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Odur ability to predict the effects of various organic amendments on soil aggregate stability is
limited due to the complexity of the biological, chemical, and physical mechanisms involved.
Based on previous experimental results, this study developed a model (Pouloud) to predict
the dynamics of aggregate stability following the incorporation of various organic residues
under field conditions. Following Monnier’s conceptual model and previously published
data, a lognormal function is first used to describe changes in aggregate stability after organic
inputs under laboratory conditions. Using principal component analysis, the parameters of
the lognormal function are associated with the biochemical characteristics of the organic
products such as water-extractable polysaccharide, cellulose and hemicellulose, and lignin
contents. To simulate aggregate stability dynamics under field conditions, the effects of soil
moisture, soil temperature, and N availability are taken into account by specific functions
obtained from the literature. When model simulations were compared with experimental
results under field conditions, variations in aggregate stability were generally well reproduced.
The sensitivity of the model to climate variations and organic residue characteristics was
tested. Soil N availability and the substrate lignin content are major factors that influence the
prediction of aggregate stability dynamics. Our results suggest that prediction of aggregate
stability dynamics under field conditions using organic substrate characteristics and simple
climatic data is possible. More work is required to test the model and broaden its applicabil-
ity to other soil and climatic conditions.

S everal reviews have described the effects of organic matter incor-
poration on soil aggregate stability for different soils and under
varying conditions (Monnier, 1965; Lynch and Bragg, 1985; Six
et al., 2002). In most cases, incorporation of organic matter and
its decomposition improve soil aggregate stability with an intensity
and a duration that depend on the nature of the material incorpo-
rated (Martin, 1942; Gerzabek et al., 1995; Martens, 2000) and
its rate of decomposition (Abiven et al., 2007). Decomposition
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of organic substrates results in the production of biological bind-
ing agents such as polysaccharides, lipids, humic substances, and
fungal hyphae that influence the stability of soil aggregates (Lynch
and Bragg, 1985; Martens, 2000; Six et al., 2002).

From a practical point of view, it would be useful to be able
to predict the effects of different organic residues on soil aggre-
gate stability dynamics using organic substrate characteristics.
Recently, models were proposed to quantify the dynamics and
turnover of water-stable aggregates as influenced (De Gryze et
al., 2005, 2006) or not (Plante et al., 2002) by organic mat-
ter input. These studies give valuable information on newly
formed aggregates and their fate in relation to biological activity
and organic matter protection. To our knowledge, however, no
models have yet been proposed to predict the stability of existing
aggregates as influenced by different organic inputs. Two rea-
sons probably explain this gap in our ability to predict aggregate
stability dynamics following organic matter incorporation. First,
the direct relationships between aggregate stability and binding
agents remain unclear (Metzger et al., 1987; Degens et al., 1996;
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Fig. 1. Monnier’s (1965) conceptual model of temporal variations in
aggregate stability following organic substrate incorporation.

Martens, 2000). Moreover, these relationships will vary with
time after incorporation and will be dependent on climate, soil
type, and the nature of the organic substrates. As a consequence,
the content of these binding agents in the soil cannot yet be
used to predict aggregate stability dynamics. Second, few studies
have tried to link the intrinsic characteristics of the organic sub-
strates and their effects on aggregate stability. The few existing
correlations (Martin, 1942; Martens, 2000) are valid only for
the organic substrates considered and for a few sampling dates.
Monnier (1965) proposed a conceptual model that describes
the relative variations in aggregate stability following the incor-
poration of various organic substrates (Fig. 1). Based on a large
experimental database under controlled and field conditions,
this model describes aggregate stability dynamics for four broad
types of organic substrates: (i) green manure and fermentable
substrates, (ii) buried straw and fiber-rich substrates, (iii) decom-
posed manure and decomposed organic substrates, and (iv) inputs

AS Lognormal fuction
B
Organic matter Characteristics
A = f(-lignin) A
B =f(Extractable Polysaccharides)
C=f(Cellulose + hemicellulose) o
»
Time
C
Tompereture | | Somaure | | N avatablty |
- Climatic conditions unct unct unct
- organic product C and N dynamics
under controlled conditions
Burns Model
AS Prediction at field scale
/\_\ s
Time

Fig. 2. Description of the Pouloud model structure, describing
aggregate stability (AS) dynamics under controlled and
field conditions, as a function of time; A, B, and C are the
magnitude, scale, and shape parameters of the lognormal
function obtained from laboratory results.

