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In order to predict the mineral N release associated with the use of organic waste as fertilizer in agricultural plant production, the
adequacy of the SOILN NO model has been evaluated. The original thought was that the model calibrated to data from simple
incubation experiments could predict the mineral N release from organic waste products used as N fertilizer on agricultural land.
First, the model was calibrated to mineral N data achieved in a laboratory experiment where different organic wastes were added
to soil and incubated at 15◦C for 8 weeks. Secondly, the calibrated model was tested by use of NO3

− leaching data from soil
columns with barley growing in 4 different soil types, added organic waste and exposed to natural climatic conditions during three
growing seasons. The SOILN NO model reproduced relatively well the NO3

− leaching from some of the soils included in the
outdoor experiment, but failed to reproduce others. Use of the calibrated model often induced underestimation of the observed
NO3

− leaching. To achieve a satisfactory simulation of the NO3
− leaching, recalibration of the model had to be carried out. Thus,

SOILN NO calibrated to data from simple incubation experiments in the laboratory could not directly be used as a tool to predict
the N-leaching following organic waste application in more natural agronomic plant production systems. The results emphasised
the need for site- and system-specific data for model calibration before using a model for predictive purposes related to fertilizer
N value of organic wastes applied to agricultural land.

1. Introduction

In order to achieve sustainable food production there is
a high focus on recycling of nutrients by utilisation of
organic waste as a fertilizer in agricultural plant production.
Effective and safe use of organic wastes in agricultural
plant production requires risks and benefits to be weighed
and documented. Heavy metal and organic contaminant
accumulation, as well as transmission of pathogenic bacteria,
are among the identified risks. These risks are continuously
managed by advances in the waste processing technology.
On the other hand, obvious positive effects of organic
waste application on soil structure, porosity, water retention
capability, cation exchange capacity, and biological activity
have been identified, for example [1, 2]. The nutrient value
of organic waste has shown to be dependent of type of waste,
both origin and processing method [3]. A general condition

for using organic wastes as fertilizers is the ability to predict
their mineralization dynamics during decomposition in
soil and thereby the release of plant available nutrients.
To know and be able to predict the production of mineral
N compounds in soil during decomposition of organic
waste are important in order to advice farmers. The farmers
need to know the mineral N generation from the organic
waste in order to adapt the application so maximum yield
can be achieved and the potential risk for nitrate (NO3

−)
leaching during the growth dormant periods minimized.
The utilisation of organic waste products can benefit highly
from assessment of individual waste characteristics [4].
Several factors, for example, the biosolids treatment process,
its C : N and lignin : N ratio, as well as prevailing climatic
factors and soil characteristics at the site of application,
may influence the fate of the waste organic N in soil
[5–7]. In order to predict the N dynamics connected to
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organic waste decomposition in soil, mechanistic models
where process dependencies of those factors mentioned
are included may be useful tools. Several dynamic models
describing the process of organic matter decomposition and
mineralization of N in soil have been developed. Among the
process-orientated N models are, for example, the one based
on the simple and basic equation proposed by, Standford
and Smith [8], to more complex models as those developed
by for example, Molina et al. [9] and Johnsson et al. [10].
They have in common that the organic matter decay is
described by first-order kinetics. In most of the models the
organic matter is fractionated into different stability pools,
which each are assumed homogenous. The first-order rate
coefficient determining the stability of the pool and thus the
rate of at which pool decay. To be of value for prediction
a model must be thoroughly evaluated towards replicated
measurements from appropriate experiments.

It has been shown that simple laboratory incubation
experiments give relatively precise predictions of mineral N
released from recently incorporated organic matter during
decomposition in soil [11–15]. Thus, it can be assumed
that calibration of model parameters to data from routine
incubation tests, and thereafter simulation of more realistic
agronomic systems by the calibrated model could provide a
simple predictive tool for advising farmers of the N Fertilizer
value and potential nitrate (NO3

−) leaching loss of organic
wastes on a site and waste type-specific basis. However,
modelling studies at the field scale level in comparison with
laboratory scale modelling is still scarce [16]. Field scale
modelling poses the challenge of including the influence of
climate, soil texture, and plant growth on soil C- and N
dynamics.

The objective of this study was to assess the transferability
of the SOILN NO model [17] tuned to data from an
incubation experiment to a more realistic field scenario. The
following two hypotheses were tested.

(1) SOILN NO reproduces the mineral N generation
following decomposition of organic wastes in soil,
studied in a laboratory incubation experiment by
adjusting initial distribution of organic N in the
different stability pools and parameters included in
the management routine.

(2) SOILN NO calibrated to data from the incubation
experiment, simulates the measured NO3

− leaching
following organic waste application in a soil column
experiment with barley growing in 4 different soils.

The hypothesis are connected to the target that a mech-
anistic model calibrated to data from simple incubation
experiments in the laboratory, may provide a tool to predict
mineral N release from decomposition of organic waste
products in field.

2. Material and Methods

The data used for model calibration was generated in a
laboratory incubation experiment, while the data used for
model testing was produced in an outdoor soil column
(lysimeter) experiment.

2.1. Incubation Experiment. The incubation experiment was
conducted in the laboratory to measure transformation
of organic N to ammonium (NH4

+) and NO3
− (here;

NH4
+ + NO3

− =mineral N) during decomposition of
different organic wastes in soil. 10 g soil was prepared
for the incubation experiment. The soil was sampled in
an experimental field at Ås, south east Norway (10◦45′ E,
59◦40′ N), elevated 70 m above sea level. The soil parent
material was a postglacial clay and the soil was a loam,
classified as a typic haplaquept with 21% clay, 40% silt and
39% sand [18].

One set of the soil beakers was kept as unaffected controls
(control). To the rest, different kinds of organic wastes were
added. The organic wastes were

(1) raw, primary (before stabilising or sanitary treat-
ments) Sewage Sludge (SS1),

(2) stabilised, sanitary treated, and digested (anaerobic)
Sewage Sludge (SS2),

(3) primary source sorted (not composted) Organic
Waste (OW3),

(4) easily composted (aerobic) Organic Waste (OW4),

(5) rotator treated (composted, and mixed with bark and
chips) Sewage Sludge compost (SS5).

