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1. Introduction

Soil and carbon redistribution on arable land and the associated impacts on carbon sequestration and
mineralisation may play an important role in the global carbon cycle. While our insight in the process-
chain of erosion, transport and deposition has significantly grown over recent years, there are still major
gaps in understanding making it difficult to make an overall assessment of erosion processes on carbon
exchange between the soil and the atmosphere. One issue is the potential effect soil degradation and erosion
processes may have on CO, effluxes at eroding sites. The major goal of this study was therefore to analyse and
understand the effects of interrill erosion, soil crusting and soil aggregate breakdown on in situ CO, effluxes.
Therefore a set of rainfall simulations were carried out on bare loess-burden soil with different antecedent
soil moisture content. All treatments were compared with controls protected from rain drop impact using
a fine-meshed geotextile. As expected, runoff and sediment delivery was significantly larger on bare com-
pared to covered soils, while surface runoff and sediment delivery increased (in most cases) with rising
antecedent soil moisture as well as rainfall duration. Crust thickness increased with antecedent soil moisture
and rainfall intensity and was in general smaller for the controls. However, variations in crust thickness did
not result in significant differences in in situ measured CO, effluxes. Also the destruction of the soil crust after
six to seven days of measurements did not have a significant effect. This leads to the conclusion that crusting
and interrill erosion has no or only a minor effect on in situ CO, effluxes. Nevertheless, it should be recognised
that topsoil carbon is preferentially removed due to interrill erosion which may result in additional CO,
release at depositional sites or in stream and/or standing water bodies.

1 Gt Cyr~! (e.g. Smith et al., 2001; Stallard, 1998) to a soil C source
of the same magnitude (e.g. Lal, 2004). There are several reasons

Globally, soils are the largest terrestrial carbon (C) pool, storing ap-
proximately 1500 Gt C (Schlesinger, 2005) in the top 1 m and roughly
2300 Gt Cin the uppermost 3 m (Jobbagy and Jackson, 2000). In compar-
ison atmospheric C accounts for only approximately 30% (Schlesinger,
2005) and hence any increase or decrease in soil organic carbon (SOC)
content due to land use or climate change will substantially affect the
atmospheric CO, concentration.

Since end of the 1990s it has been recognised that soil erosion, es-
pecially on arable land, may have a substantial effect on the C fluxes
between soil and atmosphere (Harden et al., 2008; Jacinthe and Lal,
2001; Lal, 2003; Smith et al., 2001; Stallard, 1998; Van Oost et al.,
2007). However, global estimates of erosion-induced C fluxes are
contradictory, ranging from roughly an atmosphere to soil flux of
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for the large differences or uncertainties which partly result from dif-
ferent global erosion estimates (e.g. Van Oost et al., 2007), but more
importantly result from a lack in process understanding regarding
the interplay between soil erosion/transport/deposition and soil C se-
questration and mineralisation.

In general, three (Van Oost et al., 2009) to five key mechanisms af-
fecting this interaction can be identified: (i) dynamic replacement of
C at eroding sites (Harden et al., 1999), (ii) burial of SOC rich topsoil
at depositional sites (Stallard, 1998), (iii) mineralisation during trans-
port and shortly after erosion due to aggregate break down exposing
previously protected SOC to microbial decomposition, (iv) selective
erosion/transport/deposition of SOC leading to an enrichment of C
in removed sediment (Quinton et al., 2006), and (v) transport and deg-
radation by microbes in fluvial systems (Cole et al., 2007; Tranvik et al.,
2009).

While the first two of these mechanisms can be studied to a certain
extend by comparing erosion data with SOC pools (e.g. Van Oost et al.,
2007), the latter mechanisms call for a short-term (event-based)



monitoring (e.g. Jacinthe et al,, 2002; Wang et al., 2010). In the terrestri-
al system, especially the SOC decomposition during transport and due
to aggregate breakdown at erosional as well as depositional sites,
which may follow heavy rainfall, is not well understood. While some
studies try to estimate the decomposition during transport based on
somewhat artificial incubation experiments (e.g. Jacinthe et al., 2002)
and others show first attempts to evaluate the short-term effects of
deposition on in situ measured CO, effluxes (e.g. Van Hemelryck et al,,
2010a; Van Hemelryck et al., 2010b), little is known regarding the direct
effects of interrill erosion often associated with soil crusting (e.g. Le
Bissonnais and Singer, 1992) on CO, effluxes (Novara et al., 2012).
This is somewhat surprising as especially soil crusting may have multi-
ple effects on these effluxes as it leads on the one hand to aggregate
breakdown at the soil surface (Auerswald, 1995; Le Bissonnais and
Arrouays, 1997) which exhibits previously encapsulated C to the atmo-
sphere and on the other hand affects the permeability of soils
(Assouline and Mualem, 2001) which affects soil moisture regime and
reduces gas diffusion potentially lowering C mineralisation by aerobic
microbes (Luo and Zhou, 2006).

