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Abstract: The aim of the GPR research was a non-invasive inspection of the root systems arrangement of selected trees (fir Abies alba 
and spruce Picea abies), in the Silesian Beskids Landscaped Park and Żywiec Beskids Landscaped Park (Carpathian Mountains, 
Poland). Field research has been done using RAMAC/GPR with 800 MHz shielded antennas. The survey was conducted by linear 
profiling to a depth of 2 m. The survey was carried out around the designated trees in 6 meters × 6 meters grids. Base points for X (S-N) 
and Y (W-E) axis were set in corners of each grid. Parallel GPR traverses were conducted within each study area, at intervals of 0.20 m. 
The maps of the research areas show existing trees and stumps within the GPR sections, with ±0.1 m error. GPR data analysis was 
carried out in 2D and 3D systems. Major findings from the GPR survey concluded that the firs (Abies alba), have a “vertical” root 
system type (with the roots dominant at depths of 0.2-0.8 meters), concentrically away from the tree trunk at a distance of about 1 m to 
about 2 m, and the spruces (Picea abies), have a “cloud” root system type (at a depth of 10-100 cm), with a few clear, thicker roots 
extending from the trunk.  
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1. Introduction 

In the mountain landscape parks of the Silesian 

Beskids and the Beskid Żywiecki Western Carpathians 

(Fig. 1), the predominant forest habitats are: fresh 

mountain forest and mixed fresh mountain forest. The 

age of the forest is about 40-60 years. In many places 

the trees are unhealthy, this is due to the inadequate 

selection of trees for habitat conditions at planting sites. 

Therefore, it is necessary to replace the stands, 

especially for fir and spruce. Forests have been subject 

to detailed research in the indicated areas.  

One of the projects’ concerns was to obtain detailed 

studies of the condition of selected forest habitats. This 

project is financed by the Regional Fund for 

Environmental Protection in Katowice and run jointly 
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with the Regional Directorate of State Forests in 

Katowice. As part of a scientific and research study on 

the analysis of soil conditions of fir in the forests of the 

Beskid Śląski and Żywiecki (538/BR/16), research on 

the root systems of: fir and spruce trees using the GPR 

method was carried out at selected positions. 

Ground-penetrating radar (GPR) is a safe and 

valuable method for the non-destructive testing of 

ground structures [1-6]. There is a lot of work in the 

scientific literature regarding the effective use of GPR 

for the assessment of root systems of trees [7-29].  

1.1 Research Stands 

In the Landscape Parks of the Silesian Beskids and 

the Żywiecki Beskids (Western Carpathians Mts.), five 

stands have been designated for the examination of root 

systems of selected trees (Fig. 2). These research sites 

are located in forested mountainous areas. 
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Fig. 1  Western Carpathians Mts. The area (red star) of researching tree roots using the GPR method [49˚30′17″ N; 19˚01′00″ E].  
 

 
Fig. 2  Western Carpathians Mts. Beskid Śląski and Beskid Żywiecki. Forests are marked in green.  
 

1.1.1 Sites of GPR Research 

(1) Research site 1 (Wisła Forest District, No. 107A 

Zapowiedź)  

GPR tests were carried out on a surface with 

dimensions: 6 m × 6 m, around the tree No. 1: fir (Fig. 

3). The area is located at an altitude of about 700 m 

above sea level and is located on a slope inclined 

north-west. Mountain soils developed here on 

sandstone and shale (age of rocks: Upper Cretaceous, 

senon). Cracked Upper Cretaceous rocks are inclined 

towards the south [30]. 

(2) Research site 2 (Wisła Forest District, No. 15A 

Olza)  

GPR tests were carried out on a surface with 

dimensions: 6 m × 6 m, around the tree No. 2: spruce 

(Fig. 4). The area is located at an altitude of about 540 

m above sea level, and is located on a slope inclined 

west. Mountain soils developed here on shale rocks 

(age of rocks: Upper Cretaceous). Cracked Upper 

Cretaceous rocks are inclined south-west [30]. 
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Fig. 3  Site 1: fir.  
 

 
Fig. 4  Site 2: spruce. 
 

(3) Research site 3 (Wisła Forest District, No. 46B 

Kubalonka)  

GPR tests were carried out on a surface with 

dimensions: 6 m × 6 m, around the tree No. 3: spruce 

(Fig. 5). The area is located at an altitude of about 800 

m above sea level and is located on a slope inclined 

south-west. Soils developed here on sandstones (age of 

rocks: Upper Cretaceous). Cracked Upper Cretaceous 

rocks are inclined towards the south [30]. 