Stabilised wastes have often been found to be highly resistant
to microbial degradation in soils [12, 19, 20]. Decomposition
of such stable material in soil is usually associated with
a smooth and gentle path of mineral N production. It is
relatively easy to tune a model to reproduce such a stable data
set by calibration of parameters. However, a test of dynamic
models to such data is generally of low value. In order to
test the model dynamic properly, data including significant
variation should be sought reproduced by the model. Secur-
ing an appropriate data set for model validation, organic
matters high in energy were included in our experiment.
These organic matters were assumed to intensively stimulate
the microbial fauna and were thus expected to give significant
effects on the N dynamic during decomposition in soil.
Based on this expectation the following organic matters were
included:

(6) Meat Flour (MF),

(7) Cow Fodder pellets (CF).

The soil probes were added SS2 in an amount corresponding
to 0.30 mg total N/g dry soil, whereas the other organic
materials were added in an amounts corresponding to
0.15 mg total N/g dry soil (Table 1). The beakers with
soil/organic matter were incubated at 15◦C for 8 weeks in
a dark chamber. The soil moisture during the incubation
was adjusted to 25.4 vol%, corresponding to 55% of the
soil’s water holding capacity. The evapotranspiration loss was
replenished by addition of deionised water along the inner
surface of a loosely closed PVC bag surrounding the soil
beakers.

Every week, beakers were removed and stored frozen
until analysis of NH4

+ and NO3
− concentration in

the soil/organic matter mixture could be performed.
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Table 1: Total C, total N and C : N ratio in the soil and the
organic matters (g kg−1) DM) used in the laboratory incubation
experiment.

Material Total C Total N C : N

Soil. 35.81 3.58 10.00

SS1 347.81 27.47 12.66

SS2 267.40 22.77 11.74

OW3 517.18 31.35 16.50

OW4 321.51 22.91 14.03

SS5 272.90 9.15 29.83

MF 425.55 93.11 4.57

CF 471.21 29.82 15.80

SS1 = raw, primary (before stabilising or sanitary treatments) sewage sludge.
SS2 = stabilised, sanitary treated and digested (anaerobic) sewage sludge.
OW3 = primary source sorted (not composted) organic waste.
OW4 = easily composted (aerobic) organic waste.
SS5 = rotator treated (composted and mixed with bark and chips) sewage
sludge compost.
MF = meat flour.
CF = cow fodder pellets.

The soil/organic matter probes were extracted according to
a modified method of Bremner [21] by 2 mol L−1 KCl. The
extracts were analysed for NH4

+ and NO3
− by FIA (flow

injection analysis). The number of replicates is two.

2.2. Lysimeter Experiment. In an outdoor lysimeter experi-
ment at Ås 32 cylinders, 110 cm deep and 80 cm in diameter,
were situated above an underground cellar. The bottom of
the cylinders had a cross formed recession to the outlet
which was filled with cleaned gravel in order to secure good
drainage. In order to collect soil leachate from the bottom
of the lysimeters, an outlet with a plastic pipe lead to a 35 L
collecting can. The soils had been filled in the cylinders layer
by layer and 4 different soils were included in the experiment.
The different soils included (A–D) differed both in texture
and organic matter content (Table 2). One of the soils, soil C,
was from the same area as the soil sampled for the laboratory
incubation experiment and was thus almost identical to that
soil. The lysimeters received natural precipitation during a
2.5-year period. In spring inorganic fertilzer (NPK fertilizer)
and organic wastes (Table 3) were added to the soil in
the lysimeters. The treatment plan was factorial, included
four different soil types and four Fertilizer/organic waste
treatments, all combinations in two replicates. The control
treatment within each type of soil received a yearly base
fertilisation of 12 g m−2 NPK Fertilizer. In the organic matter
treatments, the OW4 or CF from the incubation experiment
was applied in addition to a basic NPK fertilisation (Table 3).
A treatment combining application of OW4 and CF was
also included (Table 3). Barley (Pernilla) was grown in all
the three growing seasons (Table 3). Leachate was collected
weekly or when measurable amount of leachate was available.
When leachate was collected also the soil temperature in
the upper 5 cm was measured. NO3

− concentration in the
leachate was measured by FIA. Plant material was sampled

at harvests and total N concentration in grain and straw was
measured by a CHN-analyser (LECO EC-12).

2.3. Model Description. SOILN NO is a mechanistic model
simulating the transformations of C and N in soil. The model
is based on the SOILN model by Johnsson et al. [10] but
extended towards a more detailed description of mineral-
isation, immobilization, and denitrification. SOILN NO is
described in detail by Vold [17] and only a brief description
is included here. In SOILN NO soil organic matter is divided
in three different stability pools: a readily decomposable
fraction (litter 1), a more slowly decomposable one (litter 2),
and a pool representing stable humus fraction. The microbial
organic matter decomposition and the corresponding C and
N transformations are described by first-order reaction rate
kinetics, where each organic matter pool has a specific decay
rate constant. The C and N flows are assumed proportional
and the C : N ratios of the different organic matter pools
which have to be given initially. Both mineralisation and
assimilation of C and N are governed by a microbial growth
yield factor, a humification coefficient and the C : N ratio of
newly formed microbial biomass products.

The management routine, a submodel representing agro-
nomic practices like addition of manure and litter material
(green manure), was used in this model application and
some details connected to this submodel need explanation.
Manure total N content is partitioned into fractions called
manure N “NH4

+”, “bedding,” and “faeces”. The manure N
NH4

+ fraction is added to the soil initial NH4
+ content. The

manure N bedding fraction is divided between the litter 1
and 2 pools according to a partition factor (LF BEDDING),
and the C flow from bedding decomposition is propor-
tional to the N flow, specified by the bedding C : N ratio
(CN BEDDING). The manure N faeces fraction is treated
as a separate pool of organic N. As the other organic
matter pools decomposed by micro-organisms, also the
faeces fraction has a separate set of parameters like a first-
order decay rate coefficient, a microbial efficiency factor, and
a humification coefficient which influence the rate of decom-
position and translocation. Similar to the bedding fraction,
the C flow from faeces decomposition is proportional to the
N flow, specified by the faeces C : N ratio (CN FAECES).
Like the manure N bedding fraction, N in green manure is
dispersed between litter 1 and 2 according a partition factor
(LF GREEN), and the C flow from decomposition of green
manure is again proportional to the N flow, specified by the
C : N ratio for the green manure (CN GREEN).

