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1. Introduction 

The sheet erosion is a complex and size-selective process, potential 

hazard for agricultural fields and the root cause of organic matter 

loss (Jakab et al., 2016; Kuhn and Armstrong, 2012; Liu et al., 2018), 

and non-point source pollution of nutrients (Di Stefano et al., 2000). 

The basis of the size-selection or sometimes called, preferential 

mobilization is the hierarchical structure of the soil particles. The 

primary soil particles build a multi-scale geometry with 

microaggregates (<250 µm), and macroaggregates (>250µm). 

During a rainfall soil aggregates broke down due to the energy of 

raindrops and smaller particles are transported with the runoff, 

while the bigger ones are accumulated on the surface and a soil 

crust is evolving. This selective process, especially the particle 

size distribution (PSD) of the transported aggregates is poorly 

studied (Asadi et al., 2011; Martínez-Mena et al., 2002). This 

selective process differs in case of different soil “surface conditions” 

(including slope steepness, initial moisture content, crust type and 

surface roughness) related to the four seasons and three main slope 

positions. Hence the aim of this study is to determine the temporal 

and spatial characteristics of selectivity. The main questions: 

 Which is the dominant aggregate and particle size fraction in the 

runoff in case of different surface condition? 

 What is the difference between the PSDs of the micro- and 

macroaggregates? 

 What kind of effect the evolved crust have on the sediment 

dynamic and on the PSDs of the aggregate fractions? 

 Which part of the erosion process is mostly influenced by 

extreme moisture content? 

 What are the main advantages of using “surface condition” in 

rainfall simulation experiments? 



2. Material and Methods 

Laboratory rainfall simulator experiments were conducted on two 

different soil samples in the Eötvös Loránd University, Budapest. 

The soil samples were collected from intensively tilled arable lands 

in Ceglédbercel and Gerézdpuszta. In both locations, active, erosion 

related experiments are in progress.  

Three slope steepness (2%; 5% and 12%), four initial moisture 

contents from dry to saturated and two roughness states (rough and 

smooth and crusted) were combined during the experiments. The 

“surface conditions” of experiments can be describes as: 

 winter, toeslope position: 2% slope; saturated; smooth surface 

 spring and backslope position: 5% slope; field capacity initial 

moisture content, rough surface 

 spring and shoulder position: 12% slope; field capacity initial 

moisture content, rough surface 

 summer, toeslope position: 2% slope, dry and crusted surface 

 autumn and shoulder position: 12% slope; wet initial moisture 

content, crusted surface 

 autumn and backslope position: 5% slope; wet initial moisture 

content, crusted surface 

During the precipitation, the runoff was separated with a sieve series 

immediately into four fractions according to their size: A 

(1000µm<); B (250-1000µm); C (50-250µm) and D (<50µm) to 

measure aggregate-size distribution of the mobilized soil directly. In 

each experiment, three temporal rounds of sample were collected to 

study soil loss dynamics with time. 



The PSDs of all the aggregate fraction samples were measured by 

laser diffraction, and the PSD curves were grouped by Hierarchical 

Cluster Analysis. 

In order to track the surface changes, some additional measurements 

were conducted. Surface roughness changes were calculated based 

on digital elevation models of the surfaces and swath analysis, thin 

sections were used to compare crust structures and a new method, 

digital particle-shape analysis was used for explaining the results of 

the cluster analysis. 

3. Results  

1. 

Based on twelve laboratory rainfall simulation experiments with six 

different surface conditions (combination of slope steepness of 2%, 

5%, 12%; four initial moisture content from dry to saturated; and 

two roughness state - rough and smooth/crusted) on bare Cambisol, 

it was found that the amount of soil loss is defined by the effect 

of two sub-processes: 

(1) the initial moisture content and surface roughness define the 

delay of the runoff initiation;  

(2) the slope steepness defines the sediment concentration of the 

runoff. 

The most vulnerable environments are the steep slopes (shoulder 

position) in spring and autumn, and also the saturated surfaces even 

on low slopes, practically the areas effected by inland inundation in 

winter. 

 



2.  

Based on twelve laboratory rainfall simulation experiments with six 

different surface conditions (combination of slope steepness of 2%, 

5%, 12%; four initial moisture content from dry to saturated; and 

two roughness state - rough and smooth/crusted) on bare Cambisol, 

it was found that the ratio of macroaggregates with high clay 

content increased in the runoff while the macroaggregates with 

low clay content broke down on the surface. The stability of 

macroaggregates against the energy of raindrops depends on the clay 

content instead of the organic matter content, while stability of 

macroaggregates against the wet sieving is depends on the organic 

carbon content. 

3. 

Based on the results of clustering 148 particle size distribution 

histogram of twelve laboratory rainfall simulation experiments with 

six different surface conditions (combination of slope steepness of 

2%, 5%, 12%; four initial moisture contents from dry to saturated; 

and two roughness state - rough and smooth/crusted) on bare 

Cambisol, it was found that the particle size distribution (PSD) 

of the aggregates depended on the size of the aggregate, and were 

independent from the slope steepness, the initial moisture 

content or the surface roughness. Three groups were created 

according to the 58-110 µm range of the histograms. PSDs of the 

macroaggregates were grouped together, the microaggregates sized 

50-250 µm and microaggregates sized <50 µm with the individual 

particles were separated into different clusters. 

4.  

Based on the results of the clustered 148 particle size distribution 

histogram of twelve laboratory rainfall simulation experiments with 



six different surface conditions (combination of slope steepness of 

2%, 5%, 12%; four initial moisture contents from dry to saturated; 

and two roughness states- rough and smooth/crusted) on bare 

Cambisol, it was found that some particle size distribution (PSD) 

of microaggregates were grouped together with 

macroaggregates. PSDs from 50-250 µm aggregate size fraction 

were clustered to the group of the macroaggregates if the PSD 

changed with time notably and all PSDs from <50 µm fraction 

clustered to the group of the macroaggregates, were eroded from 

crusted surface. 

5.  

Based on twelve laboratory rainfall simulation experiments with six 

different surface conditions (combination of slope steepness of 2%, 

5%, 12%; four initial moisture contents from dry to saturated; and 

two roughness states –  rough and smooth/crusted) on bare 

Cambisol, it was found that using “surface condition” as 

individual erosional factor is a possible new direction in soil 

erosion studies. Three types of erosional responses can related to 

the “surface condition”. If the infiltration is blocked (soil crust, 

dry initial moisture content) the runoff is the dominant process, 

usually, in summer and autumn and on shoulder slope position. If 

the surface is rough, and aggregates are stable, the selection is 

stronger than other cases, mostly in spring and on backslope. 

Finally if the initial moisture content considered saturated on 

low slope, the main process is particle redistribution, usually in 

winter and on toeslopes. 

  



4. Conclusion 

The aggregate and particle size selection during the sheet erosion 

processes are varying both spatially and temporally. The results 

indicating the combined effect of erosional factors are not obvious 

and they need more related studies because for better understanding, 

especially the effect of the crust and extreme moisture content on the 

size distribution of the sediment. 

The increased ratio of the clay-rich macroaggregates in the runoff 

underline that the rainfall simulator is a better tool for measuring 

aggregate stability than the wet sieving. 

Altogether, the dissertation highlights the importance of a suitable 

protection strategy against erosion, which follows the changes of the 

seasons, and slopes, and reveal the possibilities of a new surface 

condition based modelling. 
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