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PREFACE 

 
Dear Reader, 

 

 You are about to read a publication Scientia iuvenis that includes a collection of scientific 

papers in the field of Natural Sciences, Mathematics and Informatics, as well as papers 

dealing with current issues from the field of Theory of Teaching of these subjects. 

 At the Faculty of Natural Sciences we highly value the doctoral postgraduate studies as a 

very important quality measurement of the education as well as scientific and research work 

of the individual Faculty departments, as it entails educational activities as well independent 

research work of each PhD. candidate. Research activity is a natural component of the 

education in Natural Sciences. If we understand science and knowledge (scientia in Latin) as a 

complex of systematically arranged knowledge about the real world and phenomena occurring 

there gained by objective observation, measurement and systematic experimental activity, 

then especially the basic as well as the applied research in the Natural Sciences is the way 

forward in expanding the knowledge base and extending new scientific results. 

In Natural Sciences it is typical that in the academic community there are established 

scientific outcome measurements for the basic research which include scientific publications 

(monographs) published by renowned publishing houses, scientific articles in impact 

magazines with a high impact factor and/or organizing or presenting at international 

conferences with the participation of top scientists and experts from academic and research 

field. 

 This publication offers a great opportunity for young people starting scientific or 

pedagogic career to present their research outcomes. 

 In the academic community it is permanently stressed that the rational of doctoral studies is 

expanding of knowledge by research and development reflecting the needs of the labor 

market, thus the doctoral studies should be high in the University strategy. That is why the 

young and enthusiastic doctoral candidates should be accepted as the highly professional 

knowledge makers at the University. 

 It shouldn’t be forgotten that quality research papers and other scientific outcomes are also 

a reflections of the professional level and quality guarantee of a workplace. Such creative 

scientific activity serves not only spreading the good word about our Faculty, but at the same 

time has also a positive impact on the Faculty economy. 

 

 

 

 

 

 

 

 

 

 

 

Nitra, September 2013    prof. RNDr. Ľubomír Zelenický, CSc. 
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Abstract 

The aim of this study was the selection and testing of suitable microsatellite markers for genetic analysis of the 

Slovak carniolan honeybee. These markers could be used for evaluation of the population structure, genetic 

diversity breed assignment and paternity testing of the carniolan honeybee queens in Slovakia. Fourteen 

microsatellite markers running in two multiplex PCR reactions were tested in 40 randomly selected workers. 

Markers were evaluated by PIC index, expected heterozygosity (HE) and observed heterozygosity (HO). For each 

marker, Chi-squared test of goodness of fit (α = 0.05) was used to check the Hardy-Weinberg genotype 

equilibrium (HWE). For the comparison tests the workers of A. mellifera mellifera x ligurica (Buckfast), A. 

mellifera macedonica and A. mellifera iberica were analyzed, using the same set of markers. We identified a 

total of 123 alleles in the Slovak carniolan honeybee samples, with the mean value of 8.78 allele per locus. 

Eleven markers showed the PIC value greater than 0.5 in the Slovak carniolan honeybee samples, so they were 
assessed as highly informative. The mean value of expected heterozygosity (HE) for all loci was 0.705 ± 0.15, the 

mean value of observed heterozygosity (HO) was 0.704 ± 0.18. The frequencies of genotypes for most tested 

markers were in HWE. Furthermore, 10 unique alleles for this breed were identified. 

Keywords 

carniolan honey bee, microsatellite markers, multiplex PCR  

INTRODUCTION 

The most common honeybee in Slovakia is the autochthonous carniolan breed (Apis 

mellifera carnica), originating from mountainous northwestern region of Slovenia (Kransko). 

This breed is well adapted to climatic conditions in Slovakia, showing a good viability, 

resistance to diseases and acceptable honey production. From the alpine type, originating 

from the area of the current Austria, the best known and the most extended tribes are Sklenar, 

Troiseck and Peschetz, from the Carpathian type originates Vučko and from autochthonous 

tribes originate Tatranka, Devínčanka, Šarišanka, Vigor, Košičanka and Vojničanka (Chlebo, 

2003). 

Population of the Slovak carniolan honeybee can be negatively influenced by individual 

import of allochthonous honeybee breeds, which could be the source of new pathological 

tribes of organisms and parasites. Especially highly probable is the import of the Italian 

honeybee in the area of Slovakia. This represents higher risk of cross with the Slovak 

carniolan honeybee. In the eighties of the last century, traditional reservoirs of the carniolan 

honeybee in Austria and in northern Slovenia have been decimated, due to mass extinction of 

hives. Subsequently, the loss of hives was supplemented by honeybees of dissimilar origin. 

Therefore, it is necessary to maintain the gene pool of the native Slovak carniolan honeybee 

population (VÚŽV, 2012). 

The long-term method used for species and interspecies variability studies is 

morphometry, based on comparison of quantitative spatial parameters. For the preservation of 

the gene pool of the native carniolan honeybee, it is necessary to extend traditional methods 

of phenotype evaluation with modern molecular methods. These are based on screening of 

genetic breed-specific markers and could serve as a supplement for classical morphometrical 

methods (Dall´Olio, et al., 2007). Sheppard and McPheron (1986) investigated the genetic 
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variation of honeybees from western Czechoslovakia using polymorphic enzyme 

electrophoresis. In the past years, many DNA markers have been developed. With the help of 

them, it is possible to observe the influence of introduced genes on native honeybee 

population (Estoup, et al., 1995; Vačkář, et al., 1995). For these purposes, the most suitable 

markers are microsatellites.  

Microsatellites represent noncoding regions of DNA as short tandem repeats of 1 – 6 bp 

size, distributed randomly through the whole genome of Eucaryota. The number of repeats is 

individual and the whole microsatellite consists of several hundred base pairs. They are 

characterized by codominant heredity, large number of alleles per locus and slow mutation 

speed (Brooker, 2012; Estoup, et al., 1993). For these reasons, microsatellites represent 

suitable genetic markers for the origin verification and the identification of individuals. They 

are useful for the testing of genetic variability on the level of breeds and populations, as well. 

Nowadays, the analysis of microsatellites is recommended by ISAG/FAO Commission as a 

standard procedure of animal genetic resources conservation and animal paternity testing 

(FAO, 2011). 

Opposite to other species of farmed animals (cattle, horse, sheep, goat), there are not 

specified and recommended sets of microsatellite markers, so-called FAO/ISAG panels for 

testing of paternity and genetic diversity of honeybee (FAO, 2011). Therefore, it is necessary 

to select suitable microsatellite markers from several hundred published markers (Solignac, et 

al., 2007) and optimize appropriate multiplex PCR reactions. 

MATERIALS AND METHODS 

Sampling 

We analyzed a total of 83 samples of honeybee. Forty samples of A. mellifera carnica  

originated from different regions of Slovakia (Liptovský Hrádok, Raslavice, Dargov, 

Bátorové Kosihy). For the comparison tests, 11 samples of A. mellifera mellifera x ligurica 

(Liptovský Hrádok, Slovakia), 10 samples of A. mellifera macedonica (Chalkidiki region, 

Greece), 22 samples of A. mellifera iberica (10 from the Cieza region - Spain and 12 samples 

from the La Union region - Spain), were sampled. 

Microsatellite Markers 

We tested 14 microsatellite markers, 4 of which are linked on chromosome 13 (HB-THE-

01, HB-THE-02, HB-THE-03, HB-THE-04) and 3 markers are linked on chromosome 16 

(HB-C16-01, HB-C16-02, AC006). The remaining 7 markers (UN351, A079, A113, A024, 

A107, A007, AP043) are unlinked (Shaibi, et al., 2008). 

DNA Isolation 

DNA was isolated from anterior leg after rinsing in 96% ethanol and sterile bi-distilled 

water using NUCLEOSPIN
®
 TISSUE isolation kit (Macherey-Nagel, Düren, Germany) 

according to the manufacturer’s instructions. The concentration and purity of isolated DNA 

were determined spectrophotometrically by GENEQUANT II (Pharmacia Biotech, 

Piscataway, USA) at 260 nm and 280 nm wavelength. 

DNA Amplification 

Amplification of DNA was performed in 16 µl reactions using the QIAGEN 

MULTIPLEX PCR KIT (Qiagen, Hilden, Germany). PCR reaction was done on DNA 

ENGINE PTC 200 THERMOCYCLER (MJ Research, Waltham, USA). 

Multiplex I PCR program: 95 °C for 15 min; 30 cycles (94 °C for 30 s; 59 °C for 90 s; 72 

°C for 60 s); final incubation step at 60 °C for 30 min. 
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Multiplex II PCR program: 95 °C for 15 min; 30 cycles (94 °C for 30 s; 60 °C for 90 s; 

72 °C for 60 s); final incubation step at 60 °C for 30 min. 

Analysis of PCR Products on ABI PRISM 310 

The PCR products were diluted 15 – 20 times with sterile MILLI-Q water (Merck 

Millipore, Billerica, USA). Then, 1.2 µl of diluted PCR product was mixed with 0.3 µl of 

GENESCAN – 500 LIZ SIZE STANDARD (Applied Biosystems, Paisley, UK), 10.5 µl of 

deionized formamide (Applied Biosystems, Paisley, UK) and denatured for 3 min. at 95°C. 

After 5 min. of cooling on ice, the mixture was analyzed on ABI PRISM 310 (Applied 

Biosystems, Carlsbad, USA) using the GeneScan module. The fragment analysis was 

performed through the GeneMapper software, v. 4.0. 

Statistics 

Obtained data were statistically processed with the help of software package 

PowerMarker 3.25 (Liu and Muse, 2005). For exact Hardy - Weinberg equilibrium (HWE), 

computation permutation method with 10
6
 permutations was used. Expected heterozygosity 

(HE) and observed heterozygosity (HO) were also computed. All the values were statistically 

tested at the level of significance α = 0.05. The polymorphism of tested markers was assessed 

through the PIC index (Polymorphism Information Content), values of which lie on interval 

0;1). Highly informative marker has the PIC ≥ 0.5, reasonably informative marker has the 

value 0.5 > PIC ≥ 0.25. In the case of briefly informative marker, this value is PIC < 0.25 

(Botstein, 1980). 

RESULTS 

In total, we identified 123 alleles at 14 microsatellite markers in the case of the Slovak 

carniolan honeybee, with the average number of allele per locus equal 8.78 ± 5.07 (Tab. 1). 

Generally, it is recommended to use at least 5-allelic loci for genetic variability screening and 

for paternity and origin determination. In our experiments, three markers didn’t meet this 

recommendation (AC006, A024, HB-THE-04). The results of the analysis of the rest three 

breeds are also documented (Tab. 2 – 4). 

For the Slovak carniolan honeybee, the highest PIC value reached marker HB-C16-02 (20 

alleles) and the lowest PIC value is associated with marker HB-THE-04 (2 alleles). Therefore, 

11 markers are highly informative and represent good source set for population studies as well 

as for verification of the origin of the Slovak carniolan honeybee. The remaining 3 markers 

(AC006, A113 a HB-THE-04) obtained the PIC value lower than 0.5 and hence they were 

assigned to reasonably informative markers. Detailed results for each marker shows Figure 1. 
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Tab. 1 Alleles detected at selected markers of the Slovak carniolan honeybee 
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Tab. 2 Alleles detected at selected markers of the Buckfast honeybee 
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Tab. 3 Alleles detected at selected markers of the Macedonian honeybee 
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Tab. 4 Alleles detected at selected markers of the Spanish honeybee 

 

M
a
rk

er
 

A
1
0
7

 

A
0
0
7

 

A
0
2
4

 

A
C

0
0
6

 

A
1
1
3

 

U
N

3
5
1

 

H
B

-T
H

E
-0

1
 

H
B

-T
H

E
-0

2
 

H
B

-T
H

E
-0

3
 

H
B

-T
H

E
-0

4
 

A
0
7
9

 

H
B

-C
1
6

-0
1
 

H
B

-C
1
6

-0
2
 

A
P

0
4
3
 

A
llele len

th
 (b

p
) 

154 102 92 156 218 144 276 240 182 224 96 252 236 132 

156 104 100 159 220 146   242 184 226 113 258 238 134 

166 106     222 154   244 186 228 117 272 240 158 

168 108     224 156         119   242 160 

170         160             254 162 

172         162             270 168 

174         164                 

176         170                 

178         172                 

180         174                 

182         178                 

198         180                 



  

16 

 

 

Fig. 1 PIC values for each microsatellite marker of the Slovak carniolan honeybee 

On the basis of obtained data, we calculated the sate of Hardy-Weinberg equilibrium for 

each of tested markers. Three of markers were not in HWE (UN351, HB-THE-01, AC006). In 

the case of the Buckfast honeybee, only marker A107 didn’t achieve the HWE. All the 

markers in the case of the Spanish honeybee were in HWE, except HB-THE-01, which had 

only one allele. By the Macedonian honeybee, one marker (UN351) was in disequilibrium. 

The average value of expected heterozygosity (HE) in tested set of individuals of the 

Slovak carniolan honeybee for all loci equals 0.705 ± 0.15, the average value of observed 

heterozygosity (HO) equals 0.704 ± 0.18. On the basis of these results, it can be concluded that 

in the tested set of the Slovak carniolan honeybee there is no significant loss of 

heterozygosity. The detailed values of HE, HO and their statistical evaluation for each marker 

of analysed breeds shows Tab. 5. 

Tab. 5 Expected (HE) and observed (HO) heterozygosity for each marker 

Marker 
A. m. carnica 

A. m. mellifera x 

ligurica 
A. m. macedonica A. m. iberica 

HE   HO HE   HO HE   HO HE   HO 

A007 0.651 = 0.737 0.702 = 1.000 0.465 = 0.500 0.5145 = 0.5000 

A024 0.673 = 0.789 0.599 = 0.636 0.401 = 0.333 0.4082 = 0.4286 

A079 0.820 = 0.868 0.785 = 1.000 0.827 = 0.889 0.1953 = 0.2105 

A107 0.869 = 0.895 0.810 = 1.000 0.805 = 1.000 0.8791 = 0.7273 

A113 0.489 = 0.579 0.645 = 0.818 0.510 = 0.600 0.6375 = 0.8000 

AC006 0.490 = 0.342 0.165 = 0.182 0.346 = 0.444 0.1913 = 0.2143 

AP043 0.693 = 0.700 0.773 = 1.000 0.580 = 0.800 0.7431 = 0.6667 

HB-C16-01 0.868 = 0.868 0.715 = 0.818 0.846 = 0.889 0.3400 = 0.2500 

HB-C16-02 0.925 = 0.947 0.702 = 0.909 0.835 = 0.700 0.7035 = 0.5909 

HB-THE-01 0.604 = 0.474 0.566 = 0.818 0.685 = 0.700 0.0000 = 0.0000 

HB-THE-02 0.753 = 0.763 0.698 = 0.909 0.730 = 0.600 0.5413 = 0.3500 

HB-THE-03 0.764 = 0.842 0.756 = 0.909 0.296 = 0.333 0.6556 = 0.7857 

HB-THE-04 0.441 = 0.395 0.236 = 0.273 0.691 = 0.556 0.2770 = 0.3158 

UN351 0.832 = 0.658 0.764 = 0.727 0.778 = 0.556 0.7699 = 0.7059 
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We also attempted to identify alleles unique for the Slovak carniolan honeybee breed, 

which could increase the probability of correct determination of this breed. Ten such alleles 

have been identified; allele 202 bp (HB-THE-03), alleles 274 bp and 300 bp (HB-C16-01), 

alleles 246 bp and 268 bp (HB-C16-02), alleles 148 bp and 158 bp (A107) and alleles 100 bp, 

110 bp, 118 bp (A007). However, the most of specific alleles occured at low frequency, 

therefore these results need to be considered as orientational only. 

DISCUSSION 

In total, we identified 123 alleles at markers of the Carniolan honeybee. The remaining 

three analysed breeds showed lower number of identified alleles as a result of smaller sample 

size. In our results, we found only 4 alleles at markers AC006 and A024 in the case of the 

Slovak carniolan honeybee. This fact could be caused due to lower number of tested samples. 

Analysis of greater amount of individuals could reveal the presence of another alleles at 

above-mentioned markers. Marker HB-THE-04 showed a low number of alleles also in other 

studies (Shaibi, et al., 2008). Therefore, this marker is considered neither suitable for practical 

use by screening of genetic variability, nor for origin verification. At marker HB-THE-01 of 

the Spanish honeybee, we recorded only one allele, so this locus was completely non-

polymorphic. 

Eleven of fourteen markers of the Slovak carniolan honeybee were evaluated on the basis 

of PIC as highly polymorphic and hence suitable for further population studies and screening. 

The rest three markers were evaluated as reasonably informative (A113, AC006, HB-THE-

04). Since marker A113 is not linked with no other of analysed markers, one of the reasons of 

this state is smaller sampled territory in our case. Baudry, et al. (1988) analyzed 214 samples 

from the surroundings of Frankfurt. They identified 9 alleles on locus A113. This indicates, 

that further increase of the amount of sampled individuals doesn‘t provide appropriate 

detection of more alleles at this locus.  

Markers UN351 and AC006 were not in Hardy-Weinberg equilibrium. Both are in 

genetic linkage and this could be the reason of existing disequilibrium. For higher accuracy, it 

is necessary to test a larger amount of individuals of each breed including more honeybee 

colonies. 

CONCLUSION 

By testing of 14 microsatellite markers on the set of 40 samples of the Slovak carniolan 

honeybee, we identified a total of 123 alleles, with the average number of allele per locus 

equal 8.78 ± 5.07. The highest PIC value (0.920) was reached by marker HB-C16-02 and the 

lowest PIC value (0.344) was reached by marker HB-THE-04, which had only 2 alleles. 11 

microsatellite markers were in Hardy-Weinberg equilibrium. Overall, 11 of 14 tested markers 

are highly informative and constitute suitable set for population studies and for determination 

of the Slovak carniolan honeybee origin. The average value of expected heterozygosity in the 

tested set of individuals of the Slovk carniolan honeybee for all loci was 0.705 ± 0.15 and the 

average value of observed heterozygosity was 0.704 ± 0.18. In conclusion, there is no 

significant loss of heterozygosity in the tested set of the Slovak carniolan honeybees, for 

example due to inbreeding.  
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Abstract 

Cyclic adenosine monophosphate (cAMP) and its target protein kinase A (PKA) dependent intracellular 

mechanisms can play an important role in the regulation of ovarian cell function. The aim of the present study 

was to examine the effect of cAMP analogue, dibutyryl cyclic adenosine monophosphate (dbcAMP) (0; 0.1; 1 
and 10 µg/ml) on proliferation and apoptosis of granulosa cells isolated  from porcine cycling ovaries. Markers 

of cell proliferation (expression of proliferation-associated peptide PCNA) and apoptosis (expression of 

apoptotic peptide Bax)  were analysed by immunocytochemistry.  It was observed that occurrence of PCNA was 

stimulated by dbcAMP (at doses 0,1µg/ml and 10µg/ml). Accumulation of Bax was also increased by dbcAMP 

after exposition (at doses 1µg/ml and 10µg/ml). The stimulatory effect of dbcAMP on both ovarian cell 

proliferation and apoptosis markers suggest, that this cAMP analogue may promote ovarian follicular cell 

turnover. The present data may provide new tools to regulate human and animal reproductive processes via 

cAMP-dependent mechanisms. 

Keywords 

dbcAMP. Proliferation. Apoptosis. Porcine granulosa cells. cAMP/PKA 

INTRODUCTION 

The cyclic adenosine monophosphate/protein kinase A - dependent (cAMP/PKA) 

intracellular mechanisms plays an important role in regulation of proliferation (Shawa et al., 

2002; Cheadle et al., 2008), apoptosis (Amsterdam et al., 2003), release of growth factors 

(Makarevich and Sirotkin, 2000) and hormones (Makarevich et al., 2004; Sirotkin 2005; 

Chrenek et al., 2010; Sirotkin et al., 2010) in ovarian cells. 

N6,2'-dibutyryladenosine 3'5'-cyclic monophosphate (dbcAMP) is a synthetic analogue of 

cAMP (Gordon et al., 2001; Fang et al., 2012). The administration of dbcAMP resulted in 

reduction of vasopressin and oxytocin secretion in porcine granulosa cells (Sirotkin, 1996) 

and decrease of progesterone, testosterone, but not estradiol in rabbits (Chrenek et al., 2010). 

It also stimulated proliferation of granulosa cells of chicken (Yoshimura and Tamura, 1991) 

and mice (Carroll et al., 1991). Our previous study demonstrated increased concentration of 

PCNA (marker of proliferation) in granulosa cells from porcine non cycling ovaries (Alexa et 

al., 2013). Also experiment of Kolesárová et al., (2008) at the same model showed elevated 

PCNA and CDC2/p34, however cyclin B1 (an other markers of proliferation) was declined. 

dbcAMP treatment increased number of corpora lutea, ovulations, number of oocyte, zygotes 

and embryo yield and development in rabbits (Chrenek et al., 2012; Balazi et al., 2012). 

dbcAMP was also described as apoptotic in granulosa cells of rats (Aharoni  et al., 1995), 

rabbits (Maillet et al., 2002), but as a survival factor in rats follicles (Chun et al., 1996). 

Kolesárová et al., (2008) observed decreased concentration of Bax (marker of apoptosis) in 

granulosa cells of porcine non cycling ovyries, what is in contrast with our previous 
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experiment at the same model (Alexa et al., 2013), where concentration of Bax significantly 

elevated. 

Therefore dbcAMP can be potent regulator of reproduction. Only Kolesárová et al., 

(2008) investigated the effect of dbcAMP on proliferation and apoptosis of granulosa cells 

from porcine cycling ovaries. They detected decreased expression of PCNA and CDC2/p34, 

however expression of cyclinB1 was increased. Moreover, increased expression of Bcl-2 

(antiapoptotic peptide) and no effect on Bax expression was observed. These results are in 

contrast with their experiment on granulosa cells from porcine non cycling ovaries, and 

pointed out on different effect of dbcAMP in both, cycling and non cycling ovaries. Though, 

effect of dbcAMP on apoptosis in our previous study (Alexa et al., 2013) is out of line with 

the study of Kolesárová et al., (2008), suggesting that not just maturation stage, but also 

another factors, could play an important role in dbcAMP application. Therefore, although the 

involvement of cAMP/PKA-dependent intracellular mechanisms in control of ovarian 

proliferation and apoptosis is evident, the effect of dbcAMP on porcine ovarian cell 

proliferation and apoptosis in relation to ovarian cyclicity requires further examination. 

The aim of this study is to examine the effect of dbcAMP on proliferation (PCNA 

expression) and apoptosis (Bax expression) of granulosa cells from porcine cycling ovaries, 

and elucidate the role of this molecule as a perspective tool for regulation of processes in 

cycling ovaries.  

 

METHODS 

 

Isolation and culture of granulosa cells 

Ovaries of cycling pubertal gilts, about 180 days of age, were obtained after slaughter at a 

local abattoir. They were washed several times in sterile 0.9% NaCl and 95% alcohol. 

Granulosa cells were aspirated by syringe and sterile needle from follicles 3–5 mm in 

diameter and granulosa cells isolated by centrifugation for 10 min at 200g. Cells were then 

washed in sterile DMEM/F12 1:1 medium (BioWhittakerTM, Verviers, Belgium), 

resuspended in the same medium supplemented with 10% fetal calf serum (BioWhittakerTM) 

and 1% antibiotic-antimycotic solution (Sigma, St. Louis, MO, USA) at a final concentration 

10
6
 cells/ml medium. Portions of the cell suspension were dispensed to 16-well chamber 

slides (Nunc Inc., International, Naperville, USA, 200 μl/well) and incubated at 37.5 °C in 5 

% CO2 in humidified air until 60-75% confluent monolayer was formed (3-5 days), at which 

point the medium was renewed. Further culture was performed in 200 μl of the medium in the 

same chamber slides, as described previously. 

After medium replacement experimental cells were cultured in the presence of dbcAMP 

(Biolog Life Science Institute, Bremen, Germany) alone at concentrations of 0,1;1 and 10 

µg/ml.  dbcAMP was dissolved in culture medium immediately before their addition to the 

cells. Control cells were cultured without dbcAMP. After removing the medium from 

chamber slides, cell were washed in ice-cold PBS (pH 7.5), fixed in paraformaldehyde (4% in 

PBS, pH 7.2-7.4; 60 min) and kept at 4°C to await immunocytochemistry.  

 

Immunocytochemical analysis  
Following washing and fixation, the cells were incubated in the blocking solution (1% of 

goat serum in phosphate-buffered saline - PBS) at room temperature for 1 h to block 

nonspecific binding of antiserum. Afterwards, the cells were incubated in the presence of 

monoclonal antibodies against either PCNA (marker of proliferation) and bax (marker of 

apoptosis) (all from Santa Cruz Biotechnology, Inc., Santa Cruz, USA; dilution 1:500 in PBS) 

for 2 h at room temperature at overnight at 4°C. For the detection of binding sites of primary 

antibody, the cells were incubated in secondary swine antibody against mouse IgG labeled 
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with horse-radish peroxidase (Servac, Prague, Czech Republic, dilution 1:1000) for  1 h. 

Positive signals were visualized by staining with DAB-substrate (Roche Diagnostics GmbH, 

Manheim, Germany).  

Following DAB-staining, the cells on chamber-slides were washed in PBS, covered with 

a drop of Glycergel mounting medium (DAKO, Glostrup, Denmark); then coverslip was 

attached to a microslide. Cellular presence and localization of PCNA and bax positivity in 

cells was proved on the basis of DAB-peroxidase brown staining. A ratio of DAB-HRP-

stained cells to the total cell number was calculated. 

 

Statistical analysis  

Each experimental group was represented by 4 culture wells containing approx. 3 x 10
5
 

ovarian granulosa cells. Significant differences between the experiments were evaluated using 

Student´s T-test and one/two-way ANOVA followed by paired Wilcoxon-Mann Whitney test, 

by using Sigma Plot 11.0 software (Systat Software, GmbH, Erkhart, Germany). Differences 

from control at P<0.05 were considered as significant. 

 

RESULTS 

Analysis of porcine granulosa cells revealed detectable levels of PCNA and Bax within 

the cells, either without or after exposure to dbcAMP. It showed that the addition of dbcAMP 

(at doses 0,1µg/ml and 10µg/ml) significantly increased the percentage of cells containing 

PCNA (marker of proliferation). Also significant elevation in the percentage of cells 

containing Bax (marker of apoptosis) was detected after addition of dbcAMP (at doses 

1µg/ml and 10µg/ml) in comparison to control (Table 1). 

 

Tab. 1 The percentage of granulosa cells containing markers of proliferation (PCNA) and 

apoptosis (bax) in the porcine granulosa cells cultured with and without dbcAMP 

 

Supplement 
% of  cells contained 

PCNA bax 

Control  (no additon) 
8,87±7,44 

(902) 

29,71±6,12 

(707) 

dbcAMP   0,1µg/ml 
20,5±8,73* 

(1000) 

29,55±11,44 

(950) 

dbcAMP   1 µg/ml 
11,65±0 

(103) 

37,65±4,56* 

(673) 

dbcAMP   10 µg/ml 
23,6±7,5* 

(1000) 

53,07±8,59* 

(171) 

 

Legend: Values shown are mean % of cells containing particular antigen, ±SD (standard 

deviation), * statistically significant p<0,05 differences compared to the control group, 

analysed cell number is indicated  in brackets 

 

DISCUSSION 

The results of our experiment demonstrate that dbcAMP affects granulosa cells 

proliferation and apoptosis, thereby it influences ovary function. Our study showed significant 

stimulation of proliferation (at doses 0,1 and 10 µg/ml) of porcine granulosa cells from 

cycling ovaries by dbcAMP. Promoted proliferation after dbcAMP treatment was previously 

described in chicken (Yoshimura and Tamura, 1991), mice (Carroll, Whittingham and Wood, 

1991) and porcine granulosa cells from non cycling ovaries (Alexa et al., 2013). Kolesárová et 

al., (2008) reported decreased accumulation of PCNA and CDC2/p34 in granulosa cells from 
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cycling ovaries. On the other hand cyclin B1 was increased. These results are in contrast with 

our observation, suggesting, that not just maturation stage, but also other factors, could play 

an important role in dbcAMP application. In study of Chrenek et al., (2012) and Balazi et al., 

(2012) on rabbits, the dbcAMP exposure stimulated follicular development up to ovulation 

and increased corpus luteum development, processes going along with increased proliferation. 

Furthermore, results of our experiment demonstrated the stimulatory influence of 

dbcAMP on apoptosis of porcine granulosa cells, isolated from cycling ovaries. Previously, 

dbcAMP was described as apoptotic in granulosa cells of rats (Aharoni  et al., 1995), rabbits 

(Maillet et al., 2002) and non cycling gilts (Alexa et al., 2013). On the other hand, Kolesárová 

et al., (2008) did not observed effect of dbcAMP on Bax concentration in granulosa cells of 

cycling gilts, what is in contrast with our study. This difference could be explained by diverse 

age of animals, thereby different physiological stage of the ovaries, which can influence 

response to dbcAMP in different ages. Chrenek et al., (2012) observed promoted cystic and 

luteinization-associated atresia of rabbit ovarian follicles after exposure to dbcAMP, what 

could be caused by elevated apoptosis in ovarian cells.  

Taken together, our results are in accordance with our previous study and suggest, that 

dbcAMP and its related cAMP/PKA-dependent intracellular mechanisms are able to induce 

proliferation and apoptosis and thereby increase turnover and multiplication of granulosa cells 

in cycling ovaries, what could lead to stimulation of folliculogenesis. Considering the present 

data, it might be hypothesised, that dbcAMP could be used as a potent tool for regulation of 

human and animal reproductive processes. However it is highly probable, that not just 

maturation stage, but also age of animals could play an important role in dbcAMP application. 

This suggestion should be however validated by further in vivo studies.  

 

CONCLUSION 

The results of our study confirmed the involvement of cAMP-dependent intracellular 

mechanisms in control of basic ovarian function. They demonstrated the stimulatory effect of 

cAMP analogue dbcAMP on proliferation and apoptosis in granulosa cells of porcine cycling 

ovaries. This effect of dbcAMP suggest, that cAMP-dependent intracellular mechanisms 

could be involved in stimulation of ovarian cells turnover. It is not to be excluded, that 

dbcAMP could to be a potent regulator of reproduction in farm animals including pigs. 
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Abstract 
In order to saturate the lack of literature and also apply modern information and communication technologies 

into education, we developed a teaching aid (in the form of CD) from the field of microscopic anatomy of 

animals and human. The teaching aid includes a detailed information about skeletal, muscular and digestives 

systems’ special histology. Therefore, visual pictures and microphotographs of each organ from all systems 

mentioned are part of the CD. Knowledge related to phylogeny of all systems are also included. In addition, the 

teaching aid contains 100 test questions focused on phylogeny of skeletal system, microscopic anatomy of 

cartilage tissue, microscopic anatomy of bone tissue, phylogeny of muscular system, microscopic anatomy of 

muscular system, phylogeny of digestive system, and microscopic anatomy of digestive system. The CD can be 

perspectively used in e-learning education at the Constantine the Philosopher University (CPU) in Nitra. In the 

present paper the production of the CD which will be used in teaching the subject microscopic anatomy of 

animals and human at the CPU is described. 

Keywords 
Teaching aid. Microscopic anatomy. Skeletal system. Muscular system. Digestive system. 

 

INTRODUCTION 

Microscopic anatomy (also called special histology) of animals and human is a scientific 

discipline dealing with a detailed histological study of all organ systems in the body. 

Knowledge from this field is inevitable for understanding of all physiological processes on 

organ systems level. That is the reason why the subject microscopic anatomy of animals and 

human belongs among key and central subjects on faculties of natural sciences, medical, 

veterinary medical and agricultural. The subject microscopic anatomy of animals was being 

taught from 2010 at the CPU in Nitra within newly certified bachelor study program of 

biology and also in combination with pedagogy of academic subjects in biology. No modern 

university textbooks summarizing the latest information in the field of special histology of all 

organ systems in animals and human are available. Available textbooks were published circa 

10 to 30 years ago and there are lacks of them. In addition, they usually do not include color 

microphotographs of various organs within certain organ systems and do not exploit the latest 

technology, i.e. computer technology. 

The recent time is influenced by an intensive usage of information and communication 

technologies (ICT). These technologies extend into everyday life of people; they make easier 

a lot of things. Their influence is obvious in educational process (Brewer, 2003). Osborne and 

Hennessy (2001) reported that ICT enhances the effectiveness of information presentation and 

also stimulates students’ interest. Moreover, Selinger (2004) claimed that ICT can improve 

the quality of education because multimedia content helps to illustrate and explain difficult 

concepts in ways that were previously inaccessible through traditional teaching resources and 

methodologies. Similarly, Ferrer (2002) reported that the use of multimedia approach such as 
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interactive CD ROM, PowerPoint presentation and graphing software had been successful in 

generating conceptual understanding in students.  

The teaching of the subject microscopic anatomy of animals and human is partly based 

on founding theoretical didactical strategies (e.g., lectures), and mainly on practical training 

that aims at developing experience in identifying tissues (Merk et al., 2010). The practice 

related competence in special histology is traditionally acquired via optical microscopy (with 

glass slides); hence conventional microscopes have been omnipresent in instructional science 

laboratories (Coleman, 2009; Paulsen Et al., 2010). These days, with the implementation of 

ICT, alternative solutions are available to support the development of the practical 

competences i.e. digital images of various microscopic structures (Heidger Et al., 2002; 

Coleman, 2009). Virtual microscopy as a modern ICT tool has the potential to affect in a 

profound way teaching and learning environments in education (Ward Et al., 2001; Valcke 

and De Wever, 2006). 

Based on these facts the aim of our work was to create modern teaching aid (in the form 

of CD) for demonstration and vizualization of basic knowledge from the field of microscopic 

anatomy of skeletal, muscular and digestive systems in animals, including human with the 

possibility of perspective use within e-learning education process at the CPU in Nitra. 

METHODS 

The information from the field of microscopic anatomy of skeletal, muscular and 

digestive systems in animals and human were obtained from available scientific literature 

sources, e.g. Functional histology (Konrádová et al., 2000), Color atlas of cytology, histology 

and microscopic anatomy (Kuehnel, 2003), Overview of human histology in pictures part 2 

(Malínsky et al., 2004), Hole's human anatomy and physiology (Shier et al., 2004), Histology 

(Belej, 2008), General cytology and histology (Martiniaková et al., 2008) and also from 

scientific articles (Galbavý  et al., 2010; Krajčovičová et al., 2012). Knowledge related to 

phylogeny of all systems mentioned in the teaching aid were also obtained from available 

scientific publications, e.g. Veterinary anatomy (Najbrt et al., 1980), Organology of animals 

(Beláková, 1997), Practical exercises from animal and human physiology (Drábeková et al., 

2003), Organology of animals (Schlarmannová et al., 2005), Exercise of zoology in chordates 

(Schlarmannová and Országhová, 2010). Internet resources were also used mainly for 

acquisition of visual pictures and also for obtaining some microphotographs and animations. 

The teaching aid also contains microphotographs obtained by our own research activities. For 

the creation of the CD the program MS PowerPoint was used. We used a programming 

language Flash for a creation of the didactic test which includes 100 test questions related to 

phylogeny of skeletal system, microscopic anatomy of cartilage tissue, microscopic anatomy 

of bone tissue, phylogeny of muscular system, microscopic anatomy of muscular system, 

phylogeny of digestive system, and microscopic anatomy of digestive system. 

 

RESULTS AND DISCUSION 

In general, the teaching aid is divided into eight parts: phylogeny of skeletal system, 

microscopic anatomy of cartilage tissue, microscopic anatomy of bone tissue, phylogeny of 

muscular system, microscopic anatomy of muscular system, phylogeny of digestive system, 

microscopic anatomy of digestive system, and test questions. In the part phylogeny of skeletal 

system a detailed characteristic of hydrostatic skeleton, endoskeleton and exoskeleton is 

shown (Fig. 1).  
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Fig. 1 External skeleton in Silicoflagellata 

In the framework of the microscopic anatomy of cartilage tissue, histological structures of 

hyaline cartilage, elastic cartilage and fibrocartilage are described in detail (Fig. 2).  

 

Fig. 2 Hyaline cartilage in human body 

Detailed descriptions of compact bone and spongy bone are included in the part 

microscopic anatomy of bone tissue (Fig. 3).  

 

Fig. 3 Secondary osteons in compact bone tissue 

In the part phylogeny of muscular system a detailed characteristic of amoeboid, ciliary 

and muscular movement is shown (Fig. 4).  
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Fig. 4 Phylogeny of muscular system in Hirudinea 

Detailed characteristics of smooth muscle, skeletal muscle and cardiac muscle are 

mentioned in the part microscopic anatomy of muscular system (Fig. 5).  

 

Fig. 5 Muscle fibers in skeletal muscle 

The part phylogeny of digestive system includes the information about digestive system 

in unicellular and polycellular organisms (Fig. 6).  

 

Fig. 6 Digestive vacuole in Protozoa 
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In the framework of the microscopic anatomy of digestive system, histological structures 

of buccal cavity, pharynx, gullet, proventriculus, stomach, small intestine, colon, salivary 

glands, liver, pancreas and peritoneum are described in detail (Fig. 7).  

 

Fig. 7 Wall of the alimentary canal in Mammalia 

Each part includes also visual pictures, microphotographs and animations. The last part of 

the teaching aid consists of 100 test questions (Fig. 8). For each question the CD offers four 

options with only one of them is correct. Clicking on the correct answer students find that 

answered correctly; clicking on the wrong answer they learn that their answer is incorrect. 

