Biogeosciences Discuss., 6, 5031-5071, 2009 ~ -s\ : :
www.biogeosciences-discuss.net/6/5031/2009/ <6\G’ BIO%?gzl(‘:lsesri\gﬁ:

© Author(s) 2009. This work is distributed under

the Creative Commons Attribution 3.0 License.

Biogeosciences Discussions is the access reviewed discussion forum of Biogeosciences

The effect of soil redistribution on soil
organic carbon: an experimental study

H. Van Hemelryck1’*, P. Fienerz, K. Van Oost3, and G. Govers'

'Physical and Regional Geography Research Group, Dept. of Earth and Environmental
Sciences, K.U.Leuven, Celestijnenlaan 200E, 3001 Heverlee, Belgium

2Geographisches Institut der Univ. zu Koln, Albertus-Magnus-Platz, 50923 Koln, Germany
Département de Géologie et de Géographie, Université Catholique de Louvain, place L.
Pasteur 3, 1348 Louvain-la-Neuve, Belgium

*Aspirant, Fund For Scientific Research Flanders, Belgium

Received: 3 April 2009 — Accepted: 17 April 2009 — Published: 14 May 2009
Correspondence to: H. Van Hemelryck (hendrik.vanhemelryck @ ees.kuleuven.be)

Published by Copernicus Publications on behalf of the European Geosciences Union.

5031

BGD
6, 5031-5071, 2009

Effect of soil
redistribution on soil
organic carbon

H. Van Hemelryck et al.

Title Page
Abstract Introduction

Conclusions References

Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/6/5031/2009/bgd-6-5031-2009-print.pdf
http://www.biogeosciences-discuss.net/6/5031/2009/bgd-6-5031-2009-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

Abstract

Soil erosion, transport and deposition by water drastically affect the distribution of soil
organic carbon (SOC) within a landscape. Furthermore, soil redistribution is assumed
to have a large impact on the exchange of carbon (C) between the pedosphere and
the atmosphere. There is, however, significant scientific disagreement concerning the
relative importance of the key-mechanisms at play. One of the major uncertainties
concerns the fraction of SOC that is mineralized when soil is eroded by water, from
the moment when detachment takes place until the moment when the SOC becomes
protected by burial. In this study, the changes in C-exchange between soil and at-
mosphere as affected by soil redistribution processes were experimentally quantified.
During a laboratory experiment, three types of erosional events were simulated, each
of which was designed to produce a different amount of eroded soil material with a dif-
ferent degree of aggregation. During a 98-day period, CO,-efflux was measured in-situ
and under field conditions on undisturbed soils with a layer of deposited soil material.
Depending on the initial conditions of the soil and the intensity of the erosion process,
a significant fraction of eroded SOC was mineralized after deposition (between 14 and
22%). However, results also suggest that deposition produces a dense stratified layer
of sediment that caps the soil surface, leading to a decrease in SOC decomposition
in deeper soil layers. As a result, the net effect of erosion on SOC can be smaller,
depending on the functioning of the whole soil system. In this study, soil redistribution
processes contributed an additional emission of 2 to 12% of total C contained in eroded
sediment.

1 Introduction

Soil erosion, transport and deposition by water and tillage drastically affect the distri-
bution of soil organic carbon (SOC) within a landscape (Ritchie and McCarty, 2003;
Zhang et al., 2006). Furthermore, soil redistribution is assumed to have a large impact
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on the exchange of carbon (C) between the pedosphere and the atmosphere, through
its influence on both input rates of C to the soil and changes in decomposition of SOC
(Lal, 2003; Smith et al., 2005; Stallard, 1998; Gregorich et al., 1998; Harden et al.,
1999; Liu et al., 2003; Van Oost et al., 2007; Yoo et al., 2005). Three key mechanisms
could be identified, which can alter the flux of C between the soil and the atmosphere:
i) Dynamic replacement: at eroding sites, the depleted SOC pool can, at least partially,
be replaced by newly assimilated C (Harden et al., 1999). Continued C input and a
decrease in SOC available to decomposition can lead to a net gain of C at these sites.
ii) Burial of topsoil SOC and reduced decomposition: as suggested by Stallard (1998),
the rate of decomposition of SOC in depositional settings can be reduced due to a com-
bination of physical and chemical processes, such as increased soil wetness, limited
aeration, compaction and physical protection of the deposited soil material within newly
formed aggregates (Gregorich et al., 1998; De Gryze et al., 2007), leading to a preser-
vation of buried C. iii) Transport and increased decomposition: the disruptive energy
of forces applied to the soil by water erosion (raindrop impact, the shearing force of
flowing water and collision with other aggregates), may cause the breakdown of aggre-
gates (Lal, 2003). This process of disaggregation exposes previously protected SOC
to microbial decomposition and combined with a relatively greater proportion of labile
SOC within larger soil aggregates (Six et al., 2000) could lead to rapid mineralization
of this easily decomposable C following water erosion.

It must also be noted that part of the eroded SOC is transported to distal environ-
ments and fluvial systems. It's fate, however, is still largely unclear though recent
research suggests that even old SOC may become mineralized when transported in
water (Cole and Caraco, 2001).

Concerning the relative importance of the above-mentioned key mechanisms there
is, however, significant scientific disagreement. Together with a lack of process knowl-
edge, opposing assumptions hamper an accurate estimation of the impact of soil re-
distribution on the terrestrial carbon balance (Berhe et al., 2007). Notwithstanding this
ongoing debate, it is generally agreed that the soil system potentially plays a major role
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in controlling atmospheric carbon dioxide concentrations (Amundson, 2001). Globally,
the soil reservoir stores approximately 2344 Pg C in the top 3m (1502 Pg C in the first
meter) (Jobbagy and Jackson, 2000). Even a small additional relative flux to/from this
system as a result of increased storage/respiration of SOC through soil erosion, could
substantially affect soil carbon storage and atmospheric CO, concentrations. Attempts
to globally assess this effect by linking carbon dynamics to soil erosion and deposition
patterns resulted in the assertion of a net sink of up to 1.5Pg C yr_1 (Stallard, 1998;
Smith et al., 2005) as well as a net source of 1.1 Pg C yr'1 (Lal, 2003). More recently,
and based on an integrated study of the different, simultaneously occurring processes
and their interactions, an erosion-induced sink of 0.12Pg C yr'1 on global agricultural
land was proposed (Van Oost et al., 2007).

One of the major uncertainties concerns the fraction of SOC that is mineralized when
soil is eroded by water, from the moment when detachment takes place until the mo-
ment when the SOC becomes protected due to burial (Lal, 2003), and this is the major
focus of this study.

Published estimates of this fraction are often indirectly obtained and vary widely.
Based on the distribution of soil organic matter components along an eroded soil
catena, Beyer et al. (1993) estimated 70% of the non-humin fraction of soil C in colluvial
material to be decomposed during translocation or shortly after deposition. Jacinthe
et al. (2001) compared SOC inventories and quality of SOC on cropland and adjacent
depositional zones. The pools of labile C in the deposits (on average 9% of total SOC)
were 20 to 46% lower than expected. The latter could be interpreted as the result of
mineralization of labile C pools during transport and deposition. When combining in-
ventories of SOC and erosion tracers from a wide range of agricultural soils to derive
evidence for erosion-induced carbon dynamics, Van Oost et al. (2007) concluded that
losses of C associated with transport are relatively minor and that most deposited C is
effectively preserved.