(4) Research site 4 (Ujsoły Forest District, No. 21D 

Zlatna)  

GPR tests were carried out on a surface with 

dimensions: 6 m × 6 m, around the tree No. 4: fir   

(Fig. 6). The area is located at an altitude of about 

1,000 m above sea level and is located on a slope 

inclined south. Soils developed here on sandstones (age 

of rocks: Paleogene). Cracked Paleogene rocks are 

inclined towards the south [31]. 

(5) Research site 5 (Bielsko-Biała Forest District, 

No. 134 Skalite, shown in Fig. 7)  

GPR tests were carried out on a surface with 

dimensions: 6 m × 6 m, around the tree No. 5: fir (Fig. 

7). The area is located at an altitude of about 600 m 

above sea level and is located on a slope inclined south. 

Soil is developed here on shales intercalated with 

sandstone (age of rocks: Upper Cretaceous, 

cognac-mastricht). The Upper Cretaceous rocks are 

inclined south-west [32]. 

1.2 Ground Water 

The sites designated for GPR research are located in 

areas of low mountains (500-1,000 m above sea level). 

There are soils developed on the debris and weathered 

rocks: sandstones and shales. For mountainous areas, 

zones with diverse groundwater conditions are 

distinguished [33]. In reference to the topographical 

and geological situation of the research stands, it can be 

assumed that there are also groundwater zones 

described below, affecting soil humidity: 

Zone I: a weathering cover with variable thickness,  
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Fig. 5  Site 3: spruce. 
 

 
Fig. 6  Site 4: fir. 
 

 
Fig. 7  Site 5: fir. 
 

high water capacity and low water conductivity: 

thickness of the wet zone m = 1-10 m; effective 

porosity n = 0.24; filtration coefficient k = 0.1 m/day; 

gravitational drainage u = 0.12. 

Zone II: weathered and strongly cracked rocks, 

variable thickness, medium water capacity and low 

water conductivity: thickness of the wet zone m = 

10-50 m; effective porosity n = 0.01-0.05; filtration 

coefficient k = 1 m/day; gravitational drainage u = 

0.008-0.03.  

Zone III: zone of deep circulatory pathways, which 

includes cracks accompanying fault zones, has the 

lowest capacity and hydraulic conductivity: thickness 

of the wet zone m = 100-500 m; effective porosity n = 

0.0001-0.01; filtration coefficient k = 0.001-0.1 m/day; 

gravitational drainage u = 0.0008-0.001.  

2. Methodology of GPR Research 

2.1 Methodology of Field Research 

Field radar surveys (GPR) were carried out with a 

portable RAMAC/GPR, powered by 12 V batteries. 
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Shielded antennas with a central frequency of 800 MHz 

are used for profiling. They were moved along the 

ground surface. Distances were measured with a 

measuring wheel (Fig. 8). The tests were carried out by 

linear profiling to a depth of 2 m. 

In the above-mentioned sites, free-standing trees 

were designated (Figs. 3-7), whose root systems were 

to be tested with the GPR method: No. 1 (fir), No. 2 

(spruce), No. 3 (spruce), No. 4 (fir), No. 5 (fir).  

Around the examined trees, control points were 

designated: A, B (X axis) and then at points 6 m away 

from them designated points: A1 and B1 were 

established. In this way, research squares with 

dimensions of 6 × 6 m were created. Measuring tapes 

were arranged between points A and B and points A1 

and B1 (Fig. 9). For all research areas, the Y axis has 

always had the direction S-N. The Y axis has always 

been on the western side of the studied tree. Within 

each of the GPR survey area, cross-sectional lines were 

run in the  same direction  (from the  south towards  the 
 

 
Fig. 8  Ground penetrating radar (RAMAC/GPR) with an 800 MHz antenna (GPR field measurement method).  
 

 
Fig. 9  An example of a sketch of the location of GPR sections. 1) Control points; 2) baselines, measuring tapes; 3) the location 
of the tree whose root system is examined; 4) carp, stumps; 5) GPR section.  
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north), parallel to each other, at intervals of 0.20 m. 

Each cross-sectional line was marked with a number 

and distance from the point (0, 0) (on the X and Y axes). 

On the sketches of research areas, georadar 

cross-section lines (GPR) were marked with green 

arrows, with an accuracy of ±0.1 m (Fig. 9). The 

stumps of felled trees, or other trees existing in the area 

of the study were also marked on these sketches. 

2.2 Methodology for Interpreting GPR Data 

A trial analysis of GPR data in the 3D system was 

done by Magdalena Udyrysz (SUMO SERVICES, 

England). After entering data into the 3D program and 

subjecting it to filtration, horizontal time slices, vertical 

time slices and block images of the GPR anomalies 

were obtained. 

An example of all GPR anomalies seen from above 

is shown in Fig. 10. Brown colors show root systems 

(soft elements). With a circle, dash broken in indigo, 

the forecasted range of the root system of the examined 

tree was marked. 

Horizontal time slices from selected depths are 

shown for each site (Figs. 11, 13, 15, 16, 18). In these 

figures, the blue colors show hard places such as rock 

or weakly cracked rock. However, the colors: red, 

orange and yellow—are anomalies showing “soft” 

places (e.g. roots). The dotted line, in the indigo color, 

shows the predicted range of the root system of the 

examined tree at a given depth. 

From numerous vertical time-slices few selected 

cross-sections illustrating the vertical ranges of the root 

systems studied (Figs. 12, 14, 17, 19) have been shown. 

In these figures, the blue colors show hard places such 

as rock or weakly cracked rock. However, the colors: 

red, orange, yellow—are anomalies showing “soft” 

places (e.g. roots). The dotted line, in indigo, shows the 

predicted range of the root system of the examined tree.  

The example of station No. 5 (Fig. 20) also shows 

the block image of all anomalies, seen from the side. 

The dotted line in indigo shows the range of the root 

system of the examined tree. 

3. Results 

3.1 Site 1 (Fir) 

Block image. 

On a top view of all anomalies (Fig. 10), echoes 

converging concentrically from the main root system  
 

 
Fig. 10  Site 1. Fir tree root system. All GPR anomalies viewed from top: 1) Control points, 2) baselines, 3) location of trees 
whose root system is examined, 4) range of the root system of the examined tree, 5) capro, stump.  
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can be seen. The image indicates the “vertical” 

arrangement of the main root system. Intermediate 

indigo lines indicate the possible range of the main root 

system of the examined tree 1 (fir). 

Horizontal time slices, for selected depths (0.32-0.38 

m; 0.38-0.43 m; 0.49-0.54 m; 0.70-0.76 m), show a 

general view of the root system (Fig. 11). The main tree 

root system is arranged concentrically (circle, dashed 

line in indigo), up to a distance of about 1 meter from 

the trunk of the tree (fir). Strong echoes from the main 

root system occur at depths: from 0.2 to 0.76 meters. 

Analysis of vertical time slices confirms the “finger” 

nature of the main root system. The selected image of 

the vertical time slices is shown in Fig. 12, in which the 

possible root range of the examined tree is marked with 

a dotted line in the indigo color. 

3.2 Site 2 (Spruce) 

On horizontal time slices, from selected depths  

(Fig. 13), a general picture of the distribution of GPR 

anomalies seen from above is shown. Roots (soft 

elements) are, marked with colors red, yellow and 

orange. Around the tree No. 2, the root system forms a 

dense network (“cloud” of small roots), which is 

marked by a circle of dashed line in indigo. The largest 

accumulation of roots is in depths: 0.15-1.00 m.  

The analysis of vertical time cuts confirms the above 

observations (Fig. 14), and the dashed line indicates the  
 

 
Fig. 11  Site 1. Fir tree root system. GPR anomalies viewed from top on selected horizontal time slices from depth of: 0.32-0.76 
m (as explained in Fig. 10).  
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Fig. 12  Site 1. GPR anomalies—on selected vertical time slices. Fir tree root system showing a dotted indigo line.  
 

 
Fig. 13  Site 1. Spruce tree root system. GPR anomalies viewed from top on selected horizontal time slices from depth of: 
0.15-1.00 m (as explained in Fig. 10). 
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Fig. 14  Site 2. GPR anomalies—on selected vertical time cuts. The spruce tree root system shows a dotted black line. 
 

possible depth of the root system of the examined tree 2 

(spruce). 

3.3 Site 3 (Spruce) 

On horizontal time slices, from selected depths  

(Fig. 15), a general picture of the distribution of GPR 

anomalies seen from above is shown. Roots (soft 

elements) are, marked with colors red, yellow and 

orange. Around the tree No. 3, the root system forms a 

dense network (“cloud” of small roots), which is 

marked by a circle of dashed line in indigo. The largest 

accumulation of roots is in depths: 0.54-1.02 m.  

3.4 Site 4 (Fir) 

Horizontal time slices, for selected depths (0.35-0.41 

m; 0.48-0.54 m; 0.83-0.89 m; 0.92-0.98 m), show a 

general view of the root system (Fig. 16). The main 

root system of the tree is laid “finger-like” (dashed line 

in indigo), up to a distance of about 1 meter from the 

trunk of the tree (fir). Strong echoes from the main root 

system occur at depths from 0.3 to 1.0 meters. The 

observation that this fir has “finger-like” character of 

the main root system is confirmed by the analysis of 

vertical time slices. Selected images of vertical time 

cuts show the possible range of the root system of the 

examined tree (Fig. 17). Tree 4 (fir) has vertically 

(“finger-like”) developed its main root system, at 

which the “cloud” developed a root system of small 

roots. 

3.5 Site 5 (Fir) 

Horizontal time slices, for selected depths: 0.32-0.96 

m, show the overall picture of the root system (Fig. 18). 

The main root system of the tree is laid “finger-like” 

(dashed line in indigo), up to a distance of about 1 

meter from the trunk of the tree (fir). Strong echoes 

from the main root system occur at depths from 0.3 to 

1.0 meters. This observation is confirmed by the 

analysis of vertical time slices, confirming the 

“finger-like” character of the main root system. The 

selected image of the vertical time slices shows the 

possible vertical range of the root system of the 

examined tree (Fig. 19). Tree 4 (fir) has vertically 

(“finger-like”), developed main root system, at which 

the “cloud” developed a root system of small roots. A 

block view of the entire root system seen from the east 

confirm that this fir has a “finger-like” root system  

(Fig. 20).  

3.6 Excavation 

In the vicinity of trees whose root systems were 

subjected to GPR testing, inspection pits (excavation) 

were dug to a depth of about 1.0 m. Data from these 

exposures are consistent with GPR surveys. Firs have  
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Fig. 15  Site 3. Spruce tree root system. GPR anomalies—view from top on selected horizontal time slices from depth of: 
0.54-1.02 m (as explained in Fig. 10).  
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Fig. 16  Site 4. Fir tree root system. GPR anomalies—view from top on selected horizontal time slices from depth of: 0.32-0.76 
m (as explained in Fig. 10).  
 

 
Fig. 17  Site 4. GPR anomalies—on selected vertical time slices. Fir tree root system showing a dotted indigo line. 
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Fig. 18  Site 5. Fir tree root system. GPR anomalies—view from top on selected horizontal time slices from depth of: 0.32-0.96 
m (as explained in Fig. 10).  
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Fig. 19  Site 5. GPR anomalies—on selected vertical time slices. Fir tree root system showing a dotted indigo line. 
 

 
Fig. 20  Site 5. GPR anomalies—block image of fir tree root system (dotted indigo line) seen from the east. 
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Fig. 21  Site 1. Fir tree root system in pit. 
 

 
Fig. 22  Site 2. Spruce tree root system in pit. 
 

 
Fig. 23  The root system of fallen spruce tree (oval in 
yellow). 

“finger-like” developed systems of main roots that 

penetrate deeply into the rock crevices and a small 

number of fine roots (Fig. 21). Spruce trees have many 

small roots (“cloud”). Their dense systems reach a 

shallow depth (Fig. 22). The “cloud” of a spruce root 

system is clearly visible when such a tree is knocked 

down as a result of strong wind (Fig. 23). 

4. Conclusions 

The following conclusions emerge from the analysis 

of georadar data (GPR): 

(1) GPR studies of the root systems of fir and spruce 

trees were carried out on selected forest research areas, 

located at altitudes of 500-1,000 m above sea level, in 

the Western Carpathians Mts. 

(2) Within the studied areas, mountain soils occur, 

on debris from strongly fractured rocks. 

(3) Soil of sites: 1, 3, 4, 5 are on sandstone, while the 

soil of site 2 is on shale. 

(4) Firs have “finger-like” developed main root 

systems, pushing “vertically” into rock crevices up to 

2.0 m depth and a few small roots. 

(5) Spruce have “cloud” developed root systems 

(numerous, dense, small, thin roots), reaching to a 

depth of about 1 meter. 

(6) The GPR method allows for very detailed 

horizontal and vertical depiction of tree root systems. 
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