The application of SOILN NO to quantify NO3
− leach-

ing from the outdoor lysimeter system with plants growing,
requires water and heat transport data as input driving
data and a plant uptake submodel to be activated. In the
plant growth submodel, plant N uptake is described by
a logistic growth function based on a priori information
of plant N content at harvest [22]. Daily soil water and
temperature data at different soil depths must be given
to the SOILN NO model as driving variables. These data
was generated by use of the COUP model [23, 24]. COUP
is a mechanistic model simulating vertical water and heat
transport in soil. The water and heat transport is mainly
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Table 2: Texture and content of C and N [g (kg DM)−1] in the different types of soil included in the lysimeter experiment.

Soil Depth [cm] Sand [%] Silt [%] Clay [%] Soil type Total C [g (kg DM)−1] Total N [g (kg DM)−1] C : N

A
0–20 52 34 14

Morain, loam/sandy loam
30.7 2.9 10.6

20–50 54 40 6 8.7 0.5 17.4

50–100 53 40 7 2.2 0 —

B
0–20 24 44 32

Clay loam
27.5 3.1 8.9

20–50 9 54 37 11.2 1.2 9.3

50–100 5 46 49 4.6 0.7 6.6

C
0–20 27 55 18

Silt loam
22.7 1.9 11.9

20–50 25 54 21 2.8 0 —

50–100 10 67 23 2.5 0.1 25

D
0–20 70 26 4

Loamy sand
26.4 1.8 14.7

20–50 83 13 4 6.4 0 —

50–100 94 4 2 2.7 0 —

Table 3: Amount of N (g N m−2) applied as mineral fertilizer and organic waste/matter in the lysimeter experiment, and length of growth
seasons.

Mineral fertilizer/organic waste (matter) Year 1 Year 2 Year 3

Control, NPK 12 12 12

OA4 + NPK 30 + 8 90 + 8 90 + 8

F97 + NPK 14 + 8 42 + 8 42 + 8

OA4 + F97 + NKP 24 + 12 + 8 72 + 36 + 8 72 + 36 + 8

Growing season:

Sowing date 6th June 20th May 23rd April

Harvesting date 20th September 2nd September 11th August

based on two coupled partial differential equations derived
from Darcy’s and Fourier’s laws describing one-dimensional
water and heat transport within a soil profile. As input data
COUP requires standard daily meteorological data as air
temperature, relative moisture, wind speed, precipitation,
and global radiation. Soil characteristics are defined by
a water retention curve and hydraulic conductivity as a
function of water content and potential. To estimate water
uptake by plants, COUP must be given a priori information
of plant cover, leaf area, plant height, and root depth.

2.4. Model Applications. Previously SOILN NO has been
calibrated to reproduce observed mineral N generation and
CO2-emission data following decomposition of different
organic matters in soil during laboratory incubation [25]. In
that study a best-fit calibration of initial C and N values in
the different organic matter pools defined in SOILN NO was
done. The model adequately reproduced the quite different
C and N-dynamics following decompositions of a wide
range of organic wastes (sewage sludge, household compost,
etc.). However, to continue on this organic matter pool
initial C and N value calibration seemed little adequate
when subsequent growing seasons were to be simulated. For
simulation of long-term N-dynamics during several growth
seasons, the management routine included in SOILN NO
was presupposed to be more convenient than resetting the

initial organic matter C and N pools for each new application
of organic waste. Here, SOILN NO was first calibrated to
reproduce the mineral N data obtained for the control
treatment during 8 weeks of incubation in the laboratory
by adjustments of the initial C and N pools in the different
soil organic matter fractions (litter 1, litter 2, and humus)
(Figure 2). This calibrated initial data file, representing the
soil organic matter C and N pools, was then used as initial
data for all the different treatments. The additional N (and C)
supplied to the soil via the different organic matters (Table 1)
were taken into account by use of the management routine
included in SOILN NO. The different amount of N and the
different stability of the organic matters were represented by
the organic Fertilizer pools green manure and manure bed-
ding, faeces, and NH4

+ fractions. The characteristics of the
organic additives were mimicked by calibration of the C : N
ratios for the different pools and/or coefficients expressing
the fractionation between easily decomposed (litter 1) and
more stable (litter 2) fractions (e.g., LF BEDDING), thus
indirectly the rate of decay.

When SOILN NO was applied to the soil lysimeter
system the model needed driving variables for vertical water
and heat transport. These data were generated by COUP.
Given daily climatic data from Ås and a priori plant growth
data as input, COUP was calibrated in order to fit observed
water output from the bottom of the soil columns and
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Figure 1: Simulated and observed NO3
−-N leaching [g N m−2]

(accumulated values) from the control treated (only NPK Fertilizer)
lysimeters. The SOILN NO model is calibrated to match the
observed values by adjusting the initial amounts of C and N in the
soil organic matter pools litter 1, litter 2, and humus.

temperature measurements in the upper 5 cm of the soils.
When satisfactory match between observed and simulated
figures was achieved, daily values for soil water, temperature
and associated variables were stored as driving data files given
as input to SOILN NO. The SOILN NO plant N uptake
submodel was given the requested plant N content measured
at harvest.

For the lysimeter experiment SOILN NO was precal-
ibrated to simulate the NO3

−-leaching in the control
treatment for each of the 4 different soil types (Figure 1).
This precalibration was done by adjustment of initial values
for C and N in the litter 1, litter 2, and humus pools.
The calibrated initial state data, representing each of the
4 soils were then used as initial values for the different
organic matter application treatments for each of the soils. To
test hypothesis 2 model simulations based on management
routine pools and parameters calibrated to the laboratory,
incubation data were tested towards flux of NO3

− out of the
field lysimeters applied the same type of organic matter as
used in the incubation experiment.

2.5. Statistical Analysis. Treatment effects and influence of
soil type (only in lysimeter study) on mineral N generation,
and in the lysimeters NO3

− flux as leachate and plant N
uptake were tested by analysis of variance and multiple tests
using the GLM and Student-Neuman-Keul’s (SNK) test in
the SAS computer software system. The differences were
considered significant at P < .05.

