subsoils (45–70 cm) obtained from the same eroding and depositional sites as 
used in Chapter 2. The possible mechanisms controlling stabilization of SOC in topsoils and 
deep soil layers were determined using aggregate size and density fractionation. The 8–16 
mm size aggregates were chosen for the short-term incubation experiment because of its 
largest contribution to total SOC. In addition, soil samples from several depths were density 
fractionated using a sodium polytungstates (NaPT) solution with a density of 1.6 g cm-3. 
Finally, lignin as an indicator for the source and fate of SOC was determined in both bulk 
soils and different density fractions with the cupric oxide (CuO) oxidization method. 

Chapter 4 investigates the combining effects of soil erosion, transport and subsequent 
deposition on the movement and fate of SOC and determines a complete C budget using a 
laboratory rainfall-simulation setup (Figure 1.4) using loess soils. The used loess topsoil was 
collected from an agricultural field in Wijnandsrade, Southern Limburg. Overall four 18-
minutes rainfall events (one event per month) were carried out. Sediments mobilized within 
the flume were collected as well as the exported material. Concentrations of suspended solid 
(SSC) and sediment associated SOC transported by the overland flow were determined every 
2-mins during each rainfall event. The through flow (sub-surface) was also collected and 
measured. After each rainfall event, CO2 effluxes at eroding, transport and depositional zones 
of the experimental flume were measured till the next rainfall event. DOC samples were 
collected with suction cups inserted at 4 and 9 cm at the eroding, transport and depositional 
zones of the flume. After four rainfall events, topsoils (2 mm) at the eroding, transport and 
depositional positions as well as sediments in the overland flow collected in the first and 
fourth rainfall events, were fractionated by density using a NaPT solution with the density of 
1.6 g cm-3. Finally, the complete C budget of this experiment was determined.  

Chapter 5 evaluates the mineralization of exported SOC, both in solid and dissolved forms, 
transported by runoff from soils into the aquatic environment linking terrestrial and aquatic 
ecosystems. This chapter reports the results from two 28-days incubation experiments on total 
runoff C and DOC collected from the pseudo-replicated rainfall-simulation experiments. We 
collected and measured the total runoff per rainfall event till the fourth rainfall event. Both 
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runoff samples and DOC collected in the first and last rainfall events were incubated to 
determine CO2 evolution. Solid SOC mineralization was calculated by the difference between 
the total runoff and DOC mineralization.  

Chapter 6 synthesizes and discusses the main findings of the research presented in this thesis 
and provides an improved process understanding of SOC dynamics in relation to soil erosion 
and deposition. This thesis provides information on how soil erosion, transport and deposition 
processes affect the redistribution of SOC between the terrestrial and aquatic ecosystems and 
its fate, and on the impacts of climate change, e.g. extremely heavy precipitation. 
Furthermore, possible mechanisms governing SOC stabilization in eroding and depositional 
sites will be discussed. Finally, suggestions are made for further research at the scale of fields, 
watersheds or landscapes to get a better understanding of the critical role of erosion and 
deposition in SOC dynamics, also with regard to climate change and environmental quality. 

 

 

Figure 1.4 The rainfall-simulation experimental setup in the laboratory (flume length 380 cm; width 
120 cm) 
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Table 1.1 Summary of selected previous studies focusing on effects of water erosion on the redistribution of soil and soil organic carbon 
(SOC) using rainfall-simulation experiments 

No. Experiment description 
(rainfall intensity and duration) Soil type Soil texture (%; 

sand, silt, clay) 
C content of source 
soil (%) Slope (%) SOC enrichment ratio of 

eroded soil Authors (reference) 

1 63.5 mm h-1; 30 min  Tifton loamy sand soil  Not reported 1.28 4.7 2.88–5.83 Lowrance and Williams, (1988) 
2 30 mm h−1; 60 min Silt loam Not reported 0.94 Not reported 1.98 Jacinthe et al., (2002) 
3  Silt loam Not reported 1.76 2–35 1.26 Jacinthe et al., (2004) 
4 80 mm h−1; 90 min Crosby silt loam 17,51,32 1.76 0.5–8 1.04–1.70 Polyakov and Lal, (2004) 

5 57 mm h−1; 70 min Tifton loamy sand Not reported CT (0.75%) and ST 
(0.90%) 2 – 4 Mostly ≤1.0 for ST and 

≥1.0 for CT  Truman et al., (2007) 

6 45 mm h−1; 120 min Devon and Eifel silts 8.5–8.8,85.9–
86.8,4.7–5.3 4.8–6.4 Not reported 1.2–1.49 Kuhn, (2007) 

7 85 and 170 mm h-1; 30 min Silt loam (Ustochrept) 13.8–14.8,73.6–
74.8,10.9–11.7 11.3–14.6 (CaCO3) 9 1.01–2.24 Jin et al., (2008) 

8 25 and 40 mm h−1; 100 min Silt loam Not reported 1.1 10–30 0.9 and 2.6 Schiettecatte et al., (2008) 

9 65, 85 and 105 mm h−1; 90 min Silt loam (Calciustept) 12.3,70.9,16.8 0.55 9 1.0–2.6 Jin et al., (2009) 

10 70 mm h-1; 1 h Rayan silt loam Not reported 1.27–3.94 8.5  Rimal and Lal, (2009) 

11 Inflow discharge of about 1.6×10-

4 m3 s-1; 15 min and 30 min Silt loam 20,73,7 1.52 15 Not reported van Hemelryck et al., (2010) 

12 45 mm h−1 Loess-derived Luvisols 15.5, 73.1,11.4 2.33 Not reported 2.47 Wang et al., (2010) 

13 47.9 to 49 mm h-1; 120 min Halstow silt loam 10.4,70.6,19 8.15 5 Not reported Kuhn, (2010) 

14 25 mm h-1; for 30 min  Tifton loamy sand 89, 7, 4 0.77–1.44 Not reported 0.9–7.2 (conventional) and 
0.6–3.7 (strip tillage) Strickland et al., (2012) 

15 45 mm h−1; 2 h and 25 mm h−1; 3 
h  Sandy loam 35.2–38.5, 57.2–60.3, 

4.3–4.5 5.9 and 3.7 Not reported 0.77–1.46 Kuhn and Armstrong, (2012) 

16 54 mm h-1; Between 0.5 and 1 h Loess-derived Luvisols < 20%; > 70%; < 15%  Not reported 5–25 2.8 Wang et al., (2013b) 

17 Approximately 30.0 mm h−1; 0.5 h 
and 1.0 h Silt loam 6%, 79%, 15% 0.79 3 Not reported Bremenfeld et al., (2013) 

18 110 mm h-1; 30 min Sandy loam  61.6–74.7,16.4–
25.0,7.3–19.2 0.59–1.2 4 3.1–7.1 Chartier et al., (2013) 
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