The general objective of this study is to measure and analyse the
effect of interrill erosion, soil crusting and soil aggregate breakdown
erosion on in situ CO, effluxes. We used a controlled experimental
setting allowing us to control the rate of crust formation via simulated
rainfall and to investigate the soil response after crust removal and
breakdown via in situ soil respiration measurements.

2. Material and methods
2.1. Experimental design

To determine the effects of heavy rainfall and hence crusting and
interrill erosion on CO, effluxes a series of laboratory rainfall simula-
tions were carried out. The laboratory rainfall simulator that was used
is located at the Physical and Regional Geography Research Group at
the Katholieke Universiteit Leuven (Belgium) and was a Lechler
460.788 nozzle (Lechler GmbH, Metzingen, GER) based simulator
with a falling height of 3.25 m, which provides a homogeneous rain-
fall on area of roughly 2 m in diameter (Poesen et al., 1990). To test
for homogeneity of rainfall an pre-experiment was carried out using
four rain gauges (surface 0.01 m?) within this 2 m diameter rainfall
area which resulted in a spatial variability (given as coefficient of var-
iation) of 5.5% for an average rainfall intensity of 38.9 mm h~'. For
the experiments a slightly lower rainfall intensity of approximately
30.0 mm h~! was used which was applied for 0.5 h in two experi-
ments and for 1.0 h in a third experiment. Rainfall events of this mag-
nitude would have a return period of 2 yrs and 20 yrs in central
Belgium, respectively (Willems, 2011). Demineralised water was ap-
plied during all experiments to avoid any change in rainfall erosivity
due to solutes in water (Borselli et al., 2001). The rainfall intensity
during the different experimental runs was measured using the
same four rain gauges placed around the test soil trays.

The soil used for the experiment is a silt loam taken from the
plough layer of an arable field close to Leuven, Belgium. It represents
a typical soil of the very fertile but also erosion prone Belgium Loess
Belt. The soil texture consisted of 6% sand, 79% silt and 15% clay,
respectively, while the mean soil organic carbon concentration was
0.79 (£0.07)%. The soil was stored outside the laboratory in a 1.5 m
deep concrete container for approximately two years, whereas a
weed cover developed on the top during storage. Before filling the
soil into the wooden soil trays used in this study (Fig. 1) it was
taken into the laboratory, air-dried for three days and sieved at
0.02 m. During sieving plant residues and roots were handpicked
and removed. A soil column of 0.22 m was established in the trays
while filling it in approximately 0.03 m layers each compacted with
a wooden board to reach a bulk density similar to arable topsoil of ap-
proximately 1.35 - 10% kg m>. The bottom of soil trays was perforated
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Fig. 1. Top view on the soil containers trays for the rainfall simulations; the LICOR
collars to measure soil respiration and the time domain reflectometry (TDR) probes
were installed after the rainfall application; soil temperature was measured at slightly
changing locations.

and covered with a permeable textile to allow for free drainage. In
total four 0.8 m long and 0.6 m wide soil trays with a slope of 3%
were filled for the experiment. These soil trays were subdivided in
two 0.3 m wide subsections used for a treatment vs. control set-up
(Fig. 1).

