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ARTICLE INFO ABSTRACT

Intense deforestation over large areas is an important component of global models which aim to quantify the
transfer of terrestrial siliceous material from the continent to the coast. Hence, there is a need for improved
understanding of land use impact on Si export. We present a model that simulates the kinetic dissolution of
biogenic Si in a forest soil. A kinetic equation was calibrated based on leaching experiments of soil columns at
constant water flux. The calibrated equation was then used to simulate the Si export from a forest soil under
varying atmospheric conditions and provided realistic Si concentrations in soil water. The same model was used
to simulate the impact of reduced evapotranspiration due to deforestation and consequently increased soil water
fluxes on the Si export. Results showed that lower amounts of biogenic silicon dissolved and higher Si fluxes
were released to the system once water flux increased. The use of the kinetic dissolution equation for biogenic Si
improves our understanding and the modelling of the Si release from soils towards the hydrographic system.
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1. Introduction

There is a growing interest in the impact of land management
(forest, cropland) on Si export. Field observations show that rivers
draining forests export larger Si fluxes than rivers draining agricultural
areas (Struyf et al., 2010; Carey and Fulweiler, 2011). Higher Si fluxes
exported from forests are explained by higher amount of biogenic Si
(BSi) stored in forest soils compared to croplands (Clymans et al., 2011;
Keller et al., 2012) as BSi dissolution is considered to control dissolved
Si (DSi) concentrations in soil solutions (Farmer et al., 2005). Up to
40 years after deforestation, peaks of Si export have still been observed
in rivers and were attributed to the erosion of the upper soil layer
containing large BSi stocks. The high dissolved Si (DSi) export was at-
tributed to the rapidly aggrading vegetation (Conley et al., 2008).

Previous studies generally addressed the behavior of dissolved Si
(DSi) in rivers but less in soil water although Si is involved in several
biochemical and geochemical subsurface processes, like chemical
weathering, soil development, plant growth (Epstein, 1999; Raven,
2003). Moreover, ecosystems are often assumed at quasi steady-state,
although seasonal variations in Si concentrations and water fluxes are
typically observed in natural systems (e.g. Gérard et al., 2002; Fulweiler
and Nixon, 2005; Clymans et al., 2013). Seasonal variation in rivers has
been correlated to seasonal biological uptake (Carey and Fulweiler,

2013), but also to changes of pore-water supply to the river (Clymans
et al., 2013).

Not much is known about the processes controlling Si dissolution in
soils after land use changes. However, in the current context of intense
deforestation over large areas of the African and South American con-
tinents, global models quantifying the transfer of terrestrial siliceous
materials from the continent to the coast could be improved by devel-
oping understanding of land use impact on Si export (Tréguer and De La
Rocha, 2013).

To identify the main processes controlling Si export in soils after
deforestation, a model of Si dissolution is set up for a given environ-
ment with known geometry and time conditions. As BSi dissolution is
considered to be a controlling factor on Si export, its process description
is crucial for the model. Existing models simulate Si originating from
BSi by adding biomass fluxes directly (Gérard et al., 2008) or by dis-
solving chalcedony (Barré et al., 2009). Although dissolution behavior
of continental BSi is described by experimental studies (Fraysse et al.,
2009), so far BSi dissolution was not simulated for typical soil condi-
tions.

Land cover has also an important impact on the hydrological fluxes
(Bosch and Hewlett, 1982; Brown et al., 2005; Dams et al., 2008).
Consequently it affects the residence time of soil solutions and thus the
Si concentrations (Lucas, 2001). A synthesis of catchments studies
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(generally under temperate climate conditions but also including some
other climates) showed that an increase in tree cover of 10% in forests
would decrease the water yield with 25-40 mm and may increase
transpiration of water by deep roots up to 50% (Jackson et al., 2000). In
contrast, deforestation increases the yield: an increase of 17-19 mm in
yield is estimated for a 10% reduction in the cover of deciduous
hardwood under temperate and tropical climate conditions (Sahin and
Hall, 1996). Simulations for an artificial watershed under temperate
climate estimates the evapotranspiration decrease to be about
200 mm.yr~ ! when forest is replaced by barley (Fohrer et al., 2001).