Model success in reproducing measured data was evalu-
ated by use of the LOFIT (Lack Of FIT, (1)) statistic [26]

LOFIT =
N∑

j=1

mj

(
Oj − Pj

)2
, (1)

where Oj is the observed average at each time j, Pj is the
predicted value at time j, mj is the number of replicates
within each experiment, and j is the time step from 1 to N .
The relative sizes of LOFIT and the mean squared errors in
measured data were compared using the F-test suggested by
Smith et al. [27] (2).

F = MSLOFIT
MSE

=
∑N

j=1

(
mj − 1

)∑N
j=1

(
Oj − Pj

)2

N
∑N

j=1

∑n
i=1

((
Oij − Pj

)
−
(
Oj − Pj

))2

(2)

Oij denotes the individual observations, and i the number
of replicates. A value of calculated F greater than the critical
10% F value indicates that the total error between observed
mean and simulated value was significantly greater than the
error inherent in the observed data.

3. Results

3.1. N Mineralization in the Laboratory Incubation Exper-
iment. The added organic matters showed quite different
C and N dynamics during decomposition in soil in the
laboratory incubation experiment (Figure 2). As expected
due to a high C : N ratio (29.83, Table 1), SS5 was a very stable
organic waste with a slow generation of mineral N during
decay (Figure 2). Although a C : N in the medium range
(11.74 and 14.03, Table 1), SS2 and OW4 seemed also to be
of the most stable organic wastes with a smooth mineral N
release during decomposition (Figure 2). The decomposition
of MF, which had the lowest C : N ratio (4.57, Table 1) was
characterised by a rapid generation of mineral N during the
first 4 weeks of incubation. During decay of SS1, OW3, and
CF, although C : N ratios in medium range (Table 1), initial
immobilization of N occurred prior to an increase in mineral
N generation. For all the materials characterized by initial
net assimilation of N, the period of N immobilisation was
relatively short, presumably due to an effective burn out of
the energy source. For the further discussion, it is worth
noticing that OW4 and CF had almost the same C : N ratio
(Table 1), however a quite different N dynamic during decay
(Figure 2).

3.2. Calibration to Data from the Laboratory Incubation
Experiment. The fractionation of the soil total organic
matter into pools with different stability was set initially in
SOILN NO. The initial distribution of soil organic C and N
content between the organic matter pools litter 1, litter 2, and
humus was set according to best fit to data from the control
treatment with soil only (Figure 2). Further simulation of the
organic matter application effects on N dynamics were then
based on these initial soil organic matter distribution data
combined with adjustments of N pools and parameters in
the SOILN NO management routine (Table 8). The mineral
N generation curves characterised by constantly increasing
mineral N generation at different rates were generally well
simulated by SOILN NO (Figure 2, (OW4, SS5, and MF)),
Table 4) by adjustment of the amount of N in different
management routine compartments and the interdependent
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Figure 2: Simulated and observed mineral N [g N m−2] from the laboratory incubation experiment. SS1 = raw, primary (before stabilising
or sanitary treatments) sewage sludge, SS2 = stabilised, sanitary treated and digested (anaerobic) sewage sludge, OW3 = primary source
sorted (not composted) organic waste, OW4 = easily composted (aerobic) organic waste, SS5 = rotator treated (composted, and mixed with
bark and chips) sewage sludge compost, MF = meat flour and CF = cow fodder.
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Table 4: F-values used for evaluation of LOFIT in the laboratory
incubation experiment, and the correlation coefficient, r, between
simulated and observed values. n.s = not significant at 10% level.

Mineral N

F r

Control 1.39 0.96

SS1 50.87n.s 0.78

SS2 1.73 0.97

OW3 54.03n.s 0.80

OW4 0.37 0.98

SS5 4.08 0.98

MF 2.08 0.98

CF 5.18 0.94

coefficients (Table 8). When the decay of organic matter
was characterized by N immobilization initially, prior to
the period with net N assimilation, the model tended
to underestimate the amount of N immobilized (Figure 2
(SS1, CF)).

3.3. N Dynamics in the Outdoor Lysimeter Experiment. In
the lysimeter experiment the study of mineral N generation
following decomposition of the applied organic matters was
approached by measurement of plant N uptake and NO3

−

leaching. Within the control treatment the highest plant N
uptake was seen in the moraine (soil A), and the lowest in
the most sand rich soil (soil D) (Tables 5 and 6). In between
were the plant N uptake in the clay rich soils (soil B and soil
C), where the plant N uptake was not significantly different
from each other. In all the soils, except for the sandy soil (soil
D), a net loss of soil N was found in the control treatment
(Table 5). The doses of N used in the control treatment were
apparently not sufficient to cover the plants requirement as
the plant uptake of N was higher than the amount added
via NPK fertilizer. Application of OW4 resulted in a plant N
uptake almost similar to the control treatment (Tables 5 and
6). As for the control treatment the highest plant N uptake
was seen in the moraine (soil A), but when the organic
matters were added a similar plant N uptake was also seen
for the more clay rich soils (soil B and C, Table 6). In the
first experimental year, when a relatively low dose of organic
matters were applied (Table 3), addition of organic matters
resulted generally in a lower plant N uptake that is in the
control (Table 6). However, application of CF resulted in a
significantly higher plant N uptake than in the control and
OW4 treatments during the last two years of the experiment
(Table 6). The combined treatment (OW4 + CF) resulted in
a significantly higher plant uptake than when CF was applied
solely. The energy rich CF apparently boosted the more stable
OW4. When CF was applied either solely or combined with
OW4, there were no differences in plant N uptake between
the soils A, B, and C, but a significantly lower plant N uptake
was found in the most sand rich soil (soil D) (Tables 5 and 6).

Independent of treatment the grain yield varied during
the three growth periods (Table 6). The enhanced yield of
the third growth season was partly a result of prevailing

favourable climatic condition that year. However, it was also
partly due to a residual effect of the organic matter applied in
the earlier seasons since the increase in yield for the control
treatment was less prominent than those receiving organic
matter (Table 6).

