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Abstract

Land management in agricultural lands has impor&dfects on soil organic carbon
(SOC) dynamics. These effects are particularlyveié in the Mediterranean region,
where soils are fragile and prone to erosion. ksireg interest of modelling to simulate
SOC dynamics and the significance of soil erosionS®OC redistribution has been
linked to the development of some recent modelshig study, the SPEROS-C model
was implemented in a 1.6 ha cereal field for a $&& period covering 100 years of
minimum tillage by animal traction, 35 years of gentional tillage followed by 15
years of reduced tillage by chisel to evaluatedtfiects of changes in land management
on SOC stocks and lateral carbon fluxes in a Meditean agroecosystem. The spatial
patterns of measured and simulated SOC stocks imegwod agreement and their
spatial variability appeared to be closely linkedsbil redistribution. Changes in the
magnitude of lateral SOC fluxes differed betweendlananagement showing that
during the conventional tillage period the carbossks is slightly higher (0.06 g C’m
yr'!) compared to the period of reduced till using eh{8.04 g C rifyr™).

Although the results showed that the SPEROS-C misdalpotential tool to evaluate
erosion induced carbon fluxes and assess thewelabntribution of different land
management on SOC stocks in Mediterranean agrostensy, the model was not able
to fully represent the observed SOC stocks. Furezarch (e.g. input parameters) and

model development will be needed to achieve mocarate results.
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Introduction

The exchange of carbon between the atmospherephaios and pedosphere occurs
through complex interactions as plant photosynthesiil respiration and soil organic
carbon decomposition (Cao & Woodward, 1998). Beeatisese processes are
temperature sensitive and potentially affected ibing CQ levels in the atmosphere,
the worldwide concern of the potential climatic @epon ecosystem carbon fluxes and
the need for strategies to mitigate its effects tiggered a vast amount of research
(Mukhopadhyayet al. 2016; Kerr, 2007).

The role of soil erosion on terrestrial carbon 8ahas also received increased attention
over the last decades, but its potential contriutio the greenhouse gas effect and
changing climate remains largely unknown at thebglascale (Mulunelet al., 2015;
Kdchyet al., 2015a; 2015b; Garcia-Diatzal., 2016). Human-induced land use changes
from forest to cultivated landscapes have beewgfgiant source of atmospheric €O
(Smithet al., 2000). Particularly, human influence on soils baen more intense in the
Mediterranean region because of the long history coftivation together with
overgrazing and deforestation (Novatal., 2011; Garcia-Ruiz, 2010).

Mediterranean soils are highly susceptible to erodbecause of long dry periods
followed by erosive rainfall falling on steep slgpsith erodible soils, and resulting in
high soil erosion rates (Navas al., 2014; Lopez-Vicentet al. 2015). Patterns of
erosion, transport and deposition of soil partickes closely linked to those of soill
nutrients in agricultural landscapes, (Navesal., 2012; Quintonet al., 2010)
representing a major concern for crop productiaitg agriculture sustainability.
Agricultural land use and management has an impadoil organic carbon (SOC) by

modifying carbon inputs (Brucet al., 1999; Novarat al., 2015a; Parras-Alcantash



al., 2015a). As a consequence, estimates of SOCsstouktheir changes over the time
in agricultural soils are essential to understar@CSdynamics and identify the
management practices that may contribute to seepmgtcarbon in soils and the
temporal scale at which they may do so, which mgiinly depend on how and where C
is stored in soils (Alvaro-Fuentes and Paustiafi 120

A number of SOC dynamics models have been developedderstand the short and
long-term impact of land management on SOC stocks fauxes (e.g. CENTURY,
Roth-C, ICBM, DNDC) and monitoring changes in carbluxes in soil over temporal
and spatial scales. Although these models omittedmpact of erosion and deposition
on SOC dynamics, effort has been made to increlgsimglude its effect as in
CENTURYS version, the EDEM model (Liat al., 2003) or the SOrCERO model
(Billings et al., 2010). Despite the progress, these models refv@ged on a single
profile or landscape unit, not allowing the full athcterization of landscapes. To
overcome this spatial limitation, combined soil®om and SOC dynamics models are
increasingly being used to understand the tempanal spatial significance of the
impact of soil erosion on SOC and the carbon cycle.