Given the variety of processes controlling Si export in soils, this
paper presents a simple numerical model as a first step to tackle two
research questions: (1) how does BSi dissolve in the soil environment;
and (2) which impact has a change in water flux on Si export following
deforestation?

2. Material and methods

Our approach to simulate kinetic dissolution of biogenic Si in a
forest soil followed three steps. Firstly, a kinetic equation was cali-
brated based on leaching experiments of soil columns at constant water
flux. Then, the calibrated equation was used to simulate the Si export
from a forest soil under varying atmospheric conditions. Finally, the
same model was used to simulate the impact of reduced evapo-
transpiration due to deforestation and consequently increased soil
water fluxes on the Si export. All models were simulated with the HP1
software which couples Hydrus 1D with PhreeqC (Jacques and
Simunek, 2005).

2.1. Kinetic BSi dissolution

In order to calibrate the kinetic equation describing BSi dissolution,
the soil column tests described in Ronchi et al. (2015) were simulated
with the HP1 model (Jacques and Simunek, 2005). The geometry of the
model was defined by a column with a length of 6 cm and subdivided
into 25 nodes. The water flowing through the column with a flux of
0.8 cm d~ ! had a pH of 6.83 and Si concentrations of 0.0018 mmol 1~ .
An initial solution was defined in the column with a pH (pHonion) €qual
to the soil pH (pH,; in Table 1) and Si concentrations equal the final Si
concentrations measured in the leached solution ([Si];in Table 1).

The highly reactive Si (here hypothesized as just being BSi) dis-
solution was identified in Ronchi et al. (2015) by the rapid decline in Si
concentrations of the leaching curve, characterizing parabolic kinetics.
The background concentration, equal to the concentration at the end of
the curve, was determined by slow dissolution processes of stable mi-
nerals. Since parabolic kinetics are generally described for several si-
licates with Eq. (1).

(€8]

where r is the weathering rate (molm~2s~'; White and Brantley,
2003) and t is time (s), we used Eq. (1) to calibrate BSi dissolution in
HP1. As pointed out in Ronchi et al. (2015), a proton activity term
should also be added in the kinetic equation to account for soil acidity.
This term will be tested in the calibration phase.

r = kst=061

2

Table 1

Initial and final concentrations measured in the leached solution from two soils and
characteristics of the Luvisol A horizon under forest cover (Af) and the Cambisol A
horizon under forest cover (Af.) (Ronchi et al., 2015).

Afap Afiy
[Si]; (mmol 1™ 1) 1.3-1.7 2.1-2.4
[Sil¢ (mmol 1™ 1) 0.3 0.6
BSi (mgg™ 1) 5 5.4
PHgoil 4.1 3.3
PHsolution 4 3
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As we used parabolic kinetics, the calibration only focused on the
part of the curve where BSi dissolution was evident: the exponential
decline in Si concentrations of the leaching curve (only the first 8 points
of the measured curve in Ronchi et al., 2015). Other minerals were not
taken into account in this approach. We chose to fit our first numerical
model on the Luvisol column (described in Ronchi et al., 2015), as this
soil is also used in the next model (Section 2.2), with the lowest mea-
sured concentrations in order to simulate minimum concentrations. The
model is tested and evaluated on the other Luvisol replica and on the
Cambisol columns described in Ronchi et al. (2015).