 

Fig. 8 Sample of the test 

According to Dytrtová and Sandanusová (2005) the program MS Powerpoint was created 

primarily for making presentations and therefore it is not suitable enough for creation of any 

education aid. However, aids created by this program keep basic didactic rules: they are 

scientific, illustrative, understandable and consistent. In addition, published teaching CD 

designed by the MS Powerpoint are at a good professional level. They are widely used at 

primary schools, secondary schools and also at Universities. At primary schools teachers have 

a possibility to use following CD, e. g. Didactic aid to support teaching health issues within 

the scope of natural science (Hradiská and Martiniaková, 2009), Move to my bones 

(www.infovek.sk, 2011), Martin's animals (www.infovek.sk, 2011), Science game 

(www.infovek.sk, 2011). Teachers and students at secondary schools use following teaching 

aids in the form of CD, e.g. Dynamic processes in molecular biology and genetics part 1 - 

learning aid to support teaching biology in secondary schools (Omelka et al., 2007a), 

http://www.infovek.sk/
http://www.infovek.sk/
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Encyclopedia of Science (BSP Multimedia) (www.infovek.sk, 2011),  Encyclopedia of Nature 

2.0 (BSP Multimedia) (www.infovek.sk, 2011), Multimedia CD to support the teaching of 

histology in the subject of biology (Gajdošová and Martiniaková, 2006), Our nature step by 

step (www.infovek.sk, 2011), Sex education guide-puberty and adolescence 

(www.infovek.sk, 2011), Education for marriage and parenthood (Terasoft) (www.infovek.sk, 

2011). At Universities following aids are widely used, e. g. Dynamic processes in molecular 

biology and genetics part 2 - learning aid to support teaching biology at universities (Omelka 

et al., 2007b), Multimedia learning aid for practical exercises from cytology and histology 

(Martiniaková and Omelka, 2008). Our teaching aid is also intended for Universities and may 

help teachers and students within education process especially in teaching the subject 

microscopic anatomy of animals and human. The CD can also be perspectively used in e-

learning education. 
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Abstract 
The aim of our study was examine the role and interelationship between ffect follicle-stimulating hormone (FSH) 

and mTOR signalling pathway in the control of porcine ovarian functions (proliferation, apoptosis). We 

analyzed effects of FSH (0,01; 0,1 and 1 μg/ml), plant molecule resveratrol inhibiting mTOR signalling system 

(0,1; 1 and 10 μG/ml) and combination of FSH (0,01; 0,1 and 1 μg/ml) with resveratrol (1μg/ml) on the 

accumulation of proliferation-related peptide (PCNA) and apoptosis-associated peptide (Bax) in cultured 

porcine granulosa cells using immunocytochemistry. It was observed that FSH stimulated at all doses added the 

accumulation of PCNA and decreased expresion of Bax in cultured porcine ovarian cells. Resveratrol, when 

added alone, decreased proliferation marker and increased apoptosis marker at all concentrations. The FSH in 

combination with resveratrol decreased proliferation marker (PCNA) and increased apoptosis marker (Bax) at 

all doses added, i.e. resveratrol was able to prevent and even invert FSH action on both proliferation and 

apoptosis of ovarian cells. These observations suggest the ability of FSH and resveratrol to control ovarian cell 
functions: proliferation and apoptosis, and that FSH action on ovarian cells may be mediated  via mTOR system. 

 

Keywords 
FSH. Resveratrol.  mTor. Proliferation. Apoptosis. Porcine granulosa cells. 

 

 

INTRODUCTION 

Reproduction is a key and the most complicated biological process in existence and 

maintaining of species. The hormonal control of follicular development utilizes a number of 

distinct and sometimes inter-connected signaling pathways. Nowadays, the study of natural 

substances with pharmacological activity, such as flavonoids, has become an emerging trend 

in nutritional and pharmacologic research. Numerous data from various mammalian species 

have shown that nutrition may influence the physiological functions including the 

reproductive efficiency mediated by signaling pathway (Prunier and Quesnel, 2000). 

Resveratrol (3,5,49-trihydroxystilbene) is a natural polyphenolic compound found in 

various plants, including the skin of grapes, berries and peanuts. Resveratrol is well known for 

its phytoestrogenic, antioxidant properties, growth-inhibitory and apoptosis-inducing 

activities (Joe et al., 2002; Jiang et al., 2005; Baur and Sinclair, 2006). It is able to inhibit 

PI3K/Akt Protein Kinase/ mammalian target of rapamycin (PI3K/Akt/mTOR) pathway in 

various types of cells (Jiang et al., 2005; Shankar et al., 2007; Bai et al., 2010). There are 

indirect evidence, that mTOR system can control sexual maturation and reproduction 

(Lobascio et al., 2007; Rona and Tena-Sempere, 2010; Stipp, 2011; Lee et al., 2012). This 

intracellular signalling pathway can mediate the effect of nutrition on reproduction 

(Thompson, 2006; Wu et al., 2010), but it remaines unknown, whether it can mediate the 

effect of hormonal stimulators of ovarian functions. 

The most know regulator of reproduction is FSH exerts its effect on steroidogenesis as 

well as growth and proliferation of ovarian granulosa cells through divergent intracellular 
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signaling pathways including cyclic AMP/protein kinase A and PI3K/Akt (Gonzalez-Robayna 

et al. 2000; Kayampili et al., 2004; Sirotkin et al., 2003; Wang and Roy, 2009).  

Multiple apoptotic signaling cascades may be activated by naturally ocurring flavonoids, 

including resveratrol, from which PI3K/Akt/mTOR signaling pathway is an important 

signaling cascade involved in the regulation of cell growth, proliferation and survival (Teiten 

et al., 2010; Makker et al., 2011). mTOR activity is regulated by nutrients, especially amino 

acids and glucose levels in mammalian cells (Inoki et al., 2003). Alam et. al (2004) reported 

the stimulation of mTOR signaling in granulosa cells in response to FSH. They have shown 

that FSH activation of hypoxia inducible factor- 1, a molecule necessary for the induction of 

protein markers of granulosa cell differentiation, can be mediated by 

PI3kinase/Akt/Rheb/mTOR pathway. It is therefore possible, that part of FSH effect on the 

ovary can be mediated by mTOR signalling system. Nevertheless, FSH effects on mTOR 

mentioned above could be considered only as an indirect evidence. The direct evidence for 

mediatory role of mTOR in signal transduction from FSH to ovarian cell functions could be 

modification of FSH effect by mTOR regulators, for example by resveratrol. 

Effect of resveratrol has been studied in different animal and human, organs others than 

the ovary. Only Opipari et al. (2004) have studied the effect of resveratrol on ovarian cancer 

cells. Resveratrol inhibited growth and induced death in human ovarian carcinoma cell lines. 

No resveratrol effect on healthy ovarian cells has been reported previously. It remaines 

unknown, whether resveratrol can affect healthy ovarian cell proliferation and apoptosis, and 

whether it can modify the effect of FSH on these processes.  

The aim of our study was: 

(1) To confirm the role and pattern of influence of FSH in control of porcine ovarian 

proliferation (PCNA accumulation) and apoptosis (bax accumulation). 

(2) To examine the involvement of mTOR intracellular signalling system and its natural 

plant inhibitor, resveratrol, in control of these functions, 

(3) To examine, whether mTOR signalling system can mediate the action of FSH on 

ovarian cell proliferation and apoptosis. It is postulated, that putitative mediator of 

FSH action should be affected by FSH, and that changes in this mediator should 

modify (prevent or even invert) FSH action. 

 

 

MATERIAL AND METHODS 

 

Isolation and culture of granulosa cells 

Ovaries of non-cycling pubertal gilts, about 180 days of age, were obtained after 

slaughter at a local abattoir. They were washed several times in sterile 0.9% NaCl and 95% 

alcohol. Granulosa cells were aspirated by syringe and sterile needle from follicles 3–5 mm in 

diameter and granulosa cells isolated by centrifugation for 10 min at 200g. Cells were then 

washed in sterile DMEM/F12 1:1 medium (BioWhittakerTM, Verviers, Belgium), 

resuspended in the same medium supplemented with 10% fetal calf serum (BioWhittakerTM) 

and 1% antibiotic-antimycotic solution (Sigma, St. Louis, MO, USA) at a final concentration 

10
6
 cells/ml medium. Portions of the cell suspension were dispensed to 16-well chamber 

slides (Nunc Inc., International, Naperville, USA, 200 μl/well) and incubated at 37.5 °C in 5 

% CO2 in humidified air until 60-75% confluent monolayer was formed (3-5 days), at which 

point the medium was renewed. Further culture was performed in 200 μl/medium in the same  

chamber slides, as described previously. 

After medium replacement experimental cells were cultured in the presence of FSH 

(Biolog Life Science Institute, Bremen, Germany) alone at concentrations of 0,1;1 and 10 

µg/ml or bovine FSH (Sigma-aldrich spol s.r.o., St. Louis, MO, USA) alone at concentration 
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0,01; 0,1 and 1 μ/ml, resveratrol (Changsha Sunfull Bio-tech. Co, Hunan China) alone at 

concentration 0,1; 1 and 10 μg/ml and FSH at concentrations of 0,1;1 and 10 µg/ml 

combination with resveratrol at dose 1μg/ml.  Resveratrol and FSH was dissolved in culture 

medium immediately before their addition to the cells. Control cells were cultured without 

resveratrol or FSH. After removing the medium from chamber slides, cell were washed in ice-

cold PBS (pH 7.5), fixed in paraformaldehyde (4% in PBS, pH 7.2-7.4; 60 min) and held at 

4°C to await immunocytochemistry.  

 

Immunocytochemical analysis  

Following washing and fixation, the cells were incubated in the blocking solution (1% of 

goat serum in phosphate-buffered saline - PBS) at room temperature for 1 h to block 

nonspecific binding of antiserum. Afterwards, the cells were incubated in the presence of 

monoclonal antibodies against either PCNA (marker of proliferation) and bax (marker of 

apoptosis) (all from Santa Cruz Biotechnology, Inc., Santa Cruz, USA; dilution 1:500 in PBS) 

for 2 h at room temperature at overnight at 4°C. For the detection of binding sites of primary 

antibody, the cells were incubated in secondary swine antibody against mouse IgG labeled 

with horse-radish peroxidase (Servac, Prague, Czech Republic, dilution 1:1000) for  1 h. 

Positive signals were visualized by staining with DAB-substrate (Roche Diagnostics GmbH, 

Manheim, Germany).  

Following DAB-staining, the cells on chamber-slides were washed in PBS, covered with 

a drop of Glycergel mounting medium (DAKO, Glostrup, Denmark); then coverslip was 

attached to a microslide. Cellular presence and localization of PCNA and bax positivity in 

cells was proved on the basis of DAB-peroxidase brown staining. A ratio of DAB-HRP-

stained cells to the total cell number was calculated. 

 

Statistical analysis  

 Each experimental group was represented by three Chamber-slide wells. The proportions 

of cells containing specific immunoactivity were calculated from at least 1000 cells per 

chamber. The percentage of cells containing antigen in different groups of cells was 

calculated. Each series of experiments was performed twice. The data shown are the means of 

values obtained in these two separate experiments performed on separate days with separate 

groups of granulosa cells, each obtained from 9 animals. 

Significant differences between the experiments were evaluated using Student´s T-test 

and one/two-way ANOVA foolowed by paired Wilcoxon-Mann Whitney test, by using Sigma 

Plot 11.0 software (Systat Software, GmbH, Erkhart, Germany). Differences from control at 

P<0.05 were considered as significant. 

 

 

RESULTS  

Analysis of porcine granulosa cells revealed detectable levels of PCNA and Bax within 

the cells, either without or after exposure to resveratrol and FSH. Imunocytochemical analysis 

showed that the addition of FSH alone significantly increased the percentage of cells 

containing PCNA (marker of proliferation) at all doses (0,01µg/ml, 0,1µg/ml, 1µg/ml) and 

decrease the percentage of cells containing Bax (marker of apoptosis) at all doses (0,01µg/ml, 

0,1µg/ml and 1 μg/ml) of FSH in comparison to control. Addition of resveratrol alone 

significantly increased the percentage of cells containing apoptosis marker (Bax) and decrease 

the percentage of cells containing proliferation marker (PCNA) at all doses (0,1; 1 and 10 

μg/ml). Addition of FSH in the presence of resveratrol (1 μg/ml) decreased the percentage of 

cells containing PCNA at doses: 0,01 μg/ml, 0,1 μg/ml and 1 μg/ml, and significant increase 
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the percentage of cells containing Bax at doses: ,01 μg/ml, 0,1 μg/ml and 1 μg/ml  in 

comparision to control (Tab. 1). 

 
 

Tab. 1 The percentage of  granulosa cells containing markers of proliferation (PCNA) and apoptosis 

(Bax) in the porcine granulosa cells exposed by FSH, resveratrol, combination resveratrol and FSH 

supplement 
% of cells contained 

PCNA Bax 

FSH 0 μg/ml 
32,8889 ± 3,1817 

(450) 

24,6667 ± 3,8297 

(450) 

FSH 0,01 μg/ml 
55,7500 ± 4,6971* 

(400) 

23,7778 ± 5,0930 

(450) 

FSH 0,1 μg/ml 
65,6667 ± 4,7726* 

(300) 

18,6667 ± 3,2998 

(450) 

FSH 1 μg/ml 
71,2000 ± 4,1548* 

(500) 
24,6000  ± 2,6841 

(500) 

resveratrol    0,1 µg/ml 
43,3±1,48* 

(700) 

57,1±0,83* 

(802) 

resveratrol      1 µg/ml 
40,7±1,87* 

(611) 
63,4±1,06* 

(701) 

resveratrol     10 µg/ml 
34,0±1,25* 

(808) 

81,2±2,06* 

(502) 

resveratrol + FSH 0 μg/ml 
25,5000 ± 4,4361 

(400) 
28,0000 ± 4,1404 

(400) 

resveratrol  1 μg/ml + FSH 

0,01 μg/ml 

15,2500 ± 5,0276 

(400) 

61,1429 ± 6,5590* 

(350) 

resveratrol  1 μg/ml + FSH 0,1 

μg/ml 

22,7500 ± 3,1834 * 
(400) 

59,3333 ± 6,9841* 
(450) 

resveratrol 1 μg/ml + FSH  1 

μg/ml 

20,0000 ± 1,8856* 

(500) 

50,0000 ± 7,6345* 

(400) 

   

All the values represent % of cells containing particular antigen, means ± SEM, * - significant 

(P<0.05) differences with control (pigs not treated with addition). In the brackets is a number of 

counted cells. 
 

 

DISCUSSION 

 

Involvement of FSH in control of porcine ovarian cell proliferation and apoptosis  

Our study describes FSH significantly increased the PCNA expression and decreased Bax 

expression at all doses. Our observations confirm previous reports (Vanderhyden et al., 1992; 

Campbell et al., 1997; Guttierez et al., 1997; Dierich et al., 1998; Robker and Richards, 1998; 

Sirotkin 2011), concerning the ability of FSH to promote proliferation in cultured ovarian 

granulosa cells.  

 

Involvement of resveratrol/mTOR in control of porcine ovarian cell proliferation and 

apoptosis 

It has been shown resveratrol significantly increased the percentage of cells containing 

apoptosis marker (Bax) and decrease the percentage of cells containing proliferation marker 

(PCNA) at all doses. These results demonstrated effect of resveratrol on porcine granulosa 

cells. Our data are in line with Opipari et al. (2004), who find diminished effect of resveratrol 

treatment on proliferation and induction apoptosis on human ovarian cancer cells via down-

modulates the activation (phosphorylation) of Akt. PI3K/Akt pathway plays an important role 
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in the chemopreventive/antiproliferative effects of this polyphenolic antioxidant. 

Nevertheless, our observations represent the first evidence, that resveratrol and probably its 

target, PI3/Akt/mTOR system, can regulate basic  functions – proliferation and apoptosis – in 

healthy ovarian cells. 

 

Involvement of mTOR in mediating FSH effect on porcine ovarian cell proliferation and 

apoptosis 

In our study we found that addition of FSH in the presence of resveratrol decreased the 

percentage of cells containing PCNA at all doses and increased the percentage of cells 

containing Bax. The modification (prevention and even inversion) of FSH effect on ovarian 

cell proliferation and apoptosis could be direct evidence, that FSH effect on granulosa cell 

function may mediated with PI3K/Akt/mTOR signalling pathway. Altogether, the effect of 

FSH, resveratrol and their combination on porcine ovarian cell proliferation and apoptosis 

demonstrates and importance of FSH, PI3K/Akt/mTOR signaling system and interplay 

between these regulators in regulation of proliferation and apoptosis in porcine ovarian 

granulosa cells.   

Our observations suggest the ability of FSH and resveratrol to control ovarian cell 

functions: proliferation and apoptosis, and that FSH action on ovarian cells may be mediated  

via mTOR system. Physiological influence of resveratrol on porcine ovarian granulosa cells 

could be important from practical viewpoint. It is not to be excluded the resveratrol may used 

in the regulation of functions  including fertility in pigs, other animals and humans. An 

inhibitory effect of resveratrol on porcine ovarian functions observed in our experiments 

could indicate, that this plant substance could be potentially useful for synchronisation of 

porcine ovarian cycles, although such hypotheisis requires further in-vivo experimental 

confirmation. If the negative effect of resveratrol on ovarian functions occurs not only in pigs, 

but also in humans, it is not to be excluded, that resveratrol and resveratrol-containing 

products (some berries, red vine etc.) could jeopardize human reproduction and fertility. 

Further studies of mTOR/resveratrol effect on reproductive processes could be therefore 

necessary. 

 

CONCLUSION 

The present study: 

(1) Confirm the ability of FSH to promote porcine ovarian proliferation (PCNA 

accumulation) and to suppress apoptosis (bax accumulation) in these cells, i.e. that 

FSH is a stimulator of female reproductive functions. 

(2) Demonstrates for a first time the involvement of mTOR intracellular signalling 

system and its natural plant inhibitor, resveratrol, in inhibition of ovarian functions 

(suppression of proliferation/PCNA and promotion of Bax/apoptosis), 

(3) The ability of resveratrol, known inhibitor of mTOR signalling system, to modify 

or even invert FSH effects on both proliferation and apoptosis represents the first 

direct evidence, that mTOR signalling system can mediate the action of FSH on 

these ovarian functions. 
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Abstract 
Septins are a family of conserved eukaryotic GTP-binding, filament-forming proteins with function in cytokinesis 

and other cellular processes. Septins also form a diffusion barrier that prevents the diffusion of proteins between 

daughter and mother cells and form a scaffold for the binding of other proteins. On regulation of septin 

organization and function in yeasts participate many proteins. Protein kinases are potential regulators of 

septins, because mutations in these genes lead to defects in the organization of septins. We have expressed and 

purified two protein kinases Elm1 and Gin4, which may be involved in the regulation of septins. In the presence 

of protein kinases separately added to septin filaments, we have observed changes in the structure of septin 

filaments, in vitro. In the presence of both protein kinases, septin filaments showed more pronounced changes. 

Networking of septin filaments in the presence of protein kinases probably has a stabilizing role and can help 

create a highly organized structure of the septins. 

 

Keywords 
Septin filaments. Cytokinesis. Protein kinases. 

INTRODUCTION 

Septins belong to a family of conserved GTP-binding and filament-forming proteins that 

play an important role in the cytokinesis and many others cellular processes. Septins in 

Saccharomyces cerevisiae polymerize into highly organized structures (Bayers and Goetsch, 

1976). During G1 phase of the cell cycle, a discrete ring of septins at the bud site is formed, 

10 minutes before the appearance of the bud, where it remains throughout the cell cycle. The 

ring expands into the hourglass-shaped collar between the mother cell and its daughter, and 

divide into two rings during cytokinesis (Lippincott et al., 2001; Longtine and Bi, 2003).  
Septin genes were first identified through the temperature-sensitive mutations controlling 

the cell cycle in S. cerevisiae. Mutations in the genes of these proteins inhibit the cytokinesis, 

resulting in a phenotype of elongated, connected cells with multiple nuclei (Hartwell, 1971). 

Seven genes of septins have been identified in yeasts (Cdc3, Cdc10. Cdc11. Cdc12, Shs1, 

Spr28, Spr3) and 14 genes in mammals (Versele and Thorner, 2005). Amino acid sequences 

differ mainly in the N- and C-terminal ends, while the central domain contains a conserved 

GTP-binding domain and 53 amino acid long sequence called Septin unique element, Sue 

(Versele et al., 2004). Septins through these domains may interact with different proteins 

(Nakahira et al., 2010), and polymerize into highly ordered structures (Sirajuddin et al., 2007; 

Bertin et al., 2008). Septins folded into complexes and filaments are biologically active form 

of the proteins (Gasper et al., 2009). 

For the stabilization of a septin ring, many proteins are involved, for example protein 

kinases. One of these is Elm1 protein kinase, which is the most ubiquitous at the end of the 

cell cycle (Bouquin et al., 2000). Elm1p protein kinase has been identified during the search 

for substrates of mitotic cyclins (Ubersax et al., 2003). It was found that localization of Elm1 

depends on septin Cdc12 and vice versa, the same kinase is required for localization of septins 

Cdc12 and Cdc11 (Bouquin et al., 2000; Thomas et al., 2003). Simultaneous deletion of G1 

cyclins and ELM1 is lethal, indicating the important role of this kinase in early stages of the 

cell cycle (Sreenivasan et al., 2003). Elm1p is not essential for the cell, but the deletion of this 

gene leads to abnormal cell growth and the cell phenotype reminds phenotype of the septin 

mutants (Barral et al., 1999; Cvrcková et al., 1995; Longtine et al., 1998). 
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Another protein kinase, Gin4, plays an important role in proper organization of septin 

ring, filamentary structures, and in various cellular processes, including entry of the cell into 

mitosis and cytokinesis (Asano et al., 2006). 

The Gin4 protein becomes phosphorylated as cells enter mitosis and forms a multiprotein 

complex with other proteins (Nap1, Bni5) during mitosis, in which there are at least two 

molecules of Gin4p. The direct substrate Gin4 protein kinase is Shs1p septin which is 

phosphorylated during mitosis. It is assumed, that Shs1p mediates the activity of Gin4 protein 

kinase to the septin complex and that Shs1p phosphorylation is an important step in the 

reorganization of septins (Mortensen et al., 2002). 

Elm1 and Gin4 together with other kinases are important for the stability and function of 

septin ring, which is essential for normal cytokinesis. The aim of the study was the expression 

and purification of protein kinases Elm1 and Gin4 and determination of the impact of protein 

kinases on the formation of filaments and higher ordered structures of septins. 

 

METHODS 

 

Cloning of genes Elm1 and Gin4 into expression vector 

PCR amplification of genes: The reaction mixture (50 µl) contained 1μM of each primer, 

20 ng template, 2,5 mM MgCl2 (Fermentas), 1x Pfu buffer-MgCl2 (Fermentas), 0,2 mM 

dNTP, 1U Pfu polymerase (Fermentas), 1,5 U Taq DNA polymerase (Qiagen). Sequences of 

primers are shown in Table 1. The cycle of PCR reaction is shown in Table 2. 

 

Tab. 1 The sequences of Elm1 and Gin4 primers 

Primer Sequence 

Elm1_N 5´CCAAGAGCTCATGTCACCTCGACAGCTTATACC 3´ 

Elm1_C 5´CCAAGTCGACTATTTGACCATTATCTGCAAAGTTC 3´ 

Gin4_N 5´CACCAAGCTTACCGCCATGGCAATCAATGGTAACAGTATTCCTGCC3´ 

Gin4_C 5´CCTACTCGAGTTTTTGTAGAACGCCTTCCTTATTCAGGACGTTCTC 3´ 

 

Tab. 2 PCR cycle 

Cycle Temperatour Time Repetition 

Initial denaturation 95C 3 min. 1x 

Denaturation 95C 30s 

30x Anneation 48C 30s 

Polymerization 72C 2:30+10s in each cycle 

Final polymerization 72C 7 min. 1x 

Final cooling 4C ∞ 1x 

 

For preparing expression plasmids, we have used the expression vector pYES2/TH. 

Expression vector was digested with SacI + XhoI enzymes and PCR products were digested 

with enzymes SacI and SalI (New England Biolabs).  

DNA fragments were isolated from agarose gel using the QIAquick Gel Extraction Kit 

(Qiagen). 
For ligation of fragments we have used enzyme T4 DNA ligase (New England Biolabs).  

Plasmid constructs were electroporated into bacterial strain E. coli DH5α (genotype: F-

endA1 glnV44 thi-1 recA1 relA1 gyrA96 deoR nupG Φ80dlacZΔM15 Δ (lacZYA-argF) 

U169, hsdR17 (rK-mK +), λ-).  

Plasmids were isolated via QIAprep ® Spin Miniprep Kit (Qiagen).  

Plasmids from positive clones were transformed into yeast strain S. cerevisiae BJ 5628 

(Genotype: MAT a/alpha ura3-52/ura3-52 + / TRP1 leu2d1 / + his3d200/his3d200 pep4 :: 
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HIS3 :: HIS3/pep4 prb1d1.6R/prb1d1.6R can1/can1 GAL / GAL), by Gietz and Woods 

(2002). 

 

Expression and purification of protein kinases 

Yeast cells were cultivated in minimal medium. Expression was induced by 2% galactose 

(Sigma) at OD600 = 0.6. Proteins were purified by Ni-NTA affinity chromatography (5 ml).  

The basic buffer for isolation: 25 mM NaHPO4 pH 7.8, 0,3 M NaCl, 0,5 mM MgCl2, 

5 mM 2-mercaptoethanol, Protease inhibitors (Roche), 0,2 mM PMSF and various 

concentrations of imidazole.  

Buffers used for purification of the Elm1 protein kinase: A, 6 mM imidazole for the 

equilibration of the column and for the first washing; B, 10 mM imidazole and 0,5 M NaCl to 

the second washing; C, 300 mM imidazole and 0,5 M NaCl for elution. Elution fraction was 

diluted with 25 mM NaHPO4 buffer pH 7.8 and applied on the HiTrap-Q sepharose resin 

(1 ml) equilibrated with buffer: 20 mM Tris-Cl pH 7.9, 1 mM MgCl2, 5 mM 2-

mercaptoethanol, 0,1 M NaCl. We used the same buffer containing 0,2 M NaCl  for the 

washing and we eluted the protein with 0,5 M NaCl. 

For purification of the Gin4 protein kinase, it was used: A, 6 mM imidazole for the 

equilibration of the column and for the first washing; B, 10 mM imidazole for the second 

washing; C, 20 mM imidazole for the third washing; D, 250 mM imidazole for the fourth 

washing  and E, 300 mM imidazole for elution. 

 

Protein analysis 

The purified proteins were analyzed on SDS polyacrylamide gel electrophoresis (9%) by 

Laemmli, 1970 and visualized with Western blot analysis by Burnette (1981) with rabbit 

polyclonal IgG antibodies to His tag (H-15, Biotechnology) and anti-rabbit IgG HRP 

(Promega). 

 

Expression and purification of yeast septin complex 

The GFP (green fluorescent protein) labeled yeast septin comlex was isolated according 

to previously published protocol (Farkašovský et al., 2005). 

 

Microscopy 

Fluorescent protein-labeled filaments were observed in the fluorescent microscope Leica 

DM2500. 

 

RESULTS 

With the PCR amplified ELM1 and GIN4 genes were cloned into the yeast expression 

vector pYES2/TH. Vector pYES2/TH comprise the GAL1 promoter, ensuring a high level of 

expression in yeast cells in the presence of galactose (Giniger et al., 1985), URA3 selection 

marker and His-tag coding sequence, creating histidine residues at the end of the cloned 

protein. The prepared constructs of plasmids were transformed into the strain S. cerevisiae 

BJ 5628 and then tested for the expression of the proteins. After affinity chromatography on 

Ni-NTA agarose and ion exchange chromatography we got the purified protein solution (Fig. 

1, Fig. 2). The Western blot analysis verified the expressed proteins in size of 72 kDa Elm1 

and 130 kDa Gin4, respectively (Fig. 3).  
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Fig. 1 9% SDS-PAGE – Expression of Elm1 protein kinase in S. cerevisiae  BMA 5628 - 

Lane 1: Standard (GE Healthcare), 2: Samples from homogenate, 3: Flow-through fraction of 

Ni-NTA resin, 4: washing with isolation buffer A, 5: washing with isolation  buffer B, 6: 

eluted protein from Ni-NTA resin, 7: Flow-through fraction from HiTrap-Q sepharose resin, 

8: Sample after washing with buffer, 0,2 M NaCl, 9: purified protein of Elm1 protein kinase 

in size of 72 kDa. 
 

 

 
Fig. 2 9% SDS-PAGE – Expression of Gin4 protein kinase in S. cerevisiae cells BMA 

5628 - Lane 1: Standard (GE Healthcare), 2: Samples from homogenate, 3: Flow-through 

fraction of Ni-NTA resin, 4: washing with isolation buffer A, 5: washing with isolation buffer 

B, 6: washing with isolation buffer C, 7: washing with isolation buffer D, 8: Purified protein 

Gin4 kinase in size of 129,9 kDa. 

 
 

                          
 

Fig. 3 Western blot: 1.Homogenate of sample 2-4: samples after the washing with 

isolation buffers during purification, 5: Eluted protein A- Elm1 protein kinase, B- Gin4 

protein kinase. 

 

To study the effect of protein kinases on septin filament formation, we added purified 

protein Elm1 and Gin4 separately and together to the purified septin complex, which was 

    1     2     3     4     5     6    7    8     9 
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labeled with GFP. To ensure protein kinase activity, it was necessary to add MgCl2 and ATP. 

Fluorescent protein-labeled filaments were observed in the fluorescent microscope (Leica 

DM2500). Fig. 3A. demonstrate the septin filaments that form at low salt concentration. After 

the addition of purified protein Elm1 to the septin filaments we have observed changes in the 

structure of these filaments (Fig. 3B). The same result was observed in the case of purified 

protein Gin4 (Fig. 3C). Addition of both kinases revealed more significant changes and more 

complex structure of septin filaments (Fig 3D). 

 

 
 

            
 

 
 

Fig. 4 Images of fluorescently labeled filaments – A, Septin complex before addition of 

protein kinases; B, Septin complex after the addition of Elm1 protein kinase; C, Septin 

complex after addition of protein kinase Gin4; D, Septin complex after addition of Elm1 and 

Gin4 simultaneously. 
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DISCUSSION 

According to these results, we expect that the presence of protein kinase Elm1 and Gin4 

can play an important role in the regulation septin filaments. Networking of septin filaments 

in the presence of protein kinases probably has a stabilizing role and can help create a highly 

organized structure of septins which is required for regular cell cycle and cytokinesis. 
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Abstract 

Dibutyl phthalate (DBP) is member of large group of man-made chemical compounds commonly known as 

phthalates. Large scale of industrial application made from these chemicals one of the most ubiquitous 

pollutants of human environment. Phthalates are also known as hormonally active agents, can exhibit potential 

carcinogenetic activities and may play role in development of respiratory disorders. Aim of this study is to assess 

exposure of general population in Slovakia to DBP by monitoring of excretion its metabolite – monobutyl 

phthalate (MBP) in human urine. For this purpose were recruited volunteers (n=71; average age = 36.40 ± 
14.53 ) in Student Dormitory Nitra to obtain urine samples and data about age and weight. Analysis of urine 

samples was provided by high performance liquid chromatography and tandem mass spectrometry 

(HPLC/MS/MS). We found levels of MBP in every urine samples (mean concentration = 122.75±120.75 μg.L-1) 
and exceeding of tolerable daily intake in 4.3% cases (n=3). We have also identified significant higher exposure 

to DBP in men than women. Our findings about detected levels of MBP are consistent with other European 

studies and support thesis that exposure to phthalates (DBP in our case) is ubiquitous factor of human 
environment. 

Keywords 

Phthalates. Urine analysis. HPLC/MS/MS 

 

INTRODUCTION 

Diesters of 1,2-benzenedicarboxylic acid – phthalates are used in production of wide 

range of materials and consumer products. Applications of these chemicals are related to their 

molecular weight and side alkyl chain length. High-molecular weight phthalates with 3-10 

carbon long alkyl chain are used mostly to improve flexibility of vinyl polymers. Phthalates 

which contain shorter side alkyl chain and have lower molecular weight like dibutyl phthalate 

(DBP) are used as solvent and fixative in cosmetics (ATSDR 2001; Koniecki et al., 2011), 

pharmaceutical coatings (Hauser et al., 2004) and plasticizers for cellulose acetate (ATSDR 

2001). 

Humans are exposed to phthalate through tree main routes: ingestion, inhalation and 

dermal contact (cit). Ingestion of contaminated food and beverage is considered to be the 

major route of exposure to high-molecular weight phthalates like DEHP (Fromme et al., 

2007). Exposure to low-molecular weight phthalates (DEP, DBP) that are presented in 

personal care products, have been associated with using of these products (Hauser and 

Calafat, 2005). Also use of nutritional supplements or pharmaceuticals in enteric coating, 

which contain DBP, can be a source of exposure (Hauser et al., 2004). Phthalates can leach 

out of the materials easily and may become a part of dust or airborne particles (Bornehag et 

al., 2005; Kolarik et al., 2008) 

It is proved that phthalates exhibit endocrine disrupting activities (ATSDR 2001, Hauser 

and Calafat, 2005; Heudorf et al., 2007), poses possible carcinogenetic effect (NTP-CERHR 

2000) and may play role in development of respiratory disorders (Jaakkola and Knight, 2008). 

Focusing on DBP, several animal studies documented its endocrine disrupting activity and 

association with reproductive abnormalities malformations of the epididymis, vas deferens, 

seminal vesicles, prostate, hypospadias, cryptorchidism (Akingbemi et al., 2004; Borch et al., 

2004; Foster et al., 2006). In human studies were found impact of exposure to DBP on levels 

of reproductive hormones (testosterone, LH, SHBG) (Mein et al., 2006), manifestation of 
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anti-androgenic markers in infants (Swan 2008). DBP was also associated with decrement of 

pulmonary functions (FVC, FEV1, and PEF) in adult men (Hoppin et al., 2004). 

 

 METHODS 

Study was conducted on volunteers recruited in Student Dormitory Nitra (n=71). We 

obtained data about age, weight, and urine specimens.  All participants were physically 

healthy, without any acute symptoms. Proband’s participation in this study was entirely 

voluntary and also had the possibility to withdraw their participation at any time during the 

study. Informed consent was required to be interviewed by the researcher, to provide samples 

of urine. Body weight was estimated by digital weighting scale Omron BF510 (Kyoto, Japan) 

in order to calculate daily intake of DBP. 

For the phthalate analysis, urine samples were obtain from all volunteers and stored in 

transport box at 2-6 °C. In laboratory were all samples stored in deep freeze at the 

temperature -73°C until analysis (17). High performance liquid chromatograpy (HPLC) and 

tandem mass spectrometry (MS/MS) was used to qualitative and quantitative measurements 

of monobutyl phthalate (MBP) in urine specimens. This analysis was made according to 

analytical method described by Silva (18) with use of manual solid phase extraction (SPE). 

Analytical standards were purchased from Cambridge isotope laboratories (MA, USA). 

Briefly, 1ml of urine was thawed buffered with ammonium acetate and spiked with isotope 

labelled phthalate standards, β-glucuronidase enzyme (Roche, Germany) and incubated 

(37°C). After deconjugation were samples diluted with phosphate buffer (NaH2PO4 in H3PO4) 

and loaded on SPE cartridges (ABS Elut Nexus, Agilent). Cartridges were conditioned with 

acetonitrile followed by phosphate buffer before extraction. To remove hydrophilic compound 

were SPE cartridges flushed by formic acid and HPLC grade water. Elution of analytes was 

performed by acetonitrile and ethylacetate. Eluate was dried by nitrogen gas and reconstituted 

with 200µl of H2O. For HPLC purposed was used Agilent 1260 liquid chromatograph 

equipped with ZORBAX Eclipse plus phenyl-hexyl column. Separation was done using non-

linear gradient program (Table 1). Agilent 6410 triplequad with electro-spray ionization was 

used for mass specific detection of phthalate metabolites. Instrumental settings were as 

follows: spray ion voltage (−3800 V), nitrogen nebulizer gas pressure (8 psi), nitrogen curtain 

gas pressure (7 psi), capillary temperature (430°C), and collision gas (nitrogen) pressure (1.5 

mTorr). 

 

 

Tab. 1 Gradient program for HPLC separation; flow rate (0.3 ml.min
-1

) 

 mobile phase A (0.1% acetic acid in HPLC grade water) and mobile 

phase B (0.1% acetic acid in acetonitrile) 

Time, min 0 4 6 8 

A% 80 60 40 10 

B% 20 40 60 90 

 

For estimation of daily exposure – total daily intake (TDI) was used formula published by 

Koch et al. (2003). 
                             

                 
 

   

   
   (1) 

 
Where ME is the urinary concentration of monoester per gram of creatinine, CE is the 

creatinine excretion rate normalized by body weight, FUE is the molar fraction of the urinary 

excreted monoester related to the parent diester, and MWd and MWm are the molecular 



  

48 

 

weights of the diesters and monoesters, respectively. Creatinine concentration was determined 

by reagent strips for determining albumin and creatinine in urine (Clinitek). 

 

RESULTS 

Tested group represented sample of general population with average age 36,40 ± 14,53. 

This group was represented by both men (n=26) and women (n=45). Presence of MBP was 
detected in all analysed urine samples. Limit of detection (LOD) was set to 3.23 µg.L-1. 
Mean values of age, weight, detected levels of MBP in urine samples and calculated TDI 
are shown in Tab. 2. Using Koch et al. (2003) formula, we estimated median and 95th 
percentile of daily exposure of DBP to be 3.15 and 9.67 μg

-1
.kg.

-1
.day

-1
 respectively. EFSA 

(2005) defined tolerable daily intake of DBP at  

10 μg
-1

.kg.
-1

.day
-1

.  This value was exceeded in 4.3% cases (n=3).  
Based on Mann-Whitney U-test, we found statistically significant difference 

(p=0.015) between daily exposure of men compared to women (Fig. 1).  
 

Tab. 2 Characteristics of study participants with urinary MBP data 

 total (n=71) men (n= 26) women (n=45) 

age 36.40 ± 14.53 38.73 ± 15.52 35.06 ± 13.93 

weight 69.97 ± 13.49 81.55 ± 10.05 63.27  ± 10.34 

MBP (μg.L-1) 122.75 ± 120.75 124.99 ± 94.21 121.46 ± 134.72 

TDI of DBP (μg-1.kg.-1.day) 4.31 ± 4.12 5.08 ± 3.81 3.87 ± 4.27 
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Fig. 1 Intersexual differences between TDI of DBP (p=0.015) 

 
DISCUSSION 

Biological monitoring is interdisciplinary method, which allows investigating human 

exposure to large spectrum of environmental pollutants. Most of available data that refer to 

human exposure to phthalates are from biomonitoring programmes like The National Health 

and Nutrition Examination Survey in USA (NHANES) or German Environmental Survey 

(GerES). Compared our results (median and 95th percentile) of detected MBP concentration 

in urine samples with studies conducted by NHANES program (Tab 3.), we see 
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approximately four times higher detected levels of MBP in our data. However GerES study 

(Koch et al., 2007) reported even higher detected concentrations of MBP (Tab. 3). Very 

similar concentration levels (Tab. 3) as in our study were achieved by Wittasek et al. (2007). 