The few experimental studies, in which estimates of eroded C mineralization are sup-
ported by direct quantitative data, neither succeed to provide a unique answer. Jacinthe
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et al. (2002) measured the CO,-efflux from incubated samples of runoff, generated dur-
ing simulated rainfall events on different small soil blocks. Despite large differences in
sediment delivery rate and initial soil C content, a consistent 31 to 37% of total eroded
C was found to be potentially mineralizable. Polyakov and Lal (2004) subjected five soil
plots, positioned at different slopes and connected in a cascade fashion, to simulated
rainfall. Subsequently, CO,-efflux from undisturbed soil samples taken on erosion and
deposition plots was measured during an incubation experiment. On the soil samples
with deposition, 15% of the deposited C mineralized during the experiment, resulting in
a 26% higher emission of CO,, compared to the control sites. There was no significant
difference in mineralization of C between the eroded soil samples and the control soil
samples. Jacinthe et al. (2004) incubated runoff samples collected during a one-year
period at the outlet of small watersheds under cultivation. Mineralizability of eroded C,
proved to be dependent on the rainstorm type, generating the runoff and varied from
30-40% for low-energy rainstorms, to only 13% during high-intensity storms.

Thus, relatively few data are available with respect to the mineralization of SOC as
affected by erosion, transport and subsequent deposition. Moreover the estimates thus
far show considerable variation. Various factors explain the ambiguities: first of all, the
mineralizable fraction of eroded SOC often is estimated as the potentially mineralizable
C, measured during an incubation of soil samples. An alternative would be to measure
effective in-situ mineralization under field conditions. Furthermore, different things are
measured: while in some studies, measurements were done on disturbed runoff sam-
ples, intact soil samples are used in others. Experimental and field conditions also vary
widely and the effect of variations in initial soil conditions and/or erosion intensity are
not well understood. It may be hypothesized that the degree of aggregate disruption
during erosion and transport plays an important role in subsequent SOC mineralization
(Jacinthe et al., 2004).

The main objective of this study is therefore to experimentally quantify the changes
in C exchange between soil and atmosphere as affected by erosion in case of different
initial soil conditions and erosion rates used to simulate typical agricultural erosion
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events.

2 Materials and methods
2.1 Experimental design

Three types of simulation experiments were conducted, each of which was designed to
produce a different amount of eroded soil material and different levels of aggregation.
For each type of simulation experiment, 2 replicates were performed. An overview of
the experimental set-up is presented in Fig. 1. The eroded sediment was deposited in
a depositional area. These depositional areas consisted of 2.25m long, 0.61 m wide
and 0.25m deep soil trays set at zero slope. The trays were filled with 0.22 m of soil
taken from the top 0.15m soil layer of an arable field close to Leuven, Belgium. The
soil is a typical silt loam of the Belgium Loess Belt with an average sand, silt and clay
content of respectively 20%, 73% and 7% and an average SOC content of 1.52%. To
fill the trays as homogeneously as possible, the used soil was air-dried and sieved
at 0.02m before filling. To reach a bulk density comparable to that of arable land, the
depositional trays were filled in layers of ca. 0.03 m. Each layer was similarly moistened
and compacted to obtain an average dry bulk density of 1.39x10° gm™. The bottom of
the tray was perforated, to allow drainage, and covered with a water permeable textile
to avoid clogging of the percolation holes with soil material. In total, six depositional
areas were prepared for the experimental runs and two as additional control soil beds.

In general, sediment input into the depositional areas was produced with two set-
ups. On the one hand, a clear water flow was applied over an erosion flume (2.32m
longx0.60 m widex0.24 m deep, set at 15° slope), connected at its lower edge to the
depositional tray and filled with 0.18 m of soil, analogously to the depositional areas.
The surface runoff water was supplied from a small overflow basin at the upslope end
of the flume equipped with a flow control device to ensure a fixed inflow discharge
(Fig. 1a). On the other hand, a homogeneous mixture of soil and water was pumped
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directly onto the depositional area (Fig. 1b).

In detail, the following three experimental procedures were used: i) One set of two
replicate runs was carried out after filling the erosion flume with moistened soil mate-
rial over which a clear water flow was applied (wet soil runs, abbreviated WSR). Using
a relatively high inflow discharge, rill flow conditions, optimal for unselective erosion
of aggregated sediment, were simulated (Beuselinck et al., 2000). The high initial
moisture content of the soil greatly enhanced the erosion resistance of the loamy soil,
likely resulting in a decreased sediment production on the erosion flume (Govers et al.,
1990). ii) In a second set of two runs, the same procedure as for the WSR was used
with the exception that the center section of the erosion flume (2.32m long, 0.15m
wide and 0.08 m deep) was filled with air-dried soil rather than moistened soil (dry soil
runs, abbreviated DSR). Upon rapid wetting, slaking of some dry soil aggregates, i.e.
breakdown due to compression of air entrapped within the aggregates, is assumed to
occur (Kemper et al., 1985; Le Bissonnais, 1996). Subsequently the resultant soil ma-
terial is more easily entrained by the water flow leading to higher erosion rates in the
erosion flume and consequently higher deposition rates in the depositional area (Gov-
ers, 1991). iii) During the last pair of runs, a homogeneous mixture of soil and water,
with a sediment concentration of 150 kg m~2 was preparedin a 0.8 m> mixing tank and
pumped directly into the depositional area (mixture runs, abbreviated MR). Continuous
mixing of the water and sediment using a centrifugal pump ensured that aggregates
were largely destroyed prior to the experiment. As such, this set-up simulated interrill
flow, transporting detached primary soil particles after aggregate breakdown by rain-
drop impact or dispersion in water (Di Stefano and Ferro, 2002). For practical reasons,
the MR were conducted 50 days after the WSR and DSR.

All experimental runs lasted 15min, except for the WSR, which lasted 30 min in
order to create a sufficient amount of deposition, despite the low erosion rates. During
all runs, an inflow discharge of about 1.6x10"*m®s™" was used.

The set-ups of the experiments as described above, closely resembled different agri-
cultural erosion events, typical for the region of Belgium (Steegen, 2001). While the
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DSR simulated a typical summer erosion event after a period of drought, the MR re-
produced a winter event after prolonged rainfall broke down soil aggregates to a great
extent. The WSR were intermediate between DSR and MR, representing an erosion
event in case of a moist and well-structured soil.

2.2 Measuring sediment and SOC delivery and sampling of deposition

In order to calculate the fluxes of sediment and SOC through the system, 200—800 ml
runoff samples were collected at the in- and outlet of the depositional area at regular
time intervals (every 4 min during WSR, every 2 min during DSR and MR).

After each experimental run, the depositional area was divided into three zones (A,
B, C) along the direction of the water flow with zones A and C closest to the inlet and
the outlet of the depositional area, respectively (Fig. 1c). In each zone and in the
control soils, a cylindrical sample of the topsoil (0.05m depth, 100 cm3) was taken to
determine the soil dry bulk density.