2.2. Study area

The Meerdaal catchment is located in Central Belgium (Oud-
Heverlee, 50°48’1.92”N, 4°40’9.18”0; Fig. 1a). The temperate climate is
characterized by a mean temperature of 3.1 °C in January and 17.7 °C
in July. During the monitoring period (2010 — 2013), a mean annual
precipitation of 590 mm was measured in the forest. Topography varies
between 50 and 100 m above sea level. The catchment area spreads
over 2.65km? (Fig. 1b—c) and is entirely covered by forest. The de-
ciduous forest is characterized by native beech (Fagus sylvatica L) and
oak (Quercus robur L) (Clymans et al., 2013).

Silty loam soils developed on Late Glacial loess (Deckers et al.,
2009), which is underlain by the sandy aquifer of the Brussel Formation
and the clayey Kortrijk Formation (Fig. 1c). The mineralogy is princi-
pally composed of primary minerals (Quartz, K-feldspar) and clays, e.g.
smectite, illite, kaolinite (Vandevenne et al., 2015).

Hydrological fluxes were monitored in this catchment in several
studies (Clymans et al., 2013; Van Gaelen et al., 2014). Soil pore water
was extracted with suction cups (— 800 hPA) and had mean dissolved
Si concentrations of 0.34 = 0.12 mmol 1™ ! (Van Gaelen et al., 2014).
Soil water content was measured monthly with TDR sensors installed
next to the suction cups. Groundwater was sampled with a peristaltic
pump from three piezometers located near the stream. The piezometer
located near the suction cups had the highest groundwater levels (PM1
Fig. 1) and average Si concentrations of 0.24 mmol 1™, typical for the
riparian zone according to a PCA (Van Gaelen et al., 2014). The two
other piezometers had Si concentration averages around 0.4 mmol 1~ *
(Van Gaelen et al., 2014). As the groundwater sampled in these pie-
zometers would come from beyond the topographical divide (Clymans
et al.,, 2013), its composition resulted from the equilibration of the
groundwater with a larger part of the Brussel sand aquifer.

2.3. Modelling of a soil profile

We simulate a soil column comparable with a soil column from the
middle of the slope of Meerdaal (around PM1 - Fig. 1c—d) in HP1. The
column is 3 m long and divided into 100 nodes and 3 layers with dif-
ferent hydraulic parameters (Table 2). The longitudinal dispersivity was
estimated as a tenth of the profile thickness (3 m) based on general
correlations between observation scales and longitudinal dispersivities
(Gelhar et al., 1992) in saturated porous media. Atmospheric boundary
conditions were set at the top of the column, based on precipitation
data measured in situ and evapotranspiration data from the station
from the Vlaamse Milieu Maatschappij located in Liedekerke (at 40 km
from the forest). The simulation is 1802 days long (13/01/2009-19/
12/2013), however the first 2 years consist in a ‘numerical warming-up’
period (13/01/2009-13/01/2011). The input data for the warming-up
period is a copy of the data used for the rest of the simulation. At the
bottom of the column, the hydraulic boundary condition is set equal to
the groundwater level measured in PM1. Root water uptake was not
simulated in this model. The first model is called model R. A similar
model, R _ 500, has a decreased evapotranspiration of 200 mm yr~ ! in
order to simulate the Si flux after deforestation, as suggested in Fohrer
et al. (2001).

The chemical composition of the influent (Table 3) is based on the
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Fig. 1. (a) Location of the catchment; (b) topographic map of the catchment; (c) geological profile through the line A-B from (after Clymans et al., 2013) (b); (d) location of measurements
- zoom of red square from (b); (e) setting of suction cups, TDR and piezometer. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version

of this article.)

Table 2

Hydraulic parameters of the different layers of the model the residual (6,) and saturated
(6;) water content; saturated hydraulic conductivity (K; in cmd™ 1) and the Van
Genuchten parameters (a, n, D).