Variation between data of phthalate exposure in these studies can represent different sources 

of exposure of general population in USA and Europe. However, various age of participants, 

comparing adult population with children may also contribute to misinterpretation of shown 

data. 

  

Tab. 3 Comparison of biomonitoring data on phthalate exposure (median (95th percentile) 

 Our results 
Silva et al. 

(2004) 
CDC 

(2005) 
Koch et al. 

(2007) 
Wittasek et al. 

(2007) 

n 71 2541 2782 254 60 

age 19 - 69 ≥6 ≥6 3 - 14 20 - 29 

MnBP (μg.L
-1

) 85.6 (144) 26.0 (149) 20.4 (108) 166 (624) 50.8 (161) 

 

DPB can be detected in many product of personal care like polishes, lotions, perfumes 

(ATSDR 2001; Hauser and Calafat 2005; Koniecki et al., 2011). Therefore dermal contact via 

these products is considered to be main route of exposure to this phthalate. Several studies 

(Blount et al., 2000; Koch et al., 2003; CDC 2005) identified higher levels of detected MBP 

in urine samples of women, what is explained by using of higher amount of personal care 

products by women. Surprisingly, this is in contrast with our results, when daily exposure to 

DBP was statistically significant higher in men compared with women (Fig. 1). Fact that we 

have no additional data about using of personal care products, did not allow us determine 

reason   of this difference. One of possible explanation might be using of enteric coated 

nutritional supplements or medications, which can be significant source of exposure to DBP 

(Hauser et al., 2004).  

Daily intake values of DBP determined by our biomonitoring study prove that general 

population is exposed to DBP at detectable and quantifiable levels. Moreover, these levels 

exceeded tolerable values (EFSA, 2005) in some cases. This work is a part of larger study and 

our results will be analysed with collected spirometric, anthropometric and questionnaire data 

to evaluate impact of phthalate exposure on human health and explain possible ways of 

exposure to DBP. 
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Abstract 

The use of frozen semen in rabbits is greatly limited due to its low fertility rates. The aim of our study was to 

assess the effect of different concentrations of Ficoll 70 on the post-thaw motility of New Zealand White breed 

rabbit semen. Ejaculates of good initial quality (> 75 % motility) were used in the experiments. Heterospermic 

pooles were divided into aliquots and semen samples were diluted in freezing medium composed of  commercial 

diluent, 8% dimethylsulphoxide and 1 % sucrose enriched with 0.5, 1, and 2 % Ficoll, respectively. The semen 

samples were packed in straws and frozen in liquid nitrogen vapor according to the protocol instruction. 

Computer Assisted Sperm Analyser showed that 2% concentration of Ficoll  had a positive effect (p<0.05) on the 

motility and progressive motility (E4; 42.235 ± 5.695 and 30.385 ± 5.488)  of rabbit spermatozoa when 
compared to the medium without Ficoll 70 (E1; 35.684 ± 7.468 and 24.968 ± 6.03) or medium with lower 

concentration (0.5%) of Ficoll 70 (E2; 36.044 ± 8.64 and 24.605 ± 6.915) respectively. However, another 

experiments need to be done to confirm our assumption. 

 

Keywords:  
Rabbit. Sperm.  DMSO.  Ficoll 70.  Cryopreservation.  

 
INTRODUCTION 

Semen freezing allows preservation of viability and fertility of male gametes outside the 

organism to desired times. However, these cells are adversely affected by freezing. Sperm 

may lose the ability to function normally at each step of freezing protocol. Reduced motility 

and membrane changes, including changes in capacitation or sperm acrosome reaction are 

among the main forms of damage caused by sperm cryopreservation (Martin et al., 2004). 

Cryopreservation effectivity is affected by many factors including species, extender 

composition, pH, osmolality, cell water volume, lipid contents, cooling and thawing rate etc. 

(Aboagla and Maeda, 2011).  

The effective use of chilled semen for artificial insemination depends upon the ability of 

the extender to provide a suitable environment for spermatozoa during storage (Roca et al., 

2000). Castelini (1996) concluded that organic buffers, as Tris, are more appropriate for the 

storage of rabbit semen at low temperatures when compared to inorganig buffers. Glucose and 

fructose are the main sugars added to Tris-buffer extenders (Safaa et al., 2012). In general, 

Tris-based extenders (Tris, citric acid and fructose or glucose) are the base of the extenders 

frequently used for rabbit sperm cryopreservation (El-Kelawy et al., 2012; Quin and Cao, 

2012; Lavara et al., 2013; among others).  

An important negative factor responsible for the reduction in sperm longevity are the 

metabolic by-products of uncontrolled bacterial growth since rabbit ejaculates tend to be 

contaminated with bacteria during the semen collection process. Bacterial growth can be 

significantly limited by added antibiotics to extender (Roca et al., 2000). 

The type of cryoprotective agent (CPA) and optimal temperature when including it are 

one of the most important factors of successful cryopreservation of biological material 

(Hammerstedt et al., 1990; Curry et al., 1994). 
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The higher concentration of penetrating CPA and longer exposition, the lower survival of 

the sperm after thawing is. However, to penetrate the sperm cell for CPA the certain time is 

neccessary (Fuller et al., 2004). There should be found balance between CPA exposition time 

and its concentration to cope with its toxicity. This balance is affected by the chemical 

composition of CPA and sperm plasma membrane and is highly correlated with the animal 

species (Rosato and Iaffaldano, 2013). 

Hanada and Nagase (1980) reported that compounds containing hydroxyl groups seemed 

to be less effective cryoprotective agents for rabbit sperm than those containing amide or 

methyl groups. The reason is that unlike sperm from other species, rabbit sperm present a low 

water permeability coefficient (Quin and Cao, 2012). The molar ratio of 

cholesterol:phospholipid in rabbit spermatozoa is 0.88 which is higher than the ratio of 0.38 

and 0.45 for ram and bull spermatozoa, respectively. This ratio is of some importance in 

determining the nature and degree of packing in the spermatozoan membrane. Higher levels 

of cholesterol result in the more cohesive, rigid, and impermeable structure. A definite 

relationship is apparent between the ratio of cholesterol:phospholipid, 

polyunsaturated:saturated phospholipid-bound fatty acids, and the susceptibility of the 

spermatozoa to cold-shock (Darin-Bennett and White, 1977). Low water permeability value is 

consistent with the need to use penetrating CPA of lower molecular weight and higher 

permeability (such as dimethylsulfoxide (DMSO) or amides) for rabbit sperm 

cryopreservation, when compared to glycerol which is usually used in other species  (Curry et 

al., 1995). It was also found that DMSO is less cytotoxic and provides better protection when 

compared to glycerol (Si et al., 2006).  

Capacitation like changes of the sperm membrane during in vitro storage results in rapid 

acrosomal reaction and hence the fertility loss (Waterhouse et al., 2004). This negative effect 

of freezing procedure and CPA on sperm acrosomes could be minimized if disaccharides such 

as sucrose are included in the extenders (Vicente and Viudes de Castro, 1996). Disaccharides 

in general interact with the polar head groups of membrane phospholipids, and stabilize the 

membrane during cryopreservation (Dalimata and Graham, 1997). Beneficial effect of sucrose 

on sperm acrosomes was observed despite the fact that the DMSO level in the extender was 

very high (12.4%) (Vicente and Viudes de Castro, 1996). 

Fast cooling rates from room temperature to 5 °C are likely possible in rabbit sperm due 

to the specificity of the sperm membrane in this species (high cholesterol:phospholipid ratio). 

Indeed, sperm is able to fertilize oocytes at a similar level as fresh sperm after the cooling 

phase, regardless of whether the cooling phase to 5 °C is slow or fast (Moce and Vicente, 

2002; Moce and Vicente, 2009). These results might indicate that cold shock is not a major 

problem for rabbit sperm and that protocols for sperm cryopreservation in this species could 

be shortened (Moce et al., 2003). 

However, differencies between rabbit breeds in the resistence of sperm to 

cryopreservation were reported (Castellini et al., 1992; Chen and Foote, 1994; Moce et al., 

2003; Polgar et al., 2004). These differences among breeds and lines studied could be 

explained by genetic, age and environmental factors and also by the different evaluation 

criteria, sample size, and semen processing methodologies applied (Safaa et al., 2008). Viudes 

de Castro et al. (2004) suggested that the seminal plasma (SP) protein profile could be used to 

differentiate between rabbit breeds. Moreover, these differences in SP composition have also 

been found amongst males ejaculates and fractions of the same ejaculate (Caballero et al., 

2012). 

The aim of our study was to assess the effect of different concentrations of Ficoll 70 on 

the post-thaw motility of rabbit sperm.  
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MATERIAL AND METHODS 

 

Animals 

Clinically healthy New Zeland White (NZW) breed rabbits were used in this experiment. 

Animals were housed individually, fed with commercial diet (KV; TEKRO Nitra, s.r.o.) and 

watered ad libitum. The photoperiod used was a ratio of 14L:10D. The temperature and 

humidity in the hall were kept at 17 °C ± 3 °C and 60 % ± 5%. 

 

Semen collection  

Semen was collected from sexually matured males with a pre-heated artificial vagina. 

The ejaculates were pooled to avoid the effects of individual differences among males. Semen 

pools were transported to the laboratory in a water bath at 37 °C. 100 μl of ejaculate from 

each pool was diluted with 0.9 % saline in ratio 1:8 and sperm motility and concentration  

were analysed using Computer Assisted Sperm Analyser (CASA; Sperm Vision™; MiniTübe, 

Tiefenbach, Germany). Only those ejaculates with motility higher than 75 % were used for 

freezing. In each experiment, four ejaculates were pooled. 

 

Freezing of the semen 

Sperm cryopreservation was performed according to methodology of Iaffaldano et al. 

(2012). Semen samples were cooled at 8 °C for 90 minutes in the refrigerator to minimize 

cold-shock damage. After cooling, an aliquote of rabbit semen (experimental group 1; E1) 

was diluted in a commercial diluent (DMRS; Minitube, Germany) to a ratio 1:1 (v:v), mixed 

with 16% DMSO (Sigma-Aldrich, Germany) and 2 % sucrose (Sigma-Aldrich, Germany) to 

gave the final concentration of 8% DMSO and 1 % sucrose.  In the experimental groups 2,3,4 

(E2, E3, E4) the semen was diluted  with medium used in experiment 1 enriched with 1, 2, or 

4 % Ficoll  70 (Sigma-Aldrich, Germany) to gave the final concentration of 0.5, 1, and 2 % 

Ficoll, respectively. After the dilution, the semen was packaged in 0.25 mL plastic straws and 

equilibrated at 8 °C for 45 minutes. The straws were suspended horizontally in liquid nitrogen 

vapour (LNV) 5 cm above the liquid nitrogen level for 10 min (120 °C) before being plunged 

into the liquid nitrogen for storage. 

 

Thawing of the semen 

Following 1-3 h storage in liquid nitrogen, the straws were thawed in 50 °C water bath 

for 10-13 s.  

 

Motility analysis 

After thawing, 80 μl of semen from each straw were diluted in a saline solution to 

the ratio 1:2 (v:v) and was immediately used for the motility evaluation using the CASA 

system (Sperm Vision™; MiniTübe, Tiefenbach, Germany) under a Zeiss Axio Scope A1 

microscope. The reminder semen was equilibrated in 37 °C in thermostat for 15-20 min and 

analysed.  

 

Statistical analysis 

A non-parametric Wilcoxon test was used to examine differences among the 

experimental groups. 

 

RESULTS 

Similar results in motility (from 28.94 to 33.21 %) and progressive motility (18.1 to  

21.7 %) among all the experimental groups were found when analysed semen immediately 

after thawing.  However, evaluation of the frozen-thawed semen after incubation in 37 °C 
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showed that there were statistically significant differences (p˂0.05) in the motility and 

progressive motility between the groups E1 and E4 (motility 35.684 ± 7.468 vs. 42.235 ± 

5.695; progressive motility: 24.968 ± 6.03 vs. 30.385 ± 5.488) and the groups E2 and E4  

(motility: 36.044 ± 8.64 vs. 42.235 ± 5.695
 
and progressive motility: 24.605 ± 6.915 vs. 

30.385 ± 5.488), respect 

ively. 

Tab. 1 Effect of different Ficoll concentrations on the rabbit sperm motility 

    After thawing 
After thawing and 20 min incubation 

in 37 °C 

Group N Motility X ± SD 
Progressive 

Motility X ± SD 
Motility X ± SD 

Progressive 

Motility X ± SD 

E1 21 28.94 ± 5.67 18.103 ± 4.77 35.684 ± 7.468
a 

24.968 ± 6.03
c 

E2 16 30.806 ± 6.459 19.493 ± 4.425 36.044 ± 8.64
a 

24.605 ± 6.915
c 

E3 11 33.207 ± 6.486 21.365 ± 6.418 39.691 ± 7.174 26.557 ± 5.024 

E4  11 33.028 ± 7.119 21.664 ± 5.661 42.235 ± 5.695
b 

30.385 ± 5.488
d 

N – number of analysis; E1 – sucrose; E2 – sucrose:Ficoll, 2:1; E3 – sucrose:Ficoll, 1:1; E4 –  

sucrose:Ficoll, 1:2; 
a
 vs 

b
 and 

c
 vs 

d
 in the same column are different, p ˂0.05 

 

DISCUSSION 

Cryopreservation of rabbit semen has its own specific aspects. In our study, we froze 

New Zealand White rabbit semen succsessfully. The motility results obtained in our 

experiment are comparable with those published by another authors (Si et al., 2006; 

Iaffaldano et al., 2012; Madea et al., 2012; Rosato et al., 2013). Higher or lower differences 

among papers dealing with rabbit sperm freezing agree with the fact that cryoresistance varies 

among rabbit breeds even males (Caballero et al., 2012). 

We tested different concentration of Ficoll 70 as a potential cryoprotectant and its impact 

on the sperm motility. No published data are available with Ficoll included in protocol for 

rabbit sperm freezing. On the other hand, numerous protocols utilize Ficoll as 

a macromolecule additive to cryopreservation media used to freeze various stages of 

preimplantation embryos of different species. The Ficoll 70 was also successfuly used in 

cryopreservation of rabbit morula and blastocyst stage embryos (Kasai et al., 1992; Papis et 

al., 2005; Makarevich et al., 2008). 

Ficoll is non-ionic synthetic polymere and it could also be grouped as a polysaccharide. 

Its inclusion to cryopreservation media reduced zona pellucida cracking (Chian and Quinn, 

2010) .  

Our preliminary results showed statistically significant differences (p˂0.05) in motility 

and progressive motility of sperm after  thawing and incubation in 37 °C when compared the 

experimental groups 1 (without Ficoll) and 2 (0.5% Ficoll) with experimental group 4 (2% 

Ficoll).  

There are many factors which can affect results of experiments. One of them is small 

semen volume (Marai et al., 2002)  which is disadvantage in rabbit bucks. The pooled semen  

gave only 2-2.5 ml. Furthermore, the gel plug which is occasionally present in the rabbit 

ejaculate (Quin and Cao, 2012) needs to be removed, so the volume of the semen for the 

experiment can be reduced.  
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More analyses, especially the membrane disorganisation evaluation, are required to found 

out if Ficoll improve the cryosurvival of rabbit sperm. Motility is a parameter which is quite 

easy and fast assessed after freezing-thawing, but it does not reveal all the alternations caused 

by freezing. Insemination dose of good quality should contain sufficient number of viable 

sperm able to fertilize the oocyte. It shoud be taken into account that the motility evaluation 

alone does not objectivelly reflects semen fertilizing ability. Viability of the sperm is highly 

correlated with intact acrosomal and sperm membrane (Aboagla and Terada, 2004; 

Waterhouse et al., 2004).   

Low fertilization ability after artificial insemination with frozen semen is often a 

consequence of rapid acrosomal reaction. Decreased fertility or infertility are related also to 

apoptotic changes in sperm (Anzar et al., 2002; Marchetti et al., 2002). The above mentioned 

sperm cell alternations can be identified using fluorescent analyses (Romaguera et al., 2010; 

Rosato and Iaffaldano, 2012). 

However, artificial insemination is the most objective test for fertilizing ability of 

cryopreserved semen. The fertility rate and prolificacy needs to be tested especially due to 

high differences among rabbit breeds and lines. It was shown that the same  protocol used for 

semen freezing of many European rabbit breeds did not provide similar results (Moce and 

Vicente, 2009).  

On the basis of mentioned, it is necessary to provide not only the complete laboratory 

analysis, but also fertility rates and prolificacy of frozen-thawed semen should be evaluated 

for each of breed separately, especially in the case of  endangered or national important 

breeds. 

 

CONCLUSION 

Our preliminary results indicate that medium enriched with 2 % Ficoll 70 had a positive 

effect on the motility of New Zeland White rabbit spermatozoa when compared to medium 

without Ficoll or medium with 0.5% Ficoll 70. However, another experiments need to be done 

to confirm our suggestion.  
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Abstract 

Osteoporosis is a disease characterized by low bone mass and structural deterioration of bone tissue, leading to 

bone fragility and an increased susceptibility to fractures. Sex steroids are essential for skeletal development 

and the maintenance of bone health throughout adult life. Loss of these hormones leads to increased rate of 

remodeling and tilts the balance between bone resorption and formation in favor of the former. The analysis of 

bone mineral density (BMD) proved useful in the diagnosis of different disorders of bone and especially in the 

prognosis of postmenopausal osteoporosis and osteoporotic fractures. The purpose of this study was to 

determine whether Leu432Val polymorphism in the CYP1B1 gene is present also in Slovak population and 
subsequently, if it is associated with BMD in femoral neck (F-BMD) and lumbar spine (S-BMD). We examined 

associations between Leu432Val polymorphism of mentioned gene and BMD in 338 women (62.26 ± 0.44 years). 

We found that this polymorphism is present in Slovak population and the genotype frequencies were 34.6 % for 

CC, 46.8 % for CG and 18.6 % for GG. We found no significant association between CYP1B1 genotypes and 

bone mineral density.  

Key words: Osteoporosis. CYP1B1 gene. Polymorphism. F-BMD. S-BMD.  

 

INTRODUCTION 

The skeleton provides structural support for the body, protecting internal organs and 

housing the bone marrow. It also functions as a reservoir of calcium and phosphate ions and 

plays a major role in the homeostasis of these minerals. The regulation of bone remodeling 

involves a complex interplay between systemic hormones, mechanical stimuli, and locally 

produced cytokines, growth factors, and other mediators (Compston, 2001). 

Osteoporosis is defined as a condition characterized by reduced bone mass and disruption 

of bone architecture, resulting in increased bone fragility and increased fracture risk (Peck et 

al., 1993). Osteoporosis is partly genetically determined. The genetics of osteoporosis is 

polygenic in nature with multiple common polymorphic alleles interacting with each other 

and environmental factors to determine bone mass. The successful identification of 

susceptibility genes for osteoporosis should prove to be helpful in targeting preventive and 

therapeutic measures to individuals at higher risk and to render the effort more cost-effective 

(Ongphiphadhanakul, 2007). 

Sex steroids play an essential role in the maintenance of bone health throughout life, and 

adverse effects of hormone deficiency can be seen in the young and old and in men and 

women. Estrogen deficiency is a major pathogenetic factor in the bone loss associated with 

the menopause and the subsequent development, in some women, of postmenopausal 

osteoporosis (Compston, 2001). Since ovarian activity is minimal after menopause, most 

circulating estrogen in postmenopausal women is derived from the aromatization of 

androstenedione to estrone, which can be reversibly oxidized to estradiol. Polymorphisms of 

the cytochrome P450 (CYP450) enzymes that metabolize estrogen may influence bone 

mineral density (BMD) by their effect on estrogen metabolism (Napoli et al., 2005). Estrogen 

is metabolized by the CYP450 group of enzymes namely, CYP1A1, CYP1A2, CYP1B1 and 

CYP3A4, each encoded by a different gene (Badawi et al., 2001). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ongphiphadhanakul%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17684412
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The aim of the study was to determine whether Leu432Val polymorphism in the CYP1B1 

gene is present also in Slovak population and subsequently, if it is associated with bone 

mineral density in femoral neck (F-BMD) and lumbar spine (S-BMD). 

 

MATERIAL AND METHODS 

The study sample consisted of 338 healthy, postmenopausal women (62.26 ±0.44 years). 

Subjects were selected according to strict inclusion criteria.  

Genomic DNA was extracted from leukocytes, blood samples (300 µl) collected in 

ethylenediamine tetraacetate (EDTA) by a standard phenol-chloroform extraction procedure 

and by using the Simax Genomic DNA Extraction kit (SBS Genetech, China).  

Genotypes were detected using polymerase chain reaction (PCR) followed by RFLP 

method. The PCR was performed using primers by Wen et al. (2005). After initial 

denaturation at 95 °C for 5 minutes followed 35 cycles, each consisting of denaturation at  

94 °C for 45 seconds, ennealing at 60 °C for 45 seconds, and extension at 72 °C for 45 

seconds. The PCR was completed by a final extension cycle at 72 °C for 7 minutes.  

Each PCR product (20 µl) was digested with AcuI restriction enzyme (New England 

Biolabs, Inc.) at 37 °C for night. 

The DNA fragments were then separated and visualized by electrophoresis on 4 % 

agarose gel containing ethidium bromide. 

The differences between the genotypes were analysed by GLM procedure and covariance 

analysis after correction of the measurements for age and BMI. Standard χ2 statistics was 

used for determining whether CYP1B1 genotype and allele frequencies were in Hardy-

Weinberg equilibrium. Statistical significance level was set at P<0.05. For data processing 

and statistical evaluation we used Statistica 4.3 (1993), GraphPad (2005) and SPSS v. 8.0 

(1997). All procedures were approved by the Ethical Committee of the Specialized Hospital 

of St. Svorad in Nitra. 

 

RESULTS AND DISCUSSION 

 

CYP1B1 genotypes detection  

To study the genotypes we first amplified a region covering the polymorphic site. 

Representative results of PCR-RFLP are shown in Figure 1. In the case, that the AcuI enzyme 

recognizes specific DNA sequence on one allele (CG genotype) the fragments 294 bp, 187 bp 

and 107 bp in length are produced. If the enzyme recognizes specific sites on the both alleles 

(CC genotype), fragments of size 187 bp, 107 bp are present. If the enzyme has no recognition 

site (GG genotype), there is one unchanged 294 bp long fragment after the PCR product 

digestion.   

 
Fig. 1 Representative results of PCR-RFLP; M – marker (50bp), CC, CG, GG – genotypes 
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Allele and genotype frequencies of the CYP1B1 genetic polymorphism 

We found that CYP1B1/Leu432Val polymorphism is present in Slovak population. The 

distributions of the genotypes and the alleles of the studied polymorphism are summarized in 

Table 1. In the analyzed population CG genotype (46.8 %) was the most frequent, the least 

frequent was GG genotype (18.6 %). The frequency of C allele for Leu432Val was 0.58 and 

of G the frequency allele was 0.42. The χ2 test showed that the genotype distributions were in 

agreement with Hardy-Weinberg equilibrium. 

 

Tab. 1 Allele and genotype frequencies of the Leu432Val polymorphism 

Genotype Frequencies Percent χ2 
Allele frequencies 

C G 

CC 117 34.6 
0.588 

P=0.745 
0.58 0.42 CG 158 46.8 

GG 63 18.6 

 

 Our findings are supported by the study of Salinas-Sánchez et al. (2011). In their study, 

the most common was CG genotype (42.2 %), less CC genotype (38.3 %) and at least was GG 

genotype (19.5 %). Similar genotypes distribution was found in study of Napoli et at. (2009): 

CG genotype (52.3 %), CC genotype (28.3 %), and GG genotype (19.4 %). Wen et al. (2005) 

observed that in the CYP1B1 gene, contrary to our findings, the most frequent genotype  

(75.5 %) was CC followed by CG (22.3 %) and GG (2.2 %) genotypes.  

 

Association analyzes of the CYP1B1 genetic polymorphism with bone mineral density 

We did not find statistically significant associations between genotypes of Leu432Val 

polymorphism in CYP1B1 gene and bone mineral density.  

As seen in Figure 2, the GG genotype had insignificantly the highest average values of F-

BMD (-1.773 ± 0.065), lower one was found in CG genotype (-1.796 ± 0.041) and the CC 

genotype (-1.813 ± 0.048) had the lowest average values of the femoral neck bone mineral 

density. 

 

 
Fig. 2 The association of the CYP1B1 genotypes with F-BMD 

The association between genotypes and S-BMD is shown in Figure 3. Similar to the 

results for F-BMD, the differences between genotypes were not significant (P > 0,05). The 

highest average values of this osteoporotic marker were seen in GG genotype (-2.343 ± 0.09), 

lower values were measured in CG genotype (-2.35 ± 0.057) and the lowest in CC genotype (-

2.431 ± 0.066). 
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Fig. 3 The association of the CYP1B1 genotypes with S-BMD 

 

Compared with the results of other authors, Napoli and Armamento-Villareal (2007) and 

Napoli et al. (2009) found the same genotype sequences of Leu432Val polymorphism in 

association with F-BMD and S-BMD. The lowest BMD values were consistently measured in 

the CC genotype and highest for genotype GG. Quan (2007) found that among Japanese 

women with the GG genotype was significantly decreased response to hormone replacement 

therapy (HRT) in the case of BMD, suggesting that Leu432Val can be used in predicting the 

effect of HRT in BMD in the lumbar spine. 

The CYP1B1 gene has been analyzed in an association with other osteoporosis – related 

traits. Among the women who experienced natural menopause, the three non-synonymous 

SNPs were significantly associated with menopausal age, years of menstruation, and total 

number of menstrual cycles. The Gly and Ser alleles of Arg48Gly and Ala119Ser were 

associated with later menopause, more years of menstruation and more menstrual cycles, 

while women with allele Val of Leu432Val polymorphism had a 0.9 year earlier menopause, 

1.0 year shorter reproductive span, and 12.6 fewer menstrual cycles than those women 

without this allele (Long et al., 2006).   

From the literature we can also mention some studies of this polymorphism in CYP1B1 

gene as candidate ones for the other diseases. Kocabas et al. (2002) in their work indicated, 

that Turkish women with G allele for valine (GG and CG) have a higher risk of developing 

breast cancer compared with women with the CC genotype. Different results received Zheng 

et al. (2000) among Chinese women. They found that the CC genotype is currently 

responsible for 2.3 times higher risk of breast cancer. Holt et al. (2007) reported that women 

with C allele had an increased risk of ovarian cancer compared with women with the GG 

genotype. Rylander-Rudqvist et al. (2004) investigated the association of CYP1B1 genotypes 

and endometrial cancer risk in a population-based case-control study of postmenopausal 

women. They found no evidence for this association. 

 

CONCLUSIONS 

In this population-based study of CYP1B1 genotypes in association with bone mineral 

density in femoral neck (F-BMD) and lumbar spine (S-BMD), we found no overall 

association among analyzed postmenopausal women. We can propose that larger sample of 

patients in the analysis can bring more accurate results maybe with a manifestation of 

significant differences. The results of this study can be used within the screening of risk 

individuals in term of osteoporosis. 
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Abstract 

With  present molecular genetic methods we can isolate the DNA from ancient materials especially from bones 

and teeth. This ancient DNA carries a lot of information about our ancestors, and is therefore able to widen our 

knowledge obtained by archaeological, historical and anthropological methods. This submitted paper deals with 

the study of mitochondrial DNA in ancient samples originating from 10th-11th century from the cemetery 

discovered in Nitra-Šindolka. We will focus on the origin of this population and family relationships from the 

population using mitochondrial DNA markers. From this perspective, it is interesting to analyze the multi-ethnic 

populations living in the so-called contact zone on the territory of the Great Moravian and later Hungarian state 

formations. These populations probably lived genetically isolated for some time. 

Keywords 
Ancient DNA. Mitochondrial DNA. Isolation of bones and teeth. 

INTRODUCTION 
Molecular analysis of aDNA (ancient DNA) increasingly penetrate into archaeology and 

allows refining the initial findings, identifying individuals, determining the sex, detecting 

diseases, assessing the relative genetic distance of populations, respectively determining 

familial relationships between the findings. The basic of archaeogenetics research is isolation 

and analysis of aDNA (ancient DNA). Isolation aDNA of remains is very difficult because of 

the small amount of DNA in archaeological sample, DNA degradation and contamination 

with recent DNA; hence it is necessary to keep strict anti-contamination rules. Mitochondrial 

DNA is often used in archaeogenetical research due to its smaller size than nuclear DNA, the 

lack of repetitive sequences, compact structure and higher resistance to physical damage  

affecting it over the centuries.  

THEORETICAL BACKGROUND 

Characteristics of Mitochondrial DNA (mtDNA) 

Mitochondrial genomes are located in the energy-generating organelles called 

mitochondria that are organelles in each eukaryotic cell and their amount per cell depend on 

type of organism and type of cells (about 8000 copies) (Brown and Brown, 2011). Human 

mtDNA is a double-stranded closed circular molecule of 16,6 kb in length which contains 37 

genes (Fig. 1). The proportions of the four nucleotides are unequal: one strand contains more 

guanine and adenosine bases (H-strand, heavy strand) whilst the other strand (L-strand, light 

strand) is rich in cytosines and thymines (Tully et al., 2001). MtDNA consists of coding and 

non-coding region. Non-coding region (control region) of 1,1 kb in length contains two 

hypervariable regions (HVR I and HVR II). These regions are characterised by mutation rates 

ten times higher than coding region (Howel et al., 2007).
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Fig. 1 The human mitochondrial DNA (Bellance et al., 2009) 

 

Based on the mutations of mtDNA we can determine haplotypes, which belong to 

haplogroups. As mtDNA is primarily maternally inherited, based on the analysis of frequency 

of mtDNA mutations in samples of the current population and comparison with aDNA of 

remains Mitochondrial Eve Theory was created (Out of Africa). Mitochondrial Eve is the 

woman, who is defined as the matrilineal most recent common ancestor (MRCA) for all 

currently living humans and based on this we can ascertain migration of population in the 

past. The universal standard for mtDNA nomenclature is derived from the first published 

complete mtDNA sequence (Anderson et al., 1981). Place of origin of haplogroups (Fig. 2) 

and their extension path are already known. Accordingly, there are sub-Saharan (African) 

haplogroups: L0, L1, L2, L3, L4, L5, L6, L7, Western Eurasian haplogroups: H, T, U, V, X, 

K, I, J, W, East-Eurasian haplogroups: A, B, C, D, E, F, G, haplogroups of Native Americans: 

A, B, C, D, X, and the haplogroup of the South Pacific: P, Q, S (van Oven and Kayser, 2009). 

The universal standard for mtDNA nomenclature is derived from the first published complete 

mtDNA sequence “Cambridge Reference Sequence” (CRS) (Anderson et al., 1981). A 

modified version of the CRS, in which 11 sequencing errors were corrected, was renamed 

“revised Cambridge Reference Sequence” (rCRS) and published in 1999 (Andrews et al., 

1999).  
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Fig. 2  MtDNA haplogroup migration patterns (Ienco et al., 2011) 
 

Preservation and Decay of Ancient DNA in Archaeological Specimens   
Ancient DNA (aDNA) is the DNA recovered from the remains of an organism that has 

been dead for tens, hundreds, thousands or more years. The preserved bones and teeth of 

humans (or animals) are by far the most common type of biological material recovered by 

archaeological excavation. Partly for this reason, bone and teeth are also the types of material 

most frequently studied by biomolecular archaeologists (Brown and Brown, 2011). Bone is 

generally considered an optimal aDNA source due to the binding of DNA to hydroxyapatites 

lows DNA degradation (O´Rourke et al., 2000) and each osteocytes in bone is protected from 

physical and biochemical degradation of microorganism because they are individually  

mummified and therefore the DNA, which is inside, is protected. Bone also contains collagen, 

which the component of systems preserving the DNA in bone tissue.  

Ancient DNA molecule is characterized by the following types of damage: fragmentation 

and blocking lesions. Fragmentation or degradation of DNA molecules in ancient samples is 

caused by both biological and chemical processes. Microorganisms (bacteria and fungi) and 

insect as well as enzymes, such as lysosomal nucleases, participate in the post-mortem 

fragmentation of DNA. Chemical processes, such as hydrolysis and oxidation, are also 

involved in the post-mortem fragmentation of DNA. Hydrolysis breaks down the 

phosphodiester and glycosidic bonds in the presence of water. Hydrolysis of this bond 

releases the base, with Guanine and Adenine nucleotides about 20 times more susceptible to 

attack (depurination) than Cytosines and Thymines (depyrimidination), although the rate 

depends on the temperature and pH (Brown and Brown, 2011). Oxidation is the process 

which blocks the amplification of DNA (blocks the extension during PCR) and by which 

water-derived hydroxyl or superoxide radicals modify bases or distort the helix. Because 

mitochondria are the center of 02 metabolism, oxidation primarily affects the mitochondrial 

rather than the nuclear genome. Oxidisided pyrimidins, called hydantoins, are most likely to 

do damage to DNA (O´Rourke et al., 2000). Another class of inhibitors are Maillard products, 

the crosslinks formed as a result of the Maillard reaction, which occur between sugars and 

amino acids, and hence can link together polynucleotides and peptides (Brown and Brown, 

2011). 
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Preservation of DNA as well as the quantitative and qualitative characteristics of DNA in 

remains depend on the environmental conditions too. These factors are especially 

temperature, humidity and pH value. In the case of finds embedded in soil, it is important to 

have information on the basic geochemical properties of the soil. Eventually, it will be 

essential to know the amount of postmortal organic substances in the soil (classified as humic 

and fulvic acids) and the general degree of microbial infestation in the respective soil (Burger 

et al., 1999). 

MATERIAL 

The samples were provided by the Institute of Archaeology of the Slovak Academy of 

Science in Nitra and Slovak National Museum in Bratislava.  The bones and teeth  come from 

the cemetery Nitra-Šindolka and  were selected according  on their sex, age, objects of graves, 

preserved of the bones and the particular horizons.   

The burial Nitra-Šindolka was excavated in years 1985-1986 during the construction of 

the highway around the town of Nitra. This burial consists of two sections: F and E (Fig. 3). 

The section F contains 204 graves, the section E contains 99 graves and they are 30 meter far 

from each other.  The burial is from 10
th

-11
th

 century. The cemetery can be divided into three 

horizons based on the orientations of graves and things that were found (jewelry, coins, etc.) 

(Fusek, 2012). We selected 20 samples from different horizons from the cemetery Nitra-

Šindolka for the purpose of analysis of the origin and migration of the population and the 

relationship between members of the population. We will trace the origin, migration and the 

relationship based on mtDNA, this means we are able to trace only the maternal line because 

of the matrilineal inheritance of mtDNA. 

 

 
 

Fig. 3 The three horizons of the cemetery Nitra-Šindolka (Fusek, 2012) 
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METHODS 

Twenty bone samples from ancient remains were included in the analysis. Samples were 

excavated in the cemetery Nitra-Šindolka from different parts and horizons. Burial sites and 

bones were archaeologically and antropomorphologically well defined before the analysis.  

In order to prevent possible contamination, all stages of the work were carried out under 

sterile conditions. All appliances, containers and work areas were cleaned and irradiated with 

UV light. All steps (bone cutting, surface removing, powdering, extraction and amplification) 

will be carried out in separate places. The bone samples were irradiated with UV light. A 3x3 

cm portion was cut from each bone diaphysis (Kalmár et al., 2000).   

Standard isolation methods will be used as described by Shapiro and Hofreiter (2012).
 

After removing the surface (at least 2-3mm) of the sample with a fresh drilling bit at slow 

speed the clean bone fragments will be treated with UV light, and mechanically grind into 

fine meal in a sterile agate mortar. Physically powdered bone samples will be suspended in 

extraction buffer. After the incubating the samples will be centrifuged and we will transfer as 

much of the liquid as possible into new tubes, and add binding and well-mixed silica 

suspension to the extraction buffer in each tube, incubated in the dark under constant 

agitation. We will place a disposable VacConnector onto the luer adapter of the vacuum 

manifold, then place the assembled column onto the VacConnector and then centrifuge the 

samples, discard the supernatant, and resuspend the silica pellet in the binding buffer. Then 

we will transfer the suspension to the column and apply the vacuum. We will place the 

column in a collection tube and centrifuge, than we will place the column back onto the 

VacConector of the vacuum manifold. We will add washing buffer to the column and apply 

the vacuum. This washing step will repeat at least once while the column remains on the 

vacuum manifold. Than the column will be inserted into a new tube and allow the silica to air-

dry by incubating the columns with open lids. Elution buffer will add onto center of the silica 

pellet and incubate the columns with closed lids, than will be centrifuge. 

We will amplify the isolated DNA with the PCR reaction. The amplification reaction will 

contain: AmpliTaqGold polymerase, dNTPs, MgCl2, BSA serum albumin, primers, template 

DNA. PCR reaction will consist of 40-60 PCR cycles. We will amplified with the primer pairs 

described by Tömöry et al. (2007). Quality of amplification and fragment size will be checked 

using electrophoresis on 5% native polyacrylamide gel (Kalmár et al., 2000).
 

The specific bands will be cut out from the gel, recovered and redissolved PCR products 

will be sequenced on ABI PRism 310 sequencer (Kalmár et al., 2000). 

The result will be statistically evaluated and phylogenetically analyzed with the use of the 

program BEAST (Bayesian Evolutionary Analysis by Sampling Trees) (Shapiro and 

Hofreiter, 2012).
 

EXPECTED RESULTS 
Based on the types of mutation in mtDNA, which will be detected based on differences of 

rCRS, we can determine the haplotype and haplogroup of each sample. The haplogroup assign 

the migration and origin of the sample and population. These mitochondrial haplogroups 

arose thousands of years ago and show the characteristic geographical distribution. We will 

try to identify to which haplogroup our samples belong. The origins and spread of 

haplogroups can be associated with certain geographic regions. Therefore, the research of 

haplogroups allows the monitoring of the wanderings of some populations, and their mix with 

each other. 

This result will support (or contradict) also the matrilineal family relationship between 

the individual samples. If the mtDNA profile of two people is completely identical, they share 

a common maternal ancestor, but this ancestor might have lived a generation or thousands of 

years ago. 



