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It has been experienced from 
earlier soil classification studies 
that there is a significant varia-
tion in soil characteristics, even 
within smaller fields, which is 
not shown by downscaling the 
existing soil maps. Therefore, 
in order to obtain improved data 
for modelling the nitrogen lea-
ching a detailed soil mapping 
of agricultural fields in the pilot 
areas of AGWAPLAN were car-
ried out. 

The soil mapping was perfor-
med by using an electromagne-
tic technique (EM38), where the 
apparent electrical conductivi-
ty of the soil is measured. This 
was supplemented with classical 
methods, where the soil profile 
to about 1 m was physically and 
visually characterized at strate-
gic points in the fields.       

The EM38 method
The principle of the EM38 me-
thod is based on induction and 
reflection of a magnetic field 
(Nehmdahl, 2000). Shortly, a 
magnetic field is broadcast from 
a transmitter coil, which crea-

tes an electrical current and a 
secondary magnetic field in the 
soil. A receiver measures the to-
tal magnetic field, and by com-
paring this with the known pri-
mary magnetic field, the relative 
electrical conductivity is deter-
mined. The conductivity, which 
is measured in milliSiemens per 
meter (mS/m), is well correlated 
with soil texture, and depending 
on the orientation of the instru-
ment, the effective measuring 
depth will be 0.75 to 1.50 m. 
This means that the measure-
ments give detailed information 
about the variability of soil tex-
ture across the entire root zone.

The measurements were per-
formed with the EM38 sensor 
mounted on a plastic-sledge, 
which was pulled over the field 
by a 4WD motorbike (Figure 1). 
The running speed was 15-20 
km/h, and one measurement was 
taken for each 10 to 15 m, which 
ensured a uniform and systema-
tic measuring distance over the 
area. The position of the instru-
ment was continuously registe-
red and logged with a GPS sy-
stem.

Several factors affect the 
measurements, of which the fol-
lowing can be mentioned:  the 
content of clay, soil temperature, 
salts, metals, water and humus. 
However, in normal arable soil, 
clay content is the most impor-
tant factor with highest conduc-
tivity, and sand has the lowest.

The technique has the ad-
vantage of being a non-destruc-
tive method, and allows measu-
ring even with crops at a certain 
height on the field. A disadvanta-
ge of the method is that if a clay 
layer is overlying a sand layer, 
the clay will shadow for the un-
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Table 1. Relationship between soil texture 
and electrical conductivity (Clay, 2000).
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derlying sand, which is one of 
the reasons that the EM38 me-
thod needs to be supplemented 
with classical methods.   

The classical method
As mentioned, the EM38 me-
thod needs to be supplemented 
with classical methods, which is 
based on physical analyses and 
visual examination of soil samp-
les taken at strategic points in the 
field (Figure 2). The soils we-
re characterized in three depths 
(0-30 cm, 30-70 cm and 70-120 
cm) regarding geological ori-
gin and texture (clay, silt, sand 
and humus). Additionally in the 
AGWAPLAN project, larger 20 
x 20 cm undisturbed soil cores 
were taken, on which hydraulic 
conductivity was measured.  

The final soil mapping
Measurements with the EM38 
method are combined with re-
sults of the physical characte-
rization of soil samples and the 
final soil map can be produced 
(Figure 3).
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Figure 1. Apparent electric conductivity is measured using an EM38 sensor mounted on a 
sledge.

Figure 2. Soil samples are taken for physical and visual examination.

Figure 3. The map at left shows the results of measurements with the EM38 technique and 
classical methods, from which the final soil maps (right) are produced. Colours in the map 
to the right represent different clay contents, where white = 0-5%, grey = 5-10%, yellow = 
10-15% and brown = >25%. 
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