Layer Depth (cm) 6, O, a n K,(emd™ Y I

1 Humus 0-6 0.1 0.35 0.007 1.6 70 0.21

2 Loam 7-98 0.089 0.35 0.03 1.5 0.8 0.5

3 Sand 99-300 0.065 0.35 0.075 1.89 106.1 0.5
Table 3

Chemical composition (mmoll~!) of rainwater
applied to the column. Rain water composition was
based on data of Peeters (2010).

mmol 171!
K 0.0057
Ca 0.0018
Mg 0.005
Na 0.118
S042~ 0.0315
Si 0.008
HCO;3~ 0.034733
NO3~ 0.05407
cl 0.0149
pH 5.49

rain composition used in a regional model (Peeters, 2010). Based on the
model of Barré et al. (2009), we assumed primary minerals as chemi-
cally inert or as reacting too slowly compared to BSi and clays. In the
first 10 nodes, the kinetic reaction of BSi was applied as BSi was has
been identified in this part of the soil column (Vandevenne et al., 2015).
The infiltrating solution equilibrated with clay minerals (illite and Ca-
montmorillonite) only in the first 2 nodes. This choice was made as
simulations with clay equilibration in more nodes took more computing
timing but resulted with the same element concentrations. The whole
column was undersaturated with respect to CO,. This reaction was
buffered by calcite equilibration in the saturated zone.

3. Results
3.1. Approximation of BSi kinetics

The best fit of Eq. (1) was obtained for Afy» (Fig. 2) with the fol-
lowing equation:

(2

The equation simulated the correct range of concentrations for the
start of all curves (Fig. 2), but the squared errors were higher for the
Cambisol than for the Luvisol (Table 4). For unknown reasons, the
shape of curve Af, differs completely from Af;. Therefore this model
does not fit this curve (large squared errors in Table 4). The end of the
curve is influenced by pH enhanced weathering of stable minerals and
was not simulated in this simplified approach.

r=(9.0%1071 + [H*])*t06!
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Fig. 2. Si concentrations measured during the column test for the Luvisol (above: Afy)
and Cambisol (below: Af;) (Ronchi et al., 2015) compared with Si concentrations si-
mulated by the model.

Table 4

Sum of squared errors (SSE), mean squared errors (MSE) and determination coefficient
(r?) for the measured concentrations and simulated concentrations at the start of the
curve (8 first measured points corresponding to the dissolution of BSi in Fig. 2). r**
corresponds to the determination coefficient of the same points except the first one.

SSE MSE ? 2
Afin 3.98 0.50 0.53 0.73
Afia 1.21 0.15 0.15 0.81
Afip 2.52 0.31 0.14 0.58
Afcrz 8.02 1.00 0.40 0.83

The coefficients of determination (r2 in Table 4) were low due to the
low concentration simulated by the model at time 0 (0.50 mmol 1~ ! for
Af., and 0.87 mmol 1~ ! for Afy,), not observed in Fig. 2. At the begin-
ning of the calculated curve, values vary a lot, e.g. between 0.050 and
1.4 mmol 17! for Af;,. The first sample taken in the experiment corre-
sponds actually to a mixed sample of the first points of the calculated
curve, as enough volume was needed for lab analysis. This explains the
important difference between the initial concentrations of the model
and the experiment. Coefficients of determination are at least 0.20 units
higher when the first point is not taken into account (r?* in Table 4).

Geoderma 312 (2018) 151-158

3.2. Si concentrations in the soil column models

In both models, Si concentrations were almost constant in time in
the deeper part of the column (150 & 222 cm), when water flow con-
ditions were saturated (h > 0, Fig. 3). Variation of Si was much more
important in time in the upper part of the column (15 & 45 cm depth),
under unsaturated conditions (h < 0, Fig. 3).

Higher and more variable Si concentrations were calculated in
model R (0.32 + 0.13mmoll™!) than in model R_ 0
(0.23 + 0.07 mmoll1™ Y (Fig. 3). These averages were calculated on
the basis of all observation nodes. In contrast, the downward total Si
fluxes measured at the bottom of the column after 1802 days of simu-
lation were less important in the R model (—0.119 mol m™ 2) than in
the R_ 500 model (—0.197 mol m~ 2). This difference was due to the
lower yearly evapotranspiration in model R_ 5o creating a higher cu-
mulative bottom flux (0.93 m in R _ 599 vs 0.54 m in R). Pressure heads
differed also, i.e. during the months July 2010 and July 2011 pressure
heads had lower local minima in R than in R_ 5.