  

71 

 

The results of these researches will improve our knowledges about the settlement of Nitra 

area in 10
th
-11

th
 century.  
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Abstract 

In this work we focused on measurements of the content of assimilatory pigments (chlorophyll a, b, a+b and 

carotenoids) of the hybrid taxa of the genus Prunus L. Concentrations of chlorophyll a,b and carotenoids 

(carotenes and xanthophylls) were determined by spectrophotometry, i.e. measuring the absorbance of the 

mixture of pigments at different wavelengths, corresponding to the absorption maxima of the individual 

components. The use of radiation associated with the concentration of assimilation pigments in sunny and shade 

leaves was the largest in taxons Prunus × fruticans and  Prunus × fetchneri  and the smallest in Prunus × 

dominii . Determination of the chlorophyll a to b ratio showed the biggest value in an individual 5.14 mg/mg 

Prunus × fetchneri in June and at 3.57 mg/mg Prunus × fruticans in July. Measuring of the pigments in leaves 

confirmed the difference in content between hybrid individuals. The findings from biological research help us in 

saving the gene pool of natural resources as well as suggesting the possibilities of their use in maintaining and  
rebuilding the country. 
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INTRODUCTION 

Rosaceae family include many well known of plants, from which each plant is 

characterized by its particular characteristics and common characteristics also used as an ID 

for classification in the common class and gender. Photosynthetic pigments, or dyes, are 

associated with the process of photosynthesis in the leaves. 

Photosynthesis is a biological process in which is the absorbed energy of sunlight converted 

into energy of chemical bonds in organic compounds (Pavlova, 2005). An important indicator 

of the state of photosynthetic apparatus (letters) of our studied taxa, is the content and 

composition of photosynthetic pigments, depending on the species and environmental 

conditions. Chlorophyll a is a photosynthetic pigment necessary for its own energy 

conversion in photosynthesis. 

All other pigments have only a subsidiary function; they capture the incidentradiation 

quanta and energy of  its excited state passed to chlorophyll a (Olšovská, Brestič, Živčák, 

Kmeť, 2008). 

 

MATERIALS AND METHODS 

 

The estimation of the content of assimilatory pigments 

The content of assimilatory pigments was measured spectrophotometrically after being 

extracted in 80% acetone solution, obtaining 5 ml of extract. . The absorbance was measured 

for individual pigments at the following wavelengths: 

 Chlorophyll a (Chla) 663 nm 

 Chlorophyll b (Chlb) 647 nm 

mailto:xkisacovaa@uniag.sk
mailto:marek.zivcak@uniag.sk
mailto:luba.durisova@uniag.sk
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 total carotenoids (Car) 470 nm 

 

Measured absorbance values were calculated according to equations by Lichtenhalter 

(1987) and then were the calculated concentrations set into the formula: 

Calculation of concentrations: 

 Chla = (12.25 x (A 663 – 2.79 x A 647) x 1)   [mg.l
-1

] 

 Chlb = (21.50 x (A 647 – 5.10 x A 663) x 1    [mg.l
-1

] 

 Chla + b = (7.15 x (A663 + 18.71 x A647) x 1   [mg.l
-1

] 

 

Carotenoids TOTAL =[(1000 x A470-1.82x (Chl a) - 85.02x(Chl b)) / 198] x 1 [mg.l
-1

] 

Concentration pigments (mg.mm
-2

) = (x 1 V/1000/A) x the concentration of pigments [mg.l
-1

] 

 

Where:  

V - is the volume of the 80% acetone solution (5 ml)  

A - the area of the sample (m
2
) 

The apparatus used: Jenway 6405UV /VIS Spektrophotometer (Bio WORLD, USA). 

 

Characteristics of the selected location 

Collecting leaves of the taxa Prunus × fruticans (Dolné Lefantovce and Podhorany), 

Prunus × dominii (Dolné Lefantovce) and Prunus × fetchneri (Bádice) was conducted in June 

and July in the year 2012. Selected sites are located in the Nitra Region. The area lies at an 

altitude of 190 m. a. s. l. 

 

Characteristics of the biological material 

 

Prunus spinosa 

This shrub belongs to the family Rosaceae and can be up to 3 m tall, blooms from  April to 

May. Berries contain a lot of tannins, fruit acids and vitamin C (Hensel, 2009). 

In the territory of Slovakia were found specific rates of indigenous hybrids of Prunus spinosa 

L. (p. p.) (Baranec, 1990b): 

Prunus  × fruticans Weihe (P. × insititia. × P. spinosa s.s.) 

Prunus  × fetchneri (Domin) Baranec, nom. ined. (P. domestica × P. spinosa s. s.) 

Prunus  × schurii Baranec, nom. ined. (P. dasyphylla Schur × P. × fruticans Weihe) 

Prunus  × dominii Baranec, nom. ined. (P. spinosa s. s. P. × fruticans Weihe) 

 

 

 

 

 

 

 

 

 

Fig. 1 Taxon Prunus  × dominii from locality Dolné Lefantovce 

 

For the estimation of the content of assimilatory pigments we used these materials: 

Prunus  × fruticans L1 – locality Dolné Lefantovce 

Prunus  × fruticans P1 – locality Podhorany 

Prunus  × dominii  L2, L3  - locality Dolné Lefantovce 

Prunus  × fetchneri B1 – locality Bádice 
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RESULTS AND DISCUSSION 

 

Evaluation of the determination of assimilation pigments measured 

spectrophotometrically 

The largest concentration of pigments Chl a, Chl b, Chl a+b and carotenoids have been 

reported in individuals of Prunus × fruticans from sites Dolné Lefantovce and Podhorany and 

in Prunus × fetchneri  from Bádice site. The concentration of Chl a pigments at sunny leaves 

ranged from 265.51 to 378.53 mg/m
2
 during the fifth June 2012. In the two months of June 

and July, we measured the smallest concentrations on the leaves of  Prunus × dominii. Results 

of Slugeňova (2010) showed the ratio of chlorophyll a and b in seedling spruce (Picea abies 

(L.) Karst.) in the range from 2.7±0.3 to 2.8 ±. 0.4. In the seedlings of the beech (Fagus 

sylvatica L.), the values of the ratio chl a /b ranged from 2.4±0.2 to 2.9±0.2. Furthermore, the 

author states that the content of chlorophyll a + b in seedling of the spruce (Picea abies (L.) 

Karst.) in the period reached values of 3.4±0.58 mg.g
-1

 to 4.8±1.3 mg.g
-1

. In the seedlings of 

the beech (Fagus sylvatica L.), the values of the ratio of Chl a /b ranged from 3±0.58 mg.mg
-1

  

to 6.6± 0.5 mg.mg
-1

 . 

According to the results of Ferus (2004) the content of carotenoids in the barley cv. Compact 

control plants ranged between 40-90 mg.m
-2

. The content of carotenoids (x + c) for seedlings 

of spruce (Picea abies (L.) Karst.) were in the range from 0.7mg.g
-1

 ±0.5 mg.g
-1

 to 1 mg.g
-1

 ± 

0.8 mg.g
-1

. 

 

Tab. 1 Concentrations of pigments Chl a,Chl b, Chl a+b, carotenoids in mg/m
2
 

  

Tab. 2 Ratios of chlorophyll a to b, and the carotenoids mg/mg (5.6.- 6.6. 2013) 

June   

The ratio of chlorophyll  

a to b 

The ratio of chlorophyll a+b 

to carotenoids 

  Taxa sun shade sun shade 

Dolné Lefantovce 

Prunus × fruticans L1 2.72 2.47 3.84 4.64 

Prunus × dominii L2 1.80 1.72 3.76 4.65 

Prunus × dominii L3 4.67 5.48 3.58 4.32 

Bádice Prunus × fetchneri B1 5.14 4.05 3.86 3.81 

Podhorany Prunus × fruticans P1 2.60 1.99 4.14 5.03 

June  

Concentrations 

of pigments 

Chla 

Concentrations 

of pigments 

Chlb 

Concentrations 

of pigments 

Chl a+ Chl b 

Concentrations 

of pigments 

carotenoids 

 Taxa sun shade sun shade sun shade sun shade 

Dolné 

Lefantovce 

Prunus × 

fruticans L1 
265.51 236.57 97.72 95.65 363.35 332.23 94.64 71.59 

Prunus × 

dominii L2 
205.40 225.35 113.99 131.29 319.90 380.17 85.06 81.68 

Prunus × 
dominii L3 

214.30 246.87 45.85 45.07 260.15 291.95 72.76 67.65 

Bádice 
Prunus × 

fetchneri B1 
219.43 225.05 42.68 55.54 262.11 280.59 67.91 73.73 

Podhorany 
Prunus × 

fruticans P1 
378.53 443.17 145.37 222.09 523.90 665.26 126.40 132.24 
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Tab. 3 Concentrations of pigments Chl a, Chl b, Chl a+b, carotenoids in mg/m
2 

(12.7. 2012)
 

July  
Concentrations 

of pigments 

Chla 

Concentrations 
of pigments 

Chlb 

Concentrations 
of pigments 

Chl a+ Chl b 

Concentrations 
of pigments 

carotenoids 

 Taxa sun shade sun shade sun shade sun shade 

Dolné 

Lefantovce 

Prunus × 

fruticans L1 
291.71 199.87 134.88 357.58 426.59 300.79 96.10 72.24 

Prunus × 

dominii L2 
266.83 223.85 129.71 106.53 403.78 326.93 102.59 73.83 

Prunus × 

dominii L3 
255.84 241.42 77.61 87.07 333.45 328.49 77.88 71.03 

Bádice 
Prunus × 

fetchneri B1 
298.12 215.83 137.04 93.23 435.17 309.06 97.43 69.30 

Podhorany 
Prunus × 

fruticans P1 
368.07 292.12 103.08 87.72 471.16 379.85 112.13 83.06 

 

Tab. 4 Ratios of chlorophyll a to b, and the carotenoids mg/mg (12.7. 2012) 

July   

The ratio of Chlorophyll  

a to b 

The ratio of Chlorophyll a+b  

to carotenoids 

  Taxa sun shade sun shade 

Dolné Lefantovce 

Prunus × fruticans L1 2.16 0.56 4.44 4.16 

Prunus × dominii L2 2.06 2.10 3.94 4.43 

Prunus × dominii L3 3.29 2.77 4.28 4.62 

Bádice Prunus × fetchneri B1 2.18 2.32 4.47 4.46 

Podhorany Prunus × fruticans P1 3.57 3.33 4.20 4.57 

 

 

 
Fig. 1 The concentration of assimilation pigments (sunny and shade leaves) during the 

growing season (5.6 -12.7. 2012) 
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CONCLUSION 

Chlorophyll content is often used as a measure supporting other photosynthetic 

characteristics and photosynthetic activities such as enzymatic reactions. Our observations 

confirmed the expected high diversity in photosynthetic pigments composition between the 

Prunus taxa as well as between different locations. Taxon of Prunus × fruticans from site 

Podhorany reached the highest chlorophyll content 378.53 mg/m
2
 Chl a and Chl b in the most 

illuminated and 443.17 mg/m
2
 shadowed leaves. Taxa of Prunus × dominii contained the 

lowest leaf pigment content.  

Our results suggest that the findings obtained by combination of different biological 

research approaches can serve to better identification of steadily emerging taxa due to a 

spontaneous hybridization and they may also refer to their place and prospects in the 

functioning of natural ecosystems. 
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Abstract 

Target of our study was to analyze the effect of a different simple sugars concentration (T10/F10 – 10 mg.ml-1; 

T5/F5 – 5 mg.ml-1) on the turkey spermatozoa motility parameters after a culture in vitro at 5°C. For control the 

semen samples were diluted with physiological solution. Individual parameters were recorded at four time 

periods: 0, 1, 2 and 3 hour. The highest values of spermatozoa motility were determined in control sample 

containing only physiological solution. The highest motility of 60.76% was recorded at the time 0 hour in the 

sample FC. In fructose control (FC) in comparison with other samples the highest values was reported. Results 

of our experimental work suggested that trehalose and fructose does not have positive effects on turkey 

spermatozoa motility parameters when cultured under in vitro conditions in comparison to the control diluted 

with physiological solution. 

 
Keywords 
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INTRODUCTION 

Short-term liquid storage of turkey semen is of great interest in the management of turkey 

reproduction due to the extensive use of artificial insemination. Unfortunately, the length of 

storage of undiluted or extended semen is very restricted and usually after 24 h of storage 

significant decreases in spermatozoa viability and fertilizing capacity are observed (Donoghue 

a Wishart, 2000). For this reason, in practical conditions, turkey semen is diluted in an 

appropriate extender and used within a few hours (typically up to 6 h; Sexton and Giesen, 

1983) to facilitate artificial insemination (Kotłowska et al., 2007). 

Although it has yet to be achieved, mimicking the environment for storage of 

spermatozoa within the hen would profoundly alter current systems for storing semen for 

extended periods of time in vitro (Donoghue and Wishart, 2000). 

Many factors may contribute to the loss in fertilizing ability of spermatozoa stored in 

vitro (Zaniboni and Cerolini, 2009). Spermatozoa metabolism is not completely arrested 

during liquid storage at reduced temperature; the main changes which occur include an 

irreversible reduction in motility, morphological integrity and fertility of spermatozoa 

(Maxwell and Stojanov, 1996). In order to maintain the fertilizing ability of in vitro stored 

spermatozoa, spermatozoa must be pre-cooled to 2–8 °C (Donoghue and Wishart, 2000) and 

diluted in an appropriate extender (Akçay et al., 1997). 

The fundamental principle is that chicken or turkey semen is diluted in a medium based 

on the ionic environment of the male reproductive tract (notably with the main anion as 

glutamate rather than chloride), although hypertonic compared with seminal plasma, with an 

added glycolytic substrate and a buffer maintaining a pH of around 7.1. The suspension of 

spermatozoa in this medium is then held at low temperature – usually around 5°C – to 

minimize spermatozoa metabolic rate and any deleterious catabolic processes, as well as 

proliferation of microorganisms. However, chicken spermatozoa may be stored under 

anaerobic conditions, in which they can maintain ATP levels and fertilizing ability, but turkey 
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spermatozoa, which have poor glycolytic capacity and require oxidative phosphorylation to 

maintain energy levels, must be stored under aerobic conditions (Hocking, 2009). 

Extenders should also contain energy substrates. Therefore, extenders used for poultry 

semen are enriched in carbohydrates (glucose or fructose) and in other components likely to 

provide energy (citrate, glutamate, acetate) (Graham et al., 1982; Christensen, 1995; Thurston, 

1995). The metabolism of glucose and acetate are lower in avian than mammalian 

spermatozoa. Briefly, most of the extenders provide the requirements for both energy 

metabolism and buffering capacity (Akçay et al., 2006). 

The aim of this study was to analyze the influence of different trehalose and fructose 

concentrations on the turkey spermatozoa motility parameters during in vitro cultivation. 
 

 

MATERIAL AND METHODS 

In this study biological material - semen was obtained by penal massaging of the turkeys 

of the line Big 6 (BUT – British United Turkeys Ltd., Chester, United Kingdom). Semen 

samples were a mixture of several groups of identical individual turkeys. 

Semen was diluted in a ratio of 1 part of semen and 200 parts of physiological solution 

(Sodium chloride 0,9% Braun, B. Braun Melsungen AG, Melsungen, Germany) – Control 

sample FC (fructose control)/TC (trehalose control). The average pH of saline solution used 

was 6.50 (pH 213; Hanna Instruments Inc.). At the same ratio the semen was diluted with two 

different concentrations of fructose solution: 10 mg.ml
-1

 – F10; 5 mg.ml
-1

 – F5 and also with 

two different concentratione of trehalose solution: 10 mg.ml
-1

 – T10; 5 mg.ml
-1

 – T5 diluted 

in the physiological solution. Samples were cultured at 5°C and recorded at four time periods: 

0, 1, 2 and 3 hours. The experiment was realized in 6 replicates. Sample measured at time 0 

minutes was considered as 100% (of control) and taken as the basal value for all additional 

measurements. 

Each of thus prepared samples was evaluated using a Computer Assisted Semen Analyzer 

(CASA) system – Sperm Vision (Minitub, Tiefenbach, Germany) equipped with a microscope 

(Olympus BX 51, Japan) to assess the spermatozoa motility. Each sample was placed into 

Makler Counting Chamber (depth 10 μm, Sefi–Medical Instruments, Germany). Using the 

turkey specific set up the following parameters were evaluated – total motile spermatozoa 

(MOT), progressively motile spermatozoa (PRO), curvilinear velocity (VCL), amplitude of 

lateral head displacement (ALH) and beat cross frequency (BCF) in different time periods. 

Obtained data were statistically analyzed using PC program Excel and a statistics 

package SAS 9.1 (SAS Institute Inc., USA) using Student’s t–test and Scheffe’s test. 

Statistical significance was indicated by p values of less than 0.05; 0.01 and 0.001. 

 

RESULTES 

Results of spermatozoa motility are shown in Figure 1. The highest motility of 60.76% 

was recorded at the time 0 hour in the control sample – FC. This value was significantly 

higher than in the sample F5 (p<0.001).With increasing time of cultivation a gradual decline 

in all samples was observed. The sample T10 showed similar values as in the control at the 

time 1 h. and 2 hour. However, after 3 hours of culture significantly (p<0.01) higher value of 

34.56 % in control was detected. In the sample T5 at all time periods significantly (p<0.001) 

decreased values than in the control sample were observed. A significantly lower motility 

(p<0.05) was recorded in the sample F10 when compared to the control at the time 1 and 4 h. 

The sample M5 showed a significantly lower motility (p<0.05; p<0.01) also at the time of 2, 3 

and 4 hours. 
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Fig. 1 Spermatozoa motility (in %) in groups with different concentration of trehalose and 

fructose and time periods [min.]. Significant differences *p<0.05; **p<0.01; ***p<0.001. 

 

 

 
Fig. 2 Spermatozoa progressive motility (PRO, %) in groups with different concentration of 

trehalose and fructose and time periods [min.]. Significant differences *p<0.05; **p<0.01; 

***p<0.001. 
 

 

The highest progressive spermatozoa motility (39.96 %) was detected in the sample FC at 

the beginning of cultivation (Fig. 2). In the sample T10 statistically significant difference 

(p<0.05) was observed only at the time 3 hour, where the highest progressive motility 

(10.63%) in control group was recorded. When compared experimental group T5 to control 

sample a significant lower values (p<0.001) were detected after 1, 2 and 3 hour of culture. 
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When compared the experimental groups – F10, F5 to the control sample, significantly lower 

values (p<0.01; p<0.001) were observed after 0 hours of culture in both samples. Significantly 

(p<0.05) decreased values were observed in the sample F5 when compared to the control 

sample at the time of 1 and 2 hour. 
 

 

 
Fig. 3 Velocity curved line (VCL, μm.s

-1
) in groups with different concentration of trehalose 

and fructose and time periods [min.]. Significant differences *p<0.05; **p<0.01; ***p<0.001 

 

 

 
Fig. 4 Amplitude of lateral head displacement (ALH, μm) in groups with different 

concentration of trehalose and fructose and time periods [min.]. Significant differences 

*p<0.05; **p<0.01; ***p<0.001. 
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Analysis of selected velocity parameter – velocity curved line (VCL) between groups 

T10, F10 and controls found any significant differences (Fig. 3). Significantly decreased 

values (p<0.01; p<0.001) in the sample T5 at the time 1, 2 and 3 hour were measured.  

Significantly lower values (p<0.001) were observed in the sample F5 when compared to the 

control at the time of 0 and 2 hour. 

 

Very balanced values of amplitude of lateral head displacement (ALH) were detected in 

all samples (Fig.4). Significantly (p<0.05) lower values were detected only at the time 0 hours 

in samples F5. The sample T5 showed significantly (p<0.01) lower value only at the time 1 

hour of culture. In the samples diluted with the fructose lower values opposite the trehalose 

samples after 3 hour cultivation were detected.  

 

 
Fig. 5 Beat cross frequency (BCF, Hz) in groups with different concentration of trehalose and 

fructose and time periods [min.]. Significant differences *p<0.05; **p<0.01; ***p<0.001. 

 

Similarly as for the previous two parameters, the beat cross frequency (Fig. 5) in the 

group T10, F10 was not significantly altered. Statistically significant lower values in sample 

T5 only after 3 hour of cultivation were found. Very equal values were observed in all tested 

samples. 

 

 

DISCUSION 
These results are in accordance with results of Amir et al. (1985), who obtained no 

consistent results as to the effect of fructose on the motility of turkey spermatozoa. On the 

other hand, an adverse effect was obtained when the spermatozoa were suspended in a 

medium containing fructose. The sperm motility was not affected when the fructose in the 

medium was formed from glucose. 

A similar tendency was detected also in other species. Sarıözkan et al. (2012) evaluated 

the effects of different sugar supplementations on the rat spermatozoa motility at 0 and 12 h 

after chilling. No significant difference was observed in any of the parameters evaluated at 0 

h, before storage (p>0.05). After 12 h of storage, all sugar additives led to statistically higher 

motility in comparison to the control group. Account on that raffinose, trehalose and fructose 
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provided a better protection of sperm functional parameters against chilling injury, in 

comparison to the control group. 

Kňažická et al. (2010) evaluated influence of different energetic substrates used in culture 

media on the bovine spermatozoa motility. In the medium with the addition of fructose the 

spermatozoa motility significantly increased (p<0.001) after immediate dilution of the sample. 

With increasing time of cultivation this difference began to be reduced (p<0.01). After 24 h 

cultivation no significant differences were recorded. Progressive motility copied the tendency 

of spermatozoa motility as the medium with the addition of fructose reached significantly 

(p<0.001) higher values at time 0 and 1h, but after 24 hours of cultivation the progressive 

motility was significantly (p<0.05) higher in the control sample. 

Hu et al. (2009) investigated the effect of different concentrations of trehalose (0, 25, 

50, 100 and 200 mM) on boar semen. Trehalose was added to basic diluent – TCF (Tris-

citric acid- fructose). Trehalose 100 mM conferred the highest spermatozoa motility values, 

with an improvement of a 19% over the control group (p<0.01). No significant difference was 

observed for spermatozoa motility between freezing extenders containing trehalose 50 mM 

and 100 mM (p>0.05). Addition of 25 mM of the trehalose to the cooling extender showed an 

intermediate effect on motility preservation. Concerning percentage of linear motile 

spermatozoa when trehalose concentrations higher than 100 mM significantly decreased after 

thawing (p<0.01). These results suggest that 100 mM trehalose afford better protection ability 

than that of others during the freeze-thaw process in boars. 

 

CONCLUSION 
In all tested samples (T10, T5, F10, F5) mostly lower values comparison with controls 

(TC, FC) were found. In fructose control (FC) in comparison with other samples the highest 

values was reported. Results of our experimental work suggested that trehalose and fructose 

does not have positive effects on turkey spermatozoa motility parameters when cultured under 

in vitro conditions in comparison to the control diluted with physiological solution. 
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Abstract.  

Dwarf mountain pine (Pinus mugo Turra) is as important element of mountain ecosystems in Central and South-

Eastern Europe. However, little is known about the present genetic structure and population differentiation        

of this species on the DNA level. In this study, genetic structure of dwarf mountain pine from the Tatra 

Mountains, Southern Poland, was investigated by two combined types of DNA markers: inter-simple sequence 

repeats (ISSR) and simple sequence repeats (SSR). Moderate and statistically significant differences were found 
between P. mugo populations (ϕPT = 0.17, P > 0.001) with no correlation between genetic and geographical 

distances (r = -0.306, P = 0.514). The genetic structure of dwarf mountain pine in the Tatra Mountains seems to 

have been formed by the interaction between different ecological conditions and historical and evolutionary 

factors.  
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 INTRODUCTION 

Dwarf mountain pine (Pinus mugo Turra) is one of the most important mountain species  

in Central and South-Eastern Europe (Christensen, 1987; Richardson, 1998). Dwarf mountain 

pine grows mostly in subalpine regions above the timberline from 1400 to 2700 m above sea 

level (Christensen, 1987). In the mountains it constitutes dense scrub communities that protect 

soil against erosion, immobilize snow patches and rocks, thus alleviating consequences         

of avalanches and help regulate the water balance. The International Union for Conservation 

of Nature (IUCN) in 1998 placed Pinus mugo on the Red List with the least concern status.         

In Poland dwarf mountain pine is one of four native pine species. Its natural range is restricted 

to the south-eastern (the Sudeten Mts., the Stołowe Mts.) and southern (the Tatra Mts.) parts 

of Poland (Gostyńska-Jakuszewska & Zieliński, 1976; Boratyński, 1994). Anatomical and 

morphological variability of this pine was studied by Szweykowski & Bobowicz (1977), 

Bobowicz & Krzakowa (1986), Boratyńska (2002) and Boratyńska et al. (2004). Genetic 

structure and population differentiation of dwarf mountain pine from the Tatra Mountains 

were also investigated using allozymes (Bączkiewicz & Prus-Głowacki, 1997; Bączkiewicz  

& Prus-Głowacki, 2005). However, up to date, little has been known about DNA variation        

in this species.  

Simple sequence repeats (SSR or microsatellites), and inter-simple sequence repeats 

(ISSR) are some of the most popular molecular markers in population genetic studies. Those 

two types of markers are based on the polymerase chain reaction (PCR). SSR and ISSR 

markers differ in their location in the genome and the level of polymorphism detection.             

In general, SSR markers are codominant, highly polymorphic and difficult to analyse (null 
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alleles, stutter peaks, homoplasy). ISSR markers are dominant, medium polymorphic           

and easier to analyse than SSRs.   

In this study we combined the ISSR and SSR techniques for the first time to screen 

genetic diversity of dwarf mountain pine from the Tatra Mountains in Southern Poland.  

 

MATERIALS AND METHODS 

 

Plant materials 

Three natural populations of dwarf mountain pine from the Tatra National Park 

(UNESCO Biosphere Reserve) in Poland were selected for the purpose of this study (Table 

1). These populations occupied different habitats (limestone, granite, peatbog) and altitudes 

(1270 – 1680 m a.s.l.). The biggest geographic distance between populations was 12 km 

horizontally and 410 m vertically. In order to minimize the risk of collection of material from 

the same specimen (clone), the minimum distance between the neighbouring samples was 10 

m. Four needles were collected from selected specimens. Until DNA extraction pine needles 

were stored at –20°C.  

 

Tab. 1 The location and description of sampled populations of dwarf mountain pine. 

Population 

code 

Location in 

the Tatra 

National Park 

Latitude 

(N) 

Longitude 

(E) 

Elevation 

(m) 

Type of 

habitat 

Number of 

individuals 

A 
Tomanowa 

Przełęcz 
49.2217 19.9002 1590 limestone 23 

B 

Wielka 

Pańszczycka 

Młaka 

49.2682 20.0444 1270 peatbog 22 

C Zielony Staw 49.2303 20.0009 1680 granite 23 

 

 

 
 

Fig. 1 Morphology of dwarf mountain pine (a) and a map showing locations of populations 

sampled in this study (b). Black stars indicate sampling sites in the Tatra National Park (light 

grey area). Population codes are identified in Table 1. 

 

DNA extraction and PCR conditions 

Total genomic DNA was extracted using a modified CTAB method (Doyle & Doyle 

1990), and dissolved in 0.1 × TE buffer (10 mM pH8.0 Tris-HCl; 1 mM pH8.0 EDTA)              

for subsequent use. Quality and quantity of extracted DNA were measured on a Nanodrop™ 

ND-1000 (ThermoScientific) spectrophotometer and diluted to a final concentration of 20 

ng/μl. Until amplification DNA was stored at 4°C. Three ISSR primers were used in ISSR 

analysis of dwarf mountain pine (Table 2). PCR was run in a final volume of 25 μl, which 
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contained: ~20 ng of the pooled DNA species sample, 1 × complete reaction buffer, 0.2 mM 

each dNTP, 0.4 µM primer and 1U REDAllegroTaq DNA polymerase (Novazym). 

Amplifications were carried out in a 2720 Thermal Cycler (Applied Biosytems) programmed 

with the following time and temperature profile: initial denaturation step (5 min at 94°C), 

followed by 35 cycles of:  1min at 94°C, 1 min at 51°C, and 2 min at 72°C, with a final 

elongation step of 10 min at 72°C.  PCR products were resolved in 1.5% agarose gel with the 

constant voltage (200V) for 4 h in 1 × TBE (100 mM Tris–borate, pH 8.0, 2 mM EDTA) 

buffer. After electrophoresis, gels were stained with ethidium bromide, visualized under UV 

light and photographed using the Electrophoresis Documentation and Analysis System 

(EDAS 290) and Kodak 1D software. Three SSR markers were used in SSR analysis of dwarf 

mountain pine (Table 2). Amplification of SSR markers and genotyping of Pinus mugo 

individuals was performed according to the procedure described by Celinski (et al. 2013).  

 

Data collection and statistical analysis 

ISSR bands were identified using the GelAnalyzer2010a software. Each polymorphic 

band was considered as a locus with two alleles: presence (1) and absence (0). Only bands 

that could be scored consistently among all populations were used. Allele sizes of SSR 

markers were determined using the GeneMapper version 3.7 software package (Applied 

Biosystems
©
). In order to facilitate a comparison of results obtained for two different classes 

of molecular markers: dominant (ISSR) and codominant (SSR markers), one binary matrix 

was prepared, comprising data from both markers. It was assumed that each marker band of 

ISSR and allele size of SSR markers represented a distinct locus. Assuming the Hardy-

Weinberg equilibrium, various genetic diversity parameters, i.e: the number of alleles per 

locus (Ao), effective number of alleles per locus (Ae), Nei`s gene diversity (h), the Shannon 

index (I) and the percentage of polymorphic bands (PPB) were calculated using the 

POPGENE version 1.31 (Yeh et al. 1999). The total gene diversity (HT), the intrapopulation 

gene diversity (HS), the coefficient of gene differentiation (GST), the population genetic 

differentiation (ϕPT) and the level of gene flow (Nm) were measured using POPGEN version 

1.31 (Yeh et al. 1999) and GenAIEx v.6.4 (Peakall & Smouse 2006). In order to divide the 

total level of genotypic variance into variance within and among populations the hierarchical 

analysis of molecular variance (AMOVA) was performed using GenAIEx v.6.4 (Peakall & 

Smouse 2006). The significance of variance components and the pairwise genetic 

differentiation was tested using 999 permutations. To examine genetic relationships between 

populations the original genetic distance (GD) according to Nei (1972) was calculated from 

allele frequencies using TFPGA v.1.3 (Miller, 1997) and subjected to cluster analyses by an 

unweighted pairgroup method with arithmetic means (UPGMA). The correlation between 

genetic distance (GD)  and geographic distance (GGD) between population matrices was 

analysed by the Mantel test implemented in GenAIEx v.6.4 (Peakall & Smouse 2006). 

Statistical significance was determined by random permutation, with the number of 

permutations set to 999. 

 

 

RESULTS 

 

Polymorphism of ISSR and SSR loci 

Nine primers were used to amplify 68 dwarf mountain pine specimens from three 

populations. Totally 69 loci were scored, corresponding to 11.5 bands per primer. The number 

of bands for SSR markers varied from 7 (PtTX 4001) to 23 (SPAG 7.14), with an average        

of 14 bands per primer (Table 2). The number of bands for ISSR markers varied                   

from 7 (UBC808) to 10 (UBC873), with an average of 8.33 bands per primer.  The total gene 
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diversity varied between markers from 0.144 (SSR) to 0.252 (ISSR). The highest total gene 

diversity for SSR markers was recorded in PtTX 4001 (HT = 0.221), while the lowest            

(HT = 0.079) in SPAG 7.14. The highest total gene diversity for ISSR markers was observed 

in UBC873 (HT = 0.270), whereas the lowest (HT = 0.221) in UBC848. The average total gene 

diversity was almost two times higher in ISSR markers (HT = 0.252) than in SSR markers       

(HT = 0.144).  

 

Tab. 2 Genetic polymorphism of SSR and ISSR markers detected in dwarf mountain pine 

populations. HT , total gene diversity; SD, standard deviations are given in parentheses. 

Type of marker Marker Scored bands  HT 

 SPAG 7.14 23 0.079 

 PtTX 4001 7 0.221 

SSR PtTX 4011 12 0.131 

 Mean  14 0.144  

 SD  (0.072) 

 UBC808 7 0.264 

 UBC848 8 0.221 

ISSR UBC873 10 0.270 

 Mean  8.33 0.252  

 SD  (0.027) 

 

 

Genetic structure of populations 

The percentage of polymorphic bands (PPB) for a single population ranged from 55.38% 

to 78.46% with an average of 67.69%, while this value increased sharply to 98.55%               

at the species level (Table 3). The values of Nei`s gene diversity (h) and Shannon`s 

information index (I) at the population level displayed similar trends to PPB. The highest 

level of genetic diversity was observed in population C, with Ao = 1.78, Ae = 1.23,              

PPB = 78.46%, h = 0.150 and I = 0.249. Nei`s gene diversity at the level of populations         

and species amounted to 0.147 and 0.166, respectively. This result was confirmed by 

AMOVA, which indicated that 17% of the total gene diversity was observed between dwarf 

mountain pine populations, while the rest (83%) within populations. The level of gene flow 

(Nm) was estimated to be 3.88.  

 

Tab. 3 Genetic variability of darf mountain pine detected by combined ISSR and SSR data. 

Ao, number of alleles per locus; Ae, effective number of alleles per locus; PPB, percentage of 

polymorphic bands; h - Nei`s gene diversity; I - Shannon index. 

Population code Ao Ae PPB(%) h  I  

A 1.69  1.23  69.23 0.147  0.239 

B 1.55  1.23  55.38 0.145  0.229 

C 1.78  1.23  78.46 0.150  0.249 

Population level 1.67 (0.12) 1.23 (0.00) 67.69 (11.62) 0.147 (0.00) 0.239 (0.01) 

Species level 1.95 (0.21) 1.25 (0.30) 98.55 0.166 (0.15) 0.279 (0.21) 

 

 

Genetic Relationship 

The UPGMA dendrogram was constructed based on Nei`s (1972) genetic distance for all 

population pairs of dwarf mountain pine (Fig. 2). Two populations A and C were clustered 

into one group, while population B was genetically divergent.  
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Fig. 2 The UPGMA dendrogram based on Nei`s (1972) genetic distance matrix between three 

dwarf mountain pine populations based on the combined ISSR and SSR data. A: Tomanowa 

Przełęcz; B: Wielka Pańszczycka Młaka; C: Zielony Staw. 

 

The genetic distance varied from 0.0761 to 0.0992, with an average of 0.088. The matrix           

of genetic distances (GD) was not significantly correlated with the corresponding matrix        

of geographical distances (r = -0.306, P = 0.514).  

 

 

DISCUSSION AND CONCLUSSIONS 

The genus Pinus L. includes over 100 species. Genetic diversity in many of them was 

investigated using ISSR markers, e.g.: Pinus squamata (Zhang et al., 2005), Pinus sylvestris 

(Labra et al., 2006), Pinus tabulaeformis (Wang et al., 2010), or SSR markers, e.g.: Pinus 

taeda (Williams et al., 2000), Pinus halepensis (Gómez et al., 2005) and Pinus canariensis 

(Navascués et al., 2006).  

In this study ISSR and SSR markers were combined to study genetic structure                  

and population differentiation of dwarf mountain pine. In many studies, the application         

of combined molecular markers made it possible to detect higher genetic differentiation           

than using only one type of marker (Serra et al., 2007; Noormohammadi et al., 2012).                    

A combination of different types of molecular markers was used both for coniferous species, 

such as e.g.: Pinus pinaster (Mariette et al., 2001) or Pinus longaeva (Lee et al., 2002),         

and non-coniferous species, e.g.: Phaseolus vulgaris (Sicard et al., 2005) or Prunus 

armeniana (Yilmaz et al., 2012).  

The ϕPT and HT values recorded in this study are higher than those described in previous 

investigations on dwarf mountain pine conducted using allozymes (Korshikov & Pirko, 2002; 

Slavov & Zhelev, 2004 and Prus-Głowacki et al., 2005). Considerable differences                  

in the observed level of polymorphism may result from different mutation rates among 

different types of molecular markers (Mariette et al., 2001). Allozymes usually have much 

lower mutation rates than SSRs, which are preferably located in the non-coding regions            

in the genome. Moreover, only one third of all mutations can be detected using allozyme 

electrophoresis. Therefore the actual level of genetic polymorphism in natural populations 

may be underestimated when using this technique.  

We found a moderate (ϕPT = 0.17 and h = 0.166) population differentiation between 

dwarf mountain pine populations from the Tatra Mountains located relatively close to one 

another (at a distance of max. 12 km). This level of genetic differentiation is rather surprising 

in view of lack of isolation by distance (r = -0.306, P = 0.514). It seems that the moderate 

differentiation observed in this study may be the result of a combination of different 

ecological, historical and evolutionary factors connected with limited gene flow between 

dwarf mountain pine populations.  
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Heterogeneity of ecological conditions may directly affect plant vegetation                     

(Zhang et al., 2006; Doležal & Šrutek, 2002). Moreover, the genetic structure of populations 

can be modified by different habitats as well (Li et al., 2000; Nevo et al., 1988,                     

Nevo et al., 1991; Turpeinen et al., 2001). It is possible that also in the case of dwarf 

mountain pine environmental conditions may play an important role in the genetic 

differentiation of populations. Of the three dwarf mountain pine populations analyzed           

in this study, the most extreme habitat conditions were found in population B, which grows in 

the middle of a spruce forest on a peatbog at an altitude of 1270 m a.s.l. This population was 

characterized by the lowest: number of alleles (NA), percentage of polimorphic bands (PPB) 

as well as Nei`s gene diversity (h) and Shannon`s informative index (I). We cannot exclude 

that apart from ecological factors, limited gene flow, historical or evolutionary factors, such 

as the founder effect or genetic drift, may also play a significant role in shaping the specific 

genetic structure of this population. The influence of evolutionary history of the population 

including the mating system, gene flow, selection and life form, on the genetic structure has 

been well documented (Slatkin, 1987; Schaal et al., 1998; Nybom & Bartish, 2000).   