The effect of interrill erosion, soil crusting and soil aggregate break-
down was evaluated by comparing bare soil in one half of the soil trays
with covered, erosion-protected soil in the second half of the soil trays
(Fig. 1). The controls were covered by a plastic mesh with a mesh
width of 1 mm, tightened 0.02 m above the soil surface, thereby reduc-
ing interrill erosion to a minimum (Smets et al., 2007). This treatment
vs. control step-up was used under different antecedent soil moisture
conditions. In total four different antecedent soil moistures were tested
in two consecutive experiments (Fig. 2). The first experiment consisted
of two simulations with a rainfall duration of 30 min carried out with a
gap of only 30 min. The first simulation had a mean antecedent soil
moisture of 4.5% m> m™>, while the second simulations had a mean an-
tecedent soil moisture of 10.9% m> m™~2. As each simulation was car-
ried out with two soil trays the treatments (different soil moistures)
and the controls were replicated twice. Subsequently these simulations
will be referred as dry and pre-wetted run, respectively. The pre-
wetting of the second treatment was carried out with a capillary rainfall
simulator mounted 0.5 m above the soil surface. To avoid any direct im-
pact of rainfall during pre-wetting the rainfall intensity was limited to a
few mm per hour (rainfall depth approximately 30 mm), and moreover
all soil trays were covered with the 1 mm plastic mesh.

The second experiment consisted of one rainfall simulation with a
duration of 60 min which was performed on one of the dry and one of
the pre-wetted soil trays and their controls (Fig. 2). The mean ante-
cedent soil moisture for this experiment was 13.8 and 18.5% m> m~3,
respectively. For the second experiment no true replicates of soil trays
existed, but as the first set of simulations indicated that the differences
in measured CO, effluxes (six rings per treatment, see below) within a
treatment are relatively small, only one tray was tested per treatment in
the third simulation. To indicate that the second experiment is based on
the dry and pre-wetted soil trays of the first experiment these are re-
ferred to as dry-wet and wet-wet runs.

During all rainfall simulations surface runoff from the soil trays
was captured in covered storage tanks (10 L). From the amount of
rainfall on the tray surface and the total runoff volume runoff coeffi-
cients were calculated. The runoff from the storage tanks was later
dried at 105 °C to determine sediment delivery, sediment texture
and carbon content.

Shortly after the rainfall simulations (approx 10-20 min), the soil
trays were moved outside under a roof to prevent additional rainfall
and direct radiation. The geotextiles were removed and the PVC soil
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Fig. 2. Schematic sequence of operation of the two consecutive experiments; the first experiment comprises two rainfall simulations on very dry (4.5% m m~—2) and pre-wetted
(10.9% m m~2), while second experiment comprises one simulation on two soils with a different soil moisture content of 13.8 and 18.5% m m~> (dry/wet and wet/wet runs),

respectively.

collars used for CO, efflux measurements (Fig. 1) were immediately
inserted to the soil. This allowed for first measurements of gas fluxes
within 45 min after the rainfall simulation. Before the second
experiment started, the soil collars and soil moisture probes were
removed and after the rainfall they were installed again.

To test the effect of crust removal we mechanically destroyed the
crusts within the collars six days after the first experiment and seven
days after the second experiment, respectively (Fig. 2).

2.2. Soil and sediment sampling and analysis

The following soil properties in each tray were determined prior
to the experiments based on four soil samples per soil tray taken
from the upper 0.03 m using an Eijkelkamp core cutter with a volume
of 100 cm? (Giesbeek, NL): bulk density, texture, soil organic carbon,
nitrogen content and pH. For the sampling around the soil collars at
the end of the experiments liner sampler with a diameter of 0.05 m
and a length of 0.15 m (Eijkelkamp, Giesbeek, NL) was used.

Before mechanically destroying the crust in the collars to test their
effects on CO, effluxes the crust thickness was determined. Therefore,
the crusts were cut in a cross-section with a sharp knife and the thick-
ness was measured 10 times per collar. The crusts were destroyed
using a small rake inserted approximately 10-20 mm into the topsoil.

Except for bulk density which was determined separately by the vol-
umetric core method, all soil and sediment samples were analysed for
carbon and nitrogen content, texture as well as pH following the same
procedure. Remaining roots as well as recognisable undecomposed
plant residues were again hand-picked. Soil samples were then dried
at 105 °C for 24 h. Although the loess soils in the area are mostly deeply
decalcified, all soil samples were checked for lime (CaCOsz) with
hydrochloric acid (10%). If any inorganic C content was recognised, it
was destroyed using hydrochloric acid. Soil organic carbon (SOC) and
N contents were then determined by dry combustion using a CNS
elemental analyser (vario EL, Elementar, Germany). Soil texture was de-
termined by a combined sieve-pipette method (Deutsches Institut fiir
Normung, 2002). Soil pH value was measured for 2 min with a
Metrohm 827 pH-lab (Metrohm, Runcorn, UK) while using a 1:5 soil
solution extract (Deutsches Institut fiir Normung, 2006).