The leaching of NO3
− was generally low in the growing

seasons, while significant losses took place during the growth
dormant periods. The winter periods had frequent changes
between frost and thawing, and episodes with enhanced
NO3

− concentrations in leachate occur throughout the
winter periods. As a consequence of the somewhat depressed
plant growth during the second growth season, particularly
high NO3

− leaching was measured after that summer (Yr2 a
and Yr3 s, Table 7). Independent of treatment, the highest
leaching of NO3

− was observed from the moraine soil
(soil A) (Figure 1). Application of CF, and CF combined
with OW4, influenced generally a significantly higher NO3

−

leaching than in the control, while application of OW4 had
no or negative effect on the NO3

− leaching. For the control
treatment, the leaching of NO3

− was almost similar for
the soils B, C, and D (Figure 1). When OW4 was applied
significantly lower leaching of NO3

− was observed from the
two clay rich soils (soil B and C) during the autumn periods
(Table 7). The boosting effect of CF combined with OW4
which was clearly seen on plant N-uptake, was not seen
on NO3

− leaching. Though enhanced NO3
− leaching was

seen in the moraine soil (Soil A) after harvest, the second
experimental year (Yr2 a, Yr3 s, Table 7). Independent of
treatment, substantially higher outflux of N (the sum of plant
N uptake and NO3

− leaching) was found in the moraine
(Soil A) than in the other soils. Application of OW4 gave no
changes in NO3

− leaching relative to the control. Enhanced
leaching of NO3

− was seen in autumn and spring after the
depressed plant growth in the second experimental year. For
the sandy soil (soil D) the N-leaching was particularly high in
the autumn, while for the more clay rich soils a similar high
N-leaching was seen in the spring (Table 7).

3.4. Testing SOILN NO to Data from the Lysimeter Experi-
ment. The management routine N pool size and parameter
settings obtained by calibration to data from the OW4
and CF treatments in the laboratory incubation experiment
(Table 8) were tested to measure NO3

− outfluxes from the
soil columns. A relatively good fit (Figures 3 and 4: lines
Sim inc, Table 9) was obtained for the OW4 treatment,
in soil A and B, while the degree of fit was dramatically
reduced in soil C and D (Figures 5 and 6: lines Sim inc,
Table 9). In soil C and D SOILN NO simulated too low
NO3

− leaching compared to the observed. An almost similar
trend was seen for the CF treatment (Figures 3–6, Line:
Sim inc). Use of the N pools sizes and parameters obtained
from calibration to the CF treatment in the laboratory
experiment (Table 8) made the model to some degree
reproduce the NO3

− leaching observed in soil A and B
(Figures 3 and 4). However, in the other soils SOILN NO
tended usually to underestimate the mineral N generation.
The fact that SOILN NO, in the calibration procedure, failed
to reproduce the initial net assimilation of N seen for the
CF treatment in the laboratory (Figure 2), seemed not to



8 Applied and Environmental Soil Science

0

10

20

30

0 300 600 900 1200

Time (day)

Soil A, OW4

Simulated
Observed
Sim inc

N
it

ra
te

(g
N

/m
2
)

(a)

Soil A, CF

0

10

20

30

0 300 600 900 1200

Time (day)

Simulated
Observed
Sim inc

N
it

ra
te

(g
N

/m
2
)

(b)

Soil A, OW4 + CF

0

10

20

30

0 300 600 900 1200

Time (day)

Simulated
Observed

N
it

ra
te

(g
N

/m
2
)

(c)

Figure 3: Application of organic matter to soil A. Simulated and observed NO3
−-N leaching [g N m−2] (accumulated values).
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Figure 4: Application of organic matter to soil B. Simulated and observed NO3
−-N leaching [g N m−2] (accumulated values). Broken line

indicates simulation with no calibration of management routine parameters.
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Table 5: Total amount of N (g N m−2) in (atmospheric N input (1.6 g N m−2) + N in organic/inorganic fertilizer) and out (N in plants + N
leached) of the soil columns during the experimental period. The distribution of N between plant uptake, leached or left in soil is also given
as % of input N (fertilizer + atmospheric N input).

Treatment Soil N-input N-uptake Net N-uptake N-leaching
Net

N-leaching
Net

N-output
Left in

soil
% Plant
uptake

% Leached
% Left in

soil

Control A 37.6 42.5 13.8 −18.7 113.0 36.8 −49.8

OW4 A 235.6 42 −0.5 13.8 0 −0.5 179.8 17.8 5.8 76.3

CF A 123.6 50.2 7.7 18.4 4.6 12.3 55.0 40.6 14.9 44.5

OW4 + CF A 277.6 55.4 12.9 24.8 11 23.9 197.4 20.0 8.9 71.1

Control B 37.6 37.9 7.1 −7.4 100.8 18.9 −19.7

OW4 B 235.6 39.7 1.8 5.0 −2.1 −0.3 190.9 16.9 2.1 81.0

CW B 123.6 52.8 14.9 12.2 5.1 20 58.6 42.7 9.9 47.4

OW4 + CW B 277.6 59.3 21.4 12.0 4.9 26.3 206.3 21.4 4.3 74.3

Control C 37.6 37.8 5.3 −5.5 100.5 14.0 −14.6

OW4 C 235.6 41.2 3.4 6.7 1.4 4.8 187.7 17.5 2.9 79.7

CW C 123.6 51.7 13.9 10.2 4.9 18.8 61.7 41.8 8.2 50.0

OW4 + CW C 277.6 58.8 21 12.5 7.2 28.2 206.3 21.2 4.5 74.3

Control D 37.6 29 6.9 1.7 77.1 18.3 4.6

OW4 D 235.6 32.1 3.1 7.8 0.9 4 195.7 13.6 3.3 83.1

CW D 123.6 40.9 11.9 13.0 6.1 18 69.7 33.1 10.6 56.4

OW4 + CW D 277.6 46.2 17.2 15.2 8.3 25.5 216.2 16.6 5.5 77.9

Table 6: Yearly plant N-uptake, net plant N-uptake (plant N-uptake (applied organic matter)-plant N-uptake (control)), and the residual
effect (plant N-uptake (Yr 3)-plant N-uptake (Yr2)).