The combination of dominant (ISSR) and codominant (SSR) markers seems to be a good 

and promising tool for genetic studies on dwarf mountain pine, especially when highly 

polymorphic SSR markers dedicated for this species are not currently available.  
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Abstract 
The object of study are silicified woods, which had arisen over a long geological period by complex of processes 

that led to their preservation to these days. Silicified wood (fossil plants) from the surrounding of the former 

stratovolcano of which activity dates back to the Neogene (Tertiary) period approximately 16,5 – 11 million 
years BC can be found in a large amount in the western part of Central Slovakia but also in Western and 

Eastern Slovakia. Fossilization processes occur by acting of silica solutions, this process is known as 

silicification or opalisation (formation of wood opals). Samples of wood opals will be used for grinding and for 

microscopic study. By the wood opals samples studies it is important a knowledge fact of anatomical structure of 

woods and each their components. By determining of each concrete wood – type, we have to be concentrated to 

the observing and studying of the chosen differential – diagnosis features. This study points exactly at the 

anatomical distinguishing charakteristics. We have disposed with some the samples from Veľky Ďur. Based on 

the study of anatomical elements, we have determined that all the samples from the above mentioned site come 

from coniferous trees that naturally grew in the Neogene period. 

 

Keywords 
fossil plant, fossilization, permineralization, wood opals 

 

INTRODUCTION 
This paper object are silicified woods, which are formed by the wood - impregnation with 

solution of silica in volcanic rocks.  

The experiment of silicified woods was in the past the object of several authors cases in 

Slovakia. Mesiarkinová, Ozdín, Janda (2009) dealt in their researches with the topic of 

silicified woods near the village Častkovce in Malé Karpaty Mts. Jeleň, Mamoňová, Galvánek 

a Soták (2009) focused in their examination on of cenozoic opalisated chestnut -tree 

(Castanea sativa), which appears under Poľana hill. Re-crystalization SiO2 itself petrified 

woods were the study - object of Forgáč, Čurlík, Harman (1990).The base of plant - 

conservation, or its morphological anatomy structure of plant - organs, is the isolation of 

relevant plant from the surround in time. The most often ways of residua - plants conservation 

is the process of supplying the organic matter with the mineral one. The process of 

mineralization needs adequate environment conditions. 

After a caducity of a plant or after plant is entombed, each its tissues are faced to 

different biological, chemical, physical and also mechanical factors of surrounding 

environment (Kvaček et al., 2004). 

In caduced plants - tissues they have to set in advantageous physically - chemical 

conditions for a process of precipitation and crystallization of minerals. 

In the case of permineralizations and petrifications, it is however possible to study the 

internal anatomy of ancient plants (Schöpf, 1975 In Taylor et al, 2009). In both types of 

processes, the process itself begins, when a plant part becomes immersed in water containing 

a high concentration of dissolved minerals, which of the most common uses to be silica 

(silicon dioxide, SiO2), which is often readily available in areas of volcanic activity. The plant 

part, for example a long one, gets thoroughly waterlogged with water and dissolved minerals 

permeating all the cells and tissue systems. At this phase, it is unclear what happens, but 
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something triggers precipitation of the dissolved minerals (e. g. a change of pH) through the 

way, that it would harden around and within the plant fragment. (Taylor et al., 2009, p. 23). 

As first one, the plant cells are disposing the cell - fusions. The less resistible parts of 

cells are pure polysaccharides (lignins), building up the wood - parts of plants. Hard reduced 

parts of cells are waxes and composed polysaccharides, which create spore gaiter coats and 

which cover leaves surfaces (Kvaček et al., 2004). 

When wood dies off, the first of its parts to decay are the living cell contents and the 

pectic middle-lamella. Pectine is easily removed by microbiological action. Therefore both 

cell lumina and middle-lamellar space are open when wood is buried and fossilization starts. 

Decay of cell walls under anaerobic circumstances occurs in the following order (Barghoorn, 

1949, 1952 In Buurman, 1972): central part of the secondary wall (S2), inner part of the 

secondary wall (S3), outer part of secondary wall (S1), primary wall (P). When decay has 

acted for some time and is halted by mineralization, S2 and S3 are most likely to be absent 

(Buurman, 1972, p. 32).  

Buurman (1972) examined fossil wood specimens preserved with a variety of minerals. 

He conclude that petrification of wood in five stages:  

1. Wood is permeated by silica solution or colloid.  

2. The pores of cell ealls are penetrated.  

3. Progressive dissolution of cell walls occurs as a mineral framework builds to maintain 

wood structure.  

4. Silica deposits in voids, intercellular spaces and finally cell lumina.  

5. Lithification occurs, as water is lost. Silica may transform from one form to another by 

pseudomorphic replacement and/or repeated solution and recrystallization (Viney). 

 

In ancient fossil stage, there are well preserved only those organs of plants, which consist 

of solid and long - lasting organic matters (fatty substances that is resistant to enzymes, covering  

surface of epidermis), f.e. cutin, sporopollenin (a carotenoid polymer) or resin etc. (Sitár, 1982, 

p. 7). By saturation and the followed influence of several dispersals predominantly silicon 

dioxide, (SiO2), it is being the wood - matter silicified.  

Silicification rises from hydrogen - bonding of silicon dioxide with the functional parts of 

plants, mostly OH¯. Slowly then, it is beginning to the polymerisation and dehydration 

process of silicon dioxide. Firstly, it arise solid gelatinous opaline bodies, which continuously 

re - crystallise on some secondary forms SiO2 (Hein et al., 1978).  

Opal SiO2·nH2O is a natural substance based on hydrated silica. It is created by 

precipitation of silica from solutions in volcanic rocks. Wood opals arised by post-volcanic 

activity with participation of sedimentary processes and exhalation. It proves the presence of 

planty of opalescent plant debris and whole tree trunks in the volcano-sedimentary locations. 

All the strata tuffite materials were silicifield (Ďuďa, Pauliš, 2006).   

By the wood opals samples (Fig.1) studies it is important a knowledge fact of anatomical 

structure of woods and each their components. By defining of each concrete wood - kind 

(type), we have to be concentrated to the observing and studying of the chosen differential - 

diagnosis features. 
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Fig. 1 Samples of wood opals (picture: Pénzesová). 

 

Woods as perennial plants have lignified trunk, which arise by secondary thickening of 

stem. This gives a rise to new layers of wood every time and through this way the plant itself 

is   thickening every year more. This phenomenon is clearly seen in the form of annular rings. 

From the botanical point of view, the wood is a complex of plant vascular tissues, which  

leads water from roots to the leaves together with dispersed mineral soils (Kvaček et al., 2004, 

p. 30). 

The wood is created with compilation of tissues, which we can differ to tree basic 

systems. On the surface is an epidermal tissue, inside the root body is vascular one, which is 

stored in the basic tissue (Balabán, 1855, p. 6). 

In the frame of wood, we can make a difference between macroscopic structure, by which 

is visible an annual circle, markedness and the difference between spring wood or early wood 

structure and summer or late wood one. Further we can see microscopic and sub - 

microscopic (chemical) wood structure.  

 

MATERIAL AND METHODS 
Permineralization and petrifaction can both be studied by means of thin sections. These 

samples (cabochons) are in further methodical steps descripted with the help of optical 

microscopy. On the base of attending concrete anatomical elements are then determined. In 

the determination process it is necessary to know, which cut (section) by, which of elements 

we should look for. Every section (transversal, tangential or radial one), give us the 

knowledge, if there is a presence of another diagnostic anatomical elements also. To the base 

methodical steps belongs the determination of wood – type, which we are going to observe. In 

our case, we will focus on the coniferous species. 

The wood of coniferous trees is older as for the evolutional aspect and that is the reason 

of fact, that is has more simple structure, then the wood of greenwood trees (Fig. 2). 
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Fig. 2 Cross – section through the silicified coniferous wood (picture: Strejček). 

 

It has a regular anatomical structure, which is built – up with two types of anatomical 

elements called tracheids and with parenchyma cells (Gandelová et al., 2009, p. 49). 

The prevailing elements of this anatomical structure are tracheids, which gain on up to 

90%  (87 – 95%) from the total solid volume. They fulfil conductive as well as a mechanical 

function (Požgaj et al., 1997, p. 78). Their shape and layout is an important diagnostic marker. 

They are mostly located vertically in wood. On the transversal cross – section they are clearly 

differed on the spring and summer tracheids. 

At the beginning of the vegetation period, there are created spring tracheids ones (Ruddal, 

2007, p. 33).  These are thin – walled cells on the ends predominantly rounded off (fig.3). 

On the radial cell – walls, there are great amount of vessel elements (axial chains) in one 

line (Pinus), in two lines (Larix) near to each other or in turn. On the spring tracheid there 

uses to be 70 – 90 vessel elements (Požgaj et al., 1997, p. 79). 

 

  
 

Fig. 3  Cross – sections through the spring tracheids of coniferous wood (picture: Štubňa, 

Martinka). 

 

The summer tracheids are creating in the second half of vegetation period (Ruddal, 2007, 

p. 33). They have mechanical function, are longer then the spring – ones and finally they are 

thick – walled with a sharp end cap. They consist of a few (8-25) very short vessel elements 

(Gandelová, 2009, p. 52). 
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From the diagnostic point of view it is very important also the transfer between the spring 

and summer tracheids areas, which could be slow (Larix), or speedy (Pinus). Other important 

diagnostic marker by some of (Pinus) woods, it is an appearance of transversal tracheids. 

Important for this fact, it is the appearance and the structure as well. 

Parenchyma cells are further building elements of coniferous woods. The cell – walls are 

lignified only with the exception of epicytes of resin channels. They have conductive and 

suppliance function and constitute 5-12% of wood. They attend on the fibre bands structure of 

axial wood parenchyma cells (Gandelová et al., 2009, p. 53). 

Parenchyma cells of the fibre bands contain simple vessel elements. Simple vessel 

elements at the joint of tracheids and parenchyms have for concrete wood type (species) a 

characteristic shape and structure (Požgaj et al., 1997, p. 83). 

As for diagnostic point of view it is important, if the fibre bands are one – layering, 

creating only with  parenchyma cells, or poly – layering, which are saved horizontal resin 

channels in (Pruša, 2009). 

Important diagnostic markers are cross fields (Fig. 3) and included their shape and 

account of simple vessel elements, as well as a presence and localisation of resin channels in 

wood. These we can find whether in poly – layering fibre bands (under the microscope are 

well visible on the tangential section, or they are split in many wood stripes between 

tracheids, usually in annual circles on the interface of the spring and summer wood (good 

visible on the transversal section under microscope) (Balabán, 1955, p. 34). 

 

 
 

Fig. 3 Radial section through the coniferous woods. Cross - line fields in wood detail structure 

with well visible thin - walled sheets (picture: Štubňa, Martinka). 

 

We differ vertical (longitudinal) and horizontal (transversal) resin channels. Horizontal 

resin channels are passing throughout the wood in the direction across the fibre of the 

longitudinal root - axis and they are saved in the fibre bands (Pruša, 2009). The best view on 

them is on the tangential section. 

 

CONCLUSION 

Volcanic activities during the cenozoicum had allowed the development  of many 

processes, which of them one also is mineralisation. This process itself allows also 

conservation of plants existing in the neogen (tertiary) - period evolution.  
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Thanks to the wood opals formations, we are able to create some technical cabochons, 

which enables to us examine these plant - matters in detail way. 

In several regions in Slovakia it is possible to find plant - fossils in the state of woods - 

opals. We have disposed with some patterns from the Veľký Ďur nearby Levice town. 

In the old stone - pit, which is placed in slope face under the local vineyards, there is an 

exploration - spot big by about 16 m, with depth about 2-2,5 m and the wall - high 

approximately 5,5 m. Contemporary it is possible to find here little rests of trunks and 

branches, but also root - parts of plants. 

From these patterns are made after the samples (cabochons), necessary to the 

determination of concrete plant - taxon, which had existed on this local area in the geological 

period of often volcanic eruptions.  

Our study (paper) was focused on coniferous woods from the reason, that all of ours 

cabochons aim to show directly to the fact of their presence.  

However there are still revealing new parts of collection and gather and our research - 

material and cabochons is filling up this time also, our research - study is still in the state of 

elaboration process. 
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Abstract 

The study was focused on osteoanthropological analysis of human skeletal remains from the early-medieval 

population from Nitra - Drážovce, archaeologically dated to 11th -17th century. This paper presents the 

conclusions of morphognostical traits of the analysed sample processed with anthropological software ANTRIS. 

The work is complemented with tables. Based on the descriptive analysis of 402 skeletal individuals, and 

comparison with selected files of contemporary historical populations we could conclude that findings 
correspond with the authors' arguments about the biological habitus of Slavic population. 

Keywords 

Historical Anthropology. Morphognostical Traits. Anthroposcopic Traits. Slavs. 

INTRODUCTION 

Beginnings of the anthropology of Slavs can be found in the studies of Matiegka (1933), 

Frankenberger (1935), Kastelic and Škerlj (1951), Rosinski (1951), Nemeskéri (Nemeskéri et 

al, 1953), Hajniš (1953), Szöke et al (1954), Dambski (1955), Vlček (1956) and others. Slav-

Avar cemeteries were widespread in today's Hungary, in the southern parts of western, central 

and eastern Slovakia, in parts of Austria and Yugoslavia (Beranova, 1998). 

For Slavic population was typical pronounced glabella and protuberantia occipitalis 

externa, which was more pronounced for male. Persistence of the frontal suture (metopism) 

was very frequent in adulthood. Within the examination of Slavs skeletons could be observed 

the presence of tuberculum adductorium of the femur, which is explained by the intensive 

activity of the adductors during horse riding (Malá, 1960). In the past, the Slavic population 

belonged to Eastern European branch of protoeuropoid or Nordic racial element (Neméskeri 

et al, 1953). 

Because of racial subtext is more appropriate and more preferred to characterize this 

ethnic by descriptive methods with medium values of body stature and the following index 

categories: mesodolichokran, orthokran, metriometop, mesoprosop, chamaerhin and 

mesokonch. Stloukal et al. (1999) state, that Slavs were rugged leptodolichomorf with 

relatively high value of body stature (men around 170 cm, women, on average about 160 cm). 

Population of Slavs from 9
th
 to 12

th
 century could be characterized with skull of 

predominantly ovoidal shape with a strong share of pentagonoids, from above view (as for the 

male and female skulls) (Blajerová, 1981). 

Occipital contour arc was rather higher; the walls were parallel, converging and diverging 

with a slightly descending tendency. Sloping up to bulging forehead, parietal arch rising to the 

vertex, from the side was typical for most male skulls from 9
th

 to 12
th
 century. Males face is 

characterized by a square contours, significant to moderate significant relief, lower orbit 

stronger prominent nose with a wider root of nose and moderate to an adjacent position of 

cheekbones.  

Body structure of men was moderately rugged to rugged with well-formed corresponding 

musculature and larger size of morphological parts.  

From the side were female skulls characterize with arched forehead with a strong 

tendency to upright parietal arch rises towards the vertex, but also in flat processing. 
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Women face was marked by a square contour, moderately significant relief, a higher 

orbit, moderately prominent of nose with a medium root of nose. Cheekbones were adjacent, 

or centrally positioned. Mandible had a low body. The figure was gracile, musculature 

moderately to weakly modelled, morphological details were slight. 

According to Thurzo (1979), Slavs group had in average longer, narrower and higher 

skull, narrow face, narrow and lower nose. 

The Slavic Women was from the Avar-Slavs group differed in mainly longer and higher 

skull, wider forehead, smaller bi-orbital width and smaller medium width of the face, lower 

orbit and lower nose. From the Hungarian group was male population of Slavs differed in 

longer skull, narrow face, higher value of orbital index (relatively higher orbit). The Slavic 

Women had in comparison with the Hungarian group, smaller internal bi-orbital width, 

narrower face, absolutely and relatively closer orbit. 

From Hungary-Slavs group was the Slavic male differed in longer and higher skull, 

smaller bi-mastoideal width, narrow face, and narrow nose. Slavs women had in comparison 

with the Hungary-Slavs group longer skull, smaller internal bi-orbital width and smaller 

middle facial width (Thurzo, 1979). 

Archaeological context 

Archaeological excavation of the site Nitra-Drážovce was realized in the years 1989 - 

1990, 1992 - 1993 and in 1995, focused on the excavation of the interior and around the 

medieval architectural monument of the church of St. Michael the Archangel in Nitra - Part 

Drážovce. The church is one of the most important components of the Romanesque 

architecture in Slovak village. At the end of research was possible to state that this church has 

at least 2-3 stages dated before mid of 13
th

 century (Ruttkay 1991, 1993 a,b, 1997). 

In the years 1947-48 Kraskovská (1961) realized a recovery research in the area of the 

church; there were uncovered 55 graves and detected up to that time most numerous file of 

jewellery and ornaments of the body from 12
th

 - 14
th
 century. It was confirmed that 

systematically burying was realized only at a small area around the church; detection of 

graves from 16
th
 - 17

th
 century was rare. On the contrary, far away from the church were 

found the graves belonging to the 17
th
 century. Ruttkay (Ruttkay 1991, 1993) has also 

confirmed to the fact about situating of headquarter of courtyard type with dating early up to 

9
th
 century. During the research, from the year 1989, a total area around 900 m

2
 size has been 

revealed. 392 graves were excavated at cemetery around the church. In view of the 

ascertained range of burying it comes with 55 graves uncovered by Kraskovská a set of 447 

graves altogether (Ruttkay, 1991, 1993 a,b, 1997). 

METHODS 

Morphognostical (anthroposcopic, morphological, descriptive) traits inform about the 

shape, contour and ruggedness of the cranial and postcranial skeleton. A large amount of 

these signs resulting from characteristic nature of male and female skeletons. Based on these, 

they are used for sex determination in situ; also because of the development of individual 

signs in a certain period of life of an individual could be used for assessment of biological age 

of an individual at the time of death. Individual characteristics of the shape occurring in 

various phenotypic categories resulted from variability of phenotypical expression of genes 

determining the specific expression of the each part of bone. Each of the categories has two 

critical values, between whom are many on each other fluently following stages. Method of 

the morphognostical analysis of population on the basis of the skeleton is highly subjective, 

because of each of the characters observing on the body rarely occurs in so clear form, that we 

may clearly attribute an individual into a particular group, which way accurately verbally 

assessed. This method therefore requires a long professional experience of the anthropologist. 
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For descriptive analysis of osteological material in our study was used evaluating 

software ANTRIS (Jakab, Poláčik, 1990), based on standard anthropological methods 

(Stloukal et al., 1999; Martin and Saller, 1957; Knussmann, 1988) which contains following 

morphological data for evidence: 

a, cranial skeleton: degree of preservation of the skull, the overall structure of the skull, 

evaluating of muscle attachment, contour of neurocranium, the degree of manifestation of 

arcus zygomaticus, tubera frontalia et parietalia, shape of glabella, arcus superciliaris, 

appearance of forehead, processus mastoideus, protuberantia occipitalis externa, evaluation 

of planum nuchale, profile of back of head, spina nasalis anterior, relief of face, occlusion, 

forms of expression margo supraorbitale et forma orbitae, characteristic of thickness of the 

arcus zygomaticus, the height of os zygomaticum, height and width of apertura piriformis, the 

degree of manifestation of fossa caninae, the appearance of the mandible, mandibular body 

thickness of M2, characteristics of trigonum mentale, mandibular angle, head of mandible and 

teeth abrasion 

b, postcranial skeleton: the overall structure of the postcranial skeleton, its structure, 

evaluating of definition of muscle attachment, pelvis in its entirety, the entrance to the small 

pelvis, assessment of angulus subpubicus, foramen obturatum, incisura ischiadica major, 

thickness and height of sulcus praeauricularis, the degree of manifestation of area composae, 

corpus ossis ischii, shape of the crista iliaca, fossa iliaca, pelvis major, os sacrum, 

characteristic of the femoral head and the manifestation of linea aspera. 

RESULTS AND DISCUSSION 

Morphological analysis 

The skulls of men were not presented in 26 cases, in various type of damaged cranium 

were presented 37 times, twice as calvaria, 20 times as calotte and in 26 cases were presented 

in a state of fragments. Predominated structure was medium (51.1%) over the medium to 

robust (43%), relief of muscle attachment was developed mostly moderately than robustly 

(66.6%) and prevailed over medium manifesting relief (29.7%). 

The skulls of women were mostly presented in various type of damaged cranium (38 

times), in 32 cases were in state of fragments. Calotte was presented by 15 individuals, 

calvaria only once. The skull was not presented in 26 individuals.  

The vast majority of women´s skulls were gracile up to medium structures (67.4%), the 

second largest group was consisted of the skulls of medium (28, 1%). Relief of muscle 

attachment was for half of the skulls developed moderately (50.0%), mild to moderate 

definition was present at 48.8% of assessed skulls. 

Postcranial skeleton was presented in 115 cases of male individuals and in 113 

individuals of female sex. From view of the sex determination, assessment the values of 

structures and relief muscle attachment of postcranial skeleton seem to be more noticed when 

compared with the skull. In the male file we can observe growth of frequency from medium 

value (sexually indifferent) towards the right-hand (masculine) values; on the contrary in the 

female file we observe increase of the frequency in the direction of feminine values. 

Based on frequency of the assessed morphoscopic traits, we could conclude that the male 

skulls were typical as medium structured, with moderate up to rugged relief of muscle 

attachment, ovoid shape of the neurocranium, cryptozygous position of the zygomatic arch, 

which is rough, with moderate expression of the frontal and parietal protuberances, medium 

glabella, medium brow ridge, sloping forehead, pronounced processus mastoideus, medium 

protuberantia occipitalis externa, with pronounced relief of planum nuchale, arched to 

elongated profile of the back of the head, with III. degree of formation of spina nasalis 

anterior, middle relief of splanchnocranium, labial occlusion, slightly rounded edges of the 
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arcus superciliaris and slightly angular orbit with high position of zygomatic bone with 

mostly bumpy surface, with an average height and width of apertura piriformis, medium deep 

of fossa canina. Mandible has medium structure, with gross body in the position of M2, 

medium-sized trigonum mentale in area of mandibular angle and large head of mandible. 

Teeth have strong occlusal surface with abrasion and erosion procces (Tab. 1).  

Males postcranial skeleton could be characterized as skeleton of medium up to robust 

structures with medium up to rugged relief of muscle attachment, narrow and high, narrow 

and heart-shaped entrance into the pelvis, with 60°  of angulus subpubicus, with oval shape of 

foramen obturatum and more closed incisura ischiadica major with tendency to forming the 

letter "U", uncreated sulcus preauricularis, a simple arc compose, medium-wide body of os 

ischium, with iliac crest presenting shape of the letter "S", iliac fossa is tall and narrow, as 

well as the sacrum. The diameter of the femoral bone head was large, linea aspera of femoral 

bone is narrow and high (Tab. 2). 

Skulls from observed female sample could be characterized as skulls with gracile up to 

medium structures, with medium relief of muscle attachment, ovoidal shape of the 

neurocranium and cryptozygous position of the zygomatic arch. The frontal and parietal 

protuberances were significantly expressed; glabella was mostly characterized in the same 

surface with brow ridges. The forehead is vertical and processus mastoideus with small 

expression. Protuberantia occipitalis externa is slightly formed; relief of planum nuchale is 

medium manifested. Skulls are in most of cases with vaulted profile of the head, middle relief 

of splanchnocranium. Spina nasalis anterior was manifested in II. degree of manifestation. 

Supraorbital margins are sharp, but the orbit is circular in shape. Zygomatic arch is thin, os 

zygomaticus low and smooth. Apertura piriformis is medium high and wide. Fossa canina is 

mean deep; mandible is slightly gracile with mean diameter of the body in M2, almost smooth 

mandibular angle and a small head of mandible. Occlusion is labidont, with medium 

occlusion surface by abrasion and erosion (Tab. 3). 

Female postcranial skeleton could be characterized as gracile up to medium structure 

with medium relief of muscle attachment. The pelvis is wide and low, with wide and oval 

entrance; angulus subpubicus clutching more than 90 degree angle. Foramen obturatum is 

triangular in shape; incisura ischiadica major is wide and shallow. Sulcus preauricularis is 

medium wide and shallow up to moderately deep. Arc compose is represented in the form of 

double arc. The body of os ischium is narrow, iliac crest is presented in the shape of the letter 

"S", iliac fossa is low and wide as sacrum. Femoral bone head has small diameter, linea 

aspera is medium bilaterally formed (Tab. 4). 

 
Tab. 1 Frequency of descriptive traits of cranial skeleton of the male file from the site Nitra-Drážovce 

Trait                                     Variant 0 1 2 3 4 5 6 7 
n 

(without 0) 

preservation 26 4 10 23 0 2 20 29 88 

structure 29 0 4 44 37 1 0 0 86 

relief of muscle attachment  31 0 2 25 56 1 0 0 84 

shape of neurocranium 66 1 4 2 2 2 34 4 49 

arcus zygomaticus 67 43 5 0 0 0 0 0 48 

tubera front. et pariet. 42 0 1 36 34 2 0 0 73 

glabella 55 0 4 43 13 0 0 0 60 

arcus superciliaris 49 0 5 55 6 0 0 0 66 

forehead 52 1 1 35 24 2 0 0 63 

processus mastoideus 42 0 3 15 48 7 0 0 73 

protuberantia occip. ext. 40 0 10 51 12 2 0 0 75 

relief of planum nuchale 41 1 1 26 46 0 0 0 74 

profile of back of the head 

Gerasimov) 
44 2 25 31 11 2 0 0 71 

spina nasal. ant. (Broca) 72 0 2 28 13 0 0 0 43 
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relief of splanchnocranium 78 0 2 20 15 0 0 0 37 

occlusion 68 40 7 0 0 0 0 0 47 

margo supraorb. et forma 46 0 2 23 37 7 0 0 69 

zygomatic arch 77 1 1 16 20 0 0 0 38 

os zygomaticum 49 0 1 4 59 2 0 0 66 

apertura piriformis (výška) 71 0 4 21 19 0 0 0 44 

apertura piriformis (šírka) 63 0 5 39 8 0 0 0 52 

fossa caninae 55 0 9 30 18 3 0 0 60 

appearance of mandible 36 0 1 50 28 0 0 0 79 

thickness of body of mandible in 

M2 position  
37 0 0 33 44 1 0 0 78 

trigonum mentale 41 0 3 43 20 8 0 0 74 

mandible angle (surface) 35 0 0 30 45 5 0 0 80 

head of mandible 43 0 3 27 42 0 0 0 72 

abrasion of teeth (degree) 34 7 11 26 30 7 0 0 81 

abrasion of teeth (type) 34 18 41 22 0 0 0 0 81 

 

Tab. 2 Frequency of descriptive traits of postcranial skeleton of the male file from the site  

Nitra-Drážovce 

Trait                                    Variant 

 
0 1 2 3 4 5 6 7 

n 

(without 0) 

preservation 0 3 28 24 47 13 0 0 115 

structure 1 0 6 39 60 9 0 0 114 

relief of muscle attachment 3 0 6 34 67 5 0 0 112 

pelvis (its entirety) 55 0 0 10 35 15 0 0 60 

entrance to the small pelvis 61 0 0 1 35 18 0 0 54 

angulus subpubicus 67 0 0 0 22 26 0 0 48 

foramen obturatum 67 0 0 1 43 4 0 0 48 

incisura ischiadica major 18 0 0 5 56 36 0 0 97 

sulcus preauricularis 18 0 0 0 16 81 0 0 97 

arc composae 18 0 0 5 36 56 0 0 97 

corpus ossis ischii 26 0 0 43 40 6 0 0 89 

crista iliaca 38 0 0 11 51 15 0 0 77 

fossa iliaca 29 0 0 11 62 13 0 0 86 

pelvis major 56 0 0 15 34 10 0 0 59 

os sacrum 44 0 0 5 39 27 0 0 71 

head of femur (diameter) 34 0 1 1 24 55 0 0 81 

linea aspera (pilaster) 23 0 1 27 44 20 0 0 92 

 
Tab. 3 Frequency of descriptive traits of cranial skeleton of the female file from the site  

Nitra-Drážovce 

Znak                                    Variant 0 1 2 3 4 5 6 7 
n 

(without 0) 

preservation 26 2 12 24 1 5 15 32 91 

structure 28 4 60 25 0 0 0 0 89 

relief of muscle attachment 33 1 41 42 0 0 0 0 84 

shape of neurocranium 68 1 14 0 3 11 18 2 49 

arcus zygomaticus 69 44 4 0 0 0 0 0 48 

tubera front. et pariet. 47 4 44 22 0 0 0 0 70 

glabella 52 7 52 6 0 0 0 0 65 

arcus superciliaris 49 10 55 3 0 0 0 0 68 

forehead 54 9 32 18 4 0 0 0 63 

processus mastoideus 39 7 50 21 0 0 0 0 78 

protuberantia occip. ext. 46 1 55 14 1 0 0 0 71 

relief of planum nuchale 47 0 33 37 0 0 0 0 70 

profile of back of the head 

Gerasimov) 
51 5 32 22 7 0 0 0 66 
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spina nasal. ant. (Broca) 72 2 30 13 0 0 0 0 45 

relief of splanchnocranium 77 0 1 25 14 0 0 0 40 

occlusion 67 34 15 1 0 0 0 0 50 

margo supraorb. et forma 47 13 50 7 0 0 0 0 70 

zygomatic arch 70 7 38 2 0 0 0 0 47 

os zygomaticum 51 2 46 18 0 0 0 0 66 

apertura piriformis (výška) 80 0 2 31 4 0 0 0 37 

apertura piriformis (šírka) 66 0 10 35 6 0 0 0 51 

fossa caninae 57 0 10 36 13 1 0 0 60 

appearance of mandible 35 9 62 11 0 0 0 0 82 

thickness of body of mandible in 

M2 position 
36 0 31 49 1 0 0 0 81 

trigonum mentale 36 0 60 21 0 0 0 0 81 

mandible angle (surface) 39 1 44 33 0 0 0 0 78 

head of mandible 42 1 40 34 0 0 0 0 75 

abrasion of teeth (degree) 35 10 17 29 23 3 0 0 82 

abrasion of teeth (type) 36 28 42 11 0 0 0 0 81 

 
Tab. 4 Frequency of descriptive traits of postcranial skeleton of the female file from the site 

Nitra-Drážovce 

Trait                                     Variant 0 1 2 3 4 5 6 7 
n 

(without 0) 

preservation 4 4 17 28 44 20 0 0 113  

structure 4 17 81 15 0 0 0 0 113  

relief of muscle attachment 8 2 54 53 0 0 0 0 109 

pelvis (its entirety) 59 4 39 15 0 0 0 0 58  

entrance to the small pelvis 65 6 39 7 0 0 0 0 52  

angulus subpubicus 85 7 18 7 0 0 0 0 32  

foramen obturatum 82 6 26 3 0 0 0 0 35  

incisura ischiadica major 26 29 44 18 0 0 0 0 91  

sulcus preauricularis 27 27 53 9 1 0 0 0 90  

arc composae 26 62 24 5 0 0 0 0 91  

corpus ossis ischii 35 10 69 3 0 0 0 0 82  

crista iliaca 46 12 36 23 0 0 0 0 71  

fossa iliaca 38 6 61 12 0 0 0 0 79  

pelvis major 64 3 37 13 0 0 0 0 53  

os sacrum 46 6 43 22 0 0 0 0 71  

head of femur (diameter) 29 14 52 18 4 0 0 0 88  

linea aspera (pilaster) 20 1 43 44 9 0 0 0 97  

CONCLUSION 

Based on morphological assessment of the osteological remains from locality Nitra - 

Drážovce, on evaluation of the degree and frequency of descriptive features in various 

morphognostical categories and processing of the obtained results by the analysis of software 

ANTRIS (Jakab, Poláčik, 1990) we can conclude, that our measured and calculated values of 

skeletal remains of the site Nitra - Drážovce correspond with the arguments of authors 

(Nemeskéri et al, 1953; Blajerová, 1981; Stloukal et al, 1999) about the biological habitus of 

Slavic population and thus belong to the Slavic populations, inhabiting the territory of 

contemporary southwestern Slovakia. It is necessary to say, that another analysis 

(osteometric, paleopathological and paleodemographic) must be realized to confirm this 

conclusion. 
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Abstract  

Drought stress is one of the biggest problems for crop growth and productivity. For plants drought has many 

deleterious effects including loss of total biomass and reduction of yield. Also impacts the content of important 
substances like saccharides and proteins in plants. In this experiment, we compared the effect of drought on 

plants of the present wheat (Triticum aestivum L.), domesticated tetraploid wheat (Triticum dicoccum) and the 

original diploid wild ancestor of wheat (Aegilops cylindrica). Each of the three wheat representatives has 

different characteristics and differently reacts to adverse environmental influences. For example it is known that 

plants of Triticum dicoccum cope better with the lack of nutrients in the soil and they are not as prone to water 

shortage or higher concentration of salts in the soil. We investigated the parameters of specialized openings in 

the skin leaves – stomata – that represent one of the water saving mechanisms in plant is the evaporative 

control. Stomatal activity adapts to the immediate needs of the plants and determines not only the rate of water 

molecules release, but also the intake of CO2 molecules as the main source of carbon for plants. Our data 

showed that all the measured parameters (stomatal length and width, length and fresh weight of shoots) were 

affected by drought, while responses differed among the tested wheat species. Moreover, we observed differences 
in defence strategies related to content of saccharides, protein and certain defence enzymes such as chitinase. 

 

Key words 
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INTRODUCTION  

Plant growth and productivity are greatly affected by environmental stresses such as 

drought, high salinity and low temperature (Zheng et al., 2010). Drought is a major abiotic 

stress that adversely affects wheat production and quality in many regions of the world 

(Ashraf, 2010). Plants resort many adaptive strategies in response to abiotic environmental 

stresses like dehydration and excessive osmotic pressure. These adaptive mechanisms include 

changes in physiological and biochemical processes (Yencey et al., 1986). Under water-

deficit, most plants will close their stomata to decrease transpiration rate, further limiting the 

water loss to the environment (Mahajan et Tuteja, 2005; Monneveux et al., 2006). Further, 

adaptation to drought is associated with metabolic adjustments that lead to the accumulation 

of several organic solutes like sugars, polyols, betaines and proline (Yancey et al., 1982). 

Osmotic adjustment is effected by accumulation of free amino acids, proline and sugars in the 

roots and shoots. Accumulated saccharides protect membrane and proteins against 

dehydration (Crowe et al., 1990). Limiting transpiration is also results in production of 

reactive oxygen species (ROS) (Mahajan et Tuteja, 2005; Monneveux et al., 2006).  

Species of the Triticae genus Aegilops are wild and closely related to winter wheat 

Triticum aestivum L., however in contrast to the common wheat they are much more tolerant 

to drought. For this reason ancestor species are a possible source of genetic improvement for 

improvement of drought stress tolerance of present crop cultivars.  

The overall objective of this work was to characterize and compare a diploid, tetraploid 

and hexaploid genotypes of wheat with respect to their response to drought stress. Our study 

was focused on morphological, physiological and biochemical aspects of responses to altered 

water conditions. 
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MATERIAL AND METHODS 

Plant material and growth conditions 

Seeds of hexaploid wheat (Triticum aestivum L. cv. Genoveva), tetraploid wheat 

(Triticum dicoccum cv. Roncal) and diploid predecessor (Aegilops cylindrica cv. Chlaba) 

(Fig. 1) were surface-sterilized with 5 % (v/v) sodium hypochlorite for 15 minutes and then 

rinsed 3 times in distilled water. Sterilized seeds were grown in pots with soil substrate 

(Klassmann-Deilman). After 2 weeks, a set of seedlings was exposed to different water 

conditions. The control plants were left to grow under normal conditions (light/ dark regime 

of 12/ 12 h, 22 ˚C and 60 % huminidy). For a subset of plants, drought was applied for 5 days 

by withholding water. Subsequently the plants were sampled for analyses. 

 
Fig. 1 Seeds of Triticum dicoccon (A), Aegilops cylindrica (B) and Triticum aestivum (C; 

Gregorová, 2013) 

Measurement of shoot lengths and weights 

Parameters of growth such as shoot length and fresh weight were measured for 10 – 15 

seedlings per sample (condition).  

Measurement of stomatal parameters 

Stomata were observed under a microscope. Stomatal parameters such as length and 

width were determined and analyzed using the AXIO VISION program.  

Detection of sugar content  

The amount of water-soluble saccharides was quantified by the anthrone sulfuric acid 

method (Hedge et Hofreiter, 1962). Samples (100 mg) of crushed leaf material (Tissue Lyzer) 

were heated with 5 ml of 2.5 M HCl in a water bath at 100 ˚C for 2 h in 10 ml distilled H2O. 

The solution was cooled at room temperature. The solution was neutralized with a solid 

sodium carbonate until the effervescence ceases. After centrifugation on maximum speed, to 1 

ml of supernatant there was added 4 ml of anthrone reagent (200 mg) of anthrone in 100 ml of 

ice-cold 95% H2SO4).The volume was completed to 100 ml by distilled water and an aliquot 

of 2 ml was centrifugated at maximum speed. Afterwards, 4.5 ml of anthrone reagent was 

added to 0.5 ml of the prepared supernatant. The samples were heated for 8 min in a boiling 

water bath. After rapid cooling under tap water the absorbance of the samples was measured 

at 630 nm. The soluble sugar content was calculated as mg.g
-1

 dry weight of the plant leaves. 

Protein extraction 

Proteins were isolated from shoots and extraction of proteins was performed according to 

Bradford (1976). At first, 200 mg of frozen plant tissues from roots and shoots was 

homogenized. Subsequently 320 µl extraction buffer was added to the Eppendorf tube. 

Extraction buffer consisted of 20 % (v/v) glycerol, 1.5 % (w/v) polyvinylpyrolidon 40 
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(Sigma), 10 mM Tris-HCl (pH 8.0), 1 mM phenylmethylsulfofluorid and 0,2 % (v/v) of β-

mercaptoethanol (Hurkman et Tanaka, 1986). Insoluble material was removed from the 

homogenate by centrifugation at 14 000 rpm at 4 ˚C for 15 minutes. The obtained supernatant 

was centrifuged two more times for 10 minutes. For determination of protein content, to each 

protein sample were added 1 ml Coomassie Brilliant Blue – G-250 and 80 µl 0.15 M NaCl 5 

µl. Finally, the absorbance at 595 nm was determined. 

Detection of chitinases  

Activity of chitinase enzymes was detected upon separation in 11 % (w/v) 

polyacrylamide gels using 0.01 % glycol chitin as a substrate. The chitinase activities of 

separated protein were detected according to Pan et al. (1991). 

Statistical analyses 
Each experiment was performed at least in triplicate. The data was analysed by t-test with α = 

0,05. Data in the tables are expressed as the means of replicates ± standard deviation (SD). 

