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Abstract 
Two former agricultural locations in the Netherlands of approximately 200 ha in total 
will be transformed into a new ecological zone. Soil will be dug off at areas where soil 
phosphate levels are considered to be high. A study was set up by the universities of 
Antwerp (B) and Groningen (Nl) to determine the best alternative of three methods to 
map soil phosphate levels and other relevant soil properties in top soil. These three 
methods were passive radiation top soil sensor technology, traditional soil sampling 
combined with GIS interpolation techniques (IDW and Ordinary Kriging) and an 
administrative calculation based on historical land use. The chemical and physical soil 
properties under investigation were Al, Fe, P, N, OM, pH and clay. 
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Introduction 
Dutch ecological policy aims at connecting ecological zones. To realize these corridors, 
former agricultural fields are taken out of production and cultivated to meet soil quality 
criteria that relate to the type of ecological system being established. This is generally 
wet land as it should also serve as water storage facility in case of heavy rainfall. 
These former agricultural fields have a history of intensive fertilization and are rich in 
nutrients. This conflicts with the intended development of low productive and diversity 
of vegetation. A nutrient that can cause problems in surplus is phosphate. Bound to 
aluminum and iron in soil it becomes unavailable for plant uptake. Under dry conditions 
phosphate levels do not wash out and accumulate. However, phosphates can be 
released under low oxygen conditions, especially wet conditions as intended. 
Vegetation is dominated by fast growing species. The amount of phosphates in soil is 
therefore an important quality indicator as input for further planning, management and 
set up of a new ecological wet area. Several methods are available to map the 
phosphate levels in soil. In the performed study (2009-2010) three methods were 
compared to map nutrients in top soil. 
 
Materials and methods 
The area under investigation is situated in the north of the Dutch province Drenthe, 5 
kilometers south west of the city of Groningen. Two study areas were chosen within the 
entire ecological zone under transformation. The first area is situated directly south of 
the lake Leekstermeer and is called De Bolmert. The other study area is located north 
of the village Peize along the stream Eelderdiep. Both study areas cover approximately 
100 ha. The average field size is 3 ha. Soils are characterized as thin peat soils (15-50 
cm) with a clayish top soil (> 10%). 
Three methods were applied for the mapping of relevant soil properties. These three 
techniques are 1) passive radiation top soil sensor system, 2) traditional soil sampling 
combined with GIS interpolation techniques (IDW and Kriging) and 3) administrative 
calculation of phosphates based on historical land use. The chemical and physical soil 
properties under investigation were Al, Fe, P, N, OM, pH, and clay. 
Approximately 50% of both locations was mapped with the sensor system.  Due to the 
roughness of the terrain the survey was performed by foot. The low survey 
speed combined with survey tramlines of 10 meter resulted in 1,000 sensor data points 



per hectare. The spectral sensor data was analysed using a Full Spectrum Analysis 
method with a running average of 11 seconds. Inversed distance was applied in Surfer 
as interpolation technique to construct quantitative nuclide soil maps.  
In each study area, 25 samples spots were selected based on the nuclide soil maps. 
The samples were analysed in the lab of Universiteit Antwerpen. 
After completing the generation of the soil property maps,17 samples were taken in total 
for validation purposes, of which, 8 in the Peize area and 9 in de Bolmert area. The 
results of these samples were statistically analysed with the modeled soil property 
maps. 
Base for the sample based soil maps via GIS interpolation were 50 samples of each 
study area. The Universiteit Antwerpen took 25 samples in each area and combined 
that with the samples of the soil survey, resulting in 1 sample per 2 hectare on 
average. Two interpolation techniques were used in ArcGIS 9.3 to construct soil 
property maps, i.e. IDW and Kriging. All samples were applied. Cross validation (-1 
sample) was used to analyse the outcome of the two interpolation techniques. 
Third, an administrative model was constructed to calculate the yearly amount of 
phosphates being brought into and carried out of the area since 1950. For the data 
collection of this historic land use model several agricultural archives were consulted 
and local farmers were interviewed for the determination of management practices. 
Phosphates came into the area through fertilization and corrected for the intensity of 
pasture. Phosphates were removed via plant yield and cattle uptake. For the 
determination of the total amount of phosphate in soil a base value was calcuted for the 
start of the model in 1950. All 100 samples were used as validation points for this 
method. 
 
Results 
The different validation procedures as described were compared on errors (minimal, 
maximal and average), mean error and R2. The results are combined for both locations 
for each soil property. 
 

Table 1. Validation results soil property mapping. 
 

 



 
 

In addition, the soil property maps that were constructed by each method, were 
compared to visualize differences in trends and resolution. 
 
Figure 1. Soil maps Total P based on 3 methods area Peize. 

 

 
 

Conclusion 
It was concluded that passive radiation top soil sensor was the best method to map Al, 
Fe, P-Olsen, N, OM and clay. In general, the passive radiation top soil sensor was 
considered to be the best to determine trends, e.g high and low concentrations of a soil 
property compared to both interpolation techniques. The total amount of phosphate was 
best predicted by the historical land use method, although the predictive value is poor. 



Soil pH was equally well predicted with the sensor based models as with the GIS 
interpolation. The GIS interpolation techniques had little predictive value for the majority 
of the soil properties, except for Fe (IDW), P-Olsen and N-total. Surprisingly, all soil 
maps constructed with (Ordinary) Kriging were considered to be poor. 
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