Next, an inner and an outer PVC ring were inserted into the deposited sediments and
the original soil bed of all depositional zones (A, B and C), thereby carefully avoiding
disruption of the soil structure. The outer ring (g 0.3 m) was inserted to the bottom of
the deposition tray and created a buffer zone around the inner ring (o 0.2m), which
was introduced to a depth of 0.1 m. Next, the rings and the undisturbed soil cores
within, were carefully excavated and transferred to a sand box with an adjustable water
table, to allow the soil cores to drain and equilibrate to a constant soil moisture content
(Fig. 2a). Using a similar procedure, three undisturbed soil cores were sampled from
the control soil beds without deposition.

The inner rings were later on used to measure CO,-efflux during a consecutive 98-
day period. After the CO,-efflux measurement period, the soil cores were sliced up lon-
gitudinally so that the thickness of the sediment deposit could be determined (Fig. 2b).
Next the deposited soil was sampled carefully, in order not to include any soil material
from the original soil bed.
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2.3 Sediment and SOC laboratory analyses

All soil samples (from parent soil, deposited sediment and collected runoff) were oven-
dried at 45°C for three days. The runoff samples were weighed to determine the sedi-
ment concentration. Dried samples were ground with a mortar and pestle. The grain-
size distribution of the deposited sediment was determined using a Coulter Counter LS
13 320 laser diffraction particle size analyser (Beckman Coulter, USA). To determine
SOC concentration an ANCA 20-20 GSL mass spectrometer (Sercon Ltd, UK) was
used.

2.4 Calculation of sediment and SOC mass balances

The amount of deposited sediment and SOC can be calculated in two distinct ways. In
a first method (M1), a sediment mass balance is computed as the difference between
the in- and output of sediment in the depositional area. The input (output) of sediment
in/from the depositional area was calculated as the area under the curve of sediment
discharge at the inlet (outlet) of the depositional area (further abbreviated as sediment
inflow and sediment outflow, respectively) during an experimental run. The mass of
SOC, deposited in the depositional area, was similarly calculated as the difference
between the time-integrated product of sediment discharge and SOC concentration at
the inlet and outlet of the depositional area.

In a second method (M2), the amount of deposited sediment and SOC can in princi-
ple be calculated by extrapolating the mass of deposited sediment and SOC, contained
within the extracted PVC rings, to the whole depositional area. As this method was
based on the results of measurements on soil samples, taken at the end of the CO,-
efflux measurements (98 days), the thus estimated amount of SOC in the deposited
sediment has to be considered the SOC, remaining after 98 days of CO,-efflux mea-
surements. Concerning the estimated amount of sediment, it can be assumed that no
sediment moved from the depositional area during the CO,-efflux measurements. Us-
ing M2, we however need to account for the fact that the distribution of deposited sedi-
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ment as well as SOC was spatially non-uniform. The volume of the deposited sediment
layer on an undisturbed soil core, excavated from zone A, B or C in the depositional
area, was estimated based on five measurements of the deposition layer thickness. In
the depositional area, the eroded sediment was deposited in a wedge-shaped layer, as
runoff was constrained within the sidewalls of the deposition tray. Therefore the esti-
mated volume of deposited sediment per unit area for one soil core could be assumed
to approximate the average volume of deposited sediment per unit area in the rect-
angular zone (A, B or C) centered around this soil core. The total mass of deposited
sediment in the depositional area was then calculated as:

SedVoljng i
M = T
i=;§9,6 ring

x A; x BD;(g) (1)

where M is the total mass of sediment deposited in the depositional area, SedVol, ;
is the estimated volume of the deposited sediment within a PVC ring, sampled from
zone A, B or G, Ayyg is the area of the upper surface of a PVC ring, BD; is the soil dry
bulk density in zone A, B or C and A; is the surface area of the rectangular zone A, B
or C.

Based on the sample location of the undisturbed soil cores, the lengths of the rect-
angular zones A, B and C were 0.57, 0.57 and 1.11 m, respectively. The width of all
rectangular zones was equal to the width of the depositional tray (0.61 m). Next the
mass of deposited sediment calculated using M2, was compared with the mass of
deposited sediment calculated using M1. If the mass of deposited sediment, as calcu-
lated by both methods, differed by more than 5%, the surface area of zones A, Band C
was slightly altered until the recalculated mass of deposited sediment in M2 matched
the mass of deposited sediment according to M1. Total deposited SOC, still present
after the CO,-efflux measurements, was then calculated as the product of the mass
of deposited sediment in zones A, B and C and the SOC concentration in the layer
of deposited sediment within the corresponding soil rings. This calculation methodol-
ogy furthermore allows for an estimation of the distribution of deposited sediment and
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SOC (after CO,-efflux) along the flow direction in the depositional area. The two in-
dependent estimates of SOC in the deposited sediment before and after 98 days of
CO,-efflux measurements can be evaluated in function of the measured cumulative
CO,-efflux.

2.5 Measuring CO,-efflux, soil temperature and moisture

CO,-efflux, soil temperature and soil moisture were measured on the undisturbed soil
cores, sampled in the zones of the depositional area of each replicated experimental
run, after they were placed on a sand box for drainage. Additionally, measurements
were carried out on three, identical undisturbed soil cores sampled from a reference
soil without deposited sediment. These undisturbed soil cores were used as controls to
determine the effects of sediment deposition on CO,-efflux. Measurements on WSR,
DSR and control soil cores were carried out for 98 days, while for technical reasons the
MR were shifted by 50 days and hence measurements on MR soil cores only lasted 48
days.

The sand box with the soil cores was initially placed inside the laboratory, where
diurnal air temperature variations were limited. 77 days after conducting the wet and
dry soil runs (or 27 days after conducting the mixture runs), the sand box was placed
outside, under a shed, for 21 more days. Exposed to wind and varying outside temper-
ature conditions, the soil cores were allowed to dry out.

During the measurement period, CO,-efflux, temperature and moisture were mea-
sured at increasing time intervals (from two times daily to twice a week). Measurements
were always performed in the late afternoon. CO,-efflux from the inner soil core, was
monitored using a LI-COR 8100-103 survey chamber (g 0.2m) and a LI-COR LI-8100
infrared gas analyser (LI-COR, USA). Temperature and volumetric moisture content of
the soil cores were measured, with a TESTO 110 soil thermometer (TESTO, Belgium)
and a 0.16m, two-rod time domain reflectometry, TRIME-EZ probe, connected to a
TRIME-HD display device (Imko GmbH, Germany), respectively.

The cumulative CO,-efflux on all soil cores was approximated as an area under the
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curve (AUC) over the measurement period. For comparison reasons, the cumulative
CO,-efflux, evolved from MR-soil cores over the course of the 27-day measurement
period inside the laboratory, was linearly extrapolated over a 77-day period, as this
was the measurement period for WSR, DSR and control soil cores. Inside the lab-
oratory, diurnal temperature variation was limited and hence measured CO,-effluxes
should well represent the daily average CO,-efflux. For the 21 days of measurements
in open air, however, the afternoon measurements of CO,-efflux most likely represent
an overestimate of the daily average CO,-effluxes.