RESULTS  
Mechanisms of response to water-deficit stress can be measured at different levels from 

the whole plant to the molecular level (Seki et al., 2003). We observed that drought impaired 

the growth and amount of biomass of tested wheat plants (Fig. 2A). Moreover, yellowing and 

chlorotic leaves indicate to loss of chlorophyll in the leaf tips (Fig. 2B). 

 
Fig. 2 Effects of drought on growth of wheat (A); Detail on chlorotic leaves caused water 

deficit (B; Gregorová, 2013) 

 

We scored the length of shoots. We observed that the longest were of Triticum dicoccon 

and the shortest of Triticum aestivum (Fig. 3A), while a similar trend was observed for fresh 

weigth of the soots (Fig. 2B). In each case, drought negatively affected these parameters (Fig. 

2A, 2B). More pronounced impact of water loss appeared on the fresh weight, especiall in 

case of common wheat (Fig. 3B). 
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Fig. 3 Impact of drought on shoot parameters. Shoot length (A) and shoot fresh weight (B) are 

represented by blue columns (control samples). Values of the samples exposed to drought 

stress are shown with red columns. AEG – Aegilops cylindrica, AES – Triticum aestivum, 

DIC – Triticum dicoccon. Data represent mean values with standard deviation of 3 replicates. 

Different letters indicate a significant difference at P≤0,05 (Gregorová, 2013) 

 

We studied the changes of stomatal parameters on the leaves of tested plants and 

identified differences among the species representatives. We observed that the number of 

closed stomata increased in each case under drought (data not shown).   Furthermore, drought 

affected the size of the stomata as well. The lenght of stomata in diploid wheat decreased 

under drought in contrast to the two ancestors in that it tended to increase. In plants of 

Aegilops the increase of stomatal length was more pronounced, though still not statistically 

significant. On the other hand, the stomatal width was not affected in the hexaploid wheat 

plants, but significantly increased in both the wheat ancestors (Fig. 4D). Thus the individual 

wheat species reveal different adaptation strategy to water deficit.  

 

 
Fig. 4 Stomatal parameters in tested wheat plants. Stomata of a diploid Aegilops cylindrica 

(A), tetraploid Triticum dicoccon (B), and hexaploid Triticum aestivum plants (C). Relative 

changes of stomatal length and width in µm (D). Data represent mean values with standard 

deviation of 3 replicates. Different letters indicate a significant difference at P≤0,05 

(Gregorová, 2013) 

 

Analyses of contents of saccharides and proteins showed further differences in the way of 

defence against water deficit in the wheat species investigated. We observed almost no 

change in saccharides content in diploid and hexaploid wheat. However, the plants of 

Triticum dicoccon synthesize significantly less saccharides under drought comparing to 

control conditions (Fig. 5A). Regarding the protein content, protein synthesis was negatively 

affected in Triticum aestivum almost unaffected in Aegilops cylindrica, while significantly 

induced in Triticum dicoccon (Fig. 5B). These results confirm that responses to drought are 

extremely different according to the genetic background. 

  * 

* 

A B 
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Fig. 5 Relative content of saccharides (A) compared with relative content of protein (B). Data 

represent mean values with standard deviation of 3 replicates. Different letters indicate a 

significant difference at P≤0,05 (Gregorová, 2013) 

 

 

We compared the pattern of chitinases in the tested plants as of typical plant defence 

molecules. Our preliminary results showed that the basic profile of these enzymes differs 

between the individual wheat representatives (Fig. 6A). Furthermore, quantitative differences 

are expected to be sound under conditions of drought comparing with controls (Fig. 6B). 

These analyses are in progress. 

 

 
Fig. 6 Chitinases in wheat plants. Detection of differences between chitinase patterns  of 

Aegilops cylindrica (AEG), Triticum aestivum (AES) and Triticum dicoccon (DIC) (A). The 

effect of drought on the profiles was studied (B). Proteins were separated on glycol chitin 

containing gels using SDS-PAGE. Subsequently gels were stained for chitinase activities with 

Fluorescent Brigthener 28 and visualised under UV-light. Arrows indicate the molecular mass 

of corresponding protein bands in kDa (B; Gregorová, 2013) 

DISCUSSION 

In our study we investigated the effect of drought on three representative species of 

wheat. At the same time we evaluated the differences in defences against drought on 

morphological, physiological and biochemical level. 

The drought conditions we applied negatively affected growth of all wheat plants. We 

also discerned chlorotic leaves indicating to impaired photosynthesis. Previously Way et al. 

 * 

A B 

A B 
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(2005) reported that early during the stress process, wheat plants were phenotypically 

indistinguishable from well-watered plants. However, plants mid-way though the stress period 

showed leaf wilting, leaf curling, yellowing and reduced leaf length.  

As demonstrated previously Zhang et al. (2002) biomass increased with the increase of 

chromosome ploidy indicating that so the root/ shoot ratio of wheat decreased with the 

increase of the chromosome ploid (2n → 4n → 6n) in the evolution. Under drought conditions 

the biomass was reduces in each wheat species tested.  

Altered water relations result in changes in turgor of guard cells relative to epidermal 

cells, consequently the aperture of stomata in essentially affected either. The detail 

mechanisms of stomatal response to drought are not easy to rationalise because at any given 

moment stomata may be responding to a complex set of factors ranging from light intensity to 

CO2 concentration in addition to leaf water status (Chaves et al., 2003). In each wheat plant, 

the number of closed stomata increased to avoid further water loss (data not shown). 

Furthermore, stomatal frequency, stomatal size (length and width) and stomatal area per unit 

leaf area were significantly affected, while differences were among diploid, tetraploid and 

hexaploid genotypes. Similar observations have been reported previously (Khazaei et al., 

2010).  

A common defence mechanism against water deficit in plants is the synthesis of several 

components such as saccharides. In our experiments the diploid ancestor and the present 

hexaploid wheat did accumulate such osmoprotectans under drought in contrast to the third 

species. On the other hand, a reciprocal pattern was observed for protein synthesis level. 

Previously, soluble sugar content proved to be a better marker for selecting improvement of 

drought tolerance in durum wheat (Triticum durum Desf.) than was proline content (Hakimi 

et al., 1995). Also Kameli et Lösel (1993) observed that wheat accumulates saccharides and 

free amino acids during water deficit. Our preliminary data on chitinase enzymes indicate that 

there are differences between the enzyme profiles of individual species, but also with respert 

to stress conditions. Since the separation under these conditions enables to distinguish only 

enzymes of different size, still one single band can comprise several isoforms. Therefore we 

can not yet conclude on the general pattern of chitinases in the three wheat representatives. 

 The defence strategies against drought soundly differ among the wheat and their 

ancestors at physiological, morphological but also moleculat levels. 

 

CONCLUSION 

In this work we studied drought effect on three different wheat species. Each of them has 

responded to drought differently indicating that defence mechanisms against water deficit 

could change during evolution. All plants exposed to drought had lower biomass, impared 

shoot length, chlorotic and dry leaves. In leaves, reactive oxygen species were generated 

(especially in guard cells) under drought stress. The aperture and size of stomata was 

changed, while differences were observed among the tested wheat species. Drought affected 

differently the individual wheat species by means of synthesis of saccharides and proteins. 

Triticum dicoccon synthesises proteins, while the wild ancestor Aegilops cylindrica and 

present hexaploid Triticum aestivum accumulate saccharides against dehydration. The activity 

of chitinase enzyme isoforms appears to be altered under drought, but these results still have 

to be confirmed. The wheat and its ancestors apparently apply different strategies to cope 

water shortage. Knowledge on the occurring mechanisms could identify defence components 

as targets for breeding efforts for more (drought) tolerant wheat cultivars. 
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Abstract 

Transition metals play an important role in medicinal biochemistry as drugs to treat several human diseases. 

Recently an extensive research for development of new copper-based drugs usable as pharmaceuticals with 

antitumoral, antimicrobial or antifungal properties has been stimulated in many laboratories. The properties of 

copper-coordinated compounds, whether in classical inorganic coordination complexes, in organometallic 

compounds, or in bioinorganic model compounds are largely determined by the nature of ligands and donor 

atoms bound to the metal ion. This review will cover the developments in the chemistry of copper complexes with 

phenanthroline ligand or its derivates. The attention of inorganic biochemistry has been focused on the 

coordination and intercalating or DNA cleaving properties as well as on analytical applications of copper 

complexes with phenanthroline-based ligands which can be featured by an interacting with DNA inducing DNA-

cleavage. 
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CHEMICAL PROPERTIES AND COORDINATION GEOMETRY OF COPPER 

COMPLEXES 

Transition metals such as copper and iron, which are in general known as the d block 

elements in the periodic table, have a crucial role in different branches of chemical biological 

research including medicinal, photochemical or pharmaceutical applications (Millin et al., 

1998; Tisato et al., 2010). In metal-based drugs, the metal ion can coordinate ligands in a 

precise three-dimensional configuration, thus allowing the tailoring of the molecule to 

recognize and interact with a specific molecular target (Duncan and White, 2012). Moreover, 

metal complexes easily undergo redox reactions and ligand substitution which allow them to 

participate in biological redox chemistry and interact with biological molecules. It is 

remarkable that investigations in this area are focused on the use of biologically active 

complexes formed by essential ions such as copper and special emphasis has been focused on 

the identification of structure-activity relationships of copper complexes (Rafique et al, 2010; 

Marzano et al., 2009).  

Copper belongs to the transition metals with the electronic configuration of valence shell 

3d
10

 4s
1
. Four oxidation states of copper can be stabilized in the solution or in the solid state 

namely rare occurred Cu(IV) and Cu(III), Cu(II), Cu(I) ions (McCleverty and Meyer, 2003). 

Cu (III) ion is presented in biological systems less frequently than the other two ions and 

prefers square-planar geometry according to its d
8
 electronic configuration. The chemistry of 

copper is represented mainly by two dominant ions Cu(I) and Cu(II). Copper(I) as an example 

of soft Lewis acid prefers to coordinate to the ligands containing soft Lewis base donor atoms 

like sulphur, aromatic nitrogen or phosphorus. The coordination number and stereochemistry 

for Cu ion in oxidation state I is: two - linear, three – trigonal and four – tetrahedral (the most 

occurred). The coordination nature of Cu(I) closely relates to its d
10

 electronic configuration. 

Filled d shell configuration allows symmetric arrangement of electronic charge around the 

metal ion thus stabilizing tetrahedral stereochemistry instead of square planar. No possibility 

for d-d transition leads to the observance of colorless copper(I) complexes (Armaroli et al., 

2007). 

Unlike to this, the typical electronic configuration of Cu(II) cation is d
9
 which promotes 

generation of intense colored compounds. Diversity of coordination polyhedra of copper(II) 
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complexes is tremendous. Occurrence of wide range of stereochemistries is consequence of 

Jahn Teller effect which is operating in regular symmetries of degenerate ground state (d
9
 

configuration). The coordination numbers in copper complexes in oxidation state II range 

from two up to eight although the most typical coordination numbers are four, five and six 

(Hathaway and Billing, 1970). In case of the four-coordination typically tetrahedral (Td) or 

square planar (D4h) stereochemistry around copper center occurs depending on nature of 

donor atoms or counterions. The regular tetrahedron is not observed due to Jahn-Teller 

theorem and therefore a lot of four-coordinated complexes of Cu(II) have distorted 

stereochemistries (pseudotetrahedral, D2d, D2h). For five-coordinated and six-coordinated 

complexes again the plasticity of ligand – metal distances leads to the observance not only 

regular stereochemistries (square pyramidal C2v or trigonal bipyramidal D3h) and (octahedral 

Oh) but most often the molecular structures which depart from ideal arrangements mostly 

showing tetragonal distortions (D4h, D2h) (Murphy and Hathaway, 2003). The chemical and 

structural properties of coordination copper(II) compounds are strongly influenced by the 

donor ability of ligands (from mono- to hexa-dentate ligands) and type of donor atoms (N, O, 

S halides or other) bound to the metal ion. The redox potential of the physiologically 

accessible Cu(I)/Cu(II) couple varies dramatically depending upon the ligand environment 

and the factors like a type of chromophore, geometry, substituent electronic effect, substituent 

steric effect and chelation (Kitajima et al., 1994). For copper complexes is known that dispose 

of a wide range of reduction potentials in the one electron oxidation toward dioxygen. This 

feature express as important modifications of the stereochemistry of the oxidized/reduced 

complexes, for example transition from octahedral Cu(II) to tetrahedral Cu(I) systems. The 

coordination environment around copper complexes plays the key role in stabilizing its 

different oxidation states Cu(I) and Cu(II) because the potential toxicity of copper ions is 

based on their ability to easy alternate between them and to participate in free radical 

reactions. Under aerobic conditions, this redox cycling leads to the generation of oxidative 

damages by the production of highly reactive free hydroxyl radicals. Hydroxyl radical is a 

very reactive particle which easily reacts with its immediate environment within the cell 

including membrane lipids, proteins and nucleic acids thus generates different dangerous 

species and products. The modified side chains of proteins, oxidized bases of DNA and lipid 

peroxidation are the results of such damaging activity of hydroxyl radicals. As was reported in 

many in vitro studies hydroxyl radical is formed in copper-catalyzed Haber-Weiss reaction 

(Santo et al., 2008; Jomová et al., 2012) : 

 

 

 

 

In this contribution, we shortly summarise current knowledge about the role of copper-

phenanthroline complexes and their biological activity including the anti-tumour activity of 

the metal-free substances such as phenanthroline that has been tested for its anti-cancer 

activity. 

 

COPPER COMPLEXES WITH PHENANTHROLINE 

1,10 - Phenanthroline (phen) belongs to the group of a bidentate N-donor chelating ligand 

(Fig. 1). Phen as a strictly bidentately coordinating ligand possess some interesting properties 

which strongly determines its coordination activity toward metal cations. Rigid planar 

structure of phenanthroline together with its hydrophobic and electron-poor heteroatomic 

system whose nitrogen atoms are located in such manner that they can act cooperatively in 

cation binding makes it very attractive for utilization in coordination and organometallic 

chemistry (Bencini and Lippolis, 2010).  
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Fig. 1 Chemical formula of 1,10 – phenanthroline (phen) 

 

Phen ligand is a weak base in aqueous solutions with basicity significantly lower than 

aliphatic diamines. Nevertheless, it easily creates octahedral complexes of type 

[Cu(phen)(H2O)4]
2+

, [Cu(phen)2(H2O)2]
2+

 and [Cu(phen)3]
2+

 in aqueous solution with Cu(II) 

ion mostly due to chelation stabilization comparing with monodentately coordinated water 

ligand. With copper(I) cation forms phen ligand tetrahedral complexes of formulae 

[Cu(phen)(H2O)2]
+
 and [Cu(phen)2]

+
, respectively. Phen ligand binds Cu(I) ion with 

equilibrium constants log K1 and log K2 of 10.3 and 5.5, for [Cu(phen)(H2O)2]
+
 and 

[Cu(phen)2]
+
 species, respectively. These constants are 8.8 and 6.6 in the case of Cu(II) 

(Neville et al, 2013; Pitié and Pratviel, 2010). Because of the small value of the second 

affinity constant, an excess of phen with respect to copper is often used to favor the 

[Cu(phen)2]
1+ or 2+

 species in diluted conditions. Although the coordination ability of phen 

ligand show only relatively poor σ donor ability of the heteroaromatic nitrogen comparing 

with aliphatic amines, this effect is compensated by the ability of phen to behave as π-

acceptor in its complexes. That brings additional stabilization by a favourable enthalpic 

contribution result in a couple of a strong coordination bonds. X-ray structural analyses of 

Cu(I)-bisphenanthroline complexes revelead that in crystalline state a distorted tetrahedral 

geometry is presented whereas Cu(II)-bisphenanthroline complexes display trigonal 

bipyramidal or tetragonal bipyramidal stereochemistry (Armaroli et al., 2007;). 

It is well documented in the literature that [Cu(phen)2(H2O)2]
2+

 in combination with 

hydrogen peroxide show artificial nuclease-like activity through a complicated mechanism of 

action which is believed to involve reduction of [Cu(phen)2(H2O)2]
2+

 to [Cu(phen)2]
1+

 

followed by binding to DNA possibly by intercalation in the minor groove. The DNA 

associated with [Cu(phen)2]
1+

 species is oxidized in the presence of hydrogen peroxide, which 

consequently produces hydroxyl radicals leading to DNA strand cleavage. During the redox 

cycle Cu
1+

 complex adopt tetrahedral stereochemistry and Cu
2+

 complex exists in trigonal 

bipyramidal or tetragonal bipyramidal ligand environment (Pitié and Pratviel, 2010). 

STRUCTURE VERSUS BIOLOGICAL ACTIVITY OF PHENANTHROLINE 

COMPLEXES 

Since it was discovered that the copper ions bonded to 1,10- phenanthroline were capable 

of DNA cleavage, their biological activity has been the subject of numerous in vitro studies. 

The results have been shown that the copper is bonded with higher affinity to DNA than any 

other divalent cation (Patel, 2012). This binding is dependent on copper size, charge electron 

affinity and geometry of the formed adduct. On the basis of these arguments about potential 

use of copper complexes containing ligands with utilizable geometry of molecule toward 

super helical DNA, there has been interest in the design of new copper-based therapeutics 

(Kellett et al., 2012, O´Connor et al., 2012). 

 

Sigman et al. studied the biological activity of cuprous complexes bonded with chelator 

phen which form stable bis-phen complexes (Fig. 2). In the presence of reducing agents and 

molecular oxygen, nuclease activity of bis-phen copper complexes was significantly more 
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effective than the activity of mono-phen complexes. These compounds attacked the sugar 

groups and finally oxidatively degraded DNA and RNA molecules (Sigman et al., 1996). In 

addition, it has been shown that these complexes exhibit interesting clinical activities 

including antitumoral, antimycobacterial, antifungal and antimicrobial properties (Ranford et 

al., 1993; Saha et al., 2004). 

 

 

 

 

 

 

 

 

 

Fig. 2 Chemical formula of bis-phenanthroline copper complexes [Cu(phen)2]
1+

 

 

Several research teams have established that [Cu(phen)2]
2+

 has generated specific 

apoptosis in liver carcinoma cells (Zhou et al., 2002) and potent cytotoxicity against human 

leukaemic cells and human stomachal cells. On the other hand, formation of these complexes 

under physiological conditions is more unfavorable for their smaller association constant with 

the second phenanthroline and for low nucleotide specifity of double helix DNA molecule. In 

an attempt to overcome the above-mentioned limits Pitié et al. have prepared cupric bis-phen 

complexes by chemical modfication using a serinol bridge (abbreviated as Clip) to link two 

phen ligands on positions 2 in [Cu(2-Clip-phen)]
2+

 (Fig. 3) and 3 in [Cu(3-Clip-phen)]
2+

  

(Fig. 4) (Pitié et al., 2003). In addition, the DNA-cleveage was 60 times more efficiently 

using complexes in presence of serinol bridge than the complexes in absence of the serinol 

bridge probably due to their convenient chemical structures. These knowledge are important 

for innovation of preparation of compounds with higher selective sequence and consequently 

with possible anticancer properties. 

 

 

 

 

 

 

 

 

 

 
 
Fig. 3 Chemical structure of [Cu(2-Clip-phen)]

2+
        Fig. 4 Chemical structure of [Cu(3-Clip-phen)]

2+
 

 

Other scientists were inspired by the design of bifunctional molecules with interesting 

properties which increase the DNA cleavage specificity and their ability to perform double-

strand breaks (DSB) as well as circumventing drug resistance owing to the use of cisplatin 

(Fuertes et al., 2003; Kartalou et al., 2001; Holmes et al., 2001). The new prepared complexes 

(Fig. 5a) and (Fig. 5b) have shown cytotoxic activity for several human cancer cell lines 

(Temple et al., 2000). Furthermore in most cases were confirmed that (Fig. 5a) was more 

efficient than (Fig. 5b) (Hoog et al., 2007; Ozalp-Yaman et al., 2008). These noticeable 
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activities affirmed the high potential of [Cu(3-Clip-Phen)] as an antitumor agent and 

strengthened the potential of strategy to prepare hybrid [Cu(3-Clip-Phen)/cis-Pt] derivatives. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Chemical structures of hybrid derivates of [Cu(3-Clip-Phen)/cis-Pt] complexes 

 

Ruiz-Azuara et al. (1991) have discovered the mixed copper drugs registered with the 

name of Casiopeinas® (Cas) containing a general condensed formula [Cu(N–N)(A–A)][NO3], 

where N–N represents neutral diimine donors, either phen or bipy, A–A stands for 

uninegative N–O or O–O donors, either aminoacidates or acetylacetonate (Alemon-Medina et 

al., 2007) They were designed as a chemotherapeutic alternative for cancer treatments. The 

one of the most promising derivatives (Fig. 6) showing a strong inhibition of cell proliferation 

against C6 glioma cells that were used at experiments with rats 

 

 

 

 

 

 

 

 

Fig. 6 Chemical structure of Casiopeinas® (Cas) 

 

A ternary cuprous complex with phen and an amino acid conjugated with the ortho-

iodohippurate (Fig. 7) was synthesized and structurally characterized by group of Escribá et 

al. (2007). This ternary complex generated the copper(I) species [Cu(phen)2]
+
 in aqueous 

solution without the addition of any external reductant, possibly by an intramolecular redox 

process in the presence of oxygen; after 24h, [Cu(phen)2]
+
 was the main product. The 

complex at nanomolar concentration has shown the nuclease activity on human non-small 

lung adenocarcinoma cells with induction a marked growth inhibition and apoptosis. 

The complexes of formula [Cu(tdp)(N-N)][ClO4] (Fig. 8), where Htdp is the tetradentate 

ligand 2-[(2-(2-hydroxyethylamino)-(ethylimino)methyl] and N-N is bipy, phen, 3,4,7,8-

tetramethyl-1,10-phen (tmp) and dipyrido-[3,2-d:2’,3’-f]-quinoxaline (dpq), with octahedral 

geometry around copper(II) have been isolated and structurally characterized by 

Palaniandavar et al. (2007). The strong interaction into the DNA base pairs were observed by 

coordinated phen ring. All the complexes cleaved supercoiled DNA in the presence of 

ascorbic acid as reducing agent with the phen- and dpq-complexes exhibiting cleavage 

efficiencies higher than those of the other complexes.  
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Fig. 7 Chemical formula of [Cu(I-hip)(phen)2]
+
·(I-hip

¯
) 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Chemical formula of where I-hip
¯
 stand for anion of ortho-iodohippuric acid

 [Cu(tdp)(phen)][ClO4] 

 

Since it has been established that the properties of copper-coordinated compounds are 

largely determined by the nature of ligands and donor atoms bound to the metal ion, the novel 

metal-based anticancer drugs have been developed. Research teams also determined that the 

antitumour activity of copper compounds is correlated with copper oxidation state, 

coordination number and geometry. The five-coordinated molecules comprising either 

distorted square pyramidal or trigonal bipyramidal geometry or distorted six-coordinate 

octahedral arrangements have been shown in the most of copper(II) complexes. Moreover 

some tetrahedral copper(I) complexes combined with aromatic amines (e.g. phen, bipy) as 

donor ligands, displayed antiproliferative activity. The majority of these agents are 

mononuclear species, but there are a few distinctive examples of dimeric compounds with 

reported antitumor activity (Manzano et al., 2009, Tisato et al., 2010).  

Basis for the understanding of the action of these classes of copper compounds is the 

comprehension of their molecular mechanisms which could provide useful information for the 

design of copper drugs having better selectivity and improved antitumor efficiency. Our 

preliminary results with newly sythesized Cu(II)-phenanthroline-salicylate complexes showed 

nuclease-like activity (Čongrádyová et al., 2011) as well as antifungal activity (Čongrádyová 

et al., 2012; Čongrádyová et al., 2013).  

LITERATURE 

Alemon-Medina, R., Brena-Valle, M., Munoz-Sanchez, J.L., Gracia- Mora, M.I., Ruiz-Azuara, L. 

2007. Induction of oxidative damage by copper-based antineoplastic drugs (Casiopeinas), In 

Cancer Chemother. Pharmacol., vol. 60, No. 2, 2007, p. 219-228. 

Armaroli, N. et al. 2007. Photochemistry and Photophysics of Coordination Compounds: Copper, In 
Top Curr Chem, vol. 208, 2007, p. 69–115. 



  

121 

 

Barceló-Oliver, M., García-Raso, Á., Terrón, Á., Molins, E., Prieto, M.J., Moreno, V., Martínez, J., 

Lladó, V., López, I., Gutiérrez, A., Escribá P.V. 2007. Synthesis and mass spectroscopy kinetics of 

a novel ternary copper(II) complex with cytotoxic activity against cancer cells In J. Inorg. Biochem. 
Vol. 101, 2007, p. 649–659. 

Bencini, A. Lippolis, V. 2010. 1,10-Phenanthroline: A versatile building block for the construction of 

ligands for various purposes, In Coord. Chem. Rev., vol. 254, 2010, p. 2096–2180. 

Čongrádyová, A., Jomová, K. 2013. Antifungal effect of copper(II) – phenanthroline complex with 5 – 

chlorosalicylic acid, In Journal of microbiology, biotechnology and food sciences, vol. 2, p. 2180 – 

2186. 

Čongrádyová, A., Karšayová, M., Jomová, K. 2011. Potential antifungal properties of the copper(II) 
complex with phenanthroline and 4 – chlorosalicylic acid, In “Young researchers 2011”, vol. 1, 

No. 473, 2011, p. 630 – 635. 

Duncan, C., White, A. R. Copper complexes as therapeutic agents, In Metallomics, vol. 4, 2012, p. 
127–138. 

Fuertes, M.A., Alonso, C., Perez, J.M. 2003. Biochemical modulation of cisplatin mechanisms of 

action: enhancement of antitumor activity and circumvention of drug resistance, In Chem. Rev., 
vol. 103, No. 3, 2003, p. 645-662. 

Hathaway, B.J., Billing, D.E. 1970. The electronic properties and stereochemistry of mono-nuclear 

complexes of the copper(II) ion, In Coord. Chem. Rev., vol. 5, 1970, p. 143-207.  

Holmes, R.J., McKeage, M.J., Murray, V., Denny, W.A., McFadyen, W.D. 2001. Cis-
Dichloroplatinum(II) complexes tethered to 9- aminoacridine-4-carboxamides: synthesis and action 

in resistant cell lines in vitro, In J. Inorg. Biochem., vol. 85, No. 2-3, 2001, p. 209-217. 

Hoog, P., Boldron, C., Gamez, P., Sliedregt-Bol, K., Roland, I., Pitie, M., Kiss, R., Meunier, B., 
Reedijk, J. 2007. New approach for the preparation of efficient DNA cleaving agents: Ditopic 

copperplatinum complexes based on 3-clip-phen and cisplatin, In J. Med. Chem., vol 50, No. 13, 

2007, p. 3148-3152. 

Jomová, K., Baroš, S., Valko, M. 2012. Redox active metal – induced oxidative stress in biological 
systems, In Trans. Met. Chem., vol. 37, No. 2, 2012, p. 127 – 134. 

Jomová, K. - Čongrádyová, A. – Moncol, J. – Lawson, M. – Valko, M. 2011. Copper(II)-

phenantroline complexes with derivates of salicylic acid. (Structure and EPR spectroscopy), In New 
Trends in Coordination, Bioinorganic, and Applied Inorganic Chemistry, p. 34 – 40.  

Kartalou, M., Essigmann, J.M. 2001. Recognition of cisplatin adducts by cellular proteins, In Mutat. 

Res., vol. 478, No. 1, 2, 2001, p. 1-21. 

Kellet, A. et al. 2012. DNA cleavage reactions of the dinuclear chemotherapeutic agent copper(II) bis-

1,10-phenanthroline terephthalate, In Int. J.Clinl Pharm. Th., vol. 50, No. 1, 2012, p. 79 – 81. 

Kitajima, N., Moro-oka, Y. 1994. Copper-Dioxygen Complexes. Inorganic and bioinorganic 

perspectives. In Chem. Rev., vol. 94, No. 3, 1994, p. 737-757. 

Marzano, C., Pellei, M., Tisato, F., Santini, C. 2009. Copper complexes as anticancer agents, In 

Anticancer Agents Med Chem., vol. 9, 2009, p. 185 – 211. 

McCleverty, E.J.A., Meyer, T.J. 2003. Comprehensive Coordination Chemistry II, In Elsevier, vol. 6, 
2003, p. 747–910. 

Millin, D. R., McNett, K. M. 1998. Photoprocesses of Copper Complexes That Bind to DNA, In 

Chem. Rev., 1998, p. 1201-1219. 

Murphy, B., Hathaway, B. 2003. The stereochemistry of the copper(II) ion in the solid-state/some 

recent perspectives linking the Jahn-Teller effect, vibronic coupling, structure correlation analysis, 

structural pathways and comparative X-ray crystallography, In Coord. Chem. Rev., vol. 243, 2003, 

p. 237-262. 



  

122 

 

Neville, S. et al. 2013. The antimicrobial properties of some copper(II) and platinum(II) 1,10-

phenanthroline complexes, In Dalton Trans., vol. 42, 2013, p. 3196. 

O´Connor, M., Kellet, A. et al. 2012. Copper(II) Complexes of Salicylic Acid Combining Superoxide 
Dismutase Mimetic Properties with DNA Binding and Cleaving Capabilities Display Promising 

Chemotherapeutic Potential with Fast Acting in Vitro Cytotoxicity against Cisplatin Sensitive and 

Resistant Cancer Cell Lines, In J. Med. Chem., vol. 55, 2012, p. 1957−1968. 

Ozalp-Yaman, S., de Hoog, P., Amadei, G., Pitie, M., Gamez, P., Dewelle, J., Mijatovic, T., Meunier, 

B., Kiss, R., Reedijk, J. 2008. Platinated copper(3-Clip-Phen) complexes as effective DNA-

cleaving and cytotoxic agents, In Chem. Eur. J., vol. 14, No. 11, 2008, p. 3418-3426. 

Patel, M.N., Patel, Ch.R., Joshi, H.N. 2012. Cytotoxic, DNA Interaction, SOD Mimic, and 
Antimicrobial Activities of Square Pyramidal Copper(II) Complexes, In Z. Anorg. Allg. Chem., vol. 

638, No. 7–8, 2012, p. 1224 – 1232.  

Pitié, M., Boldron, C., Gornitzka, H., Hemmert, C., Donnadieu, B., Meunier, B. 2003. DNA cleavage 
by copper complexes of 2- and 3-clipphen derivatives, In Eur. J. Inorg. Chem., vol. 3, 2003, p. 

528-540. 

Pitié, M., Pratviel, G. 2010. Activation of DNA Carbon-Hydrogen Bonds by Metal Complexes, In 

Chem. Rev, vol 110, 2010, p. 1018–1059. 

Rafique, S. et al. 2010. Transition metal complexes as potential therapeutic agents, In Biotechnol. Mol. 

Biol. Rev. Vol. 5/2, 2010, p. 38-45.  

Rajendiran, V., Karthik, R., Palaniandavar, M., Stoeckli-Evans, H., Periasamy, V.S., Akbarsha, M.A., 
Srinag, B.S., Krishnamurthy, H. 2007. Mixed-ligand Copper(II)-phenolate complexes: Effect of 

coligand on enhanced DNA and protein binding, DNA cleavage, and anticancer activity, In Inorg. 

Chem., vol. 46, No. 20, 2007, p. 8208-8221. 

Ranford, J.D., Sadler, P.J., Tocher, D.A. 1993. Cytotoxicity and antiviral activity of transition-metal 

salicylato complexes and crystal structure of bis (diisopropylsalicylato) (1,10 phenanthroline) 

copper(II), In J. Chem. Soc., Dalton Trans., vol. 22, 1993, p. 3393-3399. 

Ruiz-Azuara, L. 1991. Preparation of new mixed copper aminoacidate complexes from 
phenanthrolines and their alkyl derivatives to be used as anticancerigenic agents, In Eur. Pat. Appl., 

1991, p. 10. 

Saha, D.K., Sandbhor, U., Shirisha, K., Padhye, S., Deobagkar, D., Anson, C.E., Powell, A.K. 2004. A 
novel mixed-ligand antimycobacterial dimeric copper complex of ciprofloxacin and 

phenanthroline, In Bioorg. Med. Chem. Lett., vol 14, No. 12, 2004, p. 3027-3032. 

Santo, Ch.E., Taudte, N., Nies, D.H., Grass, G. 2008. Contribution of Copper Ion Resistance to 
Survival of Escherichia coli on Metallic Copper Surfaces, In Appl. Environ. Microbiol., vol. 74, 

No. 4, 2008, p. 977 – 986. 

Sigman, D.S., Landgraf, R., Perrin, D.M., Pearson, L. 1996. Nucleic acid chemistry of the cuprous 

complexes of 1,10-phenanthroline and derivatives. In Met. Ions Biol. Syst., vol. 33, 1996, p. 485-
513. 

Temple, M.D., McFadyen, W.D., Holmes, R.J., Denny, W.A., Murray, V. 2000. Interaction of 

cisplatin and dna-targeted 9-aminoacridine platinum complexes with DNA. In Biochemistry, vol. 
39, No. 18, 2000, p. 5593-5599. 

Tisato, F., Marzano, C., Porchia, M., Pellei, M., Santini, C. 2010. Copper in Diseases and Treatments, 

and Copper-Based Anticancer Strategies, In Med. Res. Rev.,Vol. 30, No. 4, 2010, p. 708-749. 

Zhou, H., Zheng, C., Zou, G., Tao, D., Gong, J. 2002. G1-phase specific apoptosis in liver carcinoma 

cell line induced by copper-1,10- phenanthroline, In Int. J. Biochem. Cell Biol. Vol. 34, No. 6, 678-

684. 

 



  

123 

 

ENVIRONMENTAL CONTAMINATION BY HEAVY METALS 

Zuzana Hanzlíková, Michal Hudec, Melánia Feszterová  
 

Constantine the Philosopher University, Faculty of Natural Sciences, Department of Chemistry, Nitra, 

Tr. A. Hlinku 1, 949 74 Nitra, Slovakia, zuzana.hanzlikova@ukf.sk, michal.hudec@ukf.sk, 

mfeszterova@ukf.sk 

Abstract 

With regard to the quality of the environment it is important to monitor the content of heavy metals in selected 

environmental components. This paper describes topicality of this issue and the possibilities of determination of 

heavy metals (AAS, ICP MS, DPP, ASV). Monitoring of heavy metals has its significance also because of their 

migration from one reservoir to another and the lack of mechanisms that would lead to the reduction of their 

concentrations. The fact that heavy metals can get into bodies of plants from water, soil or air causes an 

increase of their content in foods thus adversely affecting human health. One of the problems arising from the 

presence of potentially toxic elements is the risk of the release and mobilization in the environment. 
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INTRODUCTION  

The group of the heavy metals comprises 30 to 37 of all elements in the periodic table 

with atomic mass greater than 5 g.cm
-3

 (Ďurža and Khun, 2002; Kafka and Punčochářová, 

2002). Decades of conducted environmental monitoring indicates different concentrations of 

heavy metals in soils and recent sediments in many parts of the world, especially urban and 

industrial areas. In many cases, the concentrations are not as high to be considered toxic, 

though augmented concentrations in the food chain may cause health problems of humans. 

The object of the monitoring is oriented on: As, Cd, Hg and Pb, which are considered the 

most harmful for humans and animals. Toxicity may be caused also by some other elements 

that are needed in small amounts in the soil and plants but in the case of their accumulation to 

the large concentrations can have even more toxic effect than the elements mentioned above. 

This is the case of e.g.: Cr, Co, Sn, Sb, Cu, Ni, Ag, Au, Zn, Mo, W, Mn, Fe, and others. 

Living organisms require trace amounts of some heavy metals, including Co, Cu, Mn, 

Mo, Sr and Zn, but excessive levels can be detrimental to the organism. Other heavy metals 

such as mercury, lead, and cadmium are known to have vital or beneficial effect on 

organisms, and their accumulation over time in the bodies of mammals can cause serious 

illness (Srivastava and Majumder 2008; Hsan 2008).  

Some heavy metals are essential for normal growth of organisms and others not. Essential 

elements are: Cu, Mn, Fe, and Zn for plants and animals, Co, Cr, Se for animals and Mo for 

plants. The deficiencies can cause a growth malfunctions, most of them are an important part 

of certain enzymes and proteins, which play an important roles in metabolic processes. Non-

essential elements are: Sb, Bi, Cd, Pb, Hg, Ni, Ag, Tl, Th, Sn, U, Te, V. Some of these 

elements have been proven to have positive effects and the lack does not cause pathological 

changes. Elements like As, Cd, Hg, Sb, Tl and U can be toxic at concentrations exceeding 

their tolerance limits, but their absence does not cause negative effects (Alloway and Ayres 

1993). 

Heavy metals are important for several reasons: some of them are physiologically 

important for plants and animals, and have a direct link to human health and agricultural 

production, they cause pollution of ecosystems around the world, they are used industrially, in 

technologically developed countries (Ďurža, 2003).  
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As a result of increased antropogenic activities the disproportional increase of the 

concentration of these elements beyond their limit levels occur (Urminská et al., 2009). 

(Fig.1) Most heavy metals migrate extensively in the environment at pH < 7. Values around 

pH = 6 contribute to increment of hazardous heavy metals migration in the ecosystem and 

hence their bioavailability (Urminská et al., 2009). 

 

 
Fig. 1 Heavy metals in environment (http://www.treehugger.com, 2013) 

 

It is important to constantly monitor their movements in environmental sphere. One of 

the most common methods for the determination of heavy metals is atomic absorption 

spectrometry with atomization in a flame or graphite furnace (ETA-AAS). Using this method 

various heavy metals can be detected. (Fig. 2) Atomic emission spectrometry with inductively 

coupled plasma (ICP AES) and also mass spectrometry ICP source (ICP MS) are among the 

other methods used. For the determination of heavy metals electroanalytical methods (anodic 

stripping voltammetry, diffusion pulse stripping voltammetry, polarography striping) are also 

used, for example for the determination of Cd, Pb, Cu, Ni, Zn, and Cr. These methods only 

rarely exceed limits of quantification of ETA-AAS and ICP AES (Třebenská and Martiny, 

1995). In the area of water analyses quadrupole mass spectrometers with ICP sources are used 

(Puliš, 1996). 