This is the case of the SPEROS-C model (Van @aalt, 2005) that combines the soil
erosion SPEROS model (Van Oastal., 2003) and the SOC dynamics Introductory
Carbon Balance Model (ICBM, Andrén and Katterer972)9 The model has been
successfully implemented to simulate soil redisiitn and its effect on SOC dynamics
within the soil profile in agricultural lands ramgj from small catchments (Van O@st
al., 2005, Dlugol&t al., 2012) to the regional scale (Nadet@al., 2015).

Data concerning SOC dynamics are needed to electtatcarbon fluxes between soill

and atmosphere and its relationships in order tamkif an agricultural system acts as a



sink or source of carbon. In this study we applg amaluate the SPEROS-C model on a
rain-fed field characteristic of Mediterranean miaim agroecosystems that has been
cultivated for cereals since at least 1860 with tNfferent management practices:
minimum and conventional tillage. Minimum tillageaptices were implemented from
1860 to 1960's using chisel with animal tractiord dar the last fifteen years (1995
2010) using chisel with tractor. Conventional tigawas done in the study field from
1960 to 1995 using mouldboard with tractor. Ourecbye is to assess the model
performance and its ability to represent the eftddand management on SOC stocks,

SOC fluxes and changes in their spatial distrilyutio

Materials and methods

2.1. Sudy area

The study was conducted on a 1.6 ha rain-fed césddlsituated in the central part of
the Ebro Basin (NE Spain) (Fig. 1a). The field lesontrasting topography, the
elevation ranges between 622 and 636 m a.s.l. langlope from 1.1% to 19% (Fig.
1b).

According to the drainage pattern, four hydrolobigaits with different hydrological
behaviour are identified associated to particubgprographic characteristics (Fig. 1c).
The hydrological units U1 and U2 in the northernt pd the field have higher slope and
elevation. The unit U2 is characterized by the tgwaent of a gully system whereas
the hydrological units U3 and U4 are in the reldvflat southern part of the field

(Quijano et al., 2016b).



The field has been cultivated with winter cerealsthe last 150 years as documented
by the owner. The main crop was winter barlelprdeum vulgare) and occasionally
wheat {riticum aestivum L.). Agricultural practices have changed during thedg
period (1860-2010) from conservation agriculturenelowith animal traction and
humans, to conventional tillage after introductiminagricultural machinery in 1960.
Since 1995 minimum tillage has been implementedguaichisel.

The climate in the study area is continental Medhigean. Rainfall events mainly occur

in spring (April and May) and autumn (September @utober). Soils classified as

Calcisols, are developed on Quaternary deposits.

Fig. 1. a) Location of the study field ithe central part of the Ebro basin (NE Spab)) 3D
view of the study area, ¢) sampling points on al00m grid (n=156) and limits between the

four hydrological units.



2.2. Sampling sites and soil analysis

Soil sampling was carried out in 2010. Soil samyiesl56) were collected on a 10 m
grid (Fig. 1c) to a depth of 30 cm using a 7 cnmditer automatic core driller. The
sampling depth was extended up to 50 cm in the kagnpoints (n=26) identified as
depositional sites according to field observations.

Soil samples were air-dried and passed througmanzsieve The fine fraction (<2 mm)
were used for soil analyses. Particle-size analy&s carried out with a Beckman
Coulter LS 13 320 laser. SOC was measured using@GLRC-612 multiphase carbon
analyser. Soil organic carbon stock (kgfyrfer a fixed soil volume was calculated as
the product of the organic carbon content (%) by weight of the <2 mm fraction
contained in the volume of the core and dividedHgycross section of the core sampler

(Quijanoet al. 2016c).

2.3. SPEROS-C modél

The SPEROS-C model is a spatially distributed sopbgraphy driven soil erosion
model which results from the combination of thegaess-based erosion SPEROS model
(Van Oostet al., 2003), and the ICBM model (Andrén and Katted€¥97). It keeps
track of changes in SOC storage within the soifilg@and of soil and SOC fluxes from
eroded to depositional sites. A detailed descniptibthe SPEROS-C model is included
in Van Oostet al. (2005) and here we provide a brief explanatiothefbasic concepts.
The model simulates induced soil redistributionn@ter and tillage using the WATEM
model (Van Oostet al.,, 2000) based on the Revised Universal Soil Loggakon

(RUSLE; Renarcet al., 1997) in combination with a sediment transpoagion. The



local transport capacity TC (kg Tra) is assumed to be proportional to the erosion
potential:

TC =kc[RICIPIKILS (1)

Where ktc (m) is the transport capacity coefficig)tC, P, K, L and S are the RUSLE
factors. R is the rainfall erosivity (MJ mm Ha'yr?), C is the cover-management
(dimensionless), P is the conservation supporttisea¢dimensionless), K is the soil
erodibility (Mg ha h h& MJ* mm™), L is the slope length (dimensionless) and $iés t
slope gradient (m ).