2.6 Statistical analysis of CO,-efflux, soil temperature and moisture

The effect that the amount of deposited sediment and its degree of aggregation has
on variations in CO,-efflux, soil temperature and soil moisture, was examined using
a repeated measures ANOVA with PROC MIXED in SAS 9.1 software (SAS Institute
Inc., USA). Each simulation experiment (WSR, DSR and MR) and each zone in the
depositional area (A, B and C) was considered a different “treatment” of a reference
soil by adding a layer of deposited sediment of certain thickness and varying degree
of aggregation. The measurements on the undisturbed soil cores, sampled on similar
locations in the depositional area after the two experimental runs, were considered as
replicates. The repeated measures ANOVA allows for the comparison of “treatments”
averaged over time as well as for the detection of any time trends. In addition to a
univariate ANOVA, repeated measures analysis accounts for the correlation over time
between measurements on one soil core (Littell et al.,, 1998). As such it was pos-
sible to detect any statistically significant difference in the measured CO,-efflux, soil
temperature and soil moisture between undisturbed soil core samples from the three
different simulation experiments and/or zones of the depositional area. The analyses
were conducted separately on the measurements inside and outside the laboratory as
measurements are influenced differently by varying environmental conditions between
both periods. Statistical comparison of the measurements on the MR soil cores versus
measurements on the DSR and WSR soil cores, was done, assuming that all exper-
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imental runs were conducted on the same day. However, for clarity reasons, in all
graphs of measurements versus time, results were plotted relative to the day on which
WSR and DSR were conducted (defined as day 0). For all statistical tests, statistical
significance was accepted at p=0.05. All values in this paper are reported as mean
+SE, unless otherwise stated.

3 Results
3.1 Runoff of sediment and SOC

Runoff from the erosion flume (only during WSR and DSR) began on average two
minutes after initiation of the water flow at the upslope end of the flume. Two minutes
after runoff generation, the sediment-laden water reached the end of the depositional
area.

The controlled inflow discharge remained fairly constant (1.60:|:O.02x10_4 m> s_1)
throughout all experimental runs. The steady-state outflow discharge averaged over
all experimental runs amounted to 1.20+£0.20x10"*m®s™, with the higher variability
between experimental runs probably resulting from differences in soil moisture content
of the depositional soil beds before the simulation experiment. The average runoff ratio
for the depositional areas in these experiments was therefore 0.70+0.07. Sediment
inflow and sediment outflow varied distinctly within and between experimental runs
(Fig. 3a). During the WSR experiments, sediment loss from the erosion flume was
low and relatively constant throughout the duration of the experimental runs (average
sediment inflow of 4.2 g s™"). A small rill incised in the erosion flume soil bed and grad-
ually extended upslope, mainly by back-cutting from the outlet of the erosion flume.
In contrast to this gradual erosion process, the measured sediment inflow was high
during the first 7 min of the DSR experiments (average sediment inflow of 34.693_1)
but decreased for the remainder of the dry soil experimental runs to an average sedi-
ment inflow of 8.395'1. These measurements are consistent with the observation of
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the rapid washing out of the air-dried soil from the center section of the erosion flume
in the beginning of these experiments. During the MR experiments, a homogeneous
mixture of dispersed soil and water was pumped directly into the deposition area with a
controlled inflow discharge. This resulted in a relatively constant initial sediment inflow
(average sediment inflow of 13.893‘1 during the first 7 min of the experiments). The
slight decrease in sediment inflow for the second half of the experimental runs (aver-
age sediment inflow of 10.6 g s ), most probably was due to the settling of the largest
sediment particles in the mixing tank.

Sediment outflow (Fig. 3b) during the WSR (average 0.2293'1) and DSR (average
0.59¢ s_1) was 20- to 30-fold lower than the sediment inflow. This implied that the bulk
of the eroded soil material was deposited on the depositional soil bed. In case of the
MR, sediment settling in the depositional area was less effective due to the dispersed
nature of the sediment. This resulted in an average sediment outflow of 1.93 g s, only
6-fold lower than the sediment inflow.

Throughout all experimental runs, eroded sediment, entering and leaving the de-
positional area, was enriched in organic carbon, relative to the source soil (Fig. 3c).
This enrichment is expressed by the SOC enrichment ratio (ERgpc), defined as the
ratio of C content of the eroded soil to that of the source soil. The average ERgg¢ of
sediments entering the depositional area was fairly constant (1.32+0.05). Sediments
leaving the depositional area were even more enriched in SOC, with enrichment ratios
of 2.30+0.10, 4.74+0.53 and 1.72+0.28 for WSR, DSR and MR, respectively.

3.2 Mass of deposited sediment and SOC

The results of the mass calculations are summarized in Tables 1 and 2. The amount of
sediment, deposited in the depositional area, was lowest during the WSR (5.66 x 1 0° 9),
resulting from both low sediment in- and outflow (Fig. 3). Roughly 2.5 times more sed-
iment was deposited (1 47x10* g) during the DSR, as high sediment inflow and con-
current low sediment outflow resulted in the deposition of the bulk of a large amount of
eroded sediment. During the MR, despite the high sediment inflow, only an intermedi-
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ate amount of sediment was deposited (9.32x10° g). During the WSR and DSR, the
bulk of the eroded sediment was deposited upon entering the depositional area and the
amount of deposition decreased rapidly towards the depositional area outlet. During
the MR, the mass of deposited sediment also decreased along the direction of the flow,
although much less pronounced as during the WSR and DSR. The above-mentioned
patterns of erosion, deposition and export were reflected in the sediment delivery ratio
(SDR). While most of the eroded sediment was retained in the depositional area dur-
ing the WSR and DSR (SDRs of 7.6% and 3.0%, respectively), sediment settling in the
depositional area was distinctly less effective during the MR (SDR of 17.2%).

The average SOC concentration in the deposited sediment, calculated from the bal-
ance between SOC in- and outflow, amounted to a steady 1.86+0.08%. Consequently,
for all experimental runs, the mass of deposited SOC was proportional to the mass
of deposited sediment (Table 2). For the WSR and DSR, no apparent enrichment or
depletion in SOC could be observed between the zones of the depositional area. After
the MR, however, sediment deposited at the inlet of the depositional area was clearly
depleted in SOC, while the sediment at the area outlet was enriched in SOC. The SOC
delivery ratios for the WSR and DSR were two (14.0%) and three (10.7%) times as
high as their respective sediment delivery ratios, while with a SOC delivery ratio of
21.9%, the SOC enrichment of the outflow during the MR was less pronounced. After
98 days of CO,-efflux measurements, the mass of SOC in the deposited sediment, as
calculated by M2, had decreased by 20% and 14% for WSR and DSR respectively. For
the MR, a decrease of 22% was observed after only 48 days of CO,-efflux.