  
H  He 

Li Be  

  

B C N O F Ne 

Na Mg Al Si P S Cl Ar 

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe 

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn 

Fr Ra Ac  

Fig. 2 AAS Periodic Table (http://web.nmsu.edu, 2013) 
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AIR 

Atmospheric pollution is one of the major sources of heavy metal contamination (Curtis 

et al., 2006; Isik et al., 2006). In the Law No. 137/2010 Atmosphere valid in Slovak republic, 

the terms like atmoshere, pollutant, fixed and indicative measurements, emissions, PM10 and 

PM2,5, volatile organic compounds and others are defined. Annex 1 of this act contains the list 

of pollutants for the assessment and management of air quality. The group of pollutants 

includes: sulfur dioxide, nitrogen dioxide and carbon monoxide, particulate matter PM10 and 

PM2,5, lead, ozone, benzene, carbon monoxide, polycyclic aromatic hydrocarbons (benzo (a) 

pyrene), cadmium, arsenic, nickel, mercury (Law 137/2010 Coll., 2010). 

Elemental content of airborne particulate matter can provide important information on the 

degree of atmospheric pollution and further evaluation of the potential health risk to the 

population. Several epidemiological studies have shown positive correlation between different 

aerosol characteristics and increased human morbidity and mortality (Curtis et al., 2006; Isik 

et al., 2006).  Majority of heavy metal pollution comes from incinerators and metallurgical 

industry with the main sources of crude oil, coal, natural gas (Ďurža, 2003).  

Gharaibeh et al. (2010) monitored the atmospheric concentrations of selected heavy 

metals (Pb, Fe, Cd, Cu, Ni, Mn, Zn) were measured for urban and rural sampling sites. The 

results were used to determine the levels of heavy metal pollutants in air, possible sources, 

and to compare the levels of selected heavy metals in the studied sites. Trace elements are 

toxic and in high concentrations can be harmful for living organism-animals as well as on 

vegetation. Therefore the reduction of air pollution to some acceptable levels is an important 

environmental issue (Dimov et al. 2004). Particulate heavy metals can have severe toxic and 

carcinogenic effect for humans health (Panne et al. 2001). 

Atomic absorption spectroscopy is the main technique used for the analysis of heavy 

metals in air samples, because of its selectivity, sensitivity, reproducibility, wide dynamic 

concentration range (Bilos et al. 2001; Jimmy et al. 2001; Khillare et al. 2004; Moreno-Grau 

et al. 1997, 2000; Silvia et al. 2004; Shevchenko et al. 2003; Vasconcelos and Tavares 1997). 

 

WATER 

Parts of the Act No. 364/2004 Coll. On Water Resources (Water Act) are the List I of 

particularly harmful substances and the List II of harmful substances. 

Particularly harmful substances are substances included here mainly on the basis of their  

toxicity, degradability and bioaccumulation. Harmful substances are individual substances 

and groups of substances which have a deleterious effect on the aquatic environment, but 

which may be confined to a local area, depending on the nature of the recipient and the places 

in which these substances are discharged. To the List II of Harmful substances in this Act 

there are included: metalloids, metals and their compounds (Zn, Cu, Ni, Cr, Pb, Se As, Sb, 

Mo, Ti, Sn, Ba, Be, B, U, V, Co, Tl, Te, Ag), biocides and their derivatives, which are not 

included among the particularly harmful substances and their related substances, substances 

which have a deleterious effect on the taste or odor of water, and compounds liable to give 

rise to such substances in water, toxic or persistent organic compounds of silicon, and 

substances which may give rise to such substances in water, excluding those which are 

biologically harmless or are rapidly changing water into harmless substances, persistent 

mineral oils and hydrocarbons of petroleum origin, fluorides, substances that have an adverse 

effect on the oxygen balance in water (indicators of BOD5 and CODMn), that can contribute to 

eutrophication (nitrogen and phosphorus compounds), silage effluent, industrial and organic 

fertilizers and liquid components.  

Streamsediments are considered a qualitative indicator of the environment. The most 

important is the interaction between the water of the sediments and inappropriate 

anthropogenic activity, various waste materials in wild dumps (Urminská et al., 2009).  
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Depending on the changing chemical - physical properties of the sediment the binding 

ability of contaminants, their migratory skills and toxicological properties are changing too 

(Ďurža and Khun 2002). According to the authors Urminská et al. (2009) the change of 

thermodynamic conditions and the release of a substantial part of potentially toxic elements 

from sediments may contaminate the entire water ecosystems. High concentrations of 

pollutants may occur in the vicinity of industrial and urban agglomerations and can be a 

potential source of hazardous heavy metals that threaten human health (Urminská et al., 

2009). 

 

SOIL 

Part of the Act No. 220/2004 Coll. on the protection and use of agricultural soil is the 

table with the limit values of hazardous substances in agricultural soils. (Tab. 1) Limit values 

of hazardous substances are values of maximum permissible levels of hazardous substances in 

agricultural soils and degree of contamination. They are given in mg / kg dry matter after aqua 

regia digestion. 

 

Tab. 1 Limit values of risk elements in agricultural soils 

Soil type As Cd Co Cr Cu Hg Ni Pb Se Zn F 

sandy, loamy-sand 10 0.4 15 50 30 0.15 40 25 0.25 100 400 

sandy - loam, loam 25 0.70 15 70 60 0.5 50 70 0.4 150 550 

clay - loam, clay, clay  30 1.0 20 90 70 0.75 60 115 0.6 200 600 

Source: Act NG SR no. 220/2004 Coll. 

 

Increasing content of heavy metals in soil leads also to increment of their content in foods 

of plant and animal origin, resulting in adverse effects on human health 

(http://www.treehugger.com, 2013). Soil pH, cation exchange capacity, and nutrient levels are 

also factors in determining plant uptake (http://www.treehugger.com/, 2013). Another adverse 

consequence of exposure to risk elements is decrease of harvest of agricultural crops. Soil 

contamination by heavy metals is one of the most important problems of soil protection and 

the environment (Jomová et al., 2005). 

Research data has shown that more than 10 % of plantation land is contaminated by Cd, 

As, Cr, and Pb, causing production loss of over ten million tons, twelve million tons of unsafe 

production every year, and the loss of at least three billion dollars (Wang, 2006). 

On the absorption of trace elements are involved not only organic matter (Davies, 1990; 

Kabata-Pendias and Pendias, 1984; Vollmannová et al., 2004), soil biota (Styk, 2001), soil 

properties, according to the variability in organic and inorganic soil constituents (Alloway, 

1995), as well as carbonates, phosphates, sulfates, clay particles (Davies, 1990; Kabata-

Pendias and Pendias, 1984; Ni et al., 2009; Styk, 2001), most of the Pb in sediments occurs in 

clays (Wedepohl, 1956). Metal mobilisation depends on soil characteristics and is controlled 

by the soil matrix and the composition of the soil solution (Tóth et al., 2006).  

Effects of heavy metal pollution are most long lasting in soils due to relatively strong 

adsorption of many metals onto the humus and clay colloids (Alloway and Ayres, 1994). 

Humus of soil with hydroxyapatite are appropriate amendment materials for decreasing 

mobility of heavy metals (Misra and Pandey, 2005; Chaturvedi et al., 2006). Organic 

amendments such as composts or peat, which contain a high proportion of humified organic 

matter, can decrease the bioavailability of heavy metals in soil by adsorption and by forming 

stable complexes with humic substances (Schuman, 1999). The addition of the humic 

substances immobilized essentially soluble and replaceable forms of some heavy metals 

(Tomáš et al., 2005) and profoundly affects the environmental behaviour of metals (Livens, 

1991). Humic acids contain acidic groups such as carboxyl and phenolic OH functional 
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groups (Hofrichter et al., 2001) and, therefore, provide organic macromolecules with an 

important role in the transport, bioavailability, and solubility of heavy metals (Lagier et al., 

2000). Heavy metals may be bound or sorbed by particular natural substances, which may 

increase or decrease their mobility (Hulanicki, 2000).  The circulation and migration of metals 

in the natural environment are mainly related to such processes as rock decay, volcano 

eruptions and soil formation processes (Szyczewski et al., 2009). Toxic metals, mainly Pb and 

Cd get into soil in higher amounts by sedimentation of dust from industrial processes, from 

exhaust gas, from polluted waste waters and fertilizers (Vollmannová et al., 2004), as well as 

fossil fuel burning to produce electric power, production and processing of ores (Barančoková 

et al., 2009) and via mining processes and mine drainage and waste (Alloway, 1990; Shao et 

al., 2008). According to Jomová et al. (2002) region long burdened waste metallurgical and 

mining activity causes high levels of heavy metals until today. In the course of weathering, 

the heavy metals are continuously accumulated (Ni et al., 2009; Hernandez et al., 2003) and 

hence the heavy metals deposition in Tatras mountain relates with automobility and on 

northern aspects there is evident the effect of transboundary air pollutants from Polland 

(Katowice) (Konček et al., 1973) and by Barančoková et al. (2009) are polluting sources from 

west and north located within 150-200 km.  

 

PLANTS 

Heavy metals can get into the plants from the soil, from the bedrock or from various 

anthropogenic activities. Heavy metals may enter the plants via root system, leaves and stems. 

Their penetration affect ecological conditions of soil: soil type, soil pH, concentration and 

form of heavy metals, humus content in the soil, redox conditions around the root system 

associated with microbial decomposition processes of organic matter, moisture, temperature, 

soil compaction, used fertilizers and protection products (Ďurža, 2003). Heavy metals in 

plants can cause malfunctions of pores, suppression of photosynthesis, respiration disruption 

or change in enzyme activity and affect the growth (Ernst et al., 2004). They act as a stress 

factor for plants. On the other hand the plants that can grow well on soils with high 

concentrations of heavy metals are also well known (Hronec 1996), such as. Dog Creeping 

bentgrass (Agrostis stolnifera) or pullets transported Spring (Minuartia verna). According to 

Ďurža (2003) heavy metals are mostly accumulated in roots, leaves and stems and the lowest 

contents are found seeds, fruits, tubers and bulbs. Knowledge of presence of heavy metals in 

plants is particularly important in terms of contamination of the food chain. Intensity of heavy 

metal contamination of plants must be assessed depending on the type of plant (Ďurža, 2003).  

 

CONCLUSION 

One of the basic conditions of human existence is a good environment. Increasing 

problems just with environmental degradation lead to the concentration of national efforts to 

eliminate negative impacts on the environment. Environmental pollution is a worldwide 

problem, heavy metals belonging to the most important pollutants (Wang, 2006). The heavy 

metals from anthropogenic sources are dispersed in the environment and they contaminate 

soil, water and air (Szyczewski et al., 2009). The progress of industries has led to increased 

emission of pollutants into ecosystems. Metals tend to accumulate in water, soil, air, plants 

and move up through the food chain. So, studies to ascertain the level of heavy metals in 

environment and determine potentially hazardous levels for human are necessary. 
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Abstract 

Content of total organic carbon (TOC) in the soil can be determined by different methods as titration method or 

colorimetric method. The objective of present study was to compare different methods for determination the 
content of total organic carbon in the soil with the different parameters of heating. Heating was with assistance 

of microwave oven and laboratory dryer (normal heating). Carbon content was determined in the soil sample in 

five parallel measurements. Analyzed soil samples were oxidized with chromo-sulfuric followed by titration with 

the Mohr's salt. For colorimetric method according to Rhiem and Ulrich with external heating (by laboratory 

dryer) was used modification method according to Azam and Sajjad with microwave oven heating. Heating the 

samples was at different parameters and by measurement of absorbance (optical density) after diluted at  

590 nm. Absorbance was measured by spectrophotometer Varian Cary 50. Results of present study demonstrate 

that it is more important to choose the appropriate method on the determination of total organic carbon. 

Microwave heating can replace heating in a conventional oven, because more heat leads to loss of carbon in the 

form of CO2. Microwave heating for 60 sec at 850 W is also a perfect replacement for other standard heating for 

oxidation (by laboratory dryer) in Tyurin and colorimetric method.  
 

Keywords:  

colorimetric method, titration method, soil, Tyurin method, total organic carbon 

 

INTRODUCTION 

 Quantification of soil organic matter is generally made by determining carbon content 

using dry or wet titration methods (Azam and Sajjad, 2005). Total organic carbon (TOC) is 

the carbon stored in soil organic matter (SOM). Organic carbon (OC) enters the soil through 

the decomposition of plant and animal residues, root exudates, living and dead 

microorganisms, and soil biota. SOM is the organic fraction of soil exclusive of 

nondecomposed plant and animal residues (Sparks, 2003). Nevertheless, most analytical 

methods do not distinguish between decomposed and non-decomposed residues. SOM is a 

heterogeneous, dynamic substance that varies in particle size, carbon content, decomposition 

rate, and turnover time. Soil Organic Carbon (SOC) is the main source of energy for soil 

microorganisms. The ease and speed with which SOC becomes available is related to the 

SOM fraction in which it resides (Sylvia et al., 2005). Content of total organic carbon in the 

soil can be determined by different methods, for example titration method or colorimetric 

method. According to Azam and Sajjad (2005) different labs have adopted methods by the 

needs and economic feasibility. Schumacher (2002) states that content of TOC can be 

measured directly or can be determined by difference if the total carbon content and inorganic 

carbon contents are measured. Prior to any analyses for TOC, the soil sample must be 

collected and properly handled (Schumacher, 2002). Some quantitation methods are based on 

titrations which rely on color changes of an indicator solution (Schumacher, 2002), as for 

example the titration method according to Tyurin in the modification Nikitina for determining 

the content of total organic carbon in the soil (Orlov and Grišina, 1981). Tyurin method is 

very often used to determine the content of TOC, because it is easy and cheap. Titration 

method uses different oxidizing solutions, digestion times, and temperatures to oxidize 

organic carbon (Bisutti et al., 2004). The oxidation is achieved by a mixture of dichromate 

and sulphuric acid (Schwartz, 1995) with or without heat (Bisutti et al., 2004). Heat can be 

mailto:michal.hudec@ukf.sk
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applied to accelerate and complete the reaction (Rosell and Gasparoni, 2001). The oxidation is 

based on the “Tyurin” method where the rest of the oxidant is detected, after reaction with the 

organic carbon. Temperature and heating time should be standardized (Nelson and Sommers, 

1996). One reason is thermal instability of the dichromate solution because the decomposition 

of the chromate in soil digests with chromic acid increases the apparent recovery of organic 

carbon (Bisutti et al., 2004). Using 135°C for 30 min controls the thermal decomposition of 

the chromate and permits a recovery of organic carbon near 100% (Heanes, 1984). According 

to Ciavatta et al. (1989), decomposition of dichromate is negligible where the temperature is 

kept at 160°C for no longer than 10 min. The disadvantage of this method is a time and 

economically consuming on the heating of soil samples in a laboratory dryer. Other ways to 

improve the recovery is to use microwave digestion (Tam and Yao, 1998). 

 In the colorimetric method to measure the absorbance of the Cr
3+

 complex (green color), 

generated during the oxidation of organic carbon (Ballesteros et al., 1997; Heanes, 1984). 

Rhiem and Ulrich (1954) proposed to measure optical density (absorbance) in the colorimetric 

method at 600 nm and Nelson and Sommers (1975) at 590 nm. Rhiem and Ulrich (1954) used 

to determine the content of total organic carbon of the colorimetric method and heating the 

samples for 90 min at 110°C in the laboratory dryer. Azam and Sajjad (2005) modified this 

method using the microwave oven instead of laboratory dryer. According to Azam and Sajjad 

(2005) heating with microwave oven for 60 sec can conveniently be adopted for routine 

analysis.   

 The objective of present study was to compare different methods for determination the 

content of total organic carbon in the soil with the different parameters of heating. Heating 

was with assistance of microwave oven and laboratory dryer (normal heating). 

 

MATERIAL AND METHODS 

 Soil used in the study was collected from meadow ecosystem on autumn in the year 2011 

in Kremnica Mountains. Soil was air-dried at room temperature and sieved (< 2 mm) sample 

was using standard procedures. Total organic carbon in the soil was determined by different 

methods with the different parameters of heating in the microwave oven and laboratory dryer.

 For titration method according to Tyurin in Nikitin modification (Orlov and Grišina, 

1981) soil samples were weighted according to the expected content of humus (Table 1).  

 

Tab. 1 Weight of soil for the analysis of titration method 

 

 

 

 

 

 

 

Analyzed soil samples were oxidized with chromo-sulfuric acid (c = 0.07 mol.l
-1

) 

followed by titration with the Mohr's salt (c = 0.1 mol.l
-1

) and calculation for carbon content 

as described by Orlov and Grišina (1981). Chromo-sulfuric acid with the concentration 

0.07 mol.l
-1 was prepared by dissolution of 20 g of potassium dichromate (K2Cr2O7) in 500 ml 

of deionized water and the slow addition at 500 ml of sulfuric acid (H2SO4).  

 

Expected content of humus in the 

soil  

[%] 

 

Weight of soil on the analysis 

 [g] 

> 10 0.05 

8 – 10 0.1 

6 – 8 0.15 

4 – 6 0.2 

2 – 4 0.25 

1 – 2 0.3 

< 1 0.5 
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For colorimetric method according to Rhiem and Ulrich (1954) with external heating (by 

laboratory dryer) was used modification method according to Azam and Sajjad (2005) with 

microwave oven heating. Rhiem and Ulrich (1954) proposed the use 1 g soil, 8 ml of 

concentrated H2SO4 and 5 ml
 
K2Cr2O7 with concentration 1 mol.l

-1
 (29.42 g/100 ml). Heating 

the samples was at different parameters, followed centrifuged sample and by measurement of 

absorbance (optical density) after diluted at 590 nm. Absorbance was measured by 

spectrophotometer Varian Cary 50. The soil samples were diluted to 50 ml
 
and centrifuged for 

10 min at 8000 rpm. Together with the soil samples were heated also with  

1 ml aliquots of glucose standard (1.25 g glucose on 100 ml and 1
 
ml

 
has 5 mg carbon). 

Carbon content was calculated with the method of least squares by the formulas:   
   

 
  

(x is of carbon content and y is the value of absorbance), while: 

 

   
∑     ∑   ∑    ∑   

    ∑      ∑   
   (1) 

 

     
    ∑    ∑     ∑  

    ∑      ∑   
   (2) 

 

These methods used different oxidizing solutions, digestion times, and temperatures to 

oxidize organic carbon. The recorded methods differ in the strength of the oxidant used. 

Heating the samples was at different parameters (Table 2). The soil samples were analyzed by 

diagram shown on the figure 1. 

 

Tab. 2 Description of the methods used 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 1 Procedure for determining TOC 

Different methods Type of 

method  

Heating Parameters of 

heating 

M1 

Titration 

method 

Laboratory 

dryer  

110°C/ 90 min 

M2 150°C/ 30 min 

M3 

Microwave 

oven 

850 W/ 60 sec. 

M4 850 W/ 90 sec. 

M5 600 W/ 60 sec. 

M6 600 W/ 90 sec. 

M7 

Colorimetric 

method 

Laboratory 

dryer 

110°C/ 90 min 

M8 150°C/ 30 min 

M9 
Microwave 

oven 

850 W/ 60 sec. 

M10 850 W/ 90 sec. 

M11 600 W/ 60 sec. 

Drying soil 
on the air 

Sieving Weight 

Oxidation with the heating 
in the laboratory dryer 

Oxidation with the heating 
in the microwave oven 

 

Oxidation with the heating 
in the laboratory dryer 

 

Oxidation with the heating 
in the microwave oven 

 

Measured of 

absorbance 

Titration  
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Descriptive statistics was calculated using STATISTICA software, which was used also 

for comparing of methods determine the content of total organic carbon in the soil by means 

of the parametric test (ANOVA – Tukey´s HSD test). 

 

RESULTS AND DISCUSSION 

 Carbon content was determined in the soil sample in five parallel measurements. Content 

of total organic carbon of soil determined by different methods is processed in the table 3. 

Carbon content in the soil measured by Tyurin method for 90 min at 110°C ranged between 

1.32 and 1.64% (M1) and at 150°C for 30 min was the content of carbon in the range from 

1.39 to 1.72% (M2) (Table 3).  

 

Tab. 3 Carbon content of soil determined by different methods in % 

Parallel 

measurements 

Titration method Colorimetric method 

normal 

heating 
microwave heating 

normal 

heating 

microwave 

heating 

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 

1 1.32 1.42 1.90 1.16 1.11 1.21 1.58 1.31 1.80 1.70 1.53 

2 1.41 1.61 1.88 1.05 1.18 1.15 1.53 1.56 1.76 1.51 1.65 

3 1.64 1.72 1.93 1.18 1.11 1.09 1.43 1.71 1.85 1.54 1.49 

4 1.47 1.39 1.92 1.10 1.12 1.09 1.66 1.85 1.70 1.40 1.52 

5 1.53 1.59 1.95 1.03 1.00 1.02 1.48 1.81 1.87 1.38 1.87 

M1 to M11 – Different methods determine carbon content of soil 

 

The minimum content of TOC was obtained by heating in microwave oven by methods 

M5 and M6 at 600W (Table 4). In the case of methods M5 and M6 the heat of reaction was 

insufficient for the complete oxidation of organic carbon. The method of oxidation by Tyurin 

using microwave oven (method M4) at 850 W for 90 sec is also unsuitable for this use, 

because high temperature leads to loss of carbon in the form of CO2. 
The highest average value the content of total organic carbon was determined by the 

method of Tyurin (titration method, M3) by heating in microwave oven (for 60 sec at 850 W), 

when   ̅= 1.916 (Table 4). This method is not substitutable by any other method according to 

the parametric test (Table 6).  

 

Tab. 4 Descriptive Statistics 

 

 

 
N Average Std. Deviation Minimum Maximum 

Percentiles 

25th 50th (Median) 75th 

M1 5 1.474 0.12095 1.32 1.64 1.365 1.47 1.585 

M2 5 1.546 0.13831 1.39 1.72 1.405 1.59 1.665 

M3 5 1.916 0.02702 1.88 1.95 1.890 1.92 1.940 

M4 5 1.104 0.06580 1.03 1.18 1.040 1.10 1.170 

M5 5 1.104 0.06504 1.00 1.18 1.055 1.11 1.150 

M6 5 1.112 0.07155 1.02 1.21 1.055 1.09 1.180 

M7 5 1.536 0.08905 1.43 1.66 1.455 1.53 1.620 

M8 5 1.648 0.21959 1.31 1.85 1.435 1.71 1.830 

M9 5 1.796 0.06877 1.70 1.87 1.730 1.80 1.860 

M10 5 1.506 0.12837 1.38 1.70 1.390 1.51 1.620 

M11 5 1.612 0.15659 1.49 1.87 1.505 1.53 1.760 
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The choice of methods for determination of total organic carbon is very important which 

was confirmed by the values of significant level (ANOVA test) in the table 5. We found that 

between methods (M1, M2, M7 and M8) for the determination of TOC content it is no 

difference (p = 0.313). No difference was observed also between methods (M7, M8, M9, M10, 

M11), where p = 0.065 (Table 5). 

 

 Tab. 5 Analysis of variance of selected methods (ANOVA) 

 

 

 

 

 

 

 

 

 
 *p< 0.05    **p< 0.01 

 

Variance analysis between methods of determination of TOC is processed in the table 6. 

Using Post Hoc Test in ANOVA (Tukey´s HSD test) we found that both methods (M1 and 

M2) have comparable results p = 0.997, so between classical titration methods with oxidation 

in the laboratory dryer (heating at 110°C and 150°C) it is no significant difference. No 

significant difference was found between methods M4 and M5, M4 and M6 as well as between 

methods M5 and M6. 

 
 

Tab. 6 Testing of contrast between titration methods of TOC determination (Tukey´s HSD 

test) 

 M1 M2 M3 M4 M5 M6 

M1  0.997 0.000
**

 0.001
**

 0.001
**

 0.001
**

 

M2   0.001
**

 0.000
**

 0.000
**

 0.000
**

 

M3    0.000
**

 0.000
**

 0.000
**

 

M4     1.000 1.000 

M5      1.000 

M6       
**p< 0.01      *p< 0.05      

 

We observed that between colorimetric methods with different heating parameters (M7 

and M8) were comparable p = 0.919 (Table 7). Statistical significant difference was found 

between methods M7 and M9 (p = 0.048) as well as M9 and M10 (p = 0.017) on the significant 

level α = 0.05 (Table 7). 

 

Tab. 7 Testing of contrast between colorimetric methods of TOC determination (Tukey´s 

HSD test) 

 M7 M8 M9 M10 M11 

M7  0.919 0.048
*
 1.000 0.995 

M8   0.682 0.732 1.000 

M9    0.017
*
 0.378 

M10     0.942 

M11      
**p< 0.01      *p< 0.05    

Statistic between methods Test statistics Significant level 

M1 to M11 26.433 0.000** 

M1, M2, M3, M4, M5, M6 71.482 0.000** 

M3, M4, M5, M6 265.500 0.000** 

M7, M8, M9, M10, M11 2.739 0.065 

M9, M10, M11  6.376 0.022* 

M1, M2, M7, M8 1.323 0.313 

M3, M4, M5, M6, M9, M10, M11 66.182 0.000** 
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Classical methods of chemical oxidation for TOC determination are widespread in soil 

analysis. Titration methods are simple and also fast and use of microwave oven on the 

oxidation will accelerate these analyzes. Conversely, the colorimetric method is more difficult 

on the time and the quantity of chemicals. 

 
CONCLUSION 

The results of present research proved that which the microwave heating we get the 

highest average value of total organic carbon content. Microwave heating can replace heating 

in the laboratory dryer, because longer heating in the laboratory dryer (heating at 110°C for 

90 min. and 150°C for 30 min.) leads to loss of carbon in the form of CO2. Microwave 

heating for 60 sec at 850 W is also a perfect replacement for other standard heating for 

oxidation in Tyurin and colorimetric method. Tyurin method needs the laboratory dryer for 

oxidation. The use of this method leads to significant reduction in time, cast and to obtaining 

the maximum amount of total organic carbon. Results of present study demonstrate that it is 

more important to choose the appropriate method for the determination of total organic 

carbon. 
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Abstract 

To assess the dynamics of inorganic nitrogen content were the soils samples collected in the autumn 2011 and 

spring 2012 of andosols soil profile in the Central part of Slovakia on the neovulcanites of Kremnické vrchy Mts. 

and Štiavnické vrchy Mts. Soils sample for analysis were collected from of mowing and xerothermic meadows. 

We determined the contents of inorganics nitrogen forms in 1 % solution of K2SO4, by using the color method. 

Changes in inorganic nitrogen forms were observed in connection with several variables as the sampling depth, 

seasonal changes, land use, climate changes and conditions. The higher contents of inorganic nitrogen forms 

were determined in the spring (April 2012), the average content of ammonium nitrogen (N-NH4
+) was  

56,66 mg.kg-1 and the average content of nitrate nitrogen (N-NO3
-) was 6,48 mg.kg-1. The values of active soil 

reaction have a significant effect on the values of exchange soil reaction (r = 0,585), also to the ammonium 

nitrogen content (r = -0.609) and nitrate nitrogen content (r = -0.666) on the significant level α = 0.01. 

Statistically significant effect on the nitrate nitrogen content has content of ammonium nitrogen in the soil on the 

significant level α = 0.01 (r = 0.604). 

Keywords 

soil. andosols. ammonium nitrogen. nitrate nitrogen. Kremnické vrchy Mts. Štiavnické vrchy Mts. 

INTRODUCTION 

Xerothermic biotopes were regarded as insignificant areas necessary to be cultivated by 

ploughing and changing to arable land (David et al., 2007). According to Cwener and Tracz 

(2011) xerothermic habitants are characterised by unique microclimatic conditions: high 

temperatures of soil and air, the great solarisation and low humidity. The primary factor of the 

origin and occurrence of xerothermic biotopes in Slovakia is the position of the landscape on 

the border of two biogeographical regions and second factor are substratum-

geomorphological conditions. The third, in many cases the basic one, is the activity of people 

(David et al., 2007).  Areas covered with xerothermic vegetation are small but their 

biodiversity is considered as large, what is more, they are refuges of rare, endangered and in 

many cases medical plants (Cwener and Tracz, 2011). According to Czarnecka (2008) 

xerothermic grasslands are one of the most species-rich habitats, both on a small spatial scale 

(less than 1 m
2
), and on a large, habitat scale. Great importance has mown meadow that serves 

as a tract of grassland used for pasture or serving as hay. 

Inorganic nitrogen primarily occurres in soil as the ammonium ion (NH4
+
) and the nitrate 

ion (NO3
-
) and represents less than 0.5 – 5 % of the total nitrogen in a typical soil (Bielek, 

1998). According to Harmsen and Kolenbrander (1965) soil inorganic nitrogen is commonly 

less than 2% of the total nitrogen of surface soils and undergoes rapid changes in composition 

and quantity. Detectable inorganic nitrogen forms in soil are nitrate, nitrite, exchangeable and 

fixed ammonium, nitrogen (N2) gas, and nitrous oxide (N2O gas) (Young and Aldag, 1982). 

Most of the nitrogen found in soil originated as N2 gas and nearly all the nitrogen in the 

atmosphere is N2 gas. This inert nitrogen cannot be used by the plant until it is changed to 

ammonium (N-NH4
+
) or nitrate (N-NO3

-
) forms inorganic nitrogen (Provin and Hossner, 

2001). According to Hudec et al. (2012) was in autumn an increased content of nitrate 

nitrogen in the soil compared to the spring period and a decrease of ammonium nitrogen, 

probably due to the transformation of the stationary form N-NH4
+
 on mobile form N-NO3

-
. 

Nitrate and exchangeable ammonium are important in plant nutrition. The other forms are 

mailto:michal.hudec@ukf.sk
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generally not available for plant nutrition (Young and Aldag, 1982). The deposition of 

nitrogenous pollutants has serious implications for ecosystem function and stability (Padgett 

et al., 1999). The rate-controlling step in nitrogen mineralization is the conversion of organic 

nitrogen into ammonium. The conversion of ammonium into nitrate is a rapid step as a result 

ammonium generally does not accumulate in well-drained mineral soils (Dahnke and Vasey, 

1973). Due to soil management and climate conditions the content of nitrate nitrogen 

decreases leaching. In the soil is the ideal state excess of nitrates in compared to the 

ammonium form of nitrogen because plants accept the mobile form of inorganic nitrogen 

(Hudec et al., 2012). 

Inorganic nitrogen varies widely among soils, with climate, and with weather. In humid, 

temperate zones, soil inorganic nitrogen in surface soil is expected to be low in winter, to 

increase in spring and summer, and to decrease with fall rains, which move the soluble 

nitrogen into the depths of the soil (Harmsen and Kolenbrander, 1965).  

The aim of this study was to review the influence of various environmental factors on the 

dynamics of inorganic nitrogen forms in the central Slovakian neovulcanites. 

MATERIAL AND METHODS 

Soil samples were taken in Kremnické vrchy Mts. and Štiavnické vrchy Mts. on the 

xerothermic biotopes and on the meadows in which we have identified Eutric Andosols soil 

types on volcanic rocks with volcanic glass in the autumn (October, 2011) and spring (April, 

2012) season (Fig. 1). Substratum of neovolcanic rocks in the central area of Slovakia are 

andesites and their epiclastics. The geological footwall of the monitored areas consists of lava 

flows amphibole-pyroxene andesites belonging to the groups of differentiated andesites, dacit 

vulcanite volcano-tectonic depression neovolcanites of Central Slovakia (www.geology.sk). 

At the sampling of soil samples basic data on soil probe have been reported (Tab. 1). 

 

 

Fig. 1 Localization of andosols soil type (Source: Hudec, 2013) 

http://www.geology.sk/
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Tab. 1 Characteristics of sampling sites of soil samples 
Localization 

of Andosols 
Altitude     
[m n. m.] 

Orientation Exploitation 
Slope of 

relief 

Outflow 

conditions 
Geomorphological division 

P1 944 west 
xerothermic 

meadows 
12° - 17° poor outflow 

Kunešovská 
hornatina Kremnické 

vrchy Mts. 
P2 532 southwest 

xerothermic 
meadows 

≥ 25° poor outflow 
Flochovský 

chrbát 

P3 1002 southeast 
mown 

meadows 
12° - 17° 

medium 
outflow Sitnianska 

vrchovina 
Štiavnické vrchy 

Mts. 
P4 911 east 

mown 
meadows 

7° - 12° 
medium 
outflow 

 

Tab. 2 Climatic data of territories from October 2011 to April 2012 (SHMÚ, 2012) 

 

Nitrate (N-NO3
-
) and ammonium (N-NH4

+
) nitrogen in the soil was extracted from 20 g 

dry soil by adding 100 ml 1 % solution of potassium sulphate (K2SO4) and shook on a shaker 

for 30 minutes. In principle the determination of ammonium nitrogen is reaction 20 ml soil 

extract with 5 ml Nessler solution and 2 ml 10 % solution sodium potassium tart rate 

(Seignette's salt) to form yellow colour that is proportional to ammonia concentration. 

Solution is made up to volume 100 ml and the absorbance is measured at 410 nm. The nitrate 

nitrogen was determined after evaporation 20 ml soil extract in the laboratory dryer at 150 °C. 

To the evaporation residue was added 3 ml acid phenoldihydrosulphide, 10 ml of deionized 

water and titrated with 6 mol.l
-1

 ammonium hydroxide. Solution is made up to volume 100 ml 

and the nitrate nitrogen is determined at 420 nm (Tobiášová et al., 2011; Kováčik, 1997). 

Absorbance was measured by spectrophotometer Varian Cary 50. The active (pHH2O) and 

exchange (pHKCl) reaction in the soil were determined potentiometrically (1:2.5 soil/solution 

ratio) and we proceeded by Fiala et al. (1999).  

The contents of inorganic nitrogen forms were evaluated in tables, figures, and 

statistically. Because the set of values had not normal distribution, we used Wilcoxonov Test 

and Spearman´s correlation coefficient to determinate the correlation between of monitored 

chemical factors in the soil (Program IBM SPSS Statistics).  

 

RESULTS AND DISCUSSION 

On the content of inorganic nitrogen forms in the soil affect climate change, vegetation as 

well as land use. Seasonal dynamics of inorganic nitrogen and of soil reaction in the andosols 

soil type is processed in the table 3.  

The average content of nitrate nitrogen (N-NO3
-
) in the soil during the monitored 

vegetation periods was 5.86 mg.kg
-1

, which is 14.1 % from total inorganic nitrogen (Tab. 4). 

The interval of content on the autumn 2011 for nitrate nitrogen was 2.7 – 14.4 mg.kg
-1

 and on 

the spring 2012 was between 4.3 – 10.2 mg.kg
-1

 (Tab. 3). The effect of climatic conditions 

during the vegetation period has shown different values of nitrate nitrogen in monitoring 

depths of soil samples takings (Tab. 3). According to Suchorukova et al. (1989) and Smatana 

(2002) for more soil types is regular that the deeper soil contents higher ammonium nitrogen 

and the lower values of nitrate nitrogen (Tab. 3). In the soil was detected dominance of 

ammonium nitrogen on the autumn 2011 as well as on the spring 2012. 

 

 

Sites of soil 
sampling 

Climate 
location 

Average 
temperature 

Rainfall 
Amount of snow 

cover 

P1 Kr mni ké B n  -0.03 °C 375.1mm 150.2 cm 

P2 Ži r n d 
Hronom 

3.9  °C 208.9 mm 20.9 cm 

P3 and P4 B n ká Š i vni   2.8 °C 274.2 mm  48.4 cm 
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Tab. 3 Content of inorganic nitrogen in the andosols soil type and value of soil reaction 

Sites of 

soil 

sampling 

Depth of 

soil 

sampling 
[m] 

Autumn 2011 Spring 2012 

pHH2O pHKCl 
N-NH4

+
 N-NO3

-
 Nin 

pHH2O pHKCl 
N-NH4

+
 N-NO3

-
 Nin 

mg.kg-1 mg.kg-1 

P1 

0.0 – 0.6 5.1 3.7 43.8 14.4 58.2 4.9 3.8 133.4 7.4 140
.8 

0.6 – 0.9 4.9 3.7 51.7 6.0 57.7 4.7 3.8 49.2 6.5 55.
7 

0.9 – 0.2 5.8 4.2 4.1 3.8 7.9 5.4 3.9 46.0 4.3 50.
3 

0.2 – 0.5 6.3 4.5 5.6 3.1 8.7 5.6 4.3 50.6 4.4 55.
0 

P2 
0.0 – 0.3 5.5 4.5 6.9 3.3 10.2 5.5 4.4 39.0 5.0 44.

0 
0.3 – 0.5 5.7 4.3 6.0 2.7 8.7 6.0 4.7 44.4 4.4 48.

8 

P3 

0.0 – 0.5 5.5 4.6 21.9 6.0 27.9 5.5 4.6 88.8 9.4 98.
2 

0.5 – 0.4 5.4 4.1 11.2 3.9 15.1 5.4 4.5 22.7 8.2 30.
9 

0.4 – 0.6 5.5 4.4 4.4 5.2 9.6 5.5 4.5 41.8 5.4 47.
2 

P4 

0.0 – 0.7 5.4 4.5 15.8 5.3 21.1 5.3 4.4 83.3 10.2 93.
5 

0.7 – 0.5 5.7 4.2 3.8 4.4 8.2 5.3 4.3 39.8 6.9 46.
7 

0.5 – 1.0 6.7 4.8 1.7 4.7 6.4 5.5 4.6 40.9 5.7 46.
6 

Average 5,6 4.3 14.74 5.23 19.9 5.4 4.3 56.66 6.48 63.

1 pHH2O – active soil reaction, pHKCl – exchange soil reaction, N-NH4
+ – ammonium nitrogen, N-NO3

- – nitrate 

nitrogen, Nin – inorganic nitrogen 

 

Ammonium nitrogen (N-NH4
+
) averaged 35.7 mg.kg

-1
, which is 85.9 % from inorganic 

nitrogen content (Tab. 4). The interval of content on the autumn 2011 for nitrate nitrogen was 

in the interval of 1.7 – 51.7 mg.kg
-1

 and on the spring 2012 between 22.7 – 133.4 mg.kg
-1

 

(Tab. 3). The low rate ammonium nitrogen in the soil was measured in the autumn 2011. The 

high average content of nitrate nitrogen was found in the spring.  

Bielek (1998) explain he high content of nitrate nitrogen in the soil from March to April 

as a result of increased activity of mineralization and nitrification and also insufficient income 

through the plants. He explains the depression from May to July with the high intake by the 

plants and deficiency of humidity for nitrification processes, and rising of nitrate nitrogen 

content in August to October he explains as the effect of improved humidity conditions, 

mineralization of post harvest residues and inferior or no nitrogen take-off by plants. 