without a significant effect on aggregate stability (not shown in
this figure). As illustrated in Fig. 1, these dynamics were conceptu-
ally related to variations in organic compounds such as microbial
corpses and prehumic and humic substances. More experimental
studies have since confirmed the general shape of aggregate stabil-
ity dynamics following organic amendments (e.g., Metzger et al.,
1987; Abiven et al., 2007) and the effects of organic residue qual-
ity (e.g., Martens and Frankenberger, 1992; Abiven et al., 2007),
which suggests that this model could be mathematically formu-
lated to predict aggregate stability and organic material incorpora-
tion. This study is a first attempt to formalize Monnier’s (1965)
conceptual model and to apply it under field conditions.

MODEL DESCRIPTION
Aggregate Stability Dynamics under
Laboratory Conditions

The model developed in this study was based on the data of Abiven
et al. (2007) and is named “Pouloud,” a term in the Breton Celtic lan-
guage that means “aggregate.” Its general architecture is presented in Fig.
2. The shape of the curves describing aggregate stability dynamics pro-
posed by Monnier (1965) suggested the possibility of fitting a mathemati-
cal function to it. The following lognormal function (Eq. [1]) was chosen
from among others for its ability to reproduce all the patterns (time dura-
tion and magnitude) presented in Monnier’s model. In particular, it was
possible to reproduce large variations that could be observed immediately
after organic residue incorporation (Fig. 1, Zone I) as well as the dynam-
ics over a longer period of time (Fig. 1, Zone III).

AS(;):ACXP{—O-S[IH(l/C)/B]Z} [1]

where 7 is the time in days, 4, B, and C are the magnitude, scale, and
shape parameters (Fig. 2), respectively, and AS(#) is the aggregate sta-
bility value in millimeters as a function of time.

The adjustments of the lognormal function parameters were calcu-
lated using data from an experiment performed under controlled condi-
tions (Abiven et al. 2007), briefly described below. In this experiment,
aggregate stability was followed after the incorporation of four organic
substrates that broadly correspond to the four categories proposed by
Monnier (1965) (Fig. 1). These fitted parameters were related to the bio-
chemical characteristics of the organic substrates using a principal compo-
nent analysis. At this stage, the model simulates the dynamics of aggregate
stability under controlled conditions.

Aggregate Stability Dynamics under Field Conditions

To take into account the influence of the organic substrate compo-
sition on aggregate stability dynamics at the field scale, three functions
describing the effect of soil moisture, soil temperature, and soil N avail-
ability on C decomposition were obtained from published studies. These
equations are based on principles used in various C and N models, and
under various soil and climatic conditions (i.e., Myers et al., 1982; Lloyd
and Taylor, 1994; Benbi and Richter, 2002; Paul et al., 2003). These three
factors are known to have a significant impact on soil biological activity. As
we are considering that the dynamics of aggregate stability follow the same
pattern as the decomposition of the organic substrates, and that the inten-
sity and duration of the changes depend on the rate of decomposition of the
organic substrates (Abiven et al., 2007), we hypothesized that these factors
would have an impact on aggregate stability dynamics.

Rodrigo et al. (1997) analyzed the main mathematical descriptions of
the effects of moisture, temperature, and their interaction on microbial pro-

120
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Table 1. Input parameters needed to run the model.

Inputs and parameters

Description

Utilization

Lignin, extractable polysaccharide,
hemicellulose + cellulose

Date of input, quantity of organic substrate conditions

Daily rainfall, potential evapotranspiration,
average temperature

Soil moisture at field capacity, saturation,
and wilting point

Reference temperature

Dynamics of C and N mineralization S
conditions

Description of the organic substrate characteristics
Information about the input applied to soil under field
Meteorological data, measured at a daily step

Reference values used to characterize the soil water fluxes

Temperature corresponding to one normalized day

Mineralization of the organic substrate under controlled

Aggregate stability dynamics under
controlled conditions (Eq. [8])

Aggregate stability dynamics under field
conditions (Initial conditions)

Soil temperature and water fluxes (Eq.
[2] and [3])

Water fluxes, effect of soil moisture (Eq. [2])
Effect of soil temperature (Eq. [3])

N availability (Eq. [4], [5], and [6])

N mineralization of the soil without the effect of the

Soil N mineralization .
organic substrates

Initial aggregate stability

Number of soil layers, bulk density Soil characteristics

Value of the aggregate stability before the input

N availability (Eq. [4] and [6])

