
A new method for the extraction of undisturbed soil samples  

for X-ray computed tomography 

 

Katrin KUKA
1
, Bernhard ILLERHAUS

2
, Guido FRITSCH

3
, Monika JOSCHKO

1
, Helmut 

ROGASIK
4
, Marc PASCHEN

5
, Holger SCHULZ

5
, Manfred SEYFARTH

5
 

 
1 
Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e. V. Müncheberg – Institut für 

Landschaftsbiogeochemie; email: katrin.kuka@ufz.de 

2 BAM - Bundesanstalt für Materialforschung und –prüfung Berlin – Fachabteilung für Zerstörungsfreie 

Prüfung; email: bernhard.illerhaus@bam.de 

3 
Leibniz-Institut für Zoo- und Wildtierforschung (IZW) Berlin - Forschungsgruppe Reproduktionsmanagement 

4 
Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e. V. Müncheberg – Institut für 

Bodenlandschaftsforschung 

5 
Umweltgerätetechnik GmbH (UGT) Müncheberg 

 
Abstract 

Can you imagine what happens underneath your feet when you walk across a meadow ? Can you describe how it 

looks like underground ? What is the structure of the soil, how do the plant roots disperse in the dark ? How is 

the water distributed within the pore system, which in turn determines matter transformation in soil ? All these 

questions might be answered when you use the potential of X-ray computed tomography to look into, visualize 

and quantitatively analyze the soil.  

For that purpose, you must have soil samples first, and not only one, but a statistically relevant large number of 

samples! You better have a machine for the non-destructive sampling of soil. Here, we describe the setup and the 

application of such a machine and show the first macro- and micro-CT scans which we achieved with this 

method. 
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Fig. 1 and 2: Impressions from the Schwäbische  Alb (Germany) – Locations of the Biodiversity Exploratories 

Program 
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1. The problem. 
 

The soil functions, such as organic turnover processes in soil, which keep life going, are 

substantially influenced by soil structure and its dynamics (Kuka et al., 2007). Soil structure 

describes the spatial arrangement of the soil elements, such as mineral parts, air-filled pores or 

aggregates. In this context, a close relationship between biodiversity (the diversity of 

organisms) and soil structure is assumed. In order to study this close relationship, there is a 

substantial need, to analyze soil structure of undisturbed soil samples and to carry out 

comparative studies with respect to biodiversity of the sampling site. 

The standard soil sampling for undisturbed soil samples for assessment of soil bulk density, 

water retention curves and other physical parameters are usually done by hammering of metal 

cylinders down into the soil with subsequent excavation. The mechanical stress, however, 

which is exerted during the hammering procedure of metal cylinders with a hammer leads to 

deformations at the sample walls, so that no real undisturbed sample is achieved. The pushing 

of metal cylinders into the soil without greater power and thus without soil disturbance is only 

possible when the soil is nearly saturated (near field capacity) or else in very loose soil, for 

example after ploughing. But soil sampling is also necessary during dry periods since the 

annual dynamic of soil structure is important for the understanding of soil turnover processes. 

Therefore, new methods are required for the sampling of undisturbed soil cores. In this 

context, a sufficient number of samples, a high temporal resolution of sampling and samples 

from a large number of different soils are needed for a thorough analysis of soil structure with 

a statistically relevant validation of results.  

Rogasik et al. (1997) developed a method for the manual sampling of undisturbed soil cores 

which is suitable for almost each soil condition. The disadvantage of this method is that it is 

very time consuming because of the manual labour needed for excavation of the undisturbed 

soil sample. Because of this, the method is only suitable for very detailed analysis of soil 

structure with a small number of samples.  

The  Rogasik et al (1997) procedure and expert knowledge of the sampling techniques used to 

obtained the large undisturbed soil blocks for water usage lysimeter studies ( Meißner et al. 

2007; Meißner et al. 2008) formed the basis for developing an appropriate sampling device in 

order to obtain undisturbed samples with a diameter and height of 12cm. The details of this 

mechanical device are described in the methods below. 

The resolution of the pore space in soil cores by means of X-ray computed tomography 

depends on the soil core size and the characteristics of the applied X-ray scanner. Therefore, 

in addition to the sampling of undisturbed soil cores in situ, a second sampling of a soil core 

with a smaller diameter is necessary. In this way by having two size ranges of samples, the 

analysis of the microstructure with a resolution up to meso pore space (µm) could be carried 

out. 

 

2. Methods 
 

The principle of mechanical soil sampling is based on the technique by Rogasik et al. (1997). 