From the statistical results of the content of ammonium nitrogen in the soil, high 

significant effect growing season, when p = 0.003 (significant level α = 0.01). The growing 

season has effected on the content of nitrate nitrogen on the significant level  

α = 0.05 (p = 0.034). The seasonal changes do not affect the values of soil reaction (p = 0.262 

for pHH2O and p = 0.856 for pHKCl) (Tab. 5). 

 

 
Tab. 4 Basic statistical characteristic of measured variables (Autumn 2011/Spring 2012) 

 

 

pHH2O – active soil reaction, pHKCl – exchange soil reaction, N-NH4
+ – 

ammonium nitrogen, N-NO3
- – nitrate nitrogen, Nin – inorganic nitrogen 

 

 pHH2O pHKCl N-NH4
+
 N-NO3

-
 Nin 

Count 24 24 24 24 24 

Average 5.504 4.304 35.700 5.858 41.558 

Standard deviation 0.413 0.225 13.948 3.018 14.730 

Standard error 0.084 0.046 2.847 0.616 3.007 

Min 4.7 3.7 1.7 2.7 6.4 

Max 6.7 4.8 133.4 14.4 140.8 

Coefficient of variation  7.51  % 5.24 % 39.07 % 51.51 % 35.45 % 
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Tab. 5 Comparison of values of chemical factors between the seasons  

 

 

 

 

 
 

 **p < 0.01 and *p < 0.05 

 

 On the changes of ammonium and nitrate nitrogen content have an impact also sites of 

soil sampling, as indicated by table 6. In this the climate zone was andosols soil type located 

at mowed meadows. In the case of climate location Banská Štiavnica we found a significant 

difference between content of inorganic nitrogen forms on the autumn 2011 and spring 2012 

(p = 0.028) on the significant level α = 0.05.  

 

 
Tab. 6 Comparison of values of chemical factors depending on location of andosols soil type 

*p < 0,05   pHH2O – active soil reaction, pHKCl – exchange soil reaction, N-NH4
+ – ammonium nitrogen, N-NO3

- – 

nitrate nitrogen, Nin – inorganic nitrogen 

 

Therefore, we assessed also the effect of land use on values changes of soil chemical 

factors, as ammonium nitrogen content, nitrate nitrogen content and values of soil reaction 

(Tab. 7). We found a significant effect of land use on the season change of ammonium 

nitrogen content for the mowed meadows (p = 0.028) and for the xerothermic meadows  

(p = 0.046) on the significant level α = 0.05 (Tab. 7). In the case of nitrate nitrogen content, 

we found a significant difference only on the mowed meadows when p = 0.028 on the 

significant level α = 0.05 (Tab. 7). 

 

 
Tab. 7 Effect of land use on values changes of soil chemical factors 

 pHH2O pHKCl N-NH4+ N-NO3- Nin 
mown meadows 0.109 0.680 0.028

* 0.028
* 0.028

* 
xerothermic meadows 0.893 0.916 0.046

* 0.343 0.046
* 

*p < 0,05  pHH2O – active soil reaction, pHKCl – exchange soil reaction, N-NH4
+ – ammonium nitrogen, N-NO3

- – 

nitrate nitrogen, Nin – inorganic nitrogen 

 

The dependence of inorganic nitrogen to values of active and exchange soil reaction is 

indirect and linear (Fig. 2, 3). The high values of active soil reaction cause the lower content 

of inorganic nitrogen in the soil (R
2
 = 0.3028) (Fig. 2). This also applies to exchange soil 

reaction in the soil (Fig. 3). 

 

 

pHH2O – active soil reaction 0.262 

pHKCl – exchange soil reaction  0.856 

N-NH4
+ 

– ammonium nitrogen 0.003
** 

N-NO3
- 
– nitrate nitrogen 0.034

* 

Nin – inorganic nitrogen 0.003
** 

Sites of soil sampling Climate location pHH2O pHKCl N-NH4
+ N-NO3

- Nin 
P1 Kremnické Bane 0.317 0.655 0.180 0.157 0.180 
P2 Žiar nad Hronom  0.715 0.461 0.144 0.713 0.144 
P3 and P4 Banská Štiavnica 0.109 0.680 0.028* 0.028* 0.028* 
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Fig. 2 The relationship between of inorganic nitrogen content and active soil reaction 

 

 

 

 
Fig. 3 The relationship between of inorganic nitrogen content and exchange soil reaction 

 

 

The correlation relationships between monitored a chemical factors in the andosols soil 

type is evident (Tab. 8).   

We used the values of chemical parameters, which were measured in the autumn (2011) 

and spring (2012). From the statistical results of the active soil reaction in the soil, the 

statistically high significant effect (significant level α = 0.01) (Tab. 8). 

 

 
Tab. 8 The correlation relationships between chemical factors in the andosols soil type 

**p < 0,01  pHH2O – active soil reaction, pHKCl – exchange soil reaction, N-NH4
+ – ammonium nitrogen,  

N-NO3
- – nitrate nitrogen, Nin – inorganic nitrogen  
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 pHH2O pHKCl N-NH4+ N-NO3- 
pHKCl 0.585**    

N-NH4
+ -0.609** -0.248   

N-NO3
- -0.666** -0.700 0.604**  

Nin -0.679** -0.293 0.982** 0.694** 
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We found a significant effect of active soil reaction on the values of exchange soil 

reaction (r = 0.585), also to the ammonium nitrogen content (p = -0.609) and nitrate nitrogen 

content (r = -0.666) on the significant level α = 0.01 (Tab. 8). Statistically significant effect on 

the nitrate nitrogen content had content of ammonium nitrogen in the soil on the significant 

level α = 0.01 (r = 0.604). 

CONCLUSION 

It is very important monitored the dynamics of inorganic nitrogen forms in the soil of 

meadow ecosystems and to understand the impact of various environmental factors affecting 

the changes of ammonium and nitrate nitrogen contents. Effect of land use on values changes 

of inorganic nitrogen forms was no detected at the nitrate nitrogen content in the soil. We 

found a no significant effect of land use on the season change of nitrate nitrogen content on 

the xerothermic meadows (p = 0.343). Statistically significant effect on the nitrate nitrogen 

content had content of ammonium nitrogen in the soil on the significant level  

α = 0.01 (r = 0.604). On the basis p values, the more the content of ammonium nitrogen 

influences more of nitrate nitrogen content. Changes in inorganic nitrogen forms were 

observed in connection with several variables as the sampling depth, seasonal changes, and 

land use and depending on location of andosols soil type. 
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Abstract 

Nowadays cities are growing intensively. It is mostly due to expansion of housing development as a result of 

rapid growth of population as well as increasing urban demands regarding to technical progression and also 

increasing requirements on living standards in the city.These aspects refer to area script-scene of the land in 

aim to build green areas as well as to devastation already existing green areas. Importance of green areas in the 

city is significant. Vegetation areas pursue several functions which influence the quality of urban life. In 

particular significant functions of green spaces are- hygienic, aesthetic, architectonic, social or microclimatic 

function. Research of impact of structure of vegetation area on microclimatic conditions should bring in the 
future conceived offer of how to plant and how to interfere with existing urban vegetation. Nitra is the regional 

capitals. Besides one's socio-economic function, is also an important historical center of Slovakia with potential 

for development in all sectors directly or indirectly related to environmental quality. 
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INTRODUCTION 

Monitoring of air temperature in urban environment refers since the year 1883. Authors 

Peppler (1929), Schmidt (1932), Grunow (1932) recorded the air temperature in different 

parts of urban environment. Recorded temperature differences in Vienna and in Berlin 

reached 5 to 7 ºC (Pauditšová, 2010). According to Lambin-Gheist, (2006) monitoring of 

climate of the cities is an actual topic in the field of climatology.75 % of the population live in 

urban areas in developed countries. According to Solomon et. al., (2007) frequency and 

intensity of extreme weather can by one of the reason of climate change.Forming of 

temperature conditions in urban agglomerations is related to specific characteristic of urban 

build up area, as one of the type of active surface comparing to open country (Čaboun, 2008). 

By Voogt, (2003), in urban build up area there is a change of geometry of active surface. 

Expansion of active surface area and predominance of vertical orientated surface is also 

significant. These aspects lead to rising of quantity absorbed shortwave radiation and to its 

numerous reflections.  

 

Influence of vegetation areas on microclimatic factors 

The urban form, characterized by its built environment, surface roughness, urban 

geometry, ground surfaces and properties of the surface materials can alter the urban 

microclimatic profile and influencing the climatic elements (Wardoyo, 2011).  

 

Relative air humidity and vegetation 

If water-level evaporation represents 100%, then evaporation from the same vegetation 

area of diversified plants represents more than 87%. In extremely hot summers is daily 

evaporation of hard surface 0, 47 mm and evaporation of well-kept lawn 2, 15 mm 

(Pauditšová, 2010). Increasing of relative humidity under site cover occurs as a result of 

decreased temperature, transpiration of plants and preclusion of airflow, which keeps in the 

air the humidity. Greater difference is under foliose timber species than under coniferous 

timber species. Growing air humidity reduces effect of solar radiation. Site cover increases 

relative air humidity comparing to hard surface between 18-22 %. This influence testifies to a 
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distance of 10 to 12 times of high of vegetation. Measurements confirmed, that in parks is 

during the day higher air-humidity by 5-10% comparing to densely build-up area. In the 

evenings differences of relative air-humidity are increasing to 20%. 

 

Air temperature and vegetation  

In continues urban build-up area quantity of heat incident on the surface of body is 

multiple times higher than in the middle of park vegetation. Inside of the city it is  

3, 8 J/min/cm² and in the park only 0, 4 J/min/cm² (Reháčková - Pauditšová, 2006). In urban 

area is large concentration of surfaces with fast overheating and large heat capacity. It causes 

accumulation of heat in city background (Hudeková, 2012). Temperature of active surface 

directly influences temperature conditions in ground and boundary atmospheric layer 

(Středová, et., al., 2011). Different thermal properties of active surface of various material 

leads into increased absorption of heat in the period of positive energy balance. As a result of 

this modification build-up area of the city can be warmer than surrounding land. Oke, (1997) 

specified the temperature conditions of build-up areas that are related to albedo of build-up 

areas and to atmospheric pollution.  

 

Solar radiation and vegetation 

Tree vegetation for the use of light energy for photosynthesis 2%, 60-80% is absorbed by 

leafs, 5-15% is reflected to space, the rest penetrate through leafs. Certain quantity of 

absorbed radiation is used for heating of individual parts of the tree. Sparse trees capture 60-

80% of solar radiation. Solar radiation penetrates only 2-3% through trees with rich treetops 

(Reháčková - Pauditšová, 2006).   

Difference between absorbed and exposed heat is albedo. Comparing to hard surface, 

albedo value of plants is higher. Heat balance also affects the degree of transparency of 

vegetation. Transparency of vegetation is given by density of treetop, by size of leafs and 

orientation of leafs to solar radiation (Reháčková - Pauditšová, 2006). Wagner, (1982) defines 

averages values of albedo of different types of active surface (Tab. 1). 

 

Tab. 1 Average values of albedo of different types of surface 

Type of active surface Albedo (average value) 

Building material 4 - 10 

Grassy area 20 - 25 

Coniferous forest 6 - 19 

Foliose forest 18 - 30 

Soil 8 - 15 

 

Airflow and vegetation 

The local airflow occurs by its different heating over a build-up area, an open land and a 

vegetation area. The local airflow supports air filtration in city structures and in industrial 

agglomerations. Well placed green lines in urban cities can significantly reduce unwanted 

airflow in form of gusty winds and thereby prevent soil erosion and influence variable 

changes of thermal conditions (Kavka - Šindelářová, 1978). 

 

METHODS 

Mode of surface temperatures in urban and suburban land can be defined with surface 

thermal monitoring. Satellite and aerial thermal monitoring is used in the study of landscape 

and environment in the long term. Temporal and spatial variability of temperature conditions 

in urban environment can be analyzed at different levels, depending on using source of data.In 

our conditions, these resources are mostly standard meteorological measurements, there in 
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dedicated network stations (Slovak hydro-meteorological institute), mobile measurement, or 

often also methods of Distance research of Earth. Nowadays there are several satellite systems 

providing thermal images. According to Dobrovolný, (2011), these systems differ in purpose 

of use in various applications by the number of sensed thermal zones, temporal and spatial 

resolving capability. For the purposes of urban climate research are efficient images from 

satellite Landsat (ETM + radiometer) as well as images from radiometer ASTER which is 

based on satellite Terra. Valuable data source in study of urban climate are images from 

radiometer MODIS. These images are limited in spatial resolving power by one kilometer.  

 

Research areas  

Housing estate Chrenová 1 started up between 1964 and 1968 as a response to economic 

growth of Nitra and its industry development. These aspects have led to new town planning 

scheme and also to new construction on periphery of the city of Nitra. Housing complexes A, 

B, C are part of the first construction on Chrenová 1. There are housing complexes with 

meander structure and 4 floors.This layout allowed the allocation of block areas with 

vegetation area near the building (Jarabica, 2011). Main goal of methodological steps is to 

monitor influence of vegetation structure on microclimatic conditions. In housing complexes 

A, B, C, have been selected research areas A1, A2, B1, B2, C1, C2 (Map 1). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 1 Research areas – Chrenová 1 (A1, A2, B1, B2, C1, C2)                                                                                                                   
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Inventory of woody spaces on vegetation areas according to (Machovec, 1987) 

On research areas A1, A2, B1, B2, C1, C2 has been observed following vegetation features:  

1. Trunk circumference of 1.3 meters above the ground 

2. Height of wood (m) 

3. Average width of treetop (m) 

4. Health 

In terms of sanitary and microclimatic function of selected vegetation areas there has been 

analyzed this structural characteristics: 

1. Texture of leaf area – arrangement of surface parts and details of observed surface 

features this texture can be distinguished:   

a) thick (hard); b)light (free); c) heavy (tight); d) soft and its combination  

2. Height (m) – current height (m) 

Tree- to 3m; 3.1 - 5m; 5.1 - 10m; above 10.1 m 

Bush- to 0.5m; 0.6 – 1.5m; 1.6 - 2.5m; above 2.6m 

Herb- to 0.3m; 0.4 – 0.6 m; above 0.7 m 

3. Leaf surface  – texture and protective elements 

a) fuzzy; b) smooth; c) wrinkled; d) sticky; e) rough; f)  with wax film; g) coniferous;  

h) soft 

4. Stamina of leafs 

a) deciduous; b) evergreen 

5. Surface bark- texture of bark 

a) fissured;  b) deep-fissured;   c) shallow fissured;   d) smooth 

6. Shape of treetop – the ratio between height and width, topography 

treetop: a) conical;   b) cylindrical;   c) spherical;   d) oval;   e) weeping;   f) umbrella;  

g) bizarre;    h) ovoid;     i) vase;   j) columned 

bush top: a) spherical;  b) hemispherical;  c) conical;  d) weeping; e) spreading; f) 

upward;   g) upright,   h) procumbent;   i) creep;   j) bizarre;   k) coiled;  l) climbing 

 

Analysis of characteristics of selected model of vegetation  (Rózová – Halajová, 2003): 

1. Foliation 

Three-foliation – trees-shrubs-herbs 

Bilayer-foliation – trees-shrubs, trees-herbs, shrubs-herbs 

Single-foliation – trees, shrubs, herbs 

2. Species diversity - the number of species in the area 

3. Involvement - overlapping of vegetation parts 

Treetops - above 80%; 50-79%; less than 49% 

Bushtops - above 80%; 50-79%; less than 49% 

Parts of herbs above the ground - above 80%; 50-79%; less than 49% 

4. Percentage of : 

Trees:  a) 0-19%, b) 20-39%, c) 40-59%, d) above 60% 

Bushes: a) 0-19%, b) 20-39%, c) 40-59%, d) above 60% 

Plants: a) 0-19%,   b) 20-39%, c) 40-59%, d) above 60% 

Analysis of relations with surrounding (Rózová – Halajová, 2003) 

- relations on surrounding, connection of vegetation in site and in surrounding 

landscape: 

1. Area of vegetation formation (m²) 

a) above 2 ha    b) 0.5-2ha   c) to 0.5 ha 

2. Layout and continuity of vegetation in city structure and in landscape 

- connection of vegetation on other vegetation formation in site or in surrounding area 

a) continual vegetation in site and in landscape 
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b) continual vegetation in site or in landscape 

c) vegetation without continuity in site or in landscape 

Microclimate monitoring using Anemometer TSI Veloci Cale 

Measuring microclimatic factors: 

1. Air-temperature 

2. Surface-temperature 

3. Air-flow 

4. Relative air-humidity 

5. Velocity of air 

6. Dew point 

Monitoring of microclimatic factors in research areas proceeded 8 days in a month: 

1. One hour after sunrise 

2. In the noon 

3. One hour after sunset 

Places of measuring: 

1. In vegetation 

2. On hard surface 

3. In distance of 1 m from house 

Measurement points were chosen on the basis of assumed differences of measured values 

depending on type of surface. 

1. Vegetation- in summer time vegetation carries function of heat stabilizer. Vegetation 

areas also do not accumulate heat and during assimilation their temperature equalizes 

with air-temperature, or more precisely decreases under this temperature. As a result is 

reduction of maximum ofday temperature in vegetation comparing to surrounding 

landscape. 

2. Hard surface – (road communication separating vegetation area from the housing 

area).Overheating of asphalt area and radiate heat exchange plays significant role in 

summer times. During the day, hard surface absorbsmuch more of thermal energy as 

plants (for example asphalt absorbs 75-90% of solar radiation). 

3. In distance of 1 m from building - From aspect of formation of microclimatic 

parameters building is significant active surface. Different thermal characteristics of 

active surfaces of different type of material lead to increased absorbing of heat in time 

of positive energy balance. Difference in structure of vegetation between research 

areas (in distance of 1 m) and building (garden, grass, tree vegetation) is also a 

significant factor. Radiation of heat from building and lighting of housing units 

influences woody species.  

Average of measured values in the spring period 

Measuring of microclimatic factors in research areas started up in March 2013. In tables 

2-5 are the preliminary results of measuring in months March and April for measurement 

point – vegetation area in the noon. Denoted are maximum and minimum values. 

 

Tab. 2 Average values in March, areas A1, B1, C1 

AREA TIME VEL FLOW T H Tsurface ORIENTATION 

A1vegetation in the noon 0.648 5.099 5.20 47.68 4.89 south-west 

B1vegetation in the noon 0.615 4.83 4.85 49.51 5.01 south-west 

C1vegetation in the noon 1.517 11.92 4.15 49.95 4.39 south-west 
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Tab. 3  Average values in March, areas A2, B2, C2 

AREA TIME VEL FLOW T H Tsurface ORIENTATION 

A2vegetation in the noon 0.644 5.05 4-.45 50.11 4.60 north-east 

B2vegetation in the noon 1.035 8.13 5.02 47.63 5.25 north-east 

C2vegetation in the noon 0.823 12.93 4.92 49.25 5.70 north-east 

 

Tab. 4  Average values in April, areas A1, B1, C1 

AREA TIME VEL FLOW T H Tsurface ORIENTATION 

A1vegetation in the noon 0.803 6.32 17.46 45.66 17.24 south-west 

B1vegetation in the noon 0.507 3.98 17.16 48.16 17.88 south-west 

C1vegetation in the noon 1.078 8.45 16.23 48.91 16.18 south-west 

 

Tab. 5  Average values in April, areas A2, B2, C2 

AREA TIME VEL FLOW T H Tsurface ORIENTATION 

A2vegetation in the noon 0.483 3.79 16.53 48.44 16.85 north-east 

B2vegetation in the noon 0.586 4.602 17.61 44.05 18.95 north-east 

C2vegetation in the noon 0.668 5.256 17.48 47.33 18.58 north-east 

                                lowest value              highest value 

 

CONCLUSION 

Housing estate Chrenová 1 is the oldest residential zone in Nitra. Nitra came into 

existence gradually since 1964 and its character changes until now. The first planting of urban 

vegetation in the area of residential buildings had a clear concept built on differentiation of 

functional areas in a balanced meander distribution four-floor building (Jarabica, 2011). 

Vegetation areas, as one of the element of housing estate structure accomplish several 

functions. Microclimatic function is also discussed in this thesis. Vegetation areas influence 

thermal and wind conditions and they have positive impact on humidity conditions. 

Vegetation areas by its structure eliminate in the summer extreme temperatures which 

negatively impact on health of residents and their thermal comfort. Main tenancy of 

vegetation areas in Chrenová 1 is covered by the Municipality. In positive case there is also 

interest from owners of apartment. They are often facing a problem how to take care of the 

vegetation in the neighborhood of residential buildings and also how to choose a concept for a 

possible new planting. Research of impact of structure of vegetation area on microclimatic 

conditions should bring in the future conceived offer of how to plant and how to interfere with 

existing urban vegetation. Hygienic function is also very important to mention. In relation to 

character of population they are mainly young families with children and retired individuals. 

An important attribute is also aesthetic formation of complex residential zone. 
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Abstract 

The article shows the changes in retention volume changes caused by the erosion in the watershed and the 

sedimentation of the reservoir Evička situated in the municipality Štiavnické Bane, nearby Banská Štiavnica. 

Despite the fact that, according to its size, the reservoir Evička counts among small reservoirs, substantial 
accumulation of material is present and that is considered to be a negative factor. The article also discusses the 

method of data collection in the field and method of calculation of volume changes. Two models of the bottom of 

the watershed were made - one represents the relief from 1971 and the second from 2011. The results were 

mutually subtracted and thus we get the volume of deposited sediment of adequate accuracy. Detailed models 

and visualizations of the relief of the watershed bottom from June 1971 to October 2011 are included in the 

article. In the conclusion we suggest possible solutions to decrease the erosion processes in the micro-watershed 

and to prevent reservoir sedimentation of the reservoir Evička. 

 

Keywords  

Evička, sedimentation, flood control storage changes, models of relief  

INTRODUCTION 

Banská Štiavnica is one of the most beautiful and historically most significant places in 

Slovakia. It is the oldest mining town in the country and its ore deposits have probably been 

exploited since the Bronze Age. The wealth from mining over the centuries has resulted in a 

rich architecture of palaces, churches and squares; and Banská Štiavnica was a European 

centre of mining education from the late 16th century. Because of its exceptional values, the 

historic town of Banská Štiavnica and the technical monuments in its vicinity included water 

reservoirs was listed by the United Nations Educational, Scientific and Cultural Organisation 

(UNESCO) as a World Heritage Site on 11 December 1993 (http://whc.unesco.org/en 

/list/618). Reservoir Evička situated in the municipality Štiavnické Bane, nearby Banská 

Štiavnica (Fig. 1). The first mention of the construction of this tank is from 1638. In piargska 

group of reservoirs was built as a second (Hydroconsult, 1991). The main objective of the 

article is to calculate the volume of the sedimentation accumulated in the reservoir during 

recent forty years and interpretation of the causes and the nature of the sedimentation of water 

reservoirs. The characteristic of sediment wasn’t investigated in this study. 

 

mailto:posta@dkubinsky.sk
http://whc.unesco.org/en/list/618
http://whc.unesco.org/en/list/618
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Fig. 1 Watershed of the reservoir Evička 

METHODS 

Field work processes were derived from the extent of the silting evaluation and analyzing 

processes dealing with the silting of the water reservoirs Ružín (Pauk et al., 1977) and 

Klenovec (Kočický, 2002). Those methodologies have already been employed in the studies 

of other water reservoirs of the water management system of Banská Bystrica, e.g. while 

analysing the retention volume changes of the reservoirs Halčianska, Belianska and 

Brennerštôlnianska. (Kubinský and Weis, 2011, 2012) and the reservoir Bakomi. The 

measurement was carried out by direct measurement from the boat. To remedy the faults in 

precision, control referential measurements of depth in the designated points were carried out 

using gratuated rod with a flat nib. Ten percents of all measurements were controlled this 

way. Using the sonar Humminbird 717 and GPS attached to the boat (technical parameters of 

which you can find in the Tab. 1), we measured the network of designated points while every 

point includes the readout of the exact location and of the depth of the bottom (current height 

of a water column). Afterwards, the depth of the bottom was converted into the absolute 

altitude according to the known altitude in the point of the rinsing edge of the security 

overflow – 664.91 meters above sea level. The readout was given to the staff of the Slovak 

Water Authority SVP š.p. on the day of measurement. On this day, the absolute altitude of the 

reservoir was 664.41 meters above sea level. We used this readout to calculate the depth of 

the designated points and to determine the absolute altitude of the bottom relief. The field 

study took place on 15.10.2011 and it provided us with the input data about the current 

development of the bottom relief. 

 

Tab. 1 Technical parameters of the device Humminbird 717 

Type of probe Frequency Probe rays 
Maximal range, 
precision stated 

External GPS 50 
channel 

Double-probe 200 & 83 kHz 20° or 60° 450 m, ±1 dm 
Precision stated 

±1 m 

The data to compare the current situation with the past were obtained from the historical 

map entitled Evička ˮEvička rybník – Štiavnické Baneˮ from the June 1971, map scale 1: 10 
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000 (Central State Mining Archives 1971). In the historical map, the contour lines show the 

development of the relief of the bottom. The map scanned and converted into the digital 

visualisation (Fig. 2). Vectorization of the contour lines was realized by the software R2V. In 

the end, the information about the exact altitude obtained from the map was assigned to a 

contour line, so the value „Z value“ and a vector was subsequently exported to the *.shp file. 

Such a file has not been listed in any coordinate system yet, therefore it was needed to 

georeference it using civil S–JTSK in Křovák projection. The enlisting itself was provided by 

the software ArcGis using the Spatial Adjustment module. Aerial photos were used as a basis 

with a known coordinate system (Eurosence, 2006). We utilized easily recognisable (paired) 

points from the current aerial photos as well as from the historical map for our own enlisting 

of the vector basis. In this case, the points were the location of the south-east corner of the 

handling booth on the dyke, the line of the dyke margin, the local communication line and the 

altitude of the centre of the drainage gallery opening on the upwind side of the dyke. Vector 

of the historical map as well as the data obtained from the field measurement were, upon the 

shore line, identically connected to the unified vector basis from the maps 1:10 000, situation 

from 2006, and while creating other models, only changes of the relief within the area of the 

water reservoir (under the water surface) were taken into account. 

 
Fig. 2 Historical map of the relief of the watershed bottom of the reservoir Evička (1971) 

Two grids were created using input data and software Surfer 8 by interpolation method 

Kriging – one with the size of the cell 1x1 m (very dense and exact) and the other 2x2 m (less 

dense, used to compare the differences). The grid 2x2 m turned to be sufficient for next 

calculation. The calculation of the retention volume changes and visualisation of the relief of 

the watershed bottom was carried out by Surfer 8, too. The model Lower Surface depicting 

the situation in the past was subtracted from the Upper Surface depicting the current situation 

using the Grid/Volume function... The order of these surfaces was determined assuming that 

there was a positive change of the altitude of the bottom caused by sedimentation in the 

studied reservoir. The software product Surfer 8 offers numerous methods to calculate the 
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volume: Trapezoidal Rule, Simpson’s Rule, and Simpson’s 3/8 Rule (SURFER 8 USER'S 

GUIDE, 2002). We set the condition that if the values earned by these three methods differ in 

less than 1%, the mean value is equal to their average. 

RESULTS 

We discovered he differences in volumes by comparing the relief of the bottom from the 

present and from the past using three methods offered by Surfer 8. These are the data: 

 

Tab. 2 Calculation of the changes in flood control storage of the reservoir Evička 

Trapezoidal Rule: 10921 

Simpson's Rule: 10916 

Simpson's 3/8 Rule: 10913 

 

 

Taking into consideration that the calculated values fit into our allowance, the resulting 

value was determined as the arithmetical average of all three calculations, what means 10 917 

m³. The figure stands for the volume of the sediments accumulated in the reservoir Evička 

during recent forty years and it represents a negative change of the total storage volume that 

reduces by the quoted value. 

 

 
Fig. 3 Detail of the relief of the watershed bottom of the reservoir Evička (June 1971) 
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Fig. 4 Detail of the relief of the watershed bottom of the reservoir Evička (October 2011) 

 

 
Fig. 5 3D model of the surroundings of the reservoir Evička (June 1971) 
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Fig. 6 3D model of the surroundings of the reservoir Evička (October 2011) 

 

 
Fig. 7 Visualization of the changes of water surface from 1971 to 2011 
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DISCUSSION 

Comparing both 3D models (Fig. 5 and 6), we can see a negative trend. The erosion-

accumulation process cause not only the partial shoaling in the inflow area of the reservoir 

Evička, but also the shifting of the shore line and thus the reduction of the surface of the 

reservoir. In the western part of the reservoir, the water surface shifts towards the dyke by 

13.7 meters. The change of the total expanse of water caused by sedimentation processes in 

the Evička reservoir represents a negative value of 912.6 m². This change (the shift of the 

shore line) is depicted in the Fig. 7. Nowadays, the surface is overgrown by the common reed 

(Phragmites communis), Fig. 8. 

 

 
Fig. 8 Look at the water reservoir bank in the direction of the original affluent. 

The Fig. 3, where we can see the situation from the past, shows that the lowest absolute 

altitude is equal 656 meters above sea level. The Fig. 4, where we can see the current situation 

(2011), the lowest absolute altitude is equal 656.5 meters above sea level. It means a positive 

change of the altitude of the relief of the bottom 0.5 m caused by the accumulation of the 

sedimentation in the deepest parts of the reservoir. The maximum depth of the reservoir 

Evička usually quoted in the literature is 10.4 m. The difference between the usually quoted 

value in the literature and the current situation is almost 2.5 m. 

However, the maximum depth during the field measurement never exceeded 7.91 m. This 

value was approved by the staff of the Slovak Water Authority SVP š.p that did a regular 

measurement of the depth in the reservoir Evička on March 30. The data concerning the 

maximum depths of almost all water reservoirs (tajchs) of the water management system of 

Banská Bystrica are known but the current situation and the current maximum depth is 

influenced by the processes that have taken place in the past decades. Erosion of the bare 

shores of the reservoirs and following sheet erosion of the terrigenous material by rain to the 

area of littoral as well as annual accumulation of the decomposing biogenic detritus (fallen 
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leaves, needles, organic residue of aquatic animals and plants) are other factors playing role in 

the slow and the gradual eutrophication. This type of devastation of the original biotopes is 

usually present in the smaller and more shallow reservoirs (Bakomi, Klinger, Belianska, 

Evička), but it also affects larger reservoirs whose extraction of the deposited sediments 

deteriorated to such extent that it is not functional any longer (the mouth of the inflow to the 

Halčianska reservoir), or the reservoirs where the gradual decreasing of the flow-rate in the 

inflows results into the ecologically unfavourable situation. The characteristic feature of those 

reservoirs is a minimal water change in the water column (bottom outlets are usually not 

functional either) what enables the eutrophication with gradual grounding of the reservoir by 

fine-grained sediments (water reservoirs Ottergrund, Krechsengrund, Brenneštôlnianska, 

Červená studňa, and Komorovské rybníky). This is another proof of the importance and 

urgency of the systematic study that should focus on the reservoirs that has not been studied 

yet. It also proves the deteriorating development of the situation of water reservoirs. In 

general, we have distinguished two kinds of reasons of such development: 

 

 devastated catchment ditches system, decreasing of the flow-rate in the inflows by 

inadequate offtake of the water before it enters the reservoir, non-functional bottom 

outlets, non-existent of cassette reservoir for sediments, mainly psephites, psammits, 

 bare shores of reservoirs, sheet erosion of medium-grained and fine-grained 

sediments (soil, sand, clay, argil) by water running down the slope, fallout, 

decomposition and accumulation of biogenic detritus, insufficient obstruction of 

enormous macrophyte development, mainly submerged vegetation, gradual 

overheating of water reservoirs as a result of draining of the upper heated layer 

instead of colder “bottom” water from the upper reservoirs to those with lower 

altitude (e.g. water reservoir system Bakomi – Veľká Vindšachtská – Evička). 

 

The Fig. 4 (documenting the relief of the watershed bottom nowadays – 2011) shows that 

the most significant change of the relief occurred in the deepest area. The average of the 

contour lines of the absolute altitude equal to 657 meters above sea level and 657.5 meters 

above sea level changed significantly and the contours prove the shoaling of the central area 

of the reservoir by 60–80 cm. It means that a substantial part of the deposited material is 

accumulated in this area even despite the fact that during the first reconstruction of the 

reservoir Evička in 1993 partial extraction of the sedimentation from the bottom to reach and 

handle the original historical outlet safely. A sign of accumulation of sedimentation material 

is also visible in the western part of the reservoir toward the inflow from the upper reservoir 

Veľká Vindšachtská (Vindšachta) where the sigmoid bending of the contour line series shows 

the formation of the double-sided symmetrical shelf with the central influx meander ditch. In 

this area, gully layering is dominating. The ditch is functional during the period of the 

summer water surface lowering after long-term rainfall deficit and subsequent episodic 

torrential rain. The ditch is also functional in spring when the operating water surface lowered 

during winter is exposed to high-energy water streams when the temperature suddenly rises 

and snow starts to melt. The strong streams cause erosion in the ditch even under the ice layer. 

It is also functional during the first spring heavy rains when the water surface is no longer 

covered with ice. 

We can see the same character, just caused by a different nature of accumulation, when 

we look at the contour lines in the south-southeast and it is the most visible in the 

southernmost area of the reservoir. Despite the existence of the occasional, but not abundant 

spring (probably a descending contact spring or a rubble spring), the fain-grained material is 

predominantly spread within the reservoir by the movement of the water column depending 
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on the rippling. The result is poor directional separation of granual fractions and formation of 

oblique layering, sometimes with the character of ripple marks. 

At the moment (autumn 2012 – spring 2013), the reservoir Evička is in the second phase 

of the general overhaul. The reconstruction of the reservoirs in the area of Banská Štiavnica is 

realized under the management of SVP, š. p. The reservoir Evička was one of the first 

reservoirs reconstructed after 1989, nevertheless, SVP, š. p. is aware of the fact that the non-

functional bottom outlet in the third stage of the cascade of the reservoirs Bakomi – Veľká 

Vindšachtská – Evička was a serious problem. We believe that after successful realization of 

the reconstruction of the bottom outlet and the dyke and after the reservoir will come into 

usage, some of the negative impacts we mentioned will be naturally removed. 

CONCLUSION 

The main objective of the article is to calculate the volume of the sedimentation 

accumulated in the reservoir during recent forty years and interpretation of the causes and the 

nature of the sedimentation of water reservoirs. A detailed historical plan of the relief of the 

watershed bottom was obtained according to the data from June 1970. A field study took 

place to make an actual picture of a current situation. The volume of the sediments represents 

10 917 m³.  Undoubtedly, it is an unfavourable fact. First of all, decrease of water retaining 

capacity (total storage) is over 10 000 m
3
  (e.g. sedimentation shelf 100x100x1 m), what 

could have a negative impact on the capacity of reservoir to respond promptly to altered 

hydrological conditions of two higher levels of cascade of the other reservoir built upon the 

first one and to retain rainwater during sudden and intense rainfall that are becoming more 

and more common in our weather conditions. In the case of ignoring these facts there is an 

assumption that erosion and sedimentation processes will continue to negatively affect the 

environmental processes in the reservoir, accelerate the shoaling as well as overheating and 

slow eutrophication with gradual grounding. As a result, the reservoir could change into 

swampland overgrown with fast-growing species. We can see a shining example of what 

could happen when we look at Halčianský tajch (Kubinský and Weis, 2011), where over one 

third of water surface has disappeared, the whole area is wooded and changed beyond 

recognition in comparison with the land that used to be a part of the reservoir. Similarly 

unfavourable even alarming is the situation of the water reservoir Brennerštôlnianska 

(Kubinský and Weis, 2012),  where the negative progress in the near future could mean the 

complete disappearing of the reservoir. In view of the fact that the reservoirs Evička and 

Brennerštôlnianska is UNESCO World Heritage Site, this issue is not only particularly topical 

but it is also desirable to pay more attention to it, mainly from the part of Slovak Water 

Authority SVP š.p. who is responsible for the reservoir. 
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Abstract 

Corridors represent material and energy arteries of the landscape greatly influenced and modified by human 

activities. Urban habitats harbor high numbers of introduced plant species and may function as starting points 

for invasions along urban–rural gradients. In this article we introduce the results determined during the field 

survey of invasive species occurrence in liner corridors (railway, river in urban areas of Topoľčany and Nitra 

cities (Middle Europe.). The occurrence of 13 invasive species was identified in 4 selected corridors. The highest 

presence of this species was registered in the riparian vegetation of the Nitra River. Our results indicate that the 

linear corridors - play very important role in the dispersion of non-native plant species in urban area and local 
expansion of this invasive species is not yet finished. Next colonization within the river channel, cadastral area 

of town and villages and its surrounding is likely to occur especially in parts of the corridors linked with human 

activities.  

 
Key words 
non-native plant species, line corridors, Nitra River, Topoľčany, Nitra, SW of Slovakia  

 

INTRODUCTION 

Invasive species represent grave threat for biodiversity and make more ecological and 

economic damages in all world measure (Rejmánek et al., 2005; Vilá, 2001). There is the 

important role the urbanization of country in the process of invasion. It can have strong 

influence to diversity because it makes the refuge for high number introduced species plants 

and it can serve as the starting point for invasion to other parts the country (Saumel  

and Kowarik, 2010). Invasion success of a plant species introduced to the region in which it 

did not previously occur depends on its dispersal ability. Habitats in central European 

landscapes differ in encouraging the movement of diasporas. Linear habitats usually 

contribute to easier spread of species through the landscape. With respect to the main 

dispersal agent, they may be divided into (a) terrestrial "transport habitats", including railway 

embankments and stations; and (b) water "transport habitats", including river and stream 

banks. Transportation corridors have been recognized as important pathways for the 

unintentional transport of nonnative species. Vehicles can move a broad array of species 

(Hodkinson and Thompson, 1997) and by this promote a directional transfer of species along 

urban–rural gradients (Lippe and Kowarik, 2008). Riparian zones areunique and dynamic 

ecosystem with complex disturbance regimes (Naiman and Decamps, 1997) and river bank 

communities are generally considered to be prone to plant invasions (Planty-Tabacchi et al., 

1996). Rivers represent material and energy arteries of the landