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a b s t r a c t

The recycling of exogenous organic matter (EOM) through agriculture is an efficient way to enhance soil
organic matter (SOM) and to supply crops with readily available nutrients. It can also cause environ-
mental damage, such as nitrate leaching. Characterisation of EOM to predict the C and N dynamics of
mineralisation when applied to cropped soils is essential to improve its use in agriculture. The mea-
surement of C and N mineralisation through soil laboratory incubation of 18 types of EOM and EOM
biochemical fractionation were used to parameterise the NCSOIL model to simulate the mineralisation
kinetics of C and N. The soil type did not significantly interfere with EOM mineralisation and parame-
terisation, enabling extrapolation of the parameters for one soil to other soil types. Four groups of EOM
were distinguished based on their C and N dynamics: (1) stable compost, (2) more reactive compost and
stable manure, (3) manure and (4) very reactive EOM as sludge and litter that should be used as fertiliser.
The use of easily accessible indicators, such as IROC (Lashermes et al., 2009) and the measured organic C:N
ratio (CNEOM), was appropriate for parameterising groups 1 and 4. Regression relating the optimised
resistant pool size and Van Soest fractions and CNEOM was found (R2 of 0.967) to improve the pool sizes
for the remaining EOM. Further research is required to improve the parameterisation.

© 2016 Published by Elsevier Ltd.
1. Introduction

The recycling of exogenous organic matter (EOM), i.e., organic
matter that is not directly derived from crop residues, via agricul-
ture has recently become a major interest in peri-urban areas that
are sources of urban-waste-derived EOM. EOM provides a supply of
nutrients for plants and enhances the soil organic matter (SOM)
contents (Stratton et al., 1995; Marmo et al., 2004). The use of EOM
becomes even more relevant in the context of increasing fertiliser
prices and cropland soil organic carbon (SOC) depletion (Ciais et al.,
2010). However, the progressive release of mineral nitrogen (N) to
the soil after EOM application makes the assessment of N avail-
ability for crops more difficult and raises the environmental risk of
excess mineral N leaching (Chalhoub et al., 2013). For optimal EOM
use, the mineralisation behaviour of EOM in terms of the C and N
dynamics requires further research (Parnaudeau and G�enermont,
2014).

Studies conducted to predict EOM mineralisation behaviour
ouot).
through biochemical characterisation of EOM (Pansu et al., 2003;
Gabrielle et al., 2004; Morvan et al., 2006; Morvan and
Nicolardot, 2009; Kabor�e et al., 2011; Chalhoub et al., 2013) have
attempted to relate the biochemical composition to simple models
(Pansu et al., 2003; Kabor�e et al., 2011). Biochemical indicators and
models have improved the understanding of EOM behaviour in
controlled laboratory conditions. The NCSOIL model simulates SOM
dynamics through C and N flows between a series of pools,
describing the addition of SOM and EOM (Molina et al., 1983;
Nicolardot et al., 1994). This model has successfully simulated C
and N soil dynamics in various soils under laboratory conditions
(Nicolardot et al., 1994; Corbeels et al., 1999; Trinsoutrot et al.,
2000; Antil et al., 2011). Moreover, the NCSOIL model has been
coupled to the crop model CERES-EGC, enabling the simulation of
EOM mineralisation under field conditions (Gabrielle et al., 2005).

Several authors have simulated the dynamics of EOM mineral-
isation using NCSOIL (Hadas and Portnoy, 1994; Beraud et al., 2005;
Burger and Venterea, 2008; Morvan and Nicolardot, 2009; Antil
et al., 2011). Various types of EOM have been considered, but few
were simultaneously studied with contrasting soil types. Further
research is required to develop a more generic description and
parameterisation of EOM in NCSOIL. EOM is described within
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NCSOIL using several conceptual pools characterised by size, C to N
ratio and rate of degradation. This parameterisation enabled good
simulation of experimental results, but these parameters were
poorly related to simple indicators or measurable fractions, such as
biochemical fractions (Hadas and Molina, 1993). The existing in-
dicators characterising EOM can be used, such as the IROC, which
determines the potential residual fraction of OM remaining in the
soil after EOM application (Lashermes et al., 2009). The IROC indi-
cator has been used to predict the increase in soil organic C
following repeated application of EOM using the RothC model
(Peltre et al., 2012). The C:N ratio has also been used to predict the
dynamic parameters and to simulate N mineralisation (Chadwick
et al., 2000; Morvan et al., 2006), including in models simulating
crop residue mineralisation (Nicolardot et al., 2001). The
biochemical fractions determined through the Van Soest fraction-
ation method (AFNOR, 2009a) have been used to simulate organic
N mineralisation from EOM (Parnaudeau et al., 2004; Chalhoub
et al., 2013). Thus, the integration of simple indicators or analyti-
cally accessible characteristics in models may provide a method to
address the parameterisation challenge of simulation models.
Similar research has been performed for other models (Pansu et al.,
2003; Pansu and Thuri�es, 2003). NCSOIL and CERES-EGC were
parameterised and used to simulate the C and N dynamics in the
long-term QualiAgro experiment, where EOM was regularly
applied for 15 years (Noirot-Cosson et al., 2016). The NCSOIL model
was parameterised for EOM based on the IROC and C:N ratio
indicators.

This was the first step of a more general objective dedicated to
the optimisation of EOM insertion in fertilisation practices at the
regional scale. The regionwas the “Plain of Versailles”, a peri-urban
region located 30 kmwest of Paris, France. In the present work, the
C and N mineralisation rates of all EOM materials that could be
found in this region were studied in the four dominant soils of the
region. The objectives were (1) to evaluate the variation of EOM C
and N mineralisation in the different soils, (2) to find generic
NCSOIL parameterisation variables for the large panel of EOM based
on their characteristics, and (3) to characterise EOM materials for
their potential N availability for crops and their efficiency to in-
crease SOM.
2. Materials and methods

2.1. Soils and EOM

2.1.1. Soils
The “Plain of Versailles”, located 30 km west of Paris (Ile-de-

France), has an area of 221 km2 with 99 km2 of cropped surfaces,
mainly under arable crops. Four soil types representing the main
cropping soils of the region were sampled in several replicates
(Table 1). According to the World Reference Base for Soil Resources,
the soil types corresponded to: (1) “Fontenay” (3 replicates); a
Table 1
Characteristics of the four soils used (World Reference Base for Soil Resources). Particle
(50e200 mm), Coarse Sand (200e2000 mm). TOC stands for Total Organic Carbon. Within
significantly different according to multiple comparison Bonferroni test.