3.3. Processes controlling Si concentrations in the unsaturated zone

As most variation in Si concentrations was observed in the top of the
column, the following analysis focused on the observation node located
at 15 cm depth. As expected, none of the tested parameters completely
controls the Si concentration as the calculated Pearson correlation
coefficients (r; Table 5) are generally much lower than 1. Nevertheless,
flux conditions seemed to be the most important factor to control Si
concentrations in model R where higher downward fluxes increases Si
concentrations (r = —0.38 in Table 5). The r-value is negative as
downward fluxes were negative in the model, in contrast to upward
fluxes created by evapotranspiration. In model R _ 599, Si concentrations
correlated better with hydraulic heads (r = — 0.58 in Table 5) than
with fluxes (r = — 0.42 in Table 5), Si concentrations are higher when
hydraulic heads are negative (like in unsaturated zone). Correlations
with the amount of dissolved BSi and the pH were lower (Table 5).

3.4. BSi dissolution

At 15 cm depth, 0.25 mol BSi dissolved during the simulation period
in model R. The amount of dissolved BSi correlated with the water flux
(r = —0.48; Fig. 4). In model R _ 549 only 0.06 mol BSi reacted during
the simulation period and correlation with flux was a bit lower
(r = —0.42; Fig. 4). Si concentrations generally decreased with in-
creasing hydraulic heads (Fig. 5) and were thus generally low during
the wet periods (e.g. Fig. 6 above).

At peak flux moments during the wet season, Si concentrations
generally decreased due to dilution (e.g. at 10-2-2012 in Fig. 6). In
dryer seasons, when pressure heads (h) were low Si concentrations were
high (Fig. 5; e.g. June and September 2012 in Fig. 6). Nevertheless,
high Si concentrations also occurred at high h (Fig. 5; e.g. 23-5-2012 in
Fig. 6). Those peaks were simultaneous with the major dissolved BSi
(Agsi) peaks. Consequently, the spread of Si concentrations and dis-
solved BSi was important in saturated conditions (h = 0; Fig. 5). The
largest dissolved BSi peaks occurred simultaneously with flux peaks
following a dry period, i.e. during rewetting events (e.g. 23-5-2012 in
Fig. 6).

4. Discussion
4.1. Net Si flux

By simulating the equilibration of clay minerals and the kinetic
dissolution of BSi in the top soils, average Si concentration in the R
model (0.32 mmol 1~ ! - Table 6) were close to the mean concentrations
measured in Meerdaal forest (0.34 + 0.12mmoll™!; Van Gaelen
et al., 2014). The average Si concentration simulated in the soil pore
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Table 5

Pearson correlation coefficients (r) calculated between Si concentrations at 15 cm
and pH, dissolved BSi (Ags;), hydraulic heads (h), soil water content (6) and flux
for the models R and R_q0. Bold values indicate the highest correlations.

R R_ 200
pH - 0.09 -0.07
Agsi 0.17 0.14
h —-0.29 —0.58
o -0.07 —0.42
Flux -0.38 -0.13
0.5
$oo il o *R
0.0 A - q{v :'0, { ‘«*.y‘,‘i R-200
c oy
_. 05 i
< g . 2 4
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Ceedonge
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Fig. 4. Correlation between the flux and the amount of dissolved BSi calculated for daily
time steps by the models R (diamonds) and the model R_ 54, (triangles).

water of the “early deforested soil” simulated in model R_ 5o, was
lower (0.23 mmol 1~ !- Table 6). This difference can be partially ex-
plained by the higher amount of BSi that dissolved in model R (FAgs; in
Table 6 —0.051 mol m ™~ 2 yr~1). A similar Si flux (0.053 molm ™~ 2yr~ 1)
due to BSi dissolution was estimated for a forest soil by Gérard et al.
(2008). White et al. (2012) estimated a higher Si flux
(0.065 mol m~ 2 yr~ ') coming from a readily soluble Si pool (extracted
with an alkaline solution) in grassland, but this pool not only took into
account BSi but also amorphous pedogenic Si.