Initialization of the model (Initial
conditions)

N and water fluxes (Burns model)

cesses used in C-N models. From this work, we chose the following equa-
tions, which were considered suitable for our soil and climatic conditions.
The influence of soil moisture was considered using

(1_“)(H_Hf)

F, =a+
H.—H,

(Myers et al., 1982) [2]
where £} is the number of days equivalent to 1 d at field capacity, H
is soil moisture, Hp is soil moisture at the wilting point, H_ is soil
moisture at field capacity, and # is an adjustment coefficient equal to
0.2, which was developed under conditions comparable to this study
(Recous 1994; Rodrigo et al., 1997). The Burns (1974) model was
used to distribute water and calculate /A in different soil layers.

The following equation was then used to take into account the influ-
ence of soil temperature. It corresponds to the Van't Hoff function adapted
by Recous (1994) for conditions comparable to those of our study:

F={p+qep[r(T-T,)]} (Recous, 1994) [3]

where F, is the number of days equivalent to 1 d at the reference tem-
perature, 7, ¢is the reference temperature, and p (—0.566), ¢ (0.62), »
(0.9125), and s (1.026) are adjusted coefficients (Recous, 1994). The
values of p, ¢, 7, and s were adjusted for data under conditions compa-
rable to this study (Rodrigo et al., 1997). The reference temperature
is fixed at 25°C, which corresponds to the temperature of the experi-
ments under controlled conditions.

The calculation of the reduction in decomposition due to N
limitation is based on Molina et al. (1983), who proposed a decom-

position reduction factor, pN:

WN(C, /N, )=0.2+1.26exp[—0.05(C, /N, ) [4]

where C,is the potentially decomposable C per day (mg C kg™!) and
Ny is the available mineral N per day (mg N kg‘l). Because (CP/N f)
can vary each day, pN is calculated every day.

The parameter C_ is the mineralization rate of the organic mate-
rial C under controlled conditions for the day considered. It is calcu-

lated as the derivative value of Eq. [5] at each time step:
C(y=Iexp(—]J/t) (5]

where C(?) is the cumulative amount of mineralized C from the
organic input with time, and 7 and J are adjusted on measured values
for each amendment (Abiven et al., 2007).

As for water transfer, the Burns (1974) model was used to dis-
tribute mineral Ny in the different layers of the soils. The parameter
Ny is determined using a N budget (Eq. [6]):

N,=N,+N,-N,+N, +N, 6]

where NV, is the amount of N present in the soil layer, IV is the amount
of N leached from the upper layer, V, is the amount of N leached to
the lower layer, V,_ is the mineralization of N from the soil, and V|
is the net mineralization of the organic input. The parameter N, was
measured experimentally with time (data not shown).

The two functions 7 and £, give results that correspond to the
number of days equivalent to 1 d at the reference temperature and mois-
ture. The two values are multiplied at a daily step in each layer to cor-
respond to the equivalent of 1 d under optimized conditions (Rodrigo et
al., 1997). Concerning mineral N availability, the limitation implies an
irreversible decrease in the decomposition activity (Recous et al., 1995)
and, as a consequence, an irreversible decrease in the effects of organic
substrates on aggregate stability. When (CP/N ) is <10, pN(Cp/N D=1
(potential conditions). When soil N content is limiting, the aggregate sta-
bility calculated using Eq. [1] is decreased by the uN factor. The different

inputs needed to run the model are summed up in Table 1.

Statistical Tools

The RMSE was used at different phases of the model construction
to assess the quality of the simulations. This value corresponds to the devi-
ation of the aggregate stability values simulated by the model compared

with the measured values on the basis of an observed mean value:
0.5

E(Y[,—Xl.)z

n

100

m

RMSE = (7]

where 7 is the number of observations, X is the measured values, Y} is
the simulated values, and 2 is the observed mean value. The RMSE

was normalized to compare it with the observed mean values.

EXPERIMENTAL DATABASE

The four organic materials (cauliflower [Brassica oleracea L. var. botrytis
L.] residues, wheat [ 77iticum aestivum 1.] straw, cattle [Bos taurus| manure,
and a very mature compost) were chosen to give a wide range in potential
decomposability and, as mentioned above, to possibly correspond to the
categories illustrated in Monnier’s (1965) conceptual model. An extensive
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Table 2. Characteristics of the soil used in the experiments.

Clay Loam Sand pH (H,0) OrganicC Organic N
gkg! gkg! —
95 518 387 7.7 10.9 1.0

study of the effects of these organic substrates on aggregate stability dynam-
ics was presented in Abiven et al. (2007). Briefly, two experimental data sets
were obtained, one under controlled conditions in the laboratory and the
other one under field conditions. Both are based on the same organic sub-
strates applied on the same soil (Table 2) and at the same rate (4 g C kg™).
The soil is an Aquic Dystrudept.

The laboratory data set was obtained from incubations under con-
trolled conditions, which were performed during approximately 4 mo
at field capacity moisture and 25°C, and under nonlimiting N condi-
tions for microbial activity. The production of CO, was measured on
a regular basis to characterize the decomposition dynamics of the sub-
strates, and soil samples were analyzed to determine the dynamics of N
mineralization and aggregate stability.

The field experimental data set was obtained from a 2-yr experiment
conducted in western France. The mean annual temperature was 11.8°C,
and the cumulative annual precipitation and potential evapotranspiration
were 746 and 853 mm, respectively, during the study period. Organic
materials were applied to the soil in June 2002, and the soil was sampled
approximately 1, 5, 12, and 24 mo after incorporation.

Aggregate stability was measured using the slow-wetting test
method proposed by Le Bissonnais (1996). This method is believed
to involve fragmentation of the dry soil aggregates by partial slaking
induced by the slow wetting. An average mean weight diameter is calcu-
lated with the resulting fragments and is expressed in millimeters.

The organic substrate characteristics (total C and N concentrations
and various biochemical characteristics) were reported and discussed in
detail by Abiven et al. (2007). A summary is presented in Table 3.

MODEL PARAMETERIZATION
Calibration of the Lognormal Equation

The parameters of Eq. [1] were fitted to the aggregate stability
data for the four different organic amendments: cauliflower, straw,
manure, and compost (Fig. 3). The fit for the cauliflower and
compost amendments is satisfactory (RMSE = 7 and 9%, respec-
tively). There seems to be an overestimation of the effect of the
cattle manure (RMSE = 16%), however, and an underestimation
of the effect of straw during the first 30 d (RMSE = 11%). After
this period, the fit is acceptable for all the organic substrates. The
high RMSE observed for the manure and straw are attributable to
the lower quality of the fit during the first 30 d.

A principle component analysis was performed to investi-
gate possible relationships between the biochemical characteristics
of the organic substrates and the parameters of Eq. [1]. Axes are

Table 3. Chemical characteristics of the organic substrates used in laboratory and field experiments.

based on organic substrate characteristics, and the adjusted param-
eters A, B, and C are used as illustrative data, i.e., these values
were not used in the calculation of the axes (Fig. 4). Each param-
eter appeared to correspond to a specific characteristic of the sub-
strates. Parameter A is related to the opposite of the lignin content
(A = —0.0068L + 1.143, where L is the lignin content in g dry
matter kg~! dry matter). Parameter B follows the same trend as
the extractable polysaccharide content (B = 0.00768EP + 1.486,
where EP is the extractable polysaccharide content in g C kg™!
C). Parameter C corresponds to the hemicellulose plus cellulose
content (C = 0.0289HC — 6.947, where HC is the hemicellulose
plus cellulose content in g dry matter kg™ dry matter).

These statistical relationships can be related to the decompo-
sition potential of the different biochemical components. Organic
substrates with a low lignin-like content will decompose more eas-
ily than materials rich in this compound (Robin, 1997). In this
case, the parameter A will be higher and the magnitude of aggre-
gate stability will be higher. A substrate with a high extractable
polysaccharide content will decompose rapidly during the first few
days. For this kind of substrate, the B parameter value will be high
and the predicted aggregate stability will also increase rapidly dur-
ing the first days. Finally, for a high C value, the decomposition
of a substrate rich in cellulose and hemicellulose will last longer
than substrates with lower content, and so will the effect of the
substrate on aggregate stability.

The A, B, and C parameters can be replaced in Eq. [1] by
these relationships to give an equation for aggregate stability as
a function of extractable polysaccharide, hemicellulose plus cel-
lulose, and lignin contents:

#/(0.0289HC—6.947)
AS()=(—0.0068L+1.143)exp|—0.51n
0.00768EP+1.486

where AS(?) is aggregate stability in millimeters with time, L is
the lignin content, HC is the hemicellulose plus cellulose con-
tent, and EP is the water-extractable polysaccharide content.