Location Soil type Texture

Clay Fine silt Coarse silt Fine san

g/kg

Fontenay calcaric cambisol 357a ± 8 178a ± 39 196a ± 47 216a ± 7
Feucherolles arenic cambisol 159b ± 13 135a ± 12 245a ± 26 411b ±
Grignon haplic luvisol 321a ± 32 233b ± 24 342b ± 26 79c ± 21
QualiAgro haplic luvisol (retic) 154b ± 9 272c ± 6 497c ± 9 65c ± 9
calcaric cambisol, (2) “Feucherolles” (3 replicates); an arenic cam-
bisol, (3) “Grignon” (6 replicates); a haplic luvisol; and (4) “Qual-
iAgro”, a haplic luvisol (retic) (11 replicates). The plough horizons
were sampled in cropped plots, air-dried and 2 mm-sieved for
further characterisation. All analyses were performed at the central
analytical laboratory of INRA (LAS, Arras, France) and included:
particle size distribution (g/kg) in coarse sand (200e2000 mm), fine
sand (50e200 mm), coarse silt (20e50 mm), fine silt (2e20 mm), and
clay (<2 mm) (AFNOR, 2003), pH inwater (AFNOR, 2005), carbonate
contents (AFNOR, 2014), total organic C (TOC) and N by dry com-
bustion using elemental analysis after the removal of carbonates by
acidification (AFNOR, 1995). The C to N ratio was also calculated.
2.1.2. Exogenous organic matter
The 18 EOM types available or potentially available in the region

were collected and analysed (Table 2). They included EOM from
urban activities: 2 green waste composts (GWb, GWa), a co-
compost of home-sorted and separately collected biowaste mixed
with green waste (BIO), a mixture of GW compost and bone meal
(Fertylis), a co-compost of sewage sludge and GW (GWS), a dead
leaf compost (Lc), a mulch (Mul), a municipal solid waste compost
(MSW) and two sewage sludges, one dried (SSd) and one limed
(SSl). They also included EOM derived from animal effluents: four
horse manures, mixed with a high amount of straw (HMh), low
amount of straw (HMl), wooden shavings (HMw) or composted
(HMc); a cattle manure (CM); poultry litter, either dried (PL) or
composted (PLc); and an imported dried pig slurry (Humival). BIO,
MSW and GWS composts did not exist in the area. All municipal
solid wastes are incinerated. Since composting could be an inter-
esting treatment to increase the recycling of the organic fraction of
urban waste, BIO and MSW composts were also considered, rep-
resenting the 2 main composting processes for urban waste.
Additionally, sludge composting is common in France, increasing
the acceptability of this EOM but modifying the availability of nu-
trients compared to other sludge treatments. Thus, the GWS
compost was studied together with dried and limed sludge (SSd
and SSl).

Mineral N was extracted with 200 mL of 0.5 mol L�1 KCl from
50 g fresh samples and was analysed by colorimetry on a contin-
uous flow analyser (Skalar, The Netherlands). The EOM organic C
and organic N contents (CEOM and NEOM) were determined by
elemental analysis of air-dried 200 mmground soil samples, and the
corresponding organic C:N ratios (CNEOM) were then calculated for
all EOM.

Total organic matter (OM) was measured based on mass loss
after calcination at 550 �C (AFNOR, 2011). Total organic matter was
fractionated into soluble (SOL) and hemicellulose- (HEM), cellulose-
(CEL) and lignin-like (LIG) fractions according to their solubility in
detergents using crude-fibre analysis derived from the Van Soest
and Wine method (Van Soest and Wine, 1967), as described in the
French standard XP U 44-162 (AFNOR, 2009a). The SOL fraction
size fractions: clay (<2 mm), Fine Silt (2e20 mm), Coarse Silt (20e50 mm), Fine Sand
a column, results and their standard deviation (±sd), followed by different letters are

Calcareous content pH TOC C/N

d Coarse sand

g/kg g/kg

2 48a ± 11 73a ± 112 8.1a ± 0.2 19.7a ± 2.6 11.1a ± 0.2
53 51a ± 7 0.6ab ± 1.0 7.1b ± 0.4 14.8ab ± 2.7 11.3a ± 1.0

23c ± 17 25.3ab ± 14 8.0a ± 0.3 17.8a ± 3.1 11.3a ± 2.7
11c ± 1 1b ± 0 6.7b ± 0.3 10.5b ± 1.5 10.1a ± 0.5



Table 2
Physico-chemical characteristics of EOM. CEOM, NEOM, Nmin and CNEOM stand for organic C content, organic N content, mineral N content and EOM organic CN ratio. Coefficients
of variation (CV expressed in %) have been calculated based on 10 replicates analysed samples for Bio, GWS, MSW and CM, and 3 for the other EOM. Statistical analysis of these
replicated samples are presented in Table 1S. SOL, HEM, CEL and LIG stand for Soluble, hemicellulose-, cellulose- and lignin-like EOM fractions.

EOM CEOM NEOM Nmin CNEOM SOL HEM CEL LIG C3d IROC

g/kg dry matter (% OM) (% CEOM)