It is characterized by the fact that the 3 steps needed during the sampling of an undisturbed 

soil core,  

a) the manual digging of a circular trench around the prospective sample,  

b) the subsequent carving of the undisturbed soil core by means of a mechanical guidance 

system, and  

c) the packing of the soil core ready for transport,  



are combined.  

A mechanical device was developed similar to larger machines which are used for the 

sampling of lysimeters (Meißner et al. 2007, Meißner et al. 2008), which excavates the outer 

circle around the soil core by means of a rotating attachment, which simultaneously cuts the 

soil core with a sharp edge attached to the plastic cylinder, and at the same time pushes the 

Perspex cylinder over the soil core.   

 

 

 

 

 

 

 

 

Fig. 3: Soil sampling device in action. 

The principle of the mechanical cutting device is depicted in figure 3.  

It consists of a 

Cradle with wheels for the transport to the sampling site, which is horizontally oriented by 

means of adjusting screws which can be stabilized if needed with soil anchors in unstable 

soils.  

Attached is the rotating motor for the mechanical drive of the cutting blade, which can be 

manually moved up and down by means of a pusher beam. 

Within the rotating cutting blade mechanism (fig. 4),  

a Perspex cylinder (fig. 5) is inserted for the final soil sample. 

At the base of the cutting mechanism there is a mounted sharp edge made from steel (fig. 4) 

with a slight inward tilting to achieve an easier cutting through of the soil.  

 

 

              

Fig. 4: Schematic diagram of the cutting and digging device 

  



Fig. 5: Fresh-taken soil sample 

 

Before the cutting device is positioned on the soil surface, the vegetation must be cut off with 

sharp scissors at the prospective sample location. Here it is important that during the cutting 

process no disturbances of the soil are introduced due to tensile forces acting upon the plant 

roots. The cutting device with inserted Perspex cylinder including the attached cutting edge is 

firmly connected with the rotating motor; the motor is attached to the cradle which is then 

levelled. 

After the positioning of the cutting device onto the soil surface, it is advantageous, in case of a 

grass mat, to cut this mat vertically with a sharp knife well outside the prospective soil core.  

By this procedure the root mat will be disconnected from the prospective soil core; greater 

disturbances through movement of roots will thus be impaired. In addition, the cutting with a 

30 cm long knife will also be a good test for detecting potentially disturbing stones larger than  

c. 3 cm. Subsequently, the rotating motor which is driven by a current generator is started. 

The soil accumulating during the cutting procedure of the soil core will be transported to the 

soil surface by the cutting blade. After the final sample depth is reached, the motor is turned 

off, and is detached from the cutting device by loosening of the screw connections. At this 

point, the soil core has been separated from the neighbouring soil through a mechanically 

burrowed circular trench and is now sealed inside a Perspex cylinder. 

At the bottom the soil core is still attached to the ground. 

Now, the cutting device together with the soil core is carefully and slowly excavated with a 

spade. Larger roots have to be separated from the subsoil with a sharp knife. Subsequently, 

the soil core within the Perspex cylinder is carefully removed from the cutting device; also the 

steel edge is being removed. With a sharp knife, the bottom of the soil core extending beyond 

the Perspex cylinder (fig. 5) is carefully trimmed level to be even with the base of the 

cylinder. The cylinder with the soil core is closed with a second lid. In ideal conditions, the 

soil core now has a size of 12 cm in diameter and height. If sampling conditions are difficult  

and the soil corer can only penetrate to partial depth , e.g. because of stones, the soil corer can 

be removed and the space in the cylinder filled with suitable packing material. In this case, the 

soil core will have a diameter of 12 cm but a smaller height. 

Subsequently, the soil cores can be analyzed by means of a standard medical X-ray CT 

scanner, in this case a Toshiba Aquilion CX, resolution 300 µm, for analyses of the macro 

pore space and the macro root architecture and root volume (Fig. 6).  

For studies of the meso pore space and the root distribution, which will necessitate high-

resolution analyses, smaller soil cores will be required.  For that purpose, smaller, undisturbed 

soil cores must be taken out of the larger sample. This was achieved with a multi-hole disk 

holder, mounted on a cradle, where up to three stabbing devices can be attached, each with a 

size of 3 cm diameter and height (Fig. 7). 

 



 

  

Fig. 6: 12-cm-soil samples in medical X-ray CT scanner (Toshiba Aquilion CX) 

 

 

 

 

Fig. 7a: Extraction device showing in cross-section the large core being pushed upwards into the small cores 

Fig. 7b: Displacement possibilities of the soil cores 

Fig. 7c: Extraction punching device for small soil cores 

With several screw connections, the position of the small cylinders can be variably adjusted. 