Sensitivity of the Model to Organic
Substrate Characteristics

A sensitivity analysis of the lognormal function was per-
formed to test the influence of all biochemical characteristics
of the applied organic substrates (Fig. 5). For each organic sub-
strate (cauliflower, straw, manure, and compost), eight simula-
tions were realized. Each simulation was performed by (i) using
as model input the original value of the substrate characteris-
tics (lignin, hemicellulose plus cellulose, and extractable poly-
saccharides from Table 3) and (ii) by successively varying this
original value by —20, —15, -10, =5, 5, 10, 15, and 20%. Only
one parameter was modified at a
time, i.e., each input parameter
was considered independently.

Substrate C/N dl:t(::'tgl:lrllt Hemicelluloset  Celluloset  Lignint Water-extracfable The RMSE (expressed as a per-
solublet polysaccharides centage) was calculated between

g kg dry matter gCkg ' C the result of the simulations and

Caulifower ~ 12.8 615 152 154 78 105 the measured values. To assess
Straw 136.1 173 326 437 64 27 the sensitivity of the model to
Manure 18.4 487 204 182 127 52 these model input changes, these
Compost 16.8 415 126 261 198 21 RMSEs were compared with the

1 Van Soest (1963).

average error in aggregate stabil-
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Fig. 3. Aggregate stability dynamics under controlled condi-

tions. Measured values (filled symbols) and adjusted values
(empty symbols) were calculated with Eq. [2].

ity measurement observed under field conditions. This value
was established at a standard deviation of 0.10 mm, which
represents a common average standard variability under field
conditions. A corresponding value of RMSE was calculated for

each organic product and represented by the dotted lines on Fig.

5. We assumed that the model simulation was accurate when
the error calculated by the RMSE was lower than this common
average variability.

In most cases, the lignin content was the parameter with the
greatest impact on the accuracy of the model, especially for positive
variations in its value. The RMSE was
increasing when the lignin content
was over- or underestimated. This a RMSE (%) 401
suggests that if the value of the lignin
content is not precisely estimated, the
quality of the simulation would be
lower. In most cases, however, this
variation corresponded to a smaller
variation than the commonly mea-
sured variability (Fig. 5). The hemicel-

lulose plus cellulose fraction was also

Factor2 - 27.24 %

04

cellulose

Ext. Polys.

i |

A= Y p

Factor 1 - 71.08 %

Fig. 4. Principle component analysis relating organic input character-
istics and the A, B, and C parameters of Eq. [2]. NDF = neutral
detergent fiber, Ext. Polys. = water-extractable polysaccharides.

For each organic substrate, the simulations reproduced the measure-
ments with an accuracy that is comparable to the standard error of
the experimental values. This was particularly the case for two (com-
post) or three (cauliflower, straw, and manure) dates of sampling.
The global accuracy of the prediction (for the four sampling dates)
was particularly good for the manure (RMSE = 3.3%)). For straw
and cauliflower, the general trend and three of the four experimental
values were well predicted. The relatively high RMSE for these two
residues is explained by the difficulty to predict the aggregate stabil-
ity at the first sampling date. One other data point for which the

—O—Lig b RMSE (%) 40 7 —O—Lig
—0— Ext. Pol. —{ Ext. Pol.
—— Hem. + Cell —&—Hem. + Cell
30 4
20 A
9

D

important for cauliflower, since values 10 0
lower by 10% than the inital value
strongly increased the error (RMSE

= 14% at value — 10%). Extractable c
polysaccharide content was not a sen-

sitive parameter in the model. In the 301
four contrasting cases, variations of
this model input did not change the
result of the simulation and the error
was never greater than the commonly
observed variability value.

APPLICATION OF THE o

RMSE (%) 40

Theoritical variation in substrate composition (%)
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MODELTO FIELD DATA 20 10 0
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Theoritical variation in substrate composition (%)

The variations in aggregate stabil-
ity under field conditions were gener-
ally well reproduced by the model for
the four organic substrates used in the
parameterization of the model (Fig. 6).