Green Waste compost (GWa) 314.0 (1%) 13.6 (0%) 0.02 (42%) 23.1 (1%) 54.2 3.9 19.6 22.2 2.3 78.0
Green Waste compost (GWb) 187.8 (1%) 17.6 (3%) 0.55 (6%) 10.6 (2%) 51.5 4.9 11.5 31.2 1.9 85.9
Biowaste Compost (Bio) 68.6 (33%) 8.0 (30%) 0.45 (50%) 8.6 (7%) 49.2 8.8 12.9 29.1 1.3 84.0
Green waste and bone meals (“Fertylis”) 250.9 (1%) 14.9 (7%) 0.01 (7%) 16.7 (6%) 78.0 3.5 6.2 12.5 2.5 85.3
Green Waste and Sludge compost (GWS) 265.6 (15%) 20.9 (11%) 2.46 (30%) 12.1 (18%) 45.4 7.2 21.9 25.6 6.7 74.8
Leaves composted (Lc) 174.7 (3%) 13.3 (1%) 0.25 (5%) 13.2 (2%) 61.9 1.0 7.6 29.6 1.6 90.9
Mulch (Mul) 454.7 (0%) 5.2 (19%) 0.19 (11%) 87.9 (20%) 61.3 7.6 22.7 8.5 2.3 71.2
Municipal Solid Waste compost (MSW) 308.0 (13%) 17.2 (12%) 0.09 (66%) 16.1 (21%) 47.6 6.6 23.3 22.5 18.1 63.8
Dried Sewage Sludge (SSd) 380.9 (0%) 69.1 (2%) 2.38 (4%) 5.6 (2%) 80.8 13.6 1.6 4.0 26.6 26.2
Limed Sewage Sludges (SSl) 263.0 (1%) 44.5 (0%) 0.14 (24%) 5.9 (1%) 92.7 5.5 0.8 1.0 27.5 28.1
Horse manure high straw content (HMh) 359.5 (1%) 15.8 (0%) 0.11 (5%) 22.8 (1%) 54.2 13.9 22.4 9.5 2.5 67.9
Horse Manure, low straw content (HMl) 251.3 (2%) 7.9 (13%) 0.06 (5%) 31.9 (14%) 43.9 47.2 1.9 7.0 5.4 58.7
Horse manure with wood shavings (HMw) 385.2 (0%) 13.1 (0%) 0.07 (5%) 29.3 (0%) 58.9 6.5 26.3 8.3 8.6 54.7
Horse manure composted (HMc) 178.7 (0%) 14.0 (0%) 0.62 (29%) 12.8 (0%) 59.8 6.1 12.6 21.5 2.2 81.9
Cattle manure (CM) 363.3 (19%) 19.4 (13%) 0.51 (74%) 18.7 (14%) 59.8 12.2 16.6 11.4 2.8 72.6
Dried Poultry Litter (PL) 315.3 (0%) 35.8 (4%) 2.16 (7%) 8.8 (1%) 62.2 21.5 14.4 1.9 34.8 0.0
Poultry litter composted (PLc) 175.3 (2%) 18.5 (24%) 1.14 (9%) 9.5 (21%) 57.8 12.0 18.9 11.3 10.3 53.9
Dried Pig Slurry (“Humival”) 402.8 (0%) 52.1 (5%) 0.60 (5%) 7.8 (7%) 82.8 7.3 5.6 4.2 15.5 52.1
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included both organic matter extractable in boiling water (100 �C)
and hot neutral detergent (NDF fraction of the Van Soest extraction
procedure). The IROC indicator, which reflects the proportion of
EOM that may be retained in the soil for decades (Lashermes et al.,
2009), was calculated based on the Van Soest fractions and the
proportion of EOM-TOC mineralised after 3 days of laboratory in-
cubation (C3d), as described in the French standard XP U 44-162
(AFNOR, 2009a):

IROC ¼ 44:5þ 0:5 SOL� 0:2 CELþ 0:7 LIG� 2:3 C3d (1)

where SOL, CEL and LIG are expressed as % of OM and C3d is
expressed as % of CEOM. The biochemical and chemical EOM char-
acteristics are presented in Table 2. All analyses except the
biochemical fractionation were realised in four replicates for most
EOM types, in ten replicates for BIO, GWS, CM and MSW.

2.1.3. Incubation experiments
The potential mineralisation of soil organic C and N was

assessed in the 4 representative soils during 91- to 175-day in-
cubations under controlled conditions considered optimal for mi-
crobial activity (28 �C and gravimetric water content of 24e28%,
corresponding to a water content of pF2.5, equivalent to field ca-
pacity). Fresh 4-mm-sieved soil samples (equivalent to 25 g of dry
soil) were incubated in airtight 500mL jars, with four replicates, for
either organic C or N mineralisation measurements in separate
parallel experiments. The C-CO2 was trapped in 10 mL of NaOH
(0.5 mol L�1), which was periodically sampled and replaced. The C-
CO2 trapped in NaOH was analysed by colorimetry on a continuous
flow analyser (Skalar, The Netherlands). Opening the jar renewed
the atmosphere and maintained aerobic conditions. On the same
dates, the mineral N (N-NH4

þ and N-NO3
- ) was extracted with

100 mL of 0.5 mol L�1 KCl and was then analysed by colorimetry on
a continuous flow analyser (Skalar, The Netherlands). All jars
incubated for N mineralisation were opened simultaneously with
those used for C mineralisation to ensure aerobic conditions.

The kinetics of C and Nmineralisationwere alsomeasured for all
applied organic amendments during the 91- to 175-day incubations
of the soil organic amendment mixtures, in four replicates, under
similar controlled laboratory conditions following a standard
method (AFNOR, 2009b). “QualiAgro” soil was prepared and used
as previously described. The equivalent of 25 g of dry soil was
mixed with 0.5e1 g of EOM and placed in airtight 500 mL jars for C-
CO2 or mineral N measurements. Mineral N was added at the
beginning of the incubation (to reach an initial content of 25 mg N-
NO3 kg�1 soil) to prevent mineral N stress from affecting the EOM
organic matter degradation. C-CO2 was measured as previously
described. Inorganic N was measured as for soil alone, but the
extractionwas performed with 200 mL of 1 mol L�1 KCl with a soil/
solution ratio of 1:5. Additionally, 4 EOM types (SSd, HMl, GWb and
GWS) were incubated in the 4 soils for 91 days following the same
procedure. The incubation data for the four soils were used to study
the soil effect on EOM mineralisation, whereas the results of EOM
incubated in the same soil were used to compare the EOM behav-
iour and model parameterisation.
2.2. Modelling

2.2.1. The NCSOIL model
The NCSOIL model (Molina et al., 1983; Barak et al., 1990; Hadas

andMolina,1993; Nicolardot et al., 1994) was used to simulate the C
and N mineralisation of SOM during the lab experiment. Assuming
a homogeneous soil and constant temperature and water content,
NCSOIL simulates EOM decomposition after incorporation into soil,
nitrification, immobilisation and mineralisation of N, along with
SOM decomposition and formation using a system to control the
rates and decisional switches amongst a series of pools (Haskett
et al., 1986). The OM flow series were described by 4 SOM pools
involved in N and C turnover (Fig. 1): (i) pool 0, termed the
“zymogenous biomass”, developed from the degraded EOM pool,
(ii) pool I, representing the endogenous microbial biomass; (iii)
pool II, a fraction of humified OM termed “mineralisable SOM”; and
(iv) pool III, corresponding to highly humified OM with a very low
decomposition rate. Each pool i was defined by its C content (or
“pool size”), Cpi, its C to N ratio, Ri ¼ Cpi/Npi (where Npi is the N
content), its decomposition rate, ki, and a microbial use efficiency
factor (EFFAC), i.e., the fraction of decomposed C that is incorpo-
rated into the microbial biomass pool I or the zymogenous biomass
pool 0 for EOM (Hadas et al., 2002), and a humification factor
(EFSINK) i.e., the fraction of decomposed C that is incorporated into
the following mineralisable soil pool (II or III). EOM and soil pools 0,
I and II were divided into labile and resistant “fractions” with
different degradation rates (kl and kr) and C:N ratios (CNl and CNr).