The ICBM model (Andrén and Katterer, 1997) chandots SOC dynamics considering
two state variables, young (Y) and old (O) orgaradcbon pools, that follow first order
kinetics and four carbon fluxes (carbon input fratants, mineralisation from the
young and old pools and transformation of young it pool). Young C pool consists
of undecomposed plat residues and roots and olddCip the slow and passive pool.
The C input into the solil by plant residues ismated as a ratio of crop yield and added
to the plough layer, while the C input by rootsagsumed to decrease with soil depth.
Carbon inputs from crop and roots are derived ftbencrop-specific aboveground dry
biomass which is calculated dividing the annuabpcyeeld by the crop harvest index
(Nadeuet al., 2015).

Net vertical carbon fluxes result from the diffecenbetween C input to soil and
mineralized young and old carbon pools. Externeldia such as climatic and edaphic
are condensed in ICBM into one parameter (r). Tifferdntial equations describing the
dynamics of the two SOC pools are:
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Wherei represents the combined inputs from manure, @udscrop residues, land k
are the rate constants for decomposition And the humification coefficient which
depends on clay content and the source of C ifjuuither,h controls the fraction of the
outflux from Y that enters O (Katterer and Andr&f99).

SOC redistribution over the landscape is modelle@PEROS-C considering vertical
changes in the solil profile from the topsoil laged soil redistribution using the results

of the water and tillage erosion.

2.3.1. Modd inputs and implementation

A single execution of the SPEROS-C model has bppheal for the study period (1860
— 2010) assuming a total soil depth of 0.3 m amdbagh layer depth of 0.20 m. The
model operates in an annual time step with a detapatial resolution of 2.5 m. The
input parameters of the RUSLE model were calculatabrding to a previous study by
Quijanoet al. (2016b) who applied the WATEM model in the stdadld. The length
slope factor (LS-factor) was simulated throughdwg mmodel run based on the digital
elevation model. A temporally and spatially consteaiue of R-factor was considered
for the study field, it was set to 881 MJ mmi‘hdyr* which was calculated using
available data at a time resolution of 15 min fritrd SAIH system of the Hydrographic
Confederation of the Ebro River for the period 20052014. The K-factor was
calculated using the equation by Wischmeier andtits(i978) ranging from 0.010 to
0.043 Mg ha h HAMJ* mm™* with a mean value of 0.035 Mg ha h*heJ* mm'. The
C-factor was computed by taking the average ofGhHactor values for winter barley

and wheat and set to 0.2 (NS Department of Aguceltand Fisheries, 2001). The



support practice factor (P-factor) was consider@d(\Wall et al., 2002). The main input
data required to run SPEROS-C were supplied irfdima of IDRISI GIS (Clark Labs
Inc.) raster layers.

The ICBM model parameters related to SOC turnoaesrfor the plough layer were set
to kY=0.8a" and kO=0.006 & for young and old SOC, respectively (Andrén and
Katterer, 1997). The humification coefficients weset to hc=0.125 and hm=0.31 for
crop and manure, respectively (Katterer and Andi99). An average, spatially
uniform soil bulk density of 1.68 g cfrfor the soil profile was implemented. The clay
content was set as a spatially distributed mapvedrirom grain size measurements.
Clay content ranged between 4.2 and 68.3% with annvalue of 22%. The estimates
of the yield data for winter cereal crops were agjmately 3.500 kg h&for the period
1965-2010 and 2.500 kg hdor 1860 to 1965 according to the owner. Similalues
were found from official data of the Regional Gaweent available since 1900.

The ICBM model parameters related to the C inputrtanure and the coefficient of
SOC turnover with depth were parameterized by comgahe measured SOC contents
(%) in each soil layer at five sectioned referemumefiles with modelled SOC
concentrations without running the soil redistribot component. A high Pearson’s
correlation coefficient between them was found (888, p<0.05) resulted in an annual
manure C input of 0.01 kg frand the exponent for the reduction of turnovee ith

depth was set to 5.