The dispersed grain-size distribution of the deposited sediment complements the
above analysis of soil redistribution. The sediment deposited in zone A during the
WSR and DSR was texturally similar to the original soil material, although slightly
coarser (4% more sand). Further along the flow path (zone B and zone C), the de-
posited sediment was entirely enriched in silt (+12%) and depleted in sand (-12%).
The dispersed grain-size distribution of the sediment deposited during the MR, was
identical in all zones with a substantial enrichment in fine particles (13% depletion in
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sand and 12% more silt).
3.3 Effects of soil temperature and moisture on CO,-efflux

Soil temperature and soil moisture are frequently identified as dominant factors, con-
trolling the CO,-efflux (Smith et al., 2003; Davidson et al., 1998). Therefore a prior
analysis of these environmental variables was mandatory to dissociate their influence
from any erosional effect on CO,-efflux.

During the first 56 days after conducting the WSR and DSR, the soil tempera-
ture remained rather constant on all soil cores (15.11+£0.04°C, 15.15+0.05°C and
15.42+0.07°C, respectively for soil cores from WSR, DSR and control soils without
deposition). Next, a sudden substantial increase in solar insolation and outside air
temperature (+10°C), led to a warming of all soil cores by ca. 2.8°C. This warmer pe-
riod coincided with the start of measurements on soil cores from the MR experiments.
This, consequently, limited the distinction between the effect of warmer soil temper-
atures and any erosional effect for the MR. Therefore, a first analysis included only
measurements on WSR, DSR and control soil cores during the first 56 days of the
measurement period.

A repeated measures ANOVA of soil temperatures for this period revealed a sig-
nificant interaction effect (p=0.021) between experiment (WSR, DSR and control soil
cores) and time (56 days of measurements inside the laboratory) (Table 3). Soil tem-
peratures increased by 1.6°C on average during the first 15 days after conducting the
experiment and remained almost constant thereafter. Comparison at individual time
points, however, revealed a more pronounced temperature increase on control soil
cores, resulting in an overall significant temperature difference of 0.3°C between WSR
and DSR soil cores on the one hand and control soil cores on the other hand. When
the soil cores were moved to the open air after 77 days, the depositional layers quickly
started to dry out while cracks formed on the surface. Repeated measures ANOVA for
the outside period, revealed a significant interaction effect (p=0.003) for soil temper-
ature between experiment and time (Table 3). In the open air, the soil temperatures
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varied with air temperature (Fig. 4) and were on average higher than inside the labora-
tory (16.90+0.20°C, 16.30+0.42°C, 16.78+0.43°C and 17.30+0.48°C for WSR, DSR,
MR and control soil cores, respectively). Soil cores from DSR were somewhat colder
(between 0.5°C—1.0°C) than other soil cores, although the difference was only statisti-
cally significant for warmer days.

The, initially high, volumetric moisture contents (average 39.0+0.6%) decreased
considerably during the week following the experimental runs and equilibrated at
31.9+0.3% for the remainder of the measurement period inside the laboratory (Fig. 4).
For soil moisture, no interaction (p=0.23), nor experiment effect (p=0.22) was found for
the measurements taken in the laboratory after WSR and DSR experiments (Table 4).

Upon exposing the soil cores to wind and outside air temperatures, the soil started
to dry, although at different rates depending on experiment. A significant time by ex-
periment interaction effect was found (Table 4, p=0.002). After 7 days in the open air,
the average moisture content amounted to 30.6+1.0%, 31.2+0.7% and 32.2+1.4% for
WSR, DSR and control soil cores respectively but only 24.0+0.4% for MR soil cores.

Thus, during the first 56 days of measurements inside the laboratory, volumetric soil
moisture content was similar for all soil cores and was rather constant in time. Soil
temperature differences, although significant, were small and not likely to conceal any
erosional effects. During the 21 measurement days in open air, soil temperature and
moisture were variable in time, depending on weather conditions. Again, no clear
significant differences among soil cores were observed, except for the MR soil cores,
which dried quickly in open air. Given that conditions were completely different inside
and outside the laboratory, further analyses of CO,-efflux were performed separately
for both periods.

3.4 CO,-efflux

During the initial measurement period (the first 56 days after conducting the ex-

perimental runs), the average CO,-efflux amounted to 0.15+0.01, 0.43+0.02 and

0.1820.01x10™® mol CO,-C m~2s~" for WSR, DSR and control soil cores respectively
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(Fig. 4). A repeated measures ANOVA of CO,-efflux measurements (Table 5) revealed
a significant effect of experiment (p=0.0001). A post-hoc Tukey test for pair wise
comparison indicated that, overall, CO,-efflux was significantly higher on soil cores,
taken after the DSR experiments, compared to CO,-efflux from WSR and control soil
cores (p<0.0001). Despite a significant effect of time, average CO,-fluxes were mostly
steady, with larger variability only during the initial measurements on DSR soil cores.
No significant difference could be observed between soil cores, sampled in different
zones of the depositional area and thus characterized by various amounts of deposi-
tion.

As mentioned previously, the soil temperature of all soil cores increased by an av-
erage of 2.8°C, after 56 days of measurements. CO,-efflux increased in subsequent
days, with the largest increase measured on control soil cores (+O.12><10'6 mol CO,-C
m=2s™" on average) compared to WSR and DSR (+0.03 and +0.07x10™¢ mol CO,-C
m~2s~ on average, respectively). This period with higher soil temperatures also co-
incided with the beginning of measurements on MR soil cores. The initial CO,-efflux
on MR soil cores (0.22+0.01x107° mol CO,-C m~?s™") was intermediate between the
initial CO,-efflux on WSR and DSR soil cores. However there is a large probability that
the CO,-efflux was biased by the higher soil temperatures. Noteworthy is the lower
than average CO,-efflux on MR soil cores sampled in zone A, close to the inlet of the
depositional area (0.15+0.01 x 107 mol CO,-C m~2 s‘1) as compared to an average
value of 0.25+0.02x 106 mol CO,-C m~2s~" on zone B and C soil cores.

Upon relocating the soil cores out of the laboratory, a pulse of high CO,-efflux was
observed on most of the soil cores with deposited sediment. In the subsequent days,
CO,-efflux was quite variable and presumably controlled by the interplay between
changing soil temperatures and decreasing soil moisture content. A repeated mea-
sures ANOVA (Table 5) revealed an interaction effect (p<0.0001) between experiment
and time. Overall, no significant differences between soil cores from different exper-
iments and/or zones could be detected. Average fluxes were highest on WSR and
control soil cores (0.44+0.03 and 0.44+0.05x10~° mol CO,-C m2s™, respectively)
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compared to DSR soil cores CO,-efflux (0.39+0.03x10~° mol CO,-C m?s™') and MR
soil cores CO,-efflux (0.31£0.02x10~° mol CO,-C m~2s7"). The latter lower fluxes
resulted from CO,-efflux on zone C soil cores, being smaller than those on zone A and
B soil cores, though not statistically significant at all individual time points.

After standardizing the CO,-efflux of the MR experiment to the total time period of
77 days, when measurements were done inside the laboratory, an estimated amount
of 12, 35, 15 and 12g CO,-C m~2 was respired respectively from the WSR, DSR and
MR depositional area and a control soil of equal surface area. For the whole of the
measurement period (inside and outside the laboratory), these estimates amounted
to 24, 45, 24 and 21g CO,-C m~2 respectively. Thus, for the 98-day measurement
period of this experiment, deposition contributed to an additional emission, relative to
the control soil cores, of 4, 12 and 2% of total C, contained in the deposited sediment,
for WSR, DSR and MR, respectively. These values are considerably lower than the
estimated decrease of SOC in the deposited sediment, calculated as the difference in
mass of deposited SOC before and after the experiment. This implies that high losses
of SOC from the deposited sediment are compensated for by lower mineralization rates
in the underlying original soil.

4 Discussion
4.1 Characterization of the erosion and deposition patterns

The experimental set-up was designed to obtain different patterns of deposition with
different characteristics of the deposited sediment, in terms of aggregate distribution,
SOC content and its availability to decomposition. As such, the experiments simu-
lated the seasonal variability of erosion and deposition events, typical for the Belgian
Loess belt. The characteristics of the deposited sediment are the result of the interplay
between the processes of erosion and deposition. During the former, selective en-
trainment of fine and less dense soil particles is controlled by the transport capacity of

5049

BGD
6, 5031-5071, 2009

Effect of soil
redistribution on soil
organic carbon

H. Van Hemelryck et al.

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/6/5031/2009/bgd-6-5031-2009-print.pdf
http://www.biogeosciences-discuss.net/6/5031/2009/bgd-6-5031-2009-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

the overland flow (Beuselinck et al., 2000; Schiettecatte et al., 2008) while conversely,
heavy and coarse soil particles are likely to be deposited early. The soil can also be
eroded, transported and deposited in aggregated form (Beuselinck et al., 2000; Meyer
et al., 1992; Schiettecatte et al., 2008) while these soil aggregates can possibly disin-
tegrate progressively along their pathway (Le Bissonnais, 1996). Soil organic carbon
is redistributed according to the redistribution of soil particles and depending on its
availability: as loose soil organic matter, adhered to sediment particles or encapsu-
lated within soil aggregates. As such the eroded soil becomes enriched or, conversely,
depleted in SOC in the course of the erosion and deposition processes, resulting in a
distinct redistribution pattern of sediment and SOC (Di Stefano and Ferro, 2002).

The differences in the amount of measured sediment and SOC deposition between
the experiments (Tables 1 and 2) are in agreement with the objectives of the different
experimental set-ups, used to create variations in erosion rate. The high initial moisture
content of the soil in the erosion flume during the WSR, impeded the entrainment of
large amounts of soil particles, while conversely, during the DSR, slaking of the dry soil
aggregates in the erosion flume resulted in soil particles susceptible to water erosion
and consequently high erosion rates. As larger soil aggregates are found to contain a
relatively larger portion of more labile soil organic matter (Six et al., 2000), it could be
hypothesized that this breakdown of soil aggregates during the DSR, resulted in the
prompt exposure of previously encapsulated SOC, which there upon became available
to decomposition.

From the resemblance of the dispersed grain-size distribution of sediment in the
WSR and DSR to the texture of the original soil, it can be assumed that, during above-
named experiments, the bulk of the eroded and transported soil was deposited in ag-
gregated form upon entering the depositional area. The residual smaller aggregates,
enriched in silt, and loose soil particles were deposited towards the outlet of the depo-
sitional area. Still, Beuselinck et al. (2000) argued that it is plausible that a significant
portion of fine soil particles can be trapped between larger soil aggregates and contra-
intuitively could be deposited in zone A as well. From the grain-size distribution of the
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dispersed sediment deposited during the MR, it could be hypothesized that, despite
pump-mixing, larger sand grains settled to the bottom of the mixing tank before deposi-
tion. Upon entering the depositional area a slight sorting effect could be observed with
gradual enrichment of sediment deposits in clay-sized particles and particularly SOC,
towards the outlet of the depositional area. Nonetheless, during all experiments, the
C enrichment ratios, measured at the inlet of the depositional area, were higher than
1 and hint at a slight preferential transport of finer soil particles, which are primarily
bound to SOM.

The degree of aggregation of the eroded sediment can also explain for the observed
difference in sediment and SOC delivery ratios between the experiments (Tables 1 and
2). During the WSR and DSR, the bulk of the eroded soil in aggregated form could not
be transported to the outlet. Only a small fraction of probably very fine soil particles,
highly enriched in SOC, was exported from the depositional area. However, when the
sediment was more dispersed during the MR, the rather large SDR and SOC delivery
ratio evidenced the export of a significant portion of fine-sized soil particles and OC.
Low SDRs, well below 20%, are not unlikely in a field situation (Steegen et al., 2001).
The latter also implies that it is very important to study SOC dynamics in depositional
areas.

4.2 CO,-efflux as influenced by erosion and deposition

The range of measured CO,-effluxes in this study (0.04-1.34x1 0~° mol CO,-C
m™2 3_1) is comparable to measured soil respiration rates of mineral, agricultural soils,
reported in the literature (see Raich and Potter, 1995, for a global dataset, and e.g. Lo-
hila et al., 2003; Bajracharya et al., 2000, and Tufekcioglu et al., 2001, for specific case
studies). In addition, the results of this study were compared with those of three other
experimental studies (Jacinthe et al., 2002, 2004; Polyakov and Lal, 2004), specifically
addressing the impact of erosion and deposition processes on SOC decomposition (Ta-
ble 6). It can be seen that the basal soil respiration, expressed as 100-day CO,-efflux
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of an undisturbed soil (in g CO,-C kg~ soil), was also, only slightly different between
the various studies. Thus, our laboratory measurements yield realistic values of CO,-
efflux and we may therefore have some confidence that our results are applicable to
field conditions.

In Fig. 5, the amount of SOC, initially deposited in the depositional area (M1), is
compared to the sum of the cumulative CO,-C efflux and the mass of SOC in the
deposited sediment at the end of the CO,-efflux measurements (M2). It was found that
these SOC mass balances before and after the experiment were very similar for all
experiments, i.e. the sum of the SOC still present in the deposited sediments after the
experiments and the respired CO,-C were very similar to the amount of SOC that was
initially deposited. The latter suggests that the measured CO,-C originated to a large
extent from the decomposition of SOC in the deposited sediment.

In general, no differences in CO,-efflux were observed between the different zones in
the depositional area within the same experiment (except for zone A during the MR). As
the amount of deposited sediment differed distinctly between the different zones in the
depositional area, the above suggests that the CO,-efflux does not strongly depend
on the amount of deposited sediment and that SOC decomposition, contributing to
the measured CO,-efflux, mainly takes place in the uppermost layer of the deposited
sediments.

Other studies on well-structured soil profiles have shown that significant SOC min-
eralization can take place at greater depths (Tang et al., 2003; Fierer et al., 2003).
However, observations suggest that deposition produces a dense stratified layer of
sediment that caps the soil surface (Fox et al., 1998). This will limit gas (and oxygen)
diffusion in the soil profile and ultimately result in a decrease of SOC decomposition
at greater depths (Schjonning et al., 2003). The above hypothesis however, is not
supported by abundant empirical evidence and thus requires further study.