Fig. 1. Structure of the NCSOIL model, kij stands for decomposition rate of pool ij in days�1, i varying from 0 to 3 and j being either labile or resistant, EFFAC for the proportion of
decomposed pool recycled in biomass pool, EFSINK for the proportion of the decomposed pool recycled in the following mineralisable soil organic pool.
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The OM decomposes following first-order kinetics:

�ðdCi=dtÞ ¼ ki � Ci (2)

The N flows follow the C flows with respect to the C:N ratio of
the pool being decomposed; inorganic N is added or withdrawn by
the following pool to maintain its C:N ratio. The parameters are
summarised in Table 3.

2.2.2. Model parameterisation

2.2.2.1. “QualiAgro” soil parameterisation. Only the “QualiAgro” soil
was parameterised for NCSOIL simulations. The model was para-
meterised using a set of parameters from Molina et al. (1983),
Nicolardot et al. (1994), Corbeels et al. (1999) and Hadas et al.
(2004) (Table 3). The initial pool II size and C:N ratio were para-
meterised using the optimisation module of NCSOIL (Barak et al.,
1990). This module adjusts the unknown parameters by fitting
simulations against experimental data of CeCO2mineralisation and
inorganic N accumulation during the incubation of control soils,
using the Marquardt algorithm, which minimises the merit
function:

c2 ¼
XN

i¼1

h�
yi � yðxi; aÞ

.
si

�i2
(3)

where i ¼ 1, 2, …, N is the number of observations; yi is the ith
measured dependent variable; y(xi, a) is the predicted value of a
variable at time xi based on the parameter values a being
optimised; and si is the standard deviation of yi.
2.2.2.2. EOM parameterisation
2.2.2.2.1. EOM decomposition rates. Fig. 2 summarises the suc-

cessive steps used for the EOM parameterisation in the NCSOIL
model. The C and N mineralisation kinetics of the 18 EOM types
incubated with the “QualiAgro” soil were used.

First (Step 1 and 2 in Fig. 2), the decomposition rates of the labile
and resistant pools of EOM (kEOM: kl and kr) were obtained by non-
linear regression (NLR) of the experimental kinetics of C minerali-
sation, as described in Gabrielle et al. (2004). The NLR used a two-
compartment, exponential C-decay model fitted against the CO2

release data of the incubated soil-EOM mixtures, after subtracting
the contribution of endogenous soil OM, assuming, as Mamo et al.
(1999), that the mineralisation of endogenous SOM did not inter-
fere with the application of EOM. This model can be written as:

Crelease ¼ Cl½1� expð � kltÞ� þ Crkrt (4)

where Crelease is in mg C kg�1 dry soil, t is time (days); Cl and Cr are
the sizes of the labile and resistant fractions, respectively
(mg C kg�1 dry soil); and kl and kr are the decomposition rates of
the labile and resistant fractions, respectively (day�1).

As Cr can be calculated from Cl as (Ci-Cl), where Ci is the total
EOM carbon content in mg C kg�1 dry soil, Cl, kl and kr are the only
unknown parameters. Cr and Cl were expressed in % of Ci.

The NLR procedure fits all parameters simultaneously. When the



Table 3
NCSOIL parameters for soil organic pools and exogenous organic matter (EOM): sources and setting methods.

NCSOIL pools Pool 0 and I Pool II Pool III EOM

Initial Size (mg C.kg�1 soil) CP0 ¼ 0
CPI ¼ 2.6% of TOC2

Optimised TOC-CPII-CPI CEOM

Labile fraction (% total C of pool) 562 164 e Cl ¼ 100 � Cr
Resistant fraction (% total C of pool) 442 844 e Cr ¼ IROC or optimised (see in text 2.4.3)

C decay rate constants (k in day�1) 0.0000552

Labile 0.3321;2 0.161 kl ¼ Predicted (see x3.2)
Resistant 0.04041;2 0.0025 kr ¼ Predicted (see x3.2)

Fraction of decomposed C recycled into
following pool (see Fig. 1) (EFFAC)

0.61,2 0.41 0.251 0.6

Fraction of decomposed C incorporated into the
following pool (see Fig. 1) (EFSINK)

0.21;2 0.21;2 e e

C/N ratio 6.01;2 Optimised CNPIII ¼ CPIII/[(TOC/CNTOC)
-(CPI/CNPI)-(CPII/CNPII)]

CNEOM

Labile e e e CNl ¼ Set as CNEOM or optimised
Resistant e e e CNr ¼ Cr/(CEOM/CNEOM � Cl/CNl)

PI stands for pool I, PII for Pool II, r for EOM resistant pool and l for labile, TOC for Total Organic Carbon Content, EOM for total Exogenous Organic Carbon, C for pool size
(mg C kg�1 soil), CN for organic C/N ratio, k for C decay rate constant; 1Corbeels et al. (1999), 2Nicolardot et al. (1994), 3Hadas et al. (2004), 4Molina et al. (1983); 5Noirot-Cosson
et al., 2016.

Fig. 2. Overall approach used for model parameterisation. Cl, kl, CNl and Cr, kr, CNr stand for pool size, decomposition rate and organic C/N ratio of EOM labile and resistant pools
respectively. NLR and AHC stand for Non-Linear Regression and Ascending Hierarchical Classification. Opt stands for optimised and VS for Van Soest.
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first part of the curve was not well fitted, it tended to be offset by
the fitting of the second part, resulting in strong biases in slopes i.e.,
kr estimates. However, the latter slope was more sensitive to fitting
bias as it was generally 100 times lower than the slope of the first
part. Therefore, a new kr was calculated by directly using the slope
of the second phase between day 49 and the last incubation day.
Both kl and krwere multiplied by 1.5 because NLR does not consider
microbial recycling in the NCSOIL model (Gabrielle et al., 2004).

The decomposition rates (kl and kr) were then grouped (Step 2 in
Fig. 2) using ascending hierarchical classification (AHC) with the
Ward's method (Ward, 1963) based on 3 discriminative character-
istics: kr, IROC, and CNEOM or kl, IROC, and CNEOM. Clustering was



Table 4
Effects of soil and EOM type on the parameters of EOM C mineralisation (P-value of
Kruskal Wallis test).

Parameters of EOM C mineralisation kinetics
(equation (4))

EOM type Soil type

kl 0.006597 0.9778
Cl 0.004848 0.7924
kr 0.01904 0.6785
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performed avoiding isolated EOM. Within each cluster, kl and kr
were averaged and assigned to all EOM types in the cluster for the
NCSOIL simulations.

2.2.2.2.2. EOM pool sizes. We tested two methods to parame-
terise the fraction sizes for NCSOIL: method A used the IROC indi-
cator to define the size of the resistant pool and method B
optimised the fraction sizes using the optimisation module (Step 3
in Fig. 2).

2.2.2.2.3. EOM pool C:N ratios. We also tested two methods of
parameterisation: in method-1, both pools used the measured
CNEOM as the C:N ratio, whereas in the method-2, we optimised CNl

and recalculated CNr.
We tested all method combinations (A; B)x(1; 2), resulting in 4

parameterisation tests for each EOM.

2.2.2.3. Parameterisation evaluation. To evaluate the goodness of fit
of the simulation to the measurements, we first visually compared
the simulated with the experimental kinetics. To evaluate the
appropriateness of the use of IROC and CNEOM, we evaluated the
difference between IROC and the optimised Cr and between CNEOM
and the optimised CNl or recalculated CNr.

2.2.3. Statistical evaluation of the soil effect on EOM mineralisation
The influence of soil characteristics on the parameters of the

EOM mineralisation kinetics was assessed through statistical
comparison of the NLR results of the C-CO2 kinetics of C minerali-
sation for the 4 EOM types incubated in the 4 soils (Step 1 in Fig. 2).
The parameters were subjected to a Kruskal-Wallis test at P < 0.05
to determine the significance of effects and differences related to
soils or EOM. Statistical analyses were performed using XLSTAT
2014 software.

2.2.4. Factor analysis: relation between EOM parameters and
characteristics

Factorial analyses were performed using XLSTAT 2014 software
to determine the relations between the EOM characteristics,
NCSOIL parameters and EOM groups of similar mineralisation
behaviour (Step 4 in Fig. 2). The Pearson correlation between the VS
fractions (LIG, CEL, HEM, SOL) and NCSOIL parameters (kEOM, IROC,
optimised Cr, CNEOM) was calculated.

3. Results

3.1. Variation of the C mineralisation kinetics of EOM with soil type

The effect of soil type on the dynamics of EOM C mineralisation
was tested on 4 EOM types (GWb, GWS, HMh, SSd). The kinetics of C
mineralisation (Fig. 1S) were fitted with the NLR model for these 4
EOM types, and the effect of soil on the parameters of the NLR
equations was statistically tested (Table 4). Soil type was not sig-
nificant (P-values > 0.05). In contrast, the EOM effect was signifi-
cant (P-values < 0.05).

These results indicated a lack of soil effect on the net EOM C
mineralisation compared to the differences between EOM and
therefore confirmed the relevance of studying EOM parameter-
isation based on incubations performed in only one type of soil.

3.2. EOM mineralisation behaviour

The kinetics of C and N mineralisation for all EOM incubated in
“QualiAgro” soil are presented in Figs. 2S, 3S and 4S, 5S. Four groups
of mineralisation behaviour were identified. Fig. 3 shows examples
of the mineralisation kinetics for one EOM type from each group:
HMc, MSW, HMh and SSl.

In the first group (e.g., HMc in Fig. 3), the C and Nmineralisation
rates were very low, with 10% of CEOM and �10 to 10% of exogenous
organic nitrogen (EON) mineralised after 91 days of incubation.
This group of 6 EOM types included only composted EOM.

The second group of EOM (e.g., MSW) was characterised by
higher C mineralisation rates (approximately 30% of CEOM) and low
(�4% of EON for CM) to high N immobilisation at day 7 (�51% of
EON for GWa). This group could be considered a transition group
between the first and the third groups and included 2 composts and
CM.

The third groupwas characterised by high Cmineralisation rates
(between 51 and 81%) and strong N immobilisation (�39 to�151%).
This third group included mulch and 3 horse manures. CM was the
only manure excluded from this group.

The fourth group was characterised by high C (37e97%) and
high N (12e48%) mineralisation rates. It included 5 EOM types: 2
sludges, 2 poultry litters and the dried pig slurry Humival.

3.3. Classification of EOM for kEOM parameterisation

The kr parameter could not be determined for 5 EOM types
because the mineralisation slopes were negative. They were
therefore excluded from the classifications. Dendrogram trees for kl
and kr are presented in Fig. 4a and b with the associated cluster
characteristics in Fig. 5a and b.

For kl, the height differences suggested a division of the EOM
groups into 4 clusters (Fig. 4a). However, to avoid a cluster with
only one EOM and because the clusters had similar kl, we grouped
three sub-clusters together in the kl-S cluster, leading to a
distinction of cluster kl-U and cluster kl-S for kl attribution. Cluster
kl-U was characterised by low CNEOM (average 7.0), low IROC
(average 26.8) and high kl (average 0.376). Cluster kl-S was char-
acterised by high CNEOM (22.4), high IROC (73.1) and low kl (0.114).
Cluster kl-S included all composts and manures, and cluster kl-U
included the sludges, non-composted litter and slurry (Humival).

For kr, the height differences suggested 5 clusters (Fig. 4b).
Again, to avoid a cluster with only one EOM and since HMl and Mul
had both high CNEOM and high kr, theywere grouped into cluster kr-
Uwith high CNEOM, leading to 4 distinct clusters for kr. Clusters kr-Sr
and kr-Sl included all the composts and manures (except HMl) and
were similar in terms of CNEOM (average values of 17.6 and 17.1,
respectively) but differed with respect to IROC (78.3 and 58.1%,
respectively) and kr (0.971E-3 and 1.59 E-3, respectively). Cluster kr-
Un was characterised by high kr (2.09E-3), very low IROC (27%) and
very low CNEOM (5.8), while kr-Uc presented the highest kr (2.59E-
3), quite high IROC (46%) and very high CNEOM (59.9).

The cluster characteristics could be used to facilitate further
kEOM parameterisation. In our dataset, EOM types for which kr could
not be calculated were close to the kr-Sr cluster based on their IROC
and CNEOM; therefore, they were attributed the kr value of this
cluster.

