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in the control plot receiving c. 1.9 g N m–2 year–1,
the organic N uptake in average supplies 35% of
the total plant N uptake. By addition of an extra
35 kg N ha–1 year–1, the organic N uptake is re-
duced to 16% of the total N uptake. Generally, in-
clusion of the pathway for organic N uptake im-
proves model performance compared with obser-
vations for both C and N. This is because mineral
N uptake alone implies a larger mineralisation rate,
leading to bigger concentrations of N in the soil
and soil water, bigger N losses, and net loss of c.
100 kg C ha–1 year–1, thereby causing depletion of
the organic soil layer.

KEY WORDS: dynamic modelling, mycorrhiza, nitrogen
addition, nitrogen cycling, organic nitrogen uptake, spruce
forest
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Nitrogen Cycling in a Norway Spruce
Plantation in Denmark — A SOILN Model
Application Including Organic N Uptake
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A dynamic carbon (C) and nitrogen (N) circula-
tion model, SOILN, was applied and tested on
7 years of control data and 3 years of manipula-
tion data from an experiment involving monthly N
addition in a Norway spruce (Picea abies, L. Karst)
forest in Denmark. The model includes two
pathways for N uptake: (1) as mineral N after
mineralisation of organic N, or (2) directly from
soil organic matter as amino acids proposed to
mimic N uptake by mycorrhiza. The model was
parameterised and applied to the data from the
control plot both with and without the organic N
uptake included. After calibration, the model�s
performance was tested against data from the
N-addition experiment by comparing model out-
put with measurements. The model reproduced
well the overall trends in C and N pools and the N
concentrations in soil solutions in the top soil lay-
ers whereas discrepancies in soil-solution con-
centrations in the deeper soil layers are seen. In
the control data, the needle-N concentration was
well reproduced except for small underestima-
tions in some years because of drought effects
not included in the model. In the N-addition ex-
periment, SOILN reproduces the observed
changes; in particular, the changes in needle-N
concentrations and the overall distribution
within the ecosystem of the extra added 3.5 g N
m–2 year–1 parallel the observations. When organic
N uptake is included, the simulations indicate that
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MEASUREMENTS AND DATA
PREPARATION

Input and Output of N
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TABLE 2
N and C Content and Pool Sizes

in the Biomass used in the SOILN Calibration

Biomass N-conc. N C-conc. C
Compartment (g m–2)  (%) (g m–2) (%) (g m–2)

Needles 1500 1.2–1.5 20 51 800

Branches 3100 0.7 21 52 1600

Stems 15,400 0.15 23 49 7500

Total Above 20,000 64 9900

Stump 1400 0.15 2 49 700

Fine roots 1000 0.7 7 52 500

Big roots 3000 0.7 27 52 1600

Total below 5400 36 2800

TABLE 1
Total Measured C and N Pools in the Soil and Estimated

Distributions into Fractions of Soil Organic Matter and Soil Layers

Layer and Depth

1 2 3 4 5 6 Total
0–7 cm 8–15 cm 16–17 cm 18–20 cm 20–55 cm 55–80 cm Profile

103 g C m–2

Microbial C 0.2 0.05 0.007 0.007 0.017 0.008 0.29
Litter C 0.4 0.08 0.01 0.01 0.03 0.006 0.54
Humus C 11.0 2.72 0.49 0.98 3.43 0.63 19.4
Total C 11.6 2.85 0.51 1.00 3.45 0.64 20.1

mg C cm–3

 Density 162 35 25 33 10 2.6

g N m–2

Microbial N 12.5 2.8 0.4 0.4 0.9 0.4 17.4
Litter N 12 2.4 0.32 0.32 0.9 0.16 16.1
Humus N 363 87 16 32 111 20 629
Total N 388 92 16.7 32.7 113 21.5 663

mg N cm–3

Density 5.4 1.1 0.8 0.1 0.03 0.01

Note: The organic soil layer is 0 to 7 cm.
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TABLE 3
Main Parameter Settings in the Application SOILN Model to the Klosterhede Control Plot

Ecosystem/Model Compartment

Biomass Parameters Unit Leaf Stem Root General

Plant growth

Radiation use efficiency g DW MJ–1 1.2*

Biomass allocation

Leaf area development m2 gDW–1 0.00065

Root growth (fraction of total) % day–1 15

N allocation

Minimum N level in needles % 0.5

Maximum N concentration % 2.0 0.15* 0.63*

Litter production

Fraction of biomass % day–1 0.04* 0.0006* 0.03*

Ecosystem/Model Compartment

Soil Parameters Unit Litter Humus General

N uptake

Mineral N uptake % day–1 20

Organic N uptake (fraction of pool) % day–1 1 0.012*

Plant N deficit at which  organic N uptake is at maximum g N m–2 0.1

Mineralisation

Gross decomp. (fraction of substrate) % 3.0 0.0047*

Microbial efficiency (Net/gross rate) 0.4 0.2

Microbial mortality rate % day–1 0.4 0.2

Note: Values achieved by calibration are denoted with an asterisk (*).
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TABLE 4
Modelled Input, Output, and Distribution of N in Control and N-Addition Plots at Klosterhede during

the N-Addition Period 1992 to 1995

Accumulation Uptake

Input Output Plants Soil Mineral Organic % Organic

Application without organic N uptake

Control (g N m–2 year–1) 1.9 0.5 1.2 0.2 8.0 0 0

N addition (g N m–2 year–1) 5.3 1.2 3.2 0.9 10.5 0 0

Application including organic N uptake

Control (g N m–2 year–1) 1.9 0.3 1.4 0.3 5.3 2.8 35

N addition (g N m–2 year–1) 5.3 0.8 2.6 1.9 8.1 1.5 16

Distribution of added N in N-addition plot

Without organic N uptake (%) 21 59 21

With organic N uptake (%) 15 35 47

Measured by 15N (%) 8 54 38

Note: Distribution of added N inferred from the fate of 15N was only based on data from 1 year (1992 to 1993)[12].
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