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METHODS

INTRODUCTION
Creating a systematic and comprehensive soil information system is ultimately
the goal of each country as soil are the basis of many ecosystem services.
However, the process can be difficult and very time consuming due to the
harmonization and digitizing of (legacy) soil data. Estonia is relatively rich in
terms of soil data: we have a national soil map at the scale of 1: 10 000, the
national monitoring of arable and forest soils, soil agrochemical monitoring
etc. These spatially referenced soil point data provide data necessary in digital
soil mapping projects. Estonia is generally flat in terms of terrain parameters.
Southern part of Estonia has more heterogeneous terrain and we chose a
study area in this part of the country to test digital soil mapping method.

The aim of current research is to predict pH of arable
soils using soil point data, Estonian Soil Map and soil
covariates from DEM. This approach has not been
previously applied in Estonian conditions. The results
are presented in the example of a study area.

MATERIALS

A small study area was selected for the analysis. The area is not flat typical for Estonia.
Soils in this area are eroded soils according to Estonian Soil Classification. The range of
elevations is 119-210 meters. There are 505 topsoil pH samples in the study area
(min=4,3; max=7,5; mean=6,3).
The random forest model
was used for prediction.
All analysis were carried
out using the statistical
software R version 3.4.0.
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Figure 3. Topsoil pH values in the study
area (2579 ha of agricultural land).
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the aim of setting fertilization recommendations of arable fields.
• Mandatory for farmers who have joined the CAP subsidies
programme applying environmental friendly and organic farming
support.
• Soil sampling: a composite topsoil sample for 3-5 ha area is taken for
analyzing pH (pH KCl), plant available P and K. One sample for 20 ha
has to be analyzed for soil organic carbon (%).
• Database holds 285 430 georeferenced samples dating from 20042016. The samples collected in 2017 have not been included.

2. Environmental covariates – terrain parameters from the Digital

Figure 1. The distribution soil samples in municipalities from 2004-2016.
Visualized in 3D with orthophoto in the background. Red circle indicates the study
area.

Elevation Model of Estonia using LiDAR technology:
• We used grid size of 10 m.
• DEM-derived surfaces: slope, profile curvature, SAGA Wetness
Index, multi-resolution index of Valley Bottom Flatness
(MrVBF), valley depth, negative and positive Topographic
Openness, deviation of Mean Value, valley depth. All were
derived using SAGA GIS.
Estonian Soil Map – a digitized soil polygon map with relevant attribute
data is based on traditional soil mapping from 1954-1990, scale 1: 10
000. Soil type and soil texture (after Estonian Soil Classification) where
used as covariates.
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3.

The random forest
model performed
poorly, as the R2 was
14% and RMSE 0,68.
It is evident that the
model overpredicted
low pH values and
underpredicted high
pH values in the
region. Variable
importance plot
identified that positive
Topographic Openness
and soil type as the
most important
predictors.

Figure 4. Predicted pH values of arable fields with
random forest.
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RESULTS

Figure 2. Covariate
layers for study area

The data from agrochemical monitoring of arable soils is not
suitable for digital soil mapping in the area of hilly landscape
with eroded soils (as was in the study area). The main reason is
that the composite soil sample is sampled from too large area.
Therefore, it is not reflecting the true values of soil properties.
This methodology of combining terrain parameters and soil
point data was the first attempt made in Estonia. Now we can
try this approach in flat landscapes and also on soil profile data,
which should lead to improved results.
The data from agrochemical monitoring will still provide
detailed fertilization recommendations to farmers as it was
initially designed for.

Figure 5. K fertilization recommendation based on plant available K,
texture and Estonian soil nutrient gradation in a farm scale.