In contrast, the yearly Si flux delivered by the column was higher in
model R_,p (0.040molm~2yr~!) than in model R
(0.024 molm~ 2yr~ '-Fg in Table 6). These were higher but in the
same order of magnitude as the Si discharge calculated in previous
studies for grasslands (0.018 molm ™~ 2yr~ ! in White et al., 2012) and
forests (0.018 mol m ™ 2 yr- L in Gérard et al., 2008). The difference can
be attributed to the fact that our model did not simulate uptake by
plants and that no mineral precipitation was considered.

Our models simulated the highest Si concentrations in the un-
saturated zone. Water fluxes were an important controlling factor for Si
concentrations, especially in the R models (Table 5). By comparing the
two models, we observe that higher fluxes (R _ 590) resulted in lower Si
concentrations. Moreover, at the scale of a rain event during the wet
season, we observe that Si concentrations (R_ 5o9) decreased (Fig. 5).
This dilution effect was due to the low residence time which did not
allow pore water to reach equilibrium (Maher, 2011). Such dilution
processes were also observed in the study of Si concentrations in the
river where fresh DSi-poor soil water fed the river during rain events
(Clymans et al., 2013). In contrast, the model with lower cumulative
fluxes (FSi in Table 6), i.e. R, delivered higher Si concentrations as
larger amounts of biogenic Si (Agg;) could react. During rewetting
conditions in the dry season, peaks of the kinetic BSi dissolution were
observed.

The low Si concentrations in soil water of R _ 540 did not correspond
to the increase in DSi concentrations measured in rivers of the Hubbard
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Fig. 5. Si concentrations (mol 1~ ') and amounts dissolved BSi (Agg;) calculated for daily
time steps, plotted against pressure heads (h in cm) at 15 cm depth in model R. Similar
trends were observed for the other model.

Brook Experimental forest after deforestation (Conley et al., 2008).
However, different processes are observed in each case. In the Hubbard
Brook Experimental forest, BSi eroded from the upper soil horizon was
transported as particles to the river, where it subsequently dissolved
and provided higher Si concentrations in the river. This does not apply
in our model where the dissolution of Si takes place in the soil.

4.2. Model uncertainties

Our model is the first simulation of dissolved Si export from forest
soils taking into account the kinetic reactions of BSi. We choose to use a
simple kinetic approach that approximated our experimental curves. As
in the experimental curves some internal variation occurred, our
equation should also be tested on larger datasets to assess the un-
certainty on the fitted equation.

The model considering variable atmospheric boundary conditions
and clay equilibration reproduced comparable water content and Si
concentration ranges as measured in the field with this kinetic equation.
However it did not reproduce exact time series since it was not cali-
brated for water fluxes. Therefore, our analysis focused on the under-
standing of BSi dissolution and less on absolute quantification of an
entire Si cycle. It is a simplified view of a complex system where soil
water chemistry is dependent on bedrock composition, topography,
drainage conditions, rainfall distribution throughout the year and plant
uptake. Nutrient uptake was not taken into account in this model as
convergence problems occurred when this was included in the model. It
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Fig. 6. Normalized Si concentrations, pressure heads (h), flux (left axe) and the amount of
kinetically dissolved BSi (right axe) in the wet season (above) and dry season (middle and
below) of the year 2012 in model R at 15 cm depth. Normalization facilitates the com-
parison between the different variables. To plot intense flux as a positive peak, signs of
fluxes were inversed for normalization: positive flux is in this figure downward flux.
Dissolved BSi amounts are plotted logarithmically (right axe).

would however be interesting to develop the model to verify if the Si
uptake and release by the forest biomass are (nearly) equal (Alexandre
et al., 1997; Sommer et al., 2012).

