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In this study, the transport and fate of nitrate within
the soil profile and nitrate leaching to drains were
analyzed by comparing historic field data with the
simulation results of the DRAINMOD model. The
nitrogen version of DRAINMOD was used to simu-
late the performance of the nitrogen transport and
transformation of the Hooibeekhoeve experiment,
situated in the sandy region of the Kempen (Bel-
gium) and conducted for a 30-year (1969–1998)
period. In the analysis, a continuous cropping with
maize was assumed. Comparisons between ex-
perimentally measured and simulated state vari-
ables indicate that the nitrate concentrations in
the soil and nitrate leaching to drains are con-
trolled by the fertilizer practice, the initial condi-
tions, and the rainfall depth and distribution. Fur-
thermore, the study reveals that the model used
gives a fair description of the nitrogen dynamics
in the soil and subsurface drainage at field scale.
From the comparative analysis between experi-
mental data and simulation results it can also be
concluded that the model after calibration is a
useful tool to optimize as a function of the combi-
nation “climate-crop-soil-bottom boundary con-
dition” the nitrogen application strategy resulting
in an acceptable level of nitrate leaching for the
environment.

KEY WORDS: DRAINMOD, nitrate transport, nitrate
leaching, environment
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METHOD
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TABLE 1
Field Treatments

Treatment Description of Fertilizer Package

1 30 ton ha–1 pig slurry applied in autumn

2 120 ton ha–1 pig slurry applied in autumn

3 30 ton ha–1 pig slurry applied in spring

4 120 ton ha–1 pig slurry applied in spring

5 60 ton ha–1 pig slurry applied in autumn + 60 ton ha–1 applied in spring

TABLE 2
Soil Physical Properties of the Experimental Field at the Hooibeekhoeve

Soil Horizon (cm)

Soil Parameter 0–35 35–50 50–100 100–200

van Genuchten

θr 0.055 0.019 0.011 0.017

θ� 0.48 0.43 0.42 0.42

α 0.016 0.028 0.032 0.019

m 1.574 1.686 1.85 1.804

n 0.365 0.407 0.459 0.446

Mualem

Ksat, cm day–1 50.47 18.6 15.55 13.15

λcm day–1   2.031  4.041  3.314  4.007

Soil texture (%)

Clay 2 7 2 2

Silt 5 16 3 3

Sand 93  77 95 95
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RESULTS AND DISCUSSIONS
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TABLE 3
Summary of Inputs for DRAINMOD-N

Soil Properties

θwp (cm3 cm–3) 0.17

Bulk density (g cm–3) 1.6

Organic nitrogen in top soil (µg g–1) 3200

Kmnl (day–1) 3.5 x 10–5

Kden (day–1) 0.10

Drainage System Parameters

Drain depth (m) 1.25

Drain spacing (m) 25

Surface storage (cm) 2.5

Effective drain radius (cm) 2.5

Maize Production Parameters

Desired planting date May 4

Length of growing season (day) 120

N-fertilizer input (kg N ha–1) 150

Date fertilizer application May 6, May 14

Depth fertilizer incorporated (cm) 10

Total dry matter production (kg ha–1) 18,000

Other Nitrogen Model Parameters

Dispersivity (cm) 10

NO3–N content of plant (%) 1.5

NO3–N concentration of rain (mg l–1) 0.8
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TABLE 4
The Goodness of Fit (R²) and Root Mean Square Residual (RMSR)
at 30- to 60-cm Depth and Bottom of the Root Zone (90 to 120 cm)

30- to 60-cm depth Bottom of the Root Zone

Scenario RMSR R2 RMSR R2

Calibration: Scenario 3 0.0568 0.74 0.0728 0.84

Validation: Scenario 5 0.0190 0.75 0.0221 0.85

Scenario analyses

Scenario 1 0.0486 0.72 0.0383 0.80

Scenario 2 0.0351 0.60 0.0228 0.85

Scenario 4 0.0118 0.87 0.0137 0.92
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