2.3. Measuring soil respiration, soil temperature and soil moisture

An automated closed dynamic chamber designed for survey mea-
surements (LICOR 8100-103, Lincoln, USA) was used in combination
with an infrared gas analyser (LI-8100) to measure soil respiration
(Fig. 3). The chamber was closed for 120 s and the linear increase
of CO, concentration in the chamber was used to estimate soil

respiration. As described above the PVC soil collars (& 20 cm) used
to measure CO, effluxes were installed approximately 30 min after
each rainfall simulation. Due to the water saturated topsoil no long-
term collar settling to prevent side effects typically found if collars
are inserted into dry soil was necessary.

In addition to the three collars per treatment (and control) two fre-
quency domain reflectrometry (FDR) probes per treatment (0.14 m
long; Tektronix 1502B Soil Moisture Measurement System and a CR10
data logger from Campbell Scientific; Logan; UT; USA) were installed
to monitor soil moisture changes. Moreover, soil temperature (upper
0.05 m) was determined using a thermocouple soil temperature probe
connected to the Licor LI-8100 system. Due to some technical problems
this temperature data could not be used continuously for all efflux mea-
surements. Hence, we estimated soil temperature from the LI-8100
chamber temperature which showed a close relation to soil temperature
in case of a similar temperature and missing direct radiation in an earlier
study (R?=0.82, n=>539; Fiener et al., 2012). However, differences in
soil temperature between different treatments within one set of CO, ef-
flux measurements, which took approximately 90 min in case of the 24
soil collars measured after the first experiment and 45 min in case of the
12 collars after the second experiment, should be very small. Hence, no
correction for soil temperature was carried out which may call for more
precise soil temperature measurements. Moreover, the measuring order
at the different collars during each set of measurements was chosen
randomly to avoid any systematic bias due to a potential increase or de-
crease of soil temperature during the 90 and 45 min, respectively. After
the first experiment four measurements per collar and day were carried
out, while eight measurements per collar and day were performed dur-
ing the first seven days after the second experiment. Following the four-
teenth day measurements were reduced to four per collar and day.

As the study was focused on a comparison between different
treatments we calculated a virtual mean daily efflux per collar from
the different sets of measurements. These virtual daily measurements
per collar (CO, efflux plus soil temperature) are the basis to calculate
a mean daily efflux/temperature per treatment (subsequently re-
ferred to as daily mean). In case of soil moisture only one measure-
ment at the beginning and the end of a daily campaign was carried
out and the daily mean soil moisture is calculated from these two
measurements.

Apart from the daily means we also calculated mean virtual CO,
effluxes per collar to analyse correlations between flux and crust
thickness. All statistical analyses were carried out using the GNU R
version 2.6 (R Development Core Team, 2009). When possible mean
values are given with the standard deviation (Mean+ SD) which is
also indicated in error bars within figures. Significance levels are cal-
culated using Student t-test.
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Fig. 3. Soil containers and CO, measurement equipment (LICOR 8100-103 survey
chamber and LICOR 8100 infrared gas analyser in foreground) located outside the lab-
oratory under a roof to prevent additional rainfall and direct radiation.

3. Results and discussion
3.1. Crusting, runoff and sediment delivery

As expected runoff coefficients and sediment delivery of controls
were much smaller than those of the respective treatments (Fig. 4).
This indicates that the geotextile on the one hand successfully re-
duced the crusting effect which directly reduced surface runoff and
on the other hand reduced sediment transport via a reduction in sur-
face runoff amount and turbulence introduced by rain drop impact.

Comparing the behaviour of the different treatments the first exper-
iment showed the expected results that dry soils produced less runoff
than pre-wetted soils. Sediment delivery was also reduced when the
soil was initially dry. For the second experiment the picture is less
clear. Treatment and control in case of the soil trays with a smaller an-
tecedent moisture content produced higher runoff coefficients than
their counterparts with an approximately 3 to 4% m m~> higher ante-
cedent moisture content (Fig. 4). This may be partly caused by the
high roughness following the crust destruction at the end of the first
experiment, which introduced some random effect in building up
slightly concentrated surface runoff in some trays. Also, initially dry
loess soils are known to be susceptible to slaking, which may lead to
aggregate breakdown and crusting even in the absence of raindrop im-
pact (Le Bissonnais and Singer, 1992).