Treatment Soil
Yr1 Yr2 Yr3

g N m−2 Net g N m−2 g N m−2 Net g N m−2 g N m−2 Net g N m−2 Residual g N m−2

Control A 14.18 13.09 15.24 2.15

Control B 12.33 11.90 13.68 1.79

Control C 10.99 13.80 12.98 −0.82

Control D 8.50 9.95 10.58 0.62

OW4 A 13.39 −0.79 13.84 0.75 14.79 −0.45 0.95

OW4 B 11.44 −0.89 12.61 0.71 15.63 1.94 3.02

OW4 C 10.26 −0.73 14.21 0.41 16.78 3.80 2.57

OW4 D 7.62 −0.88 11.41 1.46 13.11 2.53 1.70

CF A 10.77 −3.41 17.30 4.21 22.12 6.88 4.82

CF B 10.63 −1.71 17.08 5.18 25.13 11.45 8.06

CF C 9.85 −1.14 17.57 3.77 24.26 11.28 6.70

CF D 7.98 −0.52 12.99 3.04 19.89 9.32 6.90

OW4 + CF A 13.50 −0.67 16.49 3.40 25.40 10.17 8.92

OW4 + CF B 11.60 −0.73 18.91 7.01 28.84 15.16 9.93

OW4 + CF C 11.34 0.35 18.46 4.66 29.01 16.03 10.55

OW4 + CF D 9.01 0.51 14.85 4.90 22.30 11.72 7.45

induce overestimation of the mineral N release when applied
to field conditions. Thus, direct transfer of the pool sizes
and parameters obtained by calibration to data from the
laboratory experiment to field conditions failed for two of
the soils included in this experiment. As already mentioned,
a more rapid decomposition of organic matter in sandy soil
(soil D) compared to the other more clay rich soil supports

recalibration. However, soil C was from the same area as the
soil used in the laboratory incubation experiment.

Disregarding the soil texture effect seen on organic
matter decomposition and assuming the lack of applicability
for the calibrated parameters and pool sizes to be due to
general aspects as, for example, influence of plant growth
and changes in scale, a new parameter and pool size setting,
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Table 7: Seasonal NO3
− leaching and net NO3

− leaching (NO3
− leaching (treated with organic matter)-NO3

− leaching (control)).
a= autumn, s= spring.

Treatment Soil
Yr1 a Yr2 s Yr2 a Yr3 s Yr3 a

g N m−2 Net g N m−2 g N m−2 Net g N m−2 g N m−2 Net g N m−2 g N m−2 Net g N m−2 g N m−2 Net g N m−2

Control A 6.11 0.45 2.72 2.59 0.93

Control B 2.93 0.41 1.45 1.34 0.23

Control C 1.88 0.39 0.91 0.98 0.90

Control D 2.88 0.21 1.49 0.64 1.30

OW4 A 5.17 −0.95 2.25 1.79 2.25 −0.48 3.03 0.44 1.35 0.42

OW4 B 1.98 −0.95 0.39 −0.02 1.35 −0.11 2.15 0.81 0.16 −0.08

OW4 C 1.87 0.00 0.34 −0.05 1.74 0.83 1.83 0.84 0.19 −0.72

OW4 D 3.34 0.46 0.18 −0.03 2.34 0.85 1.02 0.38 0.39 −0.92

CF A 6.14 0.02 0.43 −0.03 3.89 1.16 3.93 1.34 2.43 1.50

CF B 2.84 −0.10 0.51 0.10 3.01 1.55 4.20 2.85 0.52 0.29

CF C 2.63 0.75 0.40 0.01 1.77 0.86 3.23 2.24 1.21 0.31

CF D 3.55 0.67 0.20 0.00 4.94 3.46 1.88 1.24 1.52 0.22

OW4 + CF A 7.09 0.98 0.37 −0.09 4.86 2.14 5.80 3.21 2.67 1.74

OW4 + CF B 2.60 −0.33 0.52 0.10 2.42 0.97 4.43 3.09 0.71 0.47

OW4 + CF C 2.95 1.08 0.45 0.06 2.26 1.35 4.09 3.11 1.34 0.44

OW4 + CF D 4.09 1.21 0.22 0.01 5.97 4.48 2.17 1.54 1.77 0.47
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Figure 5: Application of organic matter to soil C. Simulated and observed NO3
−-N leaching [g N m−2] (accumulated values). Broken line

indicates simulation with no calibration of management routine parameters.

characteristic for each of the organic matters, but being
suitable in all the soils, were searched (Figures 4–6, Line:
Sim n.c.A). However, no such general parameter and pool
size settings were found.

Individual adjustments of management routine N pool
sizes and parameters had to be carried out for each soil in
order to reach an acceptable fit (Table 8, Figures 3–6, Line:
Sim).
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Figure 6: Application of organic matter to soil D. Simulated and observed NO3
−-N leaching [g N m−2] (accumulated values). Broken line

indicates simulation with no calibration of management routine parameters.

4. Discussion

The emphasis of this study was to evaluate if a mechanistic
model calibrated to data from simple laboratory incubation
experiments could be a useful tool estimating the N fertilizer
value of organic waste in field. Both data from decom-
position of organic matter in the laboratory incubation
and the field soil column experiments were well suited
for a modelling test as they reveal significant variations.
Already from the incubation experiment it became clear that
although the organic matter C : N ratio is one of the most
considered quality criteria of organic matter [5], it is clear
that the simple criteria alone is inadequate for predicting
the rate of N mineralization [28, 29] and thereby the N
fertilizer value of organic matter. Other explanatory factors
have been suggested. Kirchmann and Lundvall [30] found
microbial N immobilization to be governed by the presence
of volatile fatty acids in a study with decomposition of
cattle and pig slurry in soil. The fatty acids acted as an
easily decomposable C source for the microorganisms and
caused immobilization of Hattori and Mukai [31] claimed
that high content of hemicellulose and lignin in sludge
influenced low N mineralisation rates. Based on sequential
analysis, Van Soest [32] and Van Soest et al. [33] fractionated
organic matter into soluble, hemicellulose, cellulose, and
lignin-like substances, all with different decomposition rates.