Theoritical variation in substrate composition (%)

Fig. 5. Sensitivity analysis of the model to theoretical variations in organic substrate characteristics
for (a) cauliflower, (b) straw, (c) manure, and (d) compost. Dotted lines represent the standard
error corresponding to a variability of 0.10 mm of the aggregate stability value. Lig = lignin,
Ext. Pol. = water-extractable polysaccharides, Hem. + Cell = hemicellulose and cellulose.
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Fig. 6. Simulation of the effect of (a) cauliflower, (b) straw, (c) manure, and (d) compost on aggregate stability compared with field measurements.
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Fig. 7. Simulation of the effect of (a) cauliflower and (b) straw on
aggregate stability with 4 climatic yr and two input dates.

model did not perform well is the compost at the first sampling date
(approximately 1 mo after incorporation). Under controlled condi-
tions, compost was found to have a small negative effect on aggre-
gate stability (Abiven et al., 2007). Under field conditions, the effect
of compost was still small but positive. Difficulties in reproducing
aggregate stability during the first weeks after residue incorporation
are due to important variations in the decomposition dynamics dur-
ing this period. Initial conditions that are not taken into account,
such as moisture content of the organic substrates or phenomena
like priming effects (Kuzyakov, 2002) can delay or accelerate the
decomposition dynamics. In the model, these rapid variations in
the conditions appear to be underestimating aggregate stability with
cauliflower residues and overestimating it for the straw.

Influence of Climate and Incorporation
Date Scenarios

To test the sensitivity of the model to different climatic sce-
narios, the effects of two incorporation dates of cauliflower and
straw (Fig. 7) were simulated for four contrasting climatic years
representing warm or cool summers, and dry or wet winters
(Table 4). When organic materials were incorporated in October,
the increase in aggregate stability occurred more rapidly and lasted
for a shorter period of time than when the incorporation was per-
formed in April. This was particularly the case for cauliflower. The
early increase is due to favorable conditions of temperature and
moisture for decomposition activity at the beginning of October.
The short duration of the effect is due to the increased leaching
of mineral N during the winter simulated by the model, which
induces a limitation in the decomposition. The longer lasting
effect when residues are applied in April is probably due to warmer
temperatures, which increased decomposition activity and there-
fore aggregate stability and N availability.
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General climatic conditions of a given year appeared to have
less impact on aggregate stability than the date of incorporation of
the residue (Fig. 7). When incorporation occurred in October, dif-
ferences between the years were small. At that date, both residues
were affected by the N limitation in the soil. When incorporated in
April, the simulated dynamics were different for the two substrates.
For instance, the lowest predicted values for cauliflower were pre-
dicted for the 2000-2001 period, which was warm and wet. We
hypothesized that accelerated decomposition followed by N leach-
ing reduced N availability and aggregate stability. Conversely, the
lowest values for straw were predicted for the 1996-1997 year,
which was dry and cold. The reduced N mineralization due to
these conditions reduced the effect of straw on aggregate stability.
Opverall, this analysis suggests that N limitation has a major influ-
ence on aggregate stability prediction by the model.

GENERAL DISCUSSION AND CONCLUSIONS

The Pouloud model is a first attempt to predict the effect of
incorporation of various organic residues on aggregate stability
dynamics under field conditions. It is presented here more as a for-
malization of a preexisting conceptual model rather than a ready-to-
use predictive tool. The complete test of the model will need to con-
sider other soil and climatic conditions, as well as a broader range
of organic substrates, even though the organic substrates chosen for
this study are probably representative of the main categories that
exist. In particular, experimental data sets obtained under laboratory
and field conditions are necessary to further characterize and under-
stand (i) organic substrate decomposition and its prediction; (ii) the
synchrony between organic matter decomposition and aggregate
stability dynamics, especially during the early peak of decomposi-
tion; and (iii) the accuracy of the temperature, water content, and N
functions under different situations. The proposed model is based
on the assumption that variations in aggregate stability induced by
organic amendments are linked to fluctuations in biological activity.
Further improvements of the model will have to take into account
both the organic products responsible for these variations (carbo-
hydrates, lipids, fungal hyphae, humic substances) and the effects
of these products on aggregate stability mechanisms such as water-
entry rate, differental swelling, hydrophobicity, and cohesion.

In conclusion, this approach allows to take into account the
dynamic nature of soil aggregate stability with time and to use func-
tions that describe the climatic and soil conditions that will influence
the decomposition of the organic substrates under field conditions.
Generally, trends in measured aggregate stability are well repro-
duced by the model and with relatively good accuracy. Differences
between simulated and measured values are comparable to the error
associated with field measurements. This suggests that prediction of
aggregate stability dynamics using organic substrate characteristics
and simple climate data is possible.
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