During the first experiment, where the soil surface was relatively
smooth before the rainfall was initiated, a homogeneous crust developed
with an increasing thickness (by 55% on average for treatments and con-
trols) from the up-slope to the down-slope end of the trays. This indi-
cates that the surface runoff produced could not transport all eroded
material to the outlet of the soil trays. The mean crust thickness of the
treatments (Mean 2.4 + 1.5 mm) after the first experiment was signifi-
cantly larger (p<0.05) than that of the respective crusts of the controls
(Mean 1.44-1.0 mm). In the second experiment a different picture
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arose where the dry/wet run had a significantly thinner (p<0.05)
mean crust than its control while the opposite was true for the wet/
wet run and its control. This may have resulted from the higher surface
runoff in case of the dry/wet run (Fig. 4) and potentially resulted in sig-
nificant crust erosion.

Due to the small amount of delivered sediment and some prob-
lems with the C measurements it was not possible to reliably deter-
mine C enrichment compared to parent soil for all treatments.
However, the average enrichment ratio measured during the first
experiment was much more pronounced (average value of 3.1 for
dry and pre-wetted control and pre-wetted treatment) than the en-
richment ratio observed during the second experiment (average of
1.7 for dry/wet and wet/wet control). A similar decreasing trend
was observed by Polyakov and Lal (2004). This could have two ex-
planations (i) the light C was already removed during the first run
or (ii) there was less selective removal due to the higher runoff
amounts in the second run. However, as the crusts were destroyed
before the second experiment the second reason seemed to be
more probable.

3.2. Soil moisture and CO; efflux

Soil moisture and CO, efflux measurements were performed over
30 days: The first 9 days represent results of the first experiment and
the following 21 days represent the second experiment (Fig. 2). The
mean daily CO, effluxes calculated for these 30 days are based on
1972 individual measurements at the different soil collars. The mea-
sured CO, effluxes range from 0.14 to 1.41 umol m~2 s~! with a
mean of 0.52 4 0.16 pmol m~2 s~ ",

As the measurement of CO, effluxes started roughly 45 min after the
end of the rainfall simulations it was not possible to capture the direct
degassing of soil air as initiated by infiltrating water. Our first measure-
ments (Figs. 5 and 6) started when in all cases the soil surface was water
saturated and hence, as expected, small CO, effluxes were measured
during the first day (mean 0.29+0.11 umol m~2 s~ '), independent
of treatment. The only exception to this was the dry control where the
relatively small rainfall amount seemed to infiltrate more rapidly due
to the limited crust development and the overall soil moisture remained
relatively low (Fig. 5). It is worth noting that the visually obvious satu-
ration of the topsoil could not be detected by the 0.14 m long TDR
probes averaging the moisture in the saturated topsoil and the unsatu-
rated soil below.

At the second day all treatments and their controls showed a steep
increase of CO, effluxes even if measured soil water content and tem-
perature (except of pre-wetted run) stay more or less constant. This is
probably due to a degassing of CO, from soil layers below the saturated
topsoil layer after the larger soil pores are drained again. Except for the
wet/wet run no significant (p<0.05) difference between treatment and
control could be detected on the second day.

In the following three to four days no significant differences (p<0.05)
were detected between the treatments and the treatments and their con-
trols (except dry/wet vs. dry/wet control; Fig. 6). In case of all experi-
ments the soil crusts were destroyed before the seventh and the sixed
day (Figs. 5 and 6) to test the hypothesis that soil crusts hinder CO-, diffu-
sion and their destruction leads to an increase in CO, efflux. However, no
significant differences between treatments and controls were measured
and overall no effect of scratching the upper 10-20 mm of the topsoil
could be detected. The slight increase and decrease in CO, effluxes after
the crust destruction for the first (Fig. 5) and the second experiment
(Fig. 6), respectively, appeared to be more related to changes in soil
temperature.

Following the crust destruction the CO, effluxes are mainly
governed by changes in soil temperature while the decline in soil
moisture has no clear effect. These findings correspond with those
reported from similar experiments: variations in soil moisture are
not important as long as soil moisture is in the mid range, providing
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both sufficient oxygen and water to soil micro-organisms (Muhr
et al.,, 2008). More importantly, no significant differences between
different treatments as well as treatments vs. controls were found.