2.3.2. Modd calibration
The SPEROS-C model was calibrated comparing theesabf modelled SOC stocks

for each combination of input parameters with tl@@CSstocks measured in the study



samples. Following several set-up runs, the tramgapacity coefficient was iteratively
adjusted to obtain the best fit between modellatiraeasured SOC stocks. We assessed
the model performance based on the goodness bétiiteen measured and modelled
SOC stocks at the same locations. Two approaches eemsidered: (i) a comparison
for SOC stock distributed throughout the entirédfignd (ii) a comparison of SOC stock
for each of the four defined hydrological units.

The goodness of fit of the model results was evatliaising the Nash—Sutcliffe (NS)
model efficiency (Nash and Sutcliffe, 1970). In gidth to NS model efficiency, two
error statistics as R-squared’{nd mean error (ME) have been used for the etiafua
of model performance.

The transport capacity coefficient was calibrate#lsam for the study period using a set
of values ranging between 0 to 55 m (Naékeal., 2015). Solil redistribution rates were
estimated by applying the conversion models by Zotd Navas (2004, 2008). The
resulting mean soil erosion rate was 12.2 Mg k&' that matched with the derived

137Cs estimates of soil erosion for the study fielthvéi mean value of 19.7 Mg har™.

2.4. Satistical analysis

Data were analysed using SPSS 19.0 (Chicago, 1B)USne-way analysis of variance
(ANOVA) was performed to assess the statisticahifitance of the effects of soil

redistribution and land management on SOC stocks.

The spatial distribution of SOC stocks was deriv®d ordinary kriging, using a

spherical semivariogram model with trend. The outmaps and interpolations were

performed using ESRI ArcGIS 10.2.1 software.



Results

3.1. Model performance

The results of the goodness of fit between measamddnodelled SOC stocks (Table 1)
showed a better model performance for hydrologioait U2, which had a better

goodness of fit of the model than the rest of higlyieal units and also for the whole
field. The NS statistic for hydrological units 1,a8d 4 were 0.06, -0.26 and -0.11,

respectively, the NS values close to 0 or negatigieated a poor model performance.

Table 1.Model evaluation statistics for the entire fieldlahe hydrological unit U2.

Field u2
ME -5.64 -14.09
NS 0.14 0.32
R? 0.15 0.53

3.2. Measured versus modelled SOC stocks

The measured stocks of SOC for the entire soilileroinged between 0.9 and 7.3 kg
m with a mean value of 3.5+0.9 kg“mThe most frequent values (74%) ranged from
2.5 to 4.5 kg if. Modelled SOC stocks for the same exact locatird soil depth at
the end of the simulation (i.e. year 2010) showednge of values between 2.8 and 4.5
kg SOC nf with a mean SOC stock value of 3.6+0.9 K§ (fable 2).

Table 2. Basic statistics of the observed (SOCobs) and Hesb8OC (SOCmod) stocks (kg m
2 . .
) in the field.

n=156 Mean S.D. CV% Min Max

SOCobs 3.49 0.9727.82 0.96 7.34
SOCmod 359 0.267.25 2.82 4.55

S.D. standard deviation; CV coefficient of variatio



The average of the modelled SOC stocks at the dntheo study period were
significantly different between the three depthelay(p<0.01) which were 1.65, 1.58
and 0.36 kg m, in the layer | (0—10 cm), layer 1l (10-20 cm) dagler 11l (20-30 cm),
respectively (Fig. 2).

Modelled SOC stocks increased during the studyoddor all soil layers, reaching the
highest values for the 1994-2010 period of minimtilage. Fluctuations in SOC
stocks over time were less important in layer Hitl particularly at eroded sites (Table

3).

Fig. 2. a) Spatial distribution of the modelled S&®©cks in the layer | (0 — 10 cm), b) in the
layer 1l (10 —20 cm), c) in the layer Il (20 — 8fh) at the end of the study period.



Table 3.Mean and standard deviation of SOC (k) 1im the soil layers by soil redistribution at

the end of the three studied periods.

Year Eroded points Depositional points
Layer | 1959 0.331+0.01a 0.34+0.02b
1994 1.35+0.06a 1.33+£0.07b
2010 1.66+0.07a 1.63+0.08a
Layer Il 1959 0.34+0.01a 0.33£0.02b
1994 1.29+0.07a 1.32+0.07a
2010 1.56+0.09a 1.63+£0.09b
Layer IlI 1959 0.27+0.01a 0.27+0.02a
1994 0.29+0.01a 0.45£0.15b
2010 0.29+0.01a 0.58+0.24b

Different letters indicate significant differencatsp<0.05 level

3.3. Modelled soil and SOC redistribution

The map of the modelled soil redistribution showiedt the study field was mainly
affected by erosion (Fig. 3a). According to modetpats, 78% (n=2037 cell grid of
2610) of the field was affected by erosion (Table@ross erosion rates at these sites
averaged 0.36 mm Vrwhile the remaining area was considered depositiaith an

average soil deposition rate that almost tripledatherage erosion rate.

Table 4. Statistics of modelled soil erosion and depositidgthin the test sites (n=2610) for the
whole simulation period (1860-2010).

S.O'I Soil deposition
erosion(mm 1
it (mm a)
a’)
Mean 0.36 0.96
SD 0.30 1.37
CV% 85.71 146.72
Max 8.62 14.63

Modelled soil redistribution in agreement with @leburveys pointed out that soll
deposition occurred along the gully (>4 mnityand in the southern part of the field in

concave areas where larger measured SOC stockSaueick



Lower and significantly different modelled SOC dtecwere found at erosion sites
(n=119) with a mean value of 3.5+0.16 k¢ than at depositional sites (n=37) with
mean SOC stocks of 3.8+0.35 kg’rand higher dispersion (CV=9%) than at erosion
sites (CV=4%).

The general spatial patterns of the measured amttlied SOC stocks were coincident
(Figs 3b and c). The highest SOC stocks were falmg the gully and the lowest SOC
stocks at the end of the gully. However, in thetlsetn part of the field with lower
mean slope value (5.5%) than the northern par4BiBe modelled SOC stocks were
slightly higher than the measured ones.

The superimposition of the flow lines was highlyrmident with the spatial distribution

of SOC (Fig. 3b). SOC stocks are closely linkechweiay content (r=0.360, p<0.01).

Q ; Soil redistribution SOC kg m*? .:
:‘ g 0015m 7.3 i
| i X

1‘ B 0009 m g 5

Fig. 3. a) Modelled soil redistribution (positivalues indicate deposition and negative ones
indicate erosion), b) Kriging of the measured SQ@&ls with flow lines, ¢) Modelled SOC
stocks for the study period (1860-2010).



3.4. Temporal evolution of SOC stocks and carbon fluxes

Modelled SOC stocks ranged between 6.8 and 32.h&Agr™in the plough layer and
between 9.6 and 35.9 Mg hgr for the entire soil profile at the end of the siatidn
period (Table 5). The SOC concentration in the glolayer (0—-0.20 m) was in all cases
lower for the three land management practices comalpi® the entire soil profile. The
coefficients of variation (CV %) for SOC conceniwatin the plough layer ranged from
4.5% to 4.8% for the whole field and the CV for #ire soil profile were 4.6%, 5.9%
and 7.3% for the periods 1860-1959, 1960-1994 888-12010, respectively, showing
an increase over time. The lowest values correggabial the first period resulting in a
higher SOC spatial variability linked to soil reilsution patterns because of the use of
machinery.

SOC stocks increased over the study period baotheiplough layer and considering the
entire soil profile (Table 5). This increase waghtr for plough layer SOC stocks than
for the rest of the profile, as indicated by anré@asing ratio between SOC stocks in the
plough layer and total SOC stocks, and occurredniypain the period under
conventional tillage (1860-1959). During the 196@0640 period, the difference of
SOC stocks in the plough layer relative to therendbil profile was lower than in the
previous period.

Changes in lateral SOC fluxes differed between lmadagement practices and showed
the largest increase during the transition frommahitraction to conventional tillage.
Figure 4 shows the lateral carbon fluxes, whereatieg values represent a loss of
carbon and positive values a carbon gain. Furthexntbe conventional tillage period
with carbon losses of 0.06 g C’r'* was slightly higher than the period of minimum

till using chisel (0.04 g C hyr™).



Table 5. Average modelled SOC values in the soil profil®CSp) and plough layer (SOCpl)
and the ratio between them for the three periodls éifferent land management.

SOCs SOCpl
g haP) Mg hapl) SOCplISOCsp

1860 - 1959 9.6+0.45 6.8+0.32 0.71
1960 - 1994 29.8+1.64 26.6+1.24 0.89
1995 - 2010 35.9+2.31 32.5+1.61 0.90

2__ 1860 - 1959 1960 - 1994 1995 - 2010
— =
E L
O 01— —
(o] 0 I

1

2L

= ero depo exp ero depo exp ero depo exp

Fig. 4. Lateral carbon fluxes induced by soil r&disition processes for the different modelled
periods of minimum (1860-1959), conventional (198®4) and minimum using chisel (1995
2010). Negative fluxes represent a C loss (ero) posltive fluxes a C gain (depo) and C

exported (exp).

Discussion

4.1. Modél performance

The model performance was better for the hydrokdgimit U2 than when considering
the whole field. For the remaining three hydrol@dianits, the simulation was poor
(NS<0). These results highlight the model’s sensitititytopography. Moreover, the
low model performance in hydrological units Ul, dBd U4 can be explained by
anthropogenic topographic changes based on fietgrobtions and the information

given by the owner (Quijan@t al., 2016b). These changes in topography have



implications on the patterns of soil movement arah cstrongly influence soll
distribution when accounted for in model simulatidfollainet al., 2006). Given that
the soil redistribution component in SPEROS-C otgraphy driven and focused on
the contemporary geomorphic processes occurringrable land, the impact of these
anthropogenic activities had a larger impact on ehaditput than expected and has to
be taken into account when analyzing and intenpgettie data.

The observed spatial dependence of SOC rediswitbwind runoff pathways that are
determined by the topography revealed that spafakbility of SOC was mainly
linked to water erosion processes. The runoff floves determined the path of soll
redistribution and that of SOC as shown in Figured c.

The model is able to reproduce the relation betwseih and SOC redistribution
evidenced by the depletion of SOC at soil erosites smainly located upslope while
soil deposition accumulates in concave areas. Téenential detachment of the lighter
carbon fractions at eroded sites located upsloe tygpically enriched in carbon
compared with the bulk soil as also reported Griegaat al. (1998). The subsequent
downslope transport and deposit occurs prefergntial areas with concave
morphology as in the field gully. Factors such las topographic position and slope
affect the intensity of soil erosion and sedimeedistribution and, thereof, SOC

distribution in agreement with observations by $ual. (2015).

4.2. Soil redistribution: water erosion versustillage erosion
In some agricultural landscapes, water erosion pmamontrols soil redistribution
(Jacintheet al., 2004; Taguast al., 2015; Quijancet al., 2016b; Rodrigo-Cominet al.

2016). In our field, the predominance of water Emosprocesses diminished the



contribution of tillage erosion to total soil redlibution. In contrast, Van Oost al.
(2006) indicated that cultivated soils are affectad water and tillage erosion at
approximately the same order of magnitude.

The SPEROS-C model has been successfully impleche@mtagricultural areas where
tilage induced erosion was the main erosion pr®eesh a minor contribution from
water erosion (Dlugofet al., 2012). However, little is known about the model
implementation in rainfed Mediterranean agrosystevhere the influence of water
erosion on soil redistribution processes and SQ@uycs are predominant. A previous
study by Quijancet al. (2016a) in the same field suggested that simédistribution
processes affected the spatial patterns of finécfes including™>’Cs and SOC.

Runoff was identified as the main factor for sadistribution in the study field.
Although the field was considered isolated fromyarblogical point of view during
exceptional rainfall events the gully activatesdianing the exportation of sediment to
the ephemeral stream through several outlets (L-deenteet al., 2015).

The general pattern of the modelled soil erosiahdeposition showed a predominance
of erosion over deposition within the field, as etv&d in previous studies by Quijano
et al. (2016a; 2016b). For the study period, the meanesoiion (12.8 Mg ha y*)
and deposition (8.6 Mg Hay) rates compared well with deriveéd'Cs estimates

reported by Navag al. (2014) in similar Mediterranean agroecosystems.

4.3. Impact of land management on SOC stocks and fluxes
Soil erosion processes induced the lateral rebigtan of different magnitudes of
carbon during the three study periods. The largession-induced carbon fluxes took

place during the conventional tillage period, faleml by the minimum chisel tillage. At



the field scale, the impact of lateral C redisttibn on soil productivity can be relevant
and C uptake depends on the balance between thial spgtent of eroding and
depositional sites over the landscape (Fiehat., 2015).

The land management has an impact on the carbaesfland SOC stocks. When
comparing land management practices, differenc&0€@ stocks are larger between the
first and second periods, when conventional tillages established, than between the
second and the third periods. However, higher S@Cks in the plough layer under
minimum tillage for the last fifteen years indicatthat using a chisel, reducing the
number of tillage operations and leaving the crepidues on the surface as mulch
improves C sequestration in agreement with Lal 7)98nd Alvaro-Fuentest al.
(2014).

Land use and land cover affect the SOC content bgifiying the input of organic
residues and the decomposition of SOC within tlwallsoil environment in agreement
with Novaraet al. (2015b) and Jareclat al. (2005). Studies (Kisgi et al., 2002;
Puustineret al., 2005) have reported that conservation tillagetices reduce losses in
soil and organic carbon as evidenced in our stAttfiough land management is known
to have a large effect on SOC stocks (Eyretral., 2005) lower values of SOC within
the plough layer are found for the three land mansnt practices. The relative higher
enrichment ratio between the plough layer and ttigeesoil profile found after shifting
to conventional tillage suggest that the implemigmaof heavy machinery leads to an
increase in SOC carbon content in the plough laykrs fact is likely related to an

increase of crop production.



4.4. Limitations of the study

The uncertainty related to the use of an averadgeevaf RUSLE rainfall erosivity,
which may not account for highly erosive eventsnmedium term simulation as
performed by the model might have an importantoeffe the low range of variation of
the modelled SOC stocks in comparison with the orealsones. Beguerahal. (2015)
found under different agricultural Mediterraneanilssan enrichment of SOC in
splashed materials. The amount of splash generdsddetermined by precipitation
characteristics and associated rainfall erosivity.

In rainfed agrosystems, the potential erosion d@adimpacts on SOC dynamics is
especially important because of the existing posgetation cover during the initial
period of crop growth of winter cereals is in autuand the harvest is in spring when
precipitation events are frequent and intense. kedikrranean soils, land use and
management is definitive to understand long tern€ SfYnamics (Parras-Alcantaeh
al. 2015b). In agreement with Nadeual. (2014) the sensitivity of soil erosion and
carbon redistribution was likely related to thengport capacity coefficient. Thus, under
transport-limited conditions, detachment was cdlgidoby sediment concentration and
its sensitivity to slope was low because the litiotess imposed by the ktc coefficient as
a consequence SOC transport was low. Furthernteeayrtderestimation of SOC stocks
may be related with the assumption that the paahies are representative of the grid
cells.

Some characteristics that were not related to gs®=integrated in the model may
affect model performance as the SPEROS-C modeldeagned for 1 m soil depth
whereas the soil in the study field does not exse&@l cm. In addition, some model

uncertainties were associated to the calibratiamtgss when considering average or



constant values for some of the inputs such aspah coefficient. The sensitivity of
the model to changes in transport coefficient aifitdigion transport processes has not
been analyzed in this research and could also iexp& underestimation of SOC
stocks.Furthermore, in our implementation of the SPEROBS8wlel we assumed that
no selective transport occurred. The model is notently capable of offering an
adequate description of the processes taking pladee study field related to soil
redistribution and grain size redistribution as thedel assumes homogenous sediment

distribution.

Conclusions

This modelling constitutes a first approach to datel the effect of long-term
agricultural activity on soil redistribution and S§Odynamics in a characteristic
cultivated field of Mediterranean agroecosystemsated at the bottom slope of a
mountain catchment. A combination of human induckdnges on topography had a
significant contribution in landscape evolution vimplications on soil redistribution
processes. The modelled SOC stocks and carborsfluges highly influenced by land
management and soil redistribution processes, gnaiater erosion. The SOC strongly
linked to fine soil particles was preferentiallaisported downslope by water erosion
leading to higher SOC contents in concave areasvé&uional tillage practices were
the main sources of exported carbon that triplederof minimum tillage.

The SPEROS-C model can contribute to increase waderstanding on the interactions
between geomorphology and soil properties such@g. ur research demonstrates
the usefulness of SOC modelling to evaluate theceffof land management changes on

SOC stocks over the last 150 years at detailedaszatle. This is especially important



in Mediterranean areas where SOC concentrationdoarebut essential to maintain
agricultural productivity and contribute to futueggriculture sustainability. On this
behalf, the modelling approach used in this stisdy potential tool to monitor the state
and evolution of SOC in soils. Further researchaésded at the field level to support

model development and parameterization.
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