There are several analytical approaches for characterising soil
organic matter, for example, [34], however understanding
the nature of organic matter decomposition in soil is still
a challenge. By use of mechanistic modelling, different
approaches have been used in order to quantitatively deter-
mine the decomposition of organic matter in soil. In the large
group of compartment models the complex structure of the
organic matter fractions with different stability are mimicked
by fractionating the organic matter into different stability
compartments. Henriksen and Breland [35–37] reproduced
N dynamics during decay of crop residues by a model based
on the fractionation by Van Soest [32]. They separated the
applied organic matter into three different compartments
before further allocation into five soil organic matter pools.
However, generally the partitioning of the total organic C
and N into pools with different stability in the models is
done by calibration of initial values and not related to any
analytical or experimental method of fractionation. Based on
data from an elution-incubation experiment combined with
a modelling performance, Smith et al. [38] suggested that at
least five different N fractions could be separated in waste
water biosolids, but that the NO3

− production properties
of the biosolids were adequately described by a twin-pool
exponential model as proposed by Molina et al. [9]. They
assumed that it was because the rates of NO3

− formation
of certain N fractions were sufficiently similar for some of
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Table 9: F-values used for evaluation of LOFIT. “n.s” = not
significant at 10% level, (sim cal) refers to the sim inc. simulation
results (line Sim inc) presented in Figures 3–6, that is, simulation
with pools and parameters calibrated to data from the laboratory
incubation experiment, and (sim) refers simulations based on new
calibration of pools and parameters in order to achieve optimal fit.

Soil Treatment F (sim inc) F (sim)

A Control 2.3

A OW4 3.9 1.3

A CF 10.9n.s 0.7

A OW4 + CF 0.4

B Control 5.2

B OW4 5.17 4.6

B CF 14.8n.s 2.6

B OW4 + CF 9.3n.s

C Control 8.0n.s

C OW4 266.6n.s 12.1n.s

C CF 66.3n.s 4.5

C OW4 + CF 7.5n.s

D Control 0.8

D OW4 846.5n.s 27.2n.s

D CF 130.2n.s 2.6

D OW4 + CF 0.2

them to be broadly grouped into either rapidly or slowly
converted pools for practical and descriptive purposes. Based
on these results they claimed that routine incubation tests
combined with a twin-pooled exponential model could
provide the basis for a simple predictive tool for advising
farmers of biosolids N fertilizer value and how to minimize
NO3

− leaching losses on a site and biosolid-specific basis,
that is, the approach further analysed here. Relative to the
study by Sogn and Bakken [25] the number of organic
matter pools and stability parameters to be adjusted in
SOILN NO was in this study restricted to be those included
in the SOILN NO management routine only. This restriction
reduced the merges between observed and simulated data
relative to what achieved by the optimal fit adjustments
carried out by Sogn and Bakken [25]. Results from Sogn
and Bakken [25] showed that use of first-order decay
equations and a limited number of organic matter pools
reproduce data on mineral N generation following organic
matter decomposition. By adjusting only the pool sizes and
parameters in the management routine, particularly the
periods with N immobilisation were difficult to reproduce
(Figure 2). However, the periods of N immobilization seen in
the incubation experiment were generally so short that it was
assumed that this immobilization would not affect negatively
the plant N uptake and thus the plant growth during a real
growth season. Thus for the aim of this model application
the smoothened mineral N curve suggested (Figure 2) was
evaluated as satisfactory for further employment to field
conditions. Although reduced merge between observed and
simulated data compared to the results shown by Sogn
and Bakken [25], hypothesis no 1 was not rejected. By
adjustments of the amount of N as well as some parameters

included in the management routine (Table 8), SOILN NO
seemed for practical purposes to satisfactorily reproduce
the observed mineral N dynamics following decomposition
of different organic matters in a laboratory incubation
experiment.

Also in the outdoor soil column experiment it was
apparent the organic matter C : N ratio only, could not
predict the rate of N mineralisation during decomposition
in soil. The amount of total N added via OW4 was more
than double of the amount added as CF (Table 3). Still,
application of OW4 gave generally no or very small increases
in both plant N uptake and NO3

− leaching relative to
the control, while application of CF resulted generally in
significantly enhanced plant N uptake as well as NO3

−

leaching. Application of OW4 contributed mainly as surplus
to the stable humus N in soil. However, by fractionating
the organic matter C and N content into the different
stability compartments also the observed N dynamics were
approached. The significantly higher plant uptake in the
combined treatment (OW4 + CF) than when CF was applied
solely might be due to increased mineralization rate in soil if
the overall nutrient availability to microbes increases [39].
Boosting effects on yield which are achieved by applying
energy rich materials together with more stable organic
wastes are well known related to biogas production (e.g.,
[40]). Mixing manure and organic waste has also resulted
in improved plant availability of the total N in the organic
waste [41, 42]. Such relationship is, however, not included
in the SOILN NO, but was mimicked by individual best-fit
adjustments of parameters, as well as initial N pools in the
management routine (Figures 3–6, Line: Sim) in order to
reflect the synergetic enhanced N mineralization.

The outdoor lysimeter experiment included four differ-
ent soils having different soil reaction with mineral fertilizer
(Figure 1) and organic matter applied. An influence of soil
type on the fate of the waste organic N in soil has been
found in several studies. Chae and Tabatabai [43] found
the amount of N mineralised after application of different
organic wastes to be significantly higher in clay rich than in
sand rich soils. Also in a study by Lindemann and Cardenas
[44] where sewage sludge was added to different soil and
incubated for 32 weeks, the lowest percent mineralised was
measured in a sandy soil. In contrast, some studies report
just the opposite texture influence. Catroux et al. [45] and
Hassink et al. [46] found that the mineralization of soil
organic matter was more rapid in sandy soils than in clay
soils. These results was explained by the fact that organic
substances can be adsorbed in small pores and on surfaces
of clays in clay rich soils and thereby rendered less available
for microbial decomposition. In our column experiment
there were also variations between the soil types with respect
to N mineralization rate. It can hardly be interpreted as a
unique effect of texture, but it seems as the mineralization
also here was more rapid in sandy soils than in clay rich.
Effects of soil texture are in COUP/SOILN NO governed
by description of porosity and water holding capacities. Soil
texture specific heat and water flow variables were generated
by the COUP model and given as driving variables to the
calibrated SOILN NO model when applied to the outdoor
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column experiment. The NO3
− leaching data indicates more

rapid N mineralization in sandy soils compared to more clay
rich (Table 7). Thus, the parameters and initial N pools for
the same organic matter, have to be different for the sandy
(Soil D) versus the more clay rich soils (Figure 6).