By analyzing the larger 3D-CT-scans, stones could be identified, which could be considered 

when the position of the smaller samples is fixed. The number of small samples which can be 

taken out of a vertical layer of the larger sample ranges between one and three. The mounted 

cylinders once again have a sharp edge (Fig. 7a) contain smaller Perspex cylinder (3 cm 

diameter and height). The pushing of the cylinders into the soil is carried out manually by 

means of a crank. By this procedure, a punch is raised, which pushes the sample out of the 

large cylinder upwards and simultaneously pushes the soil core into the small cylinders. Since 

the soil is pushed out of the larger cylinder, the sample has enough space to expand, outside 

the small cylinders. Thus it is prevented that the small soil cores are disturbed by compression 

forces. Like the other, these small samples were cut to the final size of the Perspex cylinders 

with a sharp knife and closed with lids. 

Subsequently, the samples can be analyzed by means of micro-CT (225 kV tomograph with a 

resolution of up to 5 µm) with respect to the macro pore space and fine root system (Fig. 8).  



 

 

 

Fig. 8a: Computed micro-CT for scans of small soil cores 

Fig. 8b: Large and small soil core in plastic cylinder for comparison 

 

3. Results 

 
The analysis by means of X-ray computed tomography in the two spatial scales (medical CT 

scanner: 0.3/120 mm) and micro-CT (0.020/30 mm) reflects the composition of the soil 

structure, resulting from the bulk density and water content dependent, differential attenuation 

of X-rays when passing through the soil columns. The continuous and highly resolved- 

information characterises the high quality of the soil sampling. The smooth contact between 

soil core and Perspex cylinder wall, the absence of fissures within the soil core and the quality 

of 3D-visualizations of the air filled macro space and the root distribution are important 

indicators of the high quality of the soil sampling. For medical CT scans, one to three large 

samples were taken from each of a total of 150 sites from the Schorfheide, the Schwäbische 

Alb (Fig. 1 and 2.) und the Hainich with the mechanical extraction device. 

In Fig. 9a and 9b you see the medical CT scan of a large soil sample. With segmentation 

techniques, it is possible to visualize the air filled pore space (Fig. 9c): 

 

a) Z-view  (d 12 cm) 

 

b) X-view (12 cm height) 

 

c) Pore space 

Fig. 9a-c: Medical CT, scan of sample HEG 17 



The complete series of small soil cores is analyzed due to time limitation with 40 µm voxel 

size at 1.2 h measuring time. Due to the excellent signal to noise ration, fine roots can be 

visualized separately even at this resolution (Fig. 10).   

 

a) Z-view (d 3 cm) 

 

b) X-view (3 cm height) 

 

c) Root system 

Fig. 10a-c: Computed micro-CT, scan of sample HEG 17 

 

In Fig. 11a and b a high resolution µCT scan of a small cylinder (AEG25b4414) is shown, 

and in Fig. 11c and d the respective scan of the medical CT. Although the soil sampling of the 

large core was only possible to a depth of c) about 7 cm because of stones (Fig. 11c and d), 

the medical CT scan shows a complete undisturbed sample up to this depth. Also, the small 

soil core is taken out of the larger sample without disturbances, as evidenced by the micro-CT 

scan at high resolution (Fig. 11a and b).  

 

a) 

 

b) 

(210kV, 70µA,  

1mmAl pre-filter 

1801 x 1801 image size 

2400 angles 

Bildmatrix, 

 22 h measuring time 

20µm voxel size) 

a) X-view (3 cm height) 

b) Z-view (d 3 cm) 

 

c) 

 

d) 

Med. CT 

c) X-view (12 cm height) 

d) Z-view  (d 12 cm) 

 

Fig. 11a-d: Micro-CT scan and the respective medical CT scan of sample AEG 25 

 



4. Conclusion 

The two devices described above enable taking undisturbed soil samples with a diameter of 

12 cm and 3 cm respectively from field soils which can subsequently be analyzed by means of 

X-ray computed tomography. The results show that with increased confidence no visible 

disturbance due to the sampling procedure took place. Thus, elements of soil structure, such 

as macro pore space, can be analyzed in different scales, from 1 cm-range to a dimension of 

20 µm. The morphological analysis of the soil is crucial for the exploration of soil functions, 

such as the habitat function for the soil biota and root distribution patterns.  
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