In further developments of the model, processes linked to weath-
ering minerals should be integrated in the model. This is needed to fully
understand the Si cycle in the soil as clays can incorporate dissolved Si
from phytoliths (Cornelis et al., 2014a) or release DSi in organic rich
environments (Cardinal et al., 2010; Cornelis et al., 2010). Including
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Table 6

Summary of the model results. Average Si concentrations and standard deviations for all
observation nodes (15, 45, 75, 150, 222 cm); yearly water outflux of the column (F)
calculated from the cumulative bottom flux; the yearly Si flux at the bottom of the column
(Fs;); the yearly Si flux originating from the kinetical dissolution of BSi (FAgs;) at 15 cm
depth; and the average pH with the standard deviation calculated at 15 cm. In brackets,
the minimum value calculated for the pH at 15 cm depth.

R R_200
[Si] (mmol 1~ 1) 0.32 + 0.13 0.23 + 0.07
F(myr~1) 0.11 0.19
Fg; (molm™~2yr— 1) 0.024 0.040
FApg; (molm~2yr~1) 0.051 0.013
pH 5.30 = 0.24 (3.27) 5.28 * 0.26 (3.23)

other nutrient cycles would allow estimates of CO, consumption by
weathering processes (Goddéris et al., 2006), better estimations of K
concentrations (Goddéris et al., 2006) and a better understanding of the
influence of the presence of forest (vs a deforested soil) on the weath-
ering processes. To integrate these aspects in such models, large ranges
of solubility of different clay minerals (Violette et al., 2010) should be
tested as thermodynamic databases are based on experimental ob-
servations on pure clays, and not on interstratified soil clays. Also the
chemistry of throughfall, the primary production of plants (Barré et al.,
2009) and the cation exchange capacity of clays (Goddéris et al., 2006)
should be integrated. In further developments of this model, not only
the sensitivity of these parameters should be tested but also the role of
clays in the Si cycle should be better constrained. Unlike the WITCH
model of Goddéris et al. (2006), the cation exchange capacity of clays
was not simulated in this model. This affects the availability of cations
for plants but also for clay formation. If these aspects are simulated in
future models, the model results will not only focus on Si export but
also on cation export.

5. Conclusion

The estimation of a kinetic equation simulating BSi dissolution al-
lowed the prediction of dissolved Si concentrations in soil water close to
field values, and gave Si fluxes due to BSi dissolution close to what was
found in other studies (Gérard et al., 2008; White et al., 2012). This
equation should thus be tested on larger datasets and applied in other
models concerning Si cycles or weathering processes.

From our models it was clear that not only BSi dissolution but that
also the water flux controlled Si export. After deforestation, the water
flux increases, due to a transpiration decrease, diminishing the overall
amount of dissolved BSi and Si concentrations in the soil water. BSi
dissolution under forest is thus favored by the lower fluxes.
Nevertheless the total exported DSi flux was higher under the defor-
ested soil.

Applying such models for soils covered by different land use types
(and in different climatic conditions) at catchment scale would improve
the understanding of continental Si export to the hydrographic system.
In the model of Laruelle et al. (2009), one global average DSi con-
centration of 0.2mmol 1™ ! is used for the terrestrial DSi reservoir.
Other models integrated the impact of land use change on Si export by
taking into account changes in suspended Si material but neglected the
influence on DSi (Diirr et al., 2011). Our simulations prove that for
global models, the spatial hetereogeneity of continental Si cycling
would better be estimated after the development of catchment scale
models taking hydrological conditions and kinetic BSi dissolution into
account. It would improve the understanding of the impact of human
activities on weathering and pedogenic processes.
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