Our analysis shows that the deposition of eroded sediment indeed led to a signifi-
cant additional CO,-efflux towards the atmosphere during the DSR experiments. This
can be attributed to the strong mechanical disruption of dry soil aggregates by slaking
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upon wetting, leading to the exposure of previously protected SOC and the deposition
of significant amount of soil material. However, it should be pointed out that slaking
did not lead to a complete disruption of aggregate structure: from grain-size distribu-
tion and SDR, it could be argued that the soil is mainly transported and deposited as
micro-aggregates, a phenomenon earlier described by Beuselinck et al. (2000). During
the WSR experiments, we did not observe a significant increase of CO,-efflux: during
these experiments, soil disruption was much less intense. Aggregates were trans-
ported and deposited in more or less intact form. Hence, no major effect on CO,-efflux
should be expected. During the MR, the additional CO,-efflux was also comparatively
small. At first sight this is unexpected, given the fact that mechanically dispersed soil
material was used: a possible explanation for this minor effect is that a large fraction of
the potentially mineralizable SOC was exported from the depositional area, leaving a
more stable SOC fraction at the soil surface in the deposited sediments. Our data thus
confirm the findings of Jacinthe et al. (2004): the effect of erosion on SOC mineraliza-
tion may depend considerably on the type of erosion event and the soil conditions at
the moment when erosion occurs.

The fraction of eroded SOC that was rapidly mineralized after deposition (<100 days)
varied between 14 and 22%. These amounts are comparable to those reported in other
studies, often with a completely different design (Table 6). At first sight, these findings
imply that erosion and deposition may indeed lead to a significant release of SOC to
the atmosphere, thereby contradicting the findings of Van Oost et al. (2007). However,
expressed as the additional CO,-efflux relative to a control soil, the net effect of ero-
sion on SOC is much smaller (between 2 and 12%). The most likely explanation for
this finding is that the presence of a thick depositional layer hampers mineralization
below the top layer, which is compensated for by an increased CO,-efflux from the
deposition layers and this to a different extent, depending on the conditions in the ex-
periment. This finding shows that, when the overall effect of erosion is to be assessed,
one cannot solely focus on the properties of the deposited sediments. The presence
of the latter appear to affect the functioning of the whole soil system, so part of the
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mineralization of SOC within the deposited layer is offset by a decrease in mineraliza-
tion deeper within the soil profile. Our results should therefore be compared to those
reported by (Polyakov and Lal, 2004), who incubated intact soil cores with layers of de-
posited sediment and estimated 16% of eroded and re-deposited C to be additionally
susceptible to mineralization.

4.3 Implications for field-scale C-fluxes

The implications of the results of this study for field-scale C-fluxes are difficult to de-
termine because of the simplification of the experimental system compared to a real
world situation where variations in temperature, moisture as well as additional effects of
plant growth, field management, etc. can be expected. Nevertheless, as experimental
conditions (SOC enrichment, amount of deposition and measured SDR) were repre-
sentative for field conditions, a tentative extrapolation of the results of this study can
be indicative for effects of erosion and deposition on SOC in a field situation. Hence,
Fig. 6 presents a simple SOC budget of our system with C losses as a result of export
from the system and possible C losses or gains due to changing C-efflux in the area
of deposition. In general, small erosional events on a moist and well-aggregated soil
(represented by WSR) have only a minor effect on C-loss, which is mainly resulting
from sediment delivery. Erosion of a dry soil could lead to a distinct C-loss by addi-
tional respiration from SOC, previously occluded in broken-down soil aggregates. If
the eroded soil is highly dispersed, the main loss of SOC occurs by export from the
system. It can, however, be hypothesized that an additional amount of SOC is lost by
respiration during the dispersion process or after export.

Although this study contributed in estimating potential mineralization of eroded SOC
after deposition and SOC delivery in function of the erosional event, additional research
is required to obtain information on the unknown fluxes of CO,-C at erosional sites and
in distant depositional basins and fluvial systems. To integrate these results into a C-
balance on longer timescales, account should be taken of the spatial patterns of soil
redistribution, spatial variation of SOC input and depth-dependent decomposition of
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organic matter in soils.

5 Conclusions

In this study, the effect of erosion, transport and subsequent deposition on the miner-
alization of SOC was experimentally quantified. During a laboratory experiment, three
types of erosional events were simulated, each of which was designed to produce a
different amount of eroded soil material with a different degree of aggregation. During
a 98-day period, in-situ measurements of CO,-efflux on undisturbed soils with a layer
of deposited soil material, and this under field conditions, allowed us to quantify more
accurately how erosion affects C-exchange between the soil and the atmosphere. De-
pending on the initial conditions of the soil and the intensity of the erosion process, a
significant fraction of eroded SOC was mineralized after deposition (between 14 and
22% of eroded SOC). Slaking of initially dry soil aggregates during the process of
erosion, lead to the exposure of previously encapsulated SOC and subsequent miner-
alization of this SOC after deposition. On the contrary, when the initial soil was moist
and well-structured, soil was eroded and transported in aggregated form and no major
effect on CO,-efflux was observed. When the soil was completely dispersed, prior to
the experiments, a large fraction of sediment and potentially mineralizable SOC was
exported, resulting in a minor effect on CO,-efflux in the depositional area. However,
results also suggest that deposition produces a dense stratified layer of sediment that
caps the soil surface and leads to a decrease in SOC decomposition in deeper soil
layers. The latter implies that in order to assess the net effect of erosion on SOC, the
functioning of the whole soil system needs to be taken into account. As such, soil re-
distribution processes contributed to an additional emission of only 2 to 12% of total C
contained in the deposited sediment. Further research is required to determine the ef-
fect of erosion on SOC at erosional sites and assess the fate of eroded SOC, exported
to fluvial systems and distant depositional basins.
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Table 1. Sediment mass balance of the depositional area for the three simulation experiments.

Sediment mass balance Wet Soil Runs (WSR) Dry Soil Runs (DSR) Mixed Soil Runs (MR)
Total Deposition — M1 (g) 5662 (£ 446) 14692 (£1319) 9317 (£457)
Deposition per unit length — M2 (g cm'1)

Zone A 78.9 (£1.4) 230.0 (£39.9) 89.6 (£3.7)
Zone B 11.6 (£2.2) 40.8 (£10.9) 38.6 (+£0.4)
Zone C 4.7 (+£0.8) 13.3 (£7.3) 28.5 (+£0.3)

Sediment Delivery Ratio - M1 (%) 7.6 (£1.8) 3.0 (£0.4) 17.2 (x0.1)
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Table 2. SOC mass balance of the depositional area for the three simulation experiments.
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SOC mass balance

Wet Soil Runs (WSR)

Dry Soil Runs (DSR)

Mixed Soil Runs (MR)

Total deposition — M1 (g)

Total deposition — M2 (g)

Deposition per unit length — M2 (gcm ™)
Zone A
Zone B
Zone C

SOC Delivery Ratio — M1 (%)

103
66

1.17
0.15
0.07
14.0

(£16)
(£22)

(£0.02)
(+£0.01)
(x£0.01)
(£4.4)

267
229

4.00
0.62
0.20
10.7

(£14)
(£22)

(£1.49)
(£0.15)
(£0.09)
(£1.2)

181
140

0.38
0.79
0.69
21.9

(£18)
(£11)

(+£0.10)
(£0.10)
(+£0.03)
(£3.5)
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Table 3. Repeated measures ANOVA of soil temperature for the initial period inside the labora-
tory (left: analysis of WSR, DSR and control soil cores during 56 days of measurements) and
outside the laboratory (right: analysis of WSR, DSR, MR and control soil cores during 21 days
of measurements). (Num DF: Numerator degrees of freedom; Den DF: denominator degrees
of freedom).

Source of variation Soil temperature (inside) Soil temperature (outside)

Num DF Den DF F P-value Num DF Den DF F P-value

Experiment 2 26.1 10.25  0.0005 3 24 5.58 0.0047
Time 23 196 258.76  <0.0001 4 69.4 144.02 <0.0001
Time x Experiment 46 196 1.55 0.0211 12 69.4 2.83 0.0033
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Table 4. Repeated measures ANOVA of soil moisture for the period inside the laboratory (left:
analysis of WSR, DSR and control soil cores during 56 days of measurements) and outside
the laboratory (right: analysis of WSR, DSR, MR and control soil cores during 21 days of
measurements). (Num DF: Numerator degrees of freedom; Den DF: denominator degrees of

freedom).
Source of variation Soil moisture (inside) Soil moisture (outside)
Num DF Den DF F P-value Num DF Den DF F P-value
Experiment 2 48 1.58 0.2158 3 51 14.77 <0.0001
Time 3 48 14.05 <0.0001 2 51 6.53 0.003
Time x Experiment 6 48 1.41 0.2301 6 51 4.03 0.002
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Table 5. Repeated measures ANOVA of CO,-efflux for the period inside the laboratory (left:
analysis of WSR, DSR and control soil cores during 56 days of measurements) and outside
the laboratory (right: analysis of WSR, DSR, MR and control soil cores during 21 days of
measurements). (Num DF: Numerator degrees of freedom; Den DF: denominator degrees of
freedom).

Source of variation CO,-efflux (inside) CO,-efflux (outside)

Num DF Den DF F P-value Num DF Den DF F P-value

Experiment 6 8.49 20.02  0.0001 9 47 1.85 0.0847
Time 20 89.7 3.77  <0.0001 4 47 4.85 0.0023
Time x Experiment 120 91.7 1.29  0.1006 36 47 6.86 <0.0001
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Table 6. Comparison of this study with three other experimental studies, addressing the impact
of erosion and deposition processes on SOC decomposition. Results have been recalculated
in function of the reported measurements and dimensions used.

BGD
6, 5031-5071, 2009

(Jacinthe et al,

(Jacinthe et al,

(Polyakov and

This stud i
2002) 2004) Lal, 2004) Y Effect of soil
Measurement of mineraliz- . ) redistribution on soil
Laboratory rainfall experiment
Measurements  of  miner- able C in incubated runoff H
(90 min, BOmmh_1), simu- Organlc Carbon
alizable C in incubated samples, collected  from
lating erosion and deposi-
runoff samples, collected May 2001 to May 2002
tion on five small soil plots H. Van HemeIFYCk et al.
during rainfall  simulation at the outlet of five small
; (1.00mx0.30mx0.03m) with
(60min, 30mmh~") exper- (0.79-1.1 ha) watersheds
T different slopes, connected in
DeSCI’IptIOI’l of iments on small soil blocks  under different management WSR DSR MR
cascade fashion as an imita-
StUdy Set-up (0.45mx0.30mx0.03m). Soil  practices (no-till, ~chisel-till,
tion of a hillslope profile. Mea-
blocks were taken on three disk-till, pasture, forest). Mea-
surement of mineralization of
fields with different tillage surements of mineralizable
C from undisturbed soil cores
treatments (no-till, chisel-till C were compared across
taken on erosional, deposi-
and mouldboard plow). energy classes of the rainfall
tional and control sites.
causing the runoff.
C content source soil 0.94 1.76 1.79 1.52 ! !
(%)
SOC enrichment ratio 1.98 1.26 1.38 1.32 ! !
of eroded soil
Basal soil respiration 0.03-0.19 0.36 0.34 0.11 ! !
(g COp-C kg™ soil)
Mineralization of ! !
eroded SOC:
as % of eroded SOC, / / 17 4 12 4
alized, relative to a
it g
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A
Wet Soil Runs (WSR)
Dry Soil Runs (DSR)

0.16 /s

Deposition Area ‘

\ \

B)
Mixture Runs (MR)
0.16I/s
i‘ Deposition Area ‘
Sediment Mixing 0.18m )
Tank
Q)

Sediment Export

Sediment Input . w . 0.61m
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225m

Sho
St
S5
33

Fig. 1. Schematic sideview diagram of of experimental set-up for the three types of simulation
experiments: (a) wet soil runs (WSR), dry soil runs (DSR) and (b) mixture runs (MR). (¢) Top
view diagram of the depositional area with deposition zones A, B and C and location of inner
and outer PVC rings, extracted for CO,-efflux measurements. Vertical arrows in (a) and (b)
indicate runoff sampling locations.
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Fig. 2. (a) Sand box with undisturbed soil cores from deposition zones. (b) Cross-section of
soil core, sampled after the mixture runs with a 0.5 cm deposition layer clearly visible on top of

the original soil bed.
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—e— wet soil runs (WSR)
50 —=— dry soil runs (DSR)
—a— mixed runs (MR)
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Time of Experiment (min)

Fig. 3. (a) Sediment inflow (gs™"'), defined as sediment discharge measured at the inlet of the
depositional area for the three simulation experiments (average of replicate runs). (b) Sediment
outflow (g s'1), defined as sediment discharge measured at the outlet of the depositional area
for the three simulation experiments (average of replicate runs). (¢) Sediment carbon concen-
tration (%) in runoff at the inlet (gray) and outlet (white) of the depositional area for the three
simulation experiments (average of replicate runs). The dashed line marks the average carbon
concentration in the original soil. The arrows in (a) and (b) mark the duration of runoff for each
experiment: WSR (dot-dashed), DSR (dashed), MR (full line). Error bars indicate the standard
error of the mean.
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Fig. 4. CO,-efflux per experiment and per zone of the depositional area (zone A, B and C).
The black line connects measurements of CO,-efflux on control soil cores. Soil temperature
(°C, crosses) and volumetric soil moisture content (%) per experiment. The rightmost dashed
vertical line marks the time at which soil cores were relocated to the outside of the laboratory.
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Fig. 5. Comparison between the mass of deposited C, directly after the experimental runs (M1)
and the sum of the mass of respired CO,-C and the mass of C in deposited sediments after

Il Mass of deposited C (measured directly after experimental runs)

[ Mass of deposited C (measured after 98 days (WSR,DSR)/ 48 days (MR) of
CO,-efflux measurements)

[ Mass of respired C (during 98 days (WSR, DSR)/ 48 days (MR) of
CO,-efflux measurements)

CO,-efflux measurements (M2).
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Fig. 6. Fate of eroded SOC (%) in the three simulation experiments, expressed relative to the

total amount of eroded SOC.
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