COUP is developed for Nordic conditions with winter
periods with snow, frozen soil, and frequent episodes with
rapid changes between frost and thawing. As shown in
Figure 1 the high NO3

− leaching during autumn and spring
was well simulated by COUP/SOILN NO. However, the
model failed to reproduce the measured NO3

− leaching
after organic waste application from two (Soil C and D,
Figures 5 and 6) of the four soils included in the experiment.
Too low NO3

− leaching was simulated. For the sandy soil
(soil D), pools and parameters were adjusted to reproduce
the more rapid N mineralisation. Additionally, if winter
periods had been included in the incubation experiment in
the laboratory, the data used for model calibration, a more
realistic parameterization of SOILN NO parameters might
have been achieved. A parameterization better reflecting the
effects of freezing and thawing on organic matter decom-
position in soil. Presupposing that experimental lysimeter
artefacts were not the reason for the higher real NO3

−

leaching than simulated, the practical consequence of the
underestimated NO3

− leaching would be that making
predictions based on simulation results from SOILN NO
calibrated to incubation data, would lead to underestimation
of the NO3

−leaching risks in some soils. One reason for
the discrepancy between measured and simulated values
might be macropore flow which is not accounted for
in the COUP model. Anyway, the test of the calibrated
SOILN NO model to data from the outdoor soil column
experiment illustrated that SOILN NO combined with data
for laboratory experiments cannot directly be used as a tool
to simulate NO3

− leaching from more realistic soil/plant
systems at a larger scale. As mentioned in the introduction,
several researchers, that is, [11–14] have claimed that simple
laboratory incubation experiments give relatively precise
predictions of mineral N released from recently incorporated
organic matter during decomposition in real soil and plant
systems. However, there are other studies showing results
that oppose against such a tool. For example, by comparison
of meadow and open field mineral N data, Paustian et al.
[47] found the net mineralization of humus N to be strongly
influenced by the plants activity. Additionally Jingguo and
Bakken [48] found plants to influence the net mineralization
significantly by their competition with micro-organisms for
the available N. If not adequately described in a submodel
with soil plant interactions, a strong plant influence on
decomposition and N mineralization rates, may reduce the
transferability of a model calibrated to mineral N data
obtained in simple laboratory incubation experiments to
real agronomic soil/plant systems. An additional factor here
will also be the lack of winter periods in data used for
model calibration. The effects of freezing and thawing on
organic matter decomposition in soil was not included in
the laboratory experiment, while these effects are included in
the outdoor lysimeter experiment. Our hypothesis 2 was not
verified. However, by minor adjustments of N pool sizes and

parameters (Table 8) the model was capable of simulating
the observed NO3

− leaching (Figures 3–6, Line : Sim). This
means that use of the model may increase the understanding
of how different factors influence the quantity of mineral
N released during decomposition of organic matter in soil,
but can so far only be used as a tool for exact prediction of
plant-N availability and NO3

− leaching as a consequence of
organic waste application when site specific recalibration is
performed.

No rejection of hypothesis 1 and 2 means that the model
calibrated to data from simple incubation experiments,
adequately quantifies the influence of climate, soil texture,
and plants on the N dynamics following decomposition
of organic wastes in soil. The model may then be useful
tool estimating the N fertilizer value of organic waste. The
results from our study show that even though a model
may successfully simulate data from an incubation study,
results from such applications cannot be used directly to
predict the fate of the organic N in organic waste products in
more realistic soil/plant systems. However, by minor tuning
of pools and parameters the model showed to be capable
of reproducing observed data of NO3

− leaching also in
field lysimeters. Need for site-specific recalibration has also
been stressed in a model application study by Johnsson
et al. [49]. SOILNDB, a model based on the COUP and
SOILN models combined with a parameter database and a
parameter estimation algorithm was used. SOILNDB is an
upscaling model system, and it is meant to be a tool for
quantifying the effect of different agricultural management
practices on NO3

− leaching from a region or whole country.
It was found that more an application was limited in time
and space, the higher was the risk for errors caused by use of
simplified input data. These findings were related to changes
in scale from large systems to smaller, that is, the opposite
of ours. However, generally users were warned that the
reliability of the SOILNDB results could be low if the model
was used for applications it was not primary developed for.
Anyway it was claimed that SOILNDB might be applicable
to more limited area units and time periods provided
that measured site-specific data were available. Challenging
transmission of a model between different systems and scales
often ends up in a debate of simplicity versus explanatory
capability. Mechanistic models are often criticised for lack
of generality and a high number of parameters, often with
a vague physical definition. As stated by Thuries et al.
[50] with reference to Christensen [51], the challenge of
model makers is to “keep the balance between structural
simplicity, explanatory capability and predictive power”.
General models without need for site-specific parameter
calibration for every new application are desired. Statistical
models or semimechanistic models where several parameters
and processes have been merged to represent some “key
processes” are often preferred when doing system analysis.
However, in an application of COUP/SOILN to predict
effects of climatic changes on C, N, water, and heat dynamics
in winter wheat production, Eckersten et al. [52] stressed
the importance of using process-based modelling in such
analysis in order to understand the complicated relationships
between different processes and how processes interact when
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parameters and variables in a system change due to changes
in external conditions.

5. Conclusion

By calibration of a restricted number of organic N pools
and parameters in the SOILN NO management routine the
model reproduced the N dynamics observed during decom-
position of different organic matters and waste products
in soil in a laboratory incubation experiment. However,
when upscaled and tested the calibrated model failed to
reproduce observed NO3

− leaching from soil columns with
barley plants exposed to natural climatic conditions when
the same type of organic matters were applied to that
system. The model significantly underestimated the NO3

−

leaching from two of the soils. Recalibration of SOILN NO
was needed in order to obtain a satisfactory fit between
observed and simulated NO3

− leaching. Application of the
calibrated model to a system which includes different soil
types, supported the need for recalibration of coefficients
determining the rate of organic matter decomposition. Fur-
thermore, if the data used for calibration had reflected effects
of winter climate on organic matter decomposition, the need
for recalibration would have been less. However, results from
this study support the impression that the SOILN NO is a
flexible model, able to simulate quite different conditions
and systems. However, this study emphasises the need
for site-specific data as basis for model calibration when
the model is upscaled and should be used for predictive
purposes and does not support solely use of parameters
obtained in laboratory incubation experiments for upscaling
and practical use of the SOILN NO model in agricultural
management guidance.
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