3.4. Simulation of EOM mineralisation

The simulated C and Nmineralisation kinetics, for all EOM types
and the 4 tested methods of parameterisation are presented in



Fig. 3. C and N kinetics of mineralisation for one EOM from each group; examples of group 1 (HMc, Horse Manure composted), group 2 (MSW, for Municipal Solid Waste compost), group 3 (HMh, Horse Manure with high amount of
straw) and group 4 (SSl, for limed Sewage Sludge). Bar errors referred to standard deviations. All experimental results are presented in Figs. 2S, 3S and 4S, 5S. Methods A and B refer to resistant pool (Cr) initial parameterisation with IROC
or optimisation, respectively, and methods 1 and 2 refer to CNl and CNr parameterisation using CNEOM for both pools or the optimisation of CNl, respectively (see x 2.2.2.2).
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Fig. 4. Dendrogram trees for kl clustering (a), and kr clustering (b). In clusters names, S stands for stable, U for Unstable, l for labile, r for resistant. EOM labels: Dried Sewage Sludge
(SSd), Green Waste compost BYS (from Bio Yvelines Service) (GWb), Green Waste and Sludge compost 2009 (GWS), Horse Manure, low straw content (HMl), Municipal Solid Waste
compost (MSW), Horse manure high straw content (HMh), Horse manure with wood shavings (HMw), Horse manure composted (HMc), Cattle manure (CM), Dried Poultry Litter
(PL), Poultry litter composted (PLc), Leaves composted (Lc), Green Wastes Sep (from SEPUR) (GWa), Mulch (Mul), Biowastes Compost (BIO), Limed Sewage Sludges (SSl), Dried Pig
Slurry (“Humival”), Green waste and bone meals (“Fertylis”).

Fig. 5. Characteristics of the EOM clusters for kl parameterisation (a) and kr parameterisation (b) in terms of kEOM (days�1), IROC (% of CEOM) and CNEOM. In cluster names, S stands for
stable, U for Unstable, l for labile, r for resistant, n for rich in nitrogen and c for rich in carbon.
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Fig. 1S, examples are presented in Fig. 3 and the results are sum-
marised in Table 5.

For the EOM in the first group, C mineralisation was well
simulated (Figs. 3 and 1S) regardless of the resistant pool size
parameterisationmethod. c2 ranged between 0.04 and 0.32 (except
for GWS method A). The resistant pool size estimated with IROC
(method A) and the optimised value (method B1) differed little
(<12% absolute difference) (Table 5). The N mineralisation dy-
namics were also well simulated. Optimising the C:N ratios
decreased c2 by 0e47% and the optimised C:N ratios for the labile
and resistant pools differed little from the simulations using CNEOM
for both pools.
For the EOM in the second and third groups, C mineralisation
was always underestimated using method A. Using method B
improved the C mineralisation simulations for all EOM types
compared to method A; however, c2 increased for four EOM types
out of seven due to the poorer N mineralisation simulations. The
optimised resistant pool sizes were always smaller than IROC by at
least 19% for CM up to 61% for mulch. Optimising the C:N ratios
generally resulted in lower c2 values (changes of �82% to þ7%). To
better fit the N mineralisation measurements, the optimisation of
CNl resulted in a higher CNl for the 2nd group: slightly for CM (from
13.6 to 14.1), with larger differences for MSW (from 16.2 to 21.6)
and GWa (from 23.1 to 39.7). For group 3, the optimisation did not



Table 5
EOM parameterisation NCSOIL tests results.

Groups of EOM based on mineralisation behaviour Group 1 Group 2 Group 3 Group 4

EOM Bio GWb HMc LC GWS Fertylis CM MSW GWa HMw HMh HMl Mulch SSd SSl PL Humival PLc

Resistant pool size
IROC(A) 84% 86% 82% 91% 75% 85% 73% 64% 78% 55% 68% 59% 71% 26% 28% 0% 52% 54%
Cr optimised (B) 92% 87% 86% 84% 87% 79% 54% 44% 45% 21% 14% 0% 10% 17% 29% 0% 40% 13%
Labile C/N ratio
CNEOM(1) 8.6 10.6 12.8 13.2 12.1 16.7 13.6 16.2 23.1 29.3 22.8 31.9 87.9 5.6 5.9 8.8 7.8 9.5
CNl optimised (A2) 11.9 20.9 13.7 30.7 17.4 18.3 13.1 21.6 2674.4 30.2 67.4 232.7 40.3 6.3 6.8 8.8 6 10.5
CNl optimised (B2) 9.6 21.7 13.1 21.7 16.2 17.9 14.1 20.3 39.7 NA 20.5 31.9 82.2 6.8 6.8 8.8 6.9 12.3
Resistant C/N ratio
CNEOM 8.6 10.6 12.8 13.2 12.1 16.7 13.6 16.2 23.1 29.3 22.8 31.9 87.9 5.6 5.9 8.8 7.8 9.5
CNr calculated (A2) 8.2 9.8 12.6 12.5 11 16.5 13.8 14.2 18.1 28.6 17.3 19.9 168.3 4.3 4.3 8.8 10.9 8.8
CNr calculated (B2) 8.5 9.9 12.7 12.3 11.7 16.5 13.2 12.9 15.3 NA 74.7 31.9 104.2 3.2 4.3 8.8 10 3.8
c2

A1 0.24 0.20 0.07 0.24 0.70 0.26 0.10 0.33 0.41 0.48 1.12 0.89 0.15 0.33 0.48 0.38 0.33
A2 0.13 0.15 0.07 0.11 0.39 0.23 0.11 0.17 0.96 0.44 0.48 0.68 0.62 0.10 0.30 0.48 0.12 0.32
B1 0.05 0.20 0.04 0.32 0.22 0.31 0.09 0.49 1.60 0.55 0.75 0.21 4.56 0.30 0.33 0.48 0.22 1.08
B2 0.05 0.15 0.04 0.12 0.15 0.32 0.09 0.22 0.30 NA 0.56 0.21 4.86 0.09 0.21 0.48 0.13 0.27
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converge for HMw and was not performed for HMl since 100% of
the carbon was in the labile pool. The value of CNl decreased for
HMh (from 22.8 to 20.5) and for mulch (from 87.9 to 82.2) without
well-fitting the N mineralisation dynamics for the mulch. Addi-
tionally, the simulated N immobilisationwas not sustained, and the
simulations showed re-mineralisation at the end of the experi-
ment. Therefore, the C:N ratios optimisation was inefficient for
improving the simulations.

In the fourth group, C mineralisation was well simulated for the
sludges and Humival regardless of the parameterisation method,
with a slight underestimation for Humival using method A that was
corrected by method B. The c2 values were lower than 0.38.
However, method A resulted in a strong underestimation for PLc
that was also corrected by method B, and for PL, both methods led
to underestimation of mineralisation. The Cr optimised was
equivalent to the IROC for SSl (28 and 29%) and lower for SSd,
Humival and PLc (17, 40 and 13% rather than 26, 52 and 54%,
respectively). The model did not accurately simulate the PL min-
eralisation dynamics because this EOM only contained a labile
fractionwith very high kl. The C:N ratios optimisation improved the
simulations of N mineralisation for the sludges and slightly
changed CNl from 5.6 and 5.9 to <6.8 for SSd and SSl, respectively,
with the two methods A and B. For Humival, method B2 also
slightly changed CNl (from 7.8 to 6.9) but better simulations were
obtained using method A2 with IROC, with CNl changed to 6.0. For
PLc, better simulations were obtained with B2, which implied
consequent change in CNl (from 9.5 to 12.3). The C:N ratios did not
change for PL since 100% of the organicmatter was in the labile pool
for both methods A or B.

Finally, for the first group with composts, using IROC for the Cr
size and CNEOM for both pool C:N ratios was adequate for the
parameterisation. For the second and third EOM groups, including
the less stable compost and manures, optimisation was necessary
to determine the resistant pool Cr. Total CNEOM was acceptable for
group 2, but for group 3, an increase in CNl was needed to better
represent the N dynamics. For group 4, IROC was adequate for
sludges but underestimated Cr for PLc and slightly for Humival.
Additionally, despite better simulations when optimising CNl, the
changes in the C:N ratios were small.
3.5. Relation between EOM groups, model parameters and chemical
characteristics

The 4 groups of EOM were characterised by different chemical
characteristics (Fig. 6). Relationships between the EOM simulation
parameters (IROC, optimised Cr, CNEOM and averaged kl and kr for
each EOM cluster) and VS fractions were found (Table 6). The value
of kl was closely and positively related to SOL and slightly and
negatively related to CEL and LIG. kr was slightly related to HEM
(positively) and LIG (negatively) (Table 6). The optimised Cr and IROC
were positively related to LIG. CNEOMwas only weakly related to the
VS fractions but positively related to CEL and HEM (Table 6).

The EOM groups based on mineralisation behaviour could also
be distinguished based on the Van Soest fractions and simulation
parameters (Fig. 6). Groups 1 and 2 had higher LIG fractions, IROC
and Opt Cr than the other groups, particularly group 1. Groups 2 and
3 were characterised by higher CEL fractions, and group 3 by higher
CNEOM. Group 4 had higher SOL fractions and very low CNEOM.

The EOM types that did not require optimisation of parameters
to correctly simulate C and N mineralisation were the EOM types
from group 1 and the 2 sludges from group 4-2 (Fig. 6).

The 9 EOM types that required a consequent Cr increase
compared to their IROC (EOM types from group 2 and 3 and also
group 4-1, i.e., Humival and PLc) corresponded to EOM types with
CNEOM > 20 and IROC ranging from 50 to 73 (Fig. 6). They had high
CEL and intermediate LIG fractions. These EOM types also required
C:N ratios optimisation but were not enough to define any trends.

For these 9 EOM types, regression between the optimised Cr and
the analytical characteristics, including the Van Soest fractions,
were performed, as was done to elaborate the IROC indicator. CM
was always an outlier and was removed to build the regression. The
best regression was found with HEM, CEL, LIG and CNEOM, with an
R2 of 0.967, R2-adj of 0.923 and a P-value for the Fischer test of
0.015.

Cr ¼ 49:514� 1:8228�HEM� 2:0345� CEL þ 1:2705� LIG

þ 1:00891� CNEOM

(5)

where Cr is the resistant pool size (% of CEOM); HEM, CEL, and LIG are
the Van Soest fractions (% OM); and CNEOM is the organic C:N ratio
of EOM.
4. Discussion

4.1. Parameterisation methods

In this study, the EOM parameterisation in the NCSOIL model



Fig. 6. Characterisation of EOM groups: SOL, HEM, CEL and LIG fractions from the VS fractionation and parameters of mineralisation kinetics: Optimised Cr, IROC and CNEOM. Groups 4-1 includes PLc and Humival, Group 4-2 SSd, SSl and
PL.
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Table 6
Correlation matrix between EOM parameters and VS fractions.

Variables IROC Opt Cr CNEOM HEM CEL LIG SOL kl kr

IROC 1 0.714 0.184 �0.356 0.220 0.772 �0.435 �0.821 �0.535
Opt Cr 1 �0.347 �0.546 �0.061 0.820 �0.158 �0.377 �0.809
CNEOM 1 0.102 0.379 �0.145 �0.198 �0.340 0.578
HEM 1 �0.261 �0.407 �0.295 0.077 0.632
CEL 1 0.240 �0.583 �0.538 �0.162
LIG 1 �0.577 �0.635 �0.664
SOL 1 0.736 0.113
kl 1 0.315
kr 1
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was based on the experimental kinetics of C and N mineralisation.
We first found that the effect of soil on EOM mineralisation and

parameterisation was not significant, allowing the use of parame-
ters that depended only on the EOM type and not the soil with
which the EOM was mixed. This result is in agreement with
Coppens (2005), who found that soil type had little influence on the
C decomposition of crop residue, and Lundquist et al. (1999), who
found that crop residue decomposition was similar when incu-
bating in differently managed soils. The results of Kabor�e et al.
(2011) also validate the initial TAO model used to simulate EOM C
and N mineralisation with a different soil than used for calibration.

The parameterisation of kEOM, and especially kr, based on in-
cubations was very sensitive to the data, and small error or varia-
tion in the experimental results resulted in poor parameterisation.
We initially set kr using the calculated slopes at the end of the in-
cubations rather than the fitted NLR parameters considered using
the complete experimental kinetics. However, we still faced issues
due to experimental uncertainties, leading to negative slopes that
could not be used as parameters. Thuri�es et al. (2002) also found
that the estimations of kEOM were always less accurate than the
estimations of the pool fraction size. Thus, the dataset of the EOM
types and their characteristics were clustered, and the average kEOM
values were calculated for each cluster and attributed to each EOM
in the cluster. This made possible to attribute the dynamic pa-
rameters to EOMwithout information about C and Nmineralisation
based on their characteristics, avoiding time-consuming in-
cubations. Using the same NCSOIL model, Antil et al. (2011) deter-
mined the kEOM values of the same order of magnitude for similar
EOM types, between 0.031 and 0.461 day�1 for kl and between
5.2E-4 and 1.24E-3 day�1 for kr. (Beraud et al., 2005). found similar
kr (1.19E-4 and 1.42E-4 day�1) but lower kl (approximately
0.024 day�1) for two composted EOM types.

The IROC indicator represented the stable fraction of EOM, that
was potentially incorporated into SOM and was calculated as the
proportion of non-degraded EOC when the decomposition rate
reached 0.02 y�1 or 5E-5 d�1 (Lashermes et al., 2009). In this study,
this indicator was used to determine the proportion of CEOM in the
resistant pool, where the decomposition rate varied from 0.971 to
3.085E-3 d�1. This was adequate for stable EOM types, such as
composts (Noirot-Cosson et al., 2016), and very unstable types,
such as sludge and litter. However, IROC was not suitable to
parameterise the Cr fraction for 9 EOM types, and a new regression
was obtained for these EOM types, except the CM outlier, based on
the analytical results and biochemical fractions. Thuri�es et al.
(2002) also used the biochemical fractions to estimate Cr. The
organic C:N ratio (CNEOM) was used for the resistant and labile EOM
fractions, even when N mineralisation was not well simulated,
mostly because of a lack of experimental data for calculating
different C:N ratios for both fractions. More EOM should be studied
to develop a generic method of parameterisation.

In this study, a 2-compartment model was used to parameterise
EOM for NCSOIL. Other models describe EOM based on more
fractions: 3 fractions in the TAO model (Thuri�es et al., 2002) and 4
fractions in the CANTIS model (Garnier et al., 2003). However, this
would require more parameters to be set, when the objective is to
find a generic parameterisation.

Predicting EOM N fate based on experimental data or through
classification or typology has previously been performed
(Lashermes et al., 2010; Morvan et al., 2006), but doing it to
parameterise a model is rare (Pansu et al., 2003). Finally, the
following parameters should be used for further simulations with
NCSOIL: the optimised carbon pool sizes, the total organic C:N ratio
(CNEOM) for both EOM pools and the averaged kEOM for each cluster
(Table S2).

4.2. General scheme for relating model parameters to measured
values

The stable fraction size Cr was positively related and kr was
negatively related with the LIG fraction, while kl was positively
related with the SOL fraction. LIG may be the most recalcitrant and
SOL the most reactive fractions in the EOM. It is often considered
that EOM with large SOL or LIG fractions behave as reactive or
stable matter, respectively (Thuri�es et al., 2002). However, the SOL
fraction was not related with the size of the labile fraction of EOM,
probably because this fraction is heterogeneous and its chemical
composition changes during EOM treatment by composting (Peltre
et al., 2010). The HEM fraction was positively related with kr, cor-
responding to amore biodegradable resistant pool. The CEL fraction
was negatively related with kl, meaning that a high CEL fraction
corresponded to EOM with a less biodegradable labile pool. The
HEM and CEL fractions described the diversity of the intermediate
EOM from groups 2 and 3. When the CEL fractions were similar, the
large HEM fractions in group 3 were associated with low Cr. Larger
HEM fractions were associated with high CNEOM and explained the
large N immobilisation observed for the EOM types in group 3.
However, more EOM types need to be studied to better relate the
biochemical fractions with parameter dynamics (Thuri�es et al.,
2002). Near infrared reflectance could also be used (Peltre et al.,
2011; Kabor�e et al., 2012) as a rapid and non-destructive method
for characterising EOM.

4.3. EOM types available in the “Plain of Versailles” region

Four groups of EOM were classified based on their C and N
mineralisation kinetics. With a larger number of EOM,Morvan et al.
(2006) distinguished 6 classes based on C and Nmineralisation and
described them based on their biochemical fractions. Our classes
were in accordance with their results except for the need to sub-
divide the groups 2 and 4. Within each group, the EOM showed
similar C and Nmineralisation dynamics. However, all groups, with
the exception of group 1, showed intra-group heterogeneity, even
with our small set of 18 EOM.

These 4 groups could be distinguished when represented with



Fig. 7. Distribution of EOM groups based on their optimised resistant pool Cr and their CNEOM. EOM labels defined in Table 2.
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their optimised Cr and CNEOM (Fig. 7). No other parameters could be
added to further define the groups probably because they inter-
acted in different ways.

All EOM types available or potentially available in the “Plain of
Versailles” region have been studied, including (Fig. 7) highly
decomposable N-rich EOM, leading to high availability of N (group
4); highly degradable EOMwith a high CNEOM ratio, leading to strong
N immobilisation (group 3); very stable compost EOM (group 1);
and some intermediate EOM (group 2). Based on this group identi-
fication, EOM may be selectively placed within technical itineraries
for crop production. For instance, group 4 should be used as a fer-
tiliser because of the large amount of available N (and probably
phosphorus and potassium), i.e., it should be applied immediately
before large crop N demand occurs. Group 1, with very stable EOM,
should be applied as an organic amendment to increase SOM stocks.
The EOM inGroup 3, despite their low ability to enhance SOM,might
cause N immobilisation depleting crop production but if applied
during a period corresponding to low crop N uptake; however they
could be useful to prevent N leaching and be used as an amendment.
5. Conclusion

This study aimed to characterise the available EOM in the “Plain
of Versailles”. Both the potential availability of N for crops and their
potential use as organic amendment to increase SOM were studied
in relation to their chemical and biochemical characteristics. The
soil type did not affect the C and N mineralisation behaviour of
EOM, and the same dynamic parameters could be used for all soils
in the studied area.

Based on the potential C and N mineralisation kinetics, four
groups of EOM were defined: (1) stable compost, (2) more reactive
compost and stable manure, (3) manure, all useable for organic
amendment and (4) reactive EOM as sludge, litter, useable as
organic fertiliser. The groups were characterised by slow C and N
mineralisation (group 1), high C mineralisation along with N
immobilisation (group 3), intermediate C and N dynamics (group
2), and high C and N mineralisation (group 4).

The NCSOIL model was parameterised to simulate the kinetics of
C and N mineralisation. In the model, EOM are divided into labile
and resistant fractions characterised by their relative sizes, their
decomposition rates and their C:N ratios. The use of easily
accessible indicators, such as the IROC indicator to characterise the
resistant pool size and measured CNEOM to define the C:N ratio of
both pools, was appropriate for groups 1 and 4. However, for some
EOM types characterised by intermediate IROC, high C:N ratios and
intermediate biochemical compositions, such as manure, both pool
sizes and C:N ratios should be defined differently. Regression
linking the resistant pool size retrieved by optimisation and the
biochemical characteristics of 8 EOM types was significant and
should be tested on additional EOM types.

Despite the remaining issues with model parameterisation, the
NCSOIL model accurately simulated C and N mineralisation,
allowing further study of the C and N dynamics under field con-
ditions after EOM application using the crop model CERES-EGC, in
which the NCSOILmodel was integrated. All available EOM types on
the “Plain of Versailles” were parameterised in NCSOIL. This
parameterisation will be used to simulate scenarios where EOM is
used in crop succession to evaluate the consequences in terms of C
storage in soil and the potential substitution of mineral N
fertilisation.
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