Calculating a mean flux per treatment for the first as well as the
second experiment we found no significant (p>0.5) difference be-
tween the treatments and their respective controls (Fig. 7) indicating
that interrill erosion and crusting have no obvious effect on following
CO, effluxes. The absence of a strong, clear crust effect on CO, effluxes
is underlined when comparing the mean daily flux per treatment dur-
ing the first days of the experiments (before crust destruction) with
its respective mean crust thickness per treatment. A linear regression
between crust thickness and CO, effluxes indicates a slight negative
relation (R?=0.3) which is not significant on a p<0.1 level.

The lack of a clear crusting effect might result from different
counteracting processes. On the one hand crusting reduces gas diffusion
and air permeability, as it reduces porosity and air-filled pore connec-
tivity, which both should reduce gas effluxes (e.g. Deepagoda et al,,

2011; Kawamoto et al., 20063, 2006b) and interrill erosion preferential-
ly removes (labile) carbon that may be more prone to mineralisation
(Kuhn et al., 2010). Both processes should lead to a decrease in CO, ef-
fluxes. On the other hand, we hypothesized that the effect of aggregate
breakdown by intense drop impact (Le Bissonnais and Arrouays, 1997;
Legout et al., 2005) might lead to the release of significant amounts of
CO,, by exposing protected soil organic carbon to oxygen, so that, over-
all, crust formation would lead to a net carbon loss on eroding sites.

Our data indicate that, at least for the conditions tested, this does
not appear to be the case and suggest that additional CO, release due
to aggregate breakdown and crust formation is limited, if at all pres-
ent. Our data do not allow us to quantitatively isolate the effects of
aggregate breakdown and reduced CO, efflux due to the presence of
a crust, but it can be confidently stated that both are relatively
small. If the presence of crust would induce a major blockage effect,
one would expect (i) significant differences between treatments
and (ii) a significant release of CO, from the soil at the moment that
crusts are destroyed. However, none of both was measured. If aggre-
gate breakdown and crusting would lead to significant additional SOC
mineralization, differences between treatments would be expected as
well as a significant decline of CO, efflux over time after rainfall appli-
cation and/or a peak in efflux immediately after crust destruction. It is
also unlikely that these effects were partially missed due to the delay
between the end of rainfall application and the first measurement of
CO, efflux. Indeed, the effect of crusting on gas diffusivity and air per-
meability should be small in the beginning of the experiments as the
topsoil is saturated. Under such saturated conditions only minor gas
fluxes can be expected (e.g. Arthur et al., 2012) independent from
crust formation which was confirmed by the first measurements
after the rainfall simulations.

In general our results indicate that interrill erosion, crusting and
associated soil aggregate breakdown have no prominent effect on in
situ soil respiration, at least for the soils studied here. This does not
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imply that the effects of interrill erosion on soil organic carbon can be
neglected: interrill erosion leads to a preferential loss of topsoil SOC.
Part of this eroded SOC might be mineralized after deposition within
the terrestrial realm (Fiener et al., 2012; Van Hemelryck et al., 2010a)
while another part enters rivers and lakes where it may foster CO, ef-
fluxes from aquatic ecosystems (Battin et al., 2009).

4. Conclusions

In this study the effects of interrill erosion, soil crusting and soil
aggregate breakdown on in situ CO, effluxes were evaluated using
rainfall simulations. As expected rain drop impact and hence interrill
erosion on bare soil was significantly larger than on soil covered by a
geo-textile (control), and surface runoff and sediment delivery gener-
ally increased with increasing antecedent soil moisture as well as
rainfall duration. The same behaviour (with one exception) could be
observed regarding soil crust development whereas crust thickness
increased with antecedent soil moisture and rainfall intensity and
was in general smaller for the controls.

However, neither the different crust thickness resulted in signifi-
cant differences in in situ measured CO, effluxes nor an effect of
crust destruction after six to seven days of measurements could be
determined. This leads to the conclusion that crusting has no or
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error-bars indicate 95% confidence intervals.
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only a minor effect on in situ CO, effluxes. The reduction of effluxes
shortly after the rainfall simulations is most likely related to a limita-
tion of gas diffusion and air permeability due to water saturation in
topsoil. Moreover, our data did not support the hypothesis that rain-
fall induced aggregate breakdown increases CO, effluxes. However, it
should be recognised that topsoil carbon is preferentially removed
due to interrill erosion which may results in additional CO, release
at depositional sites or in stream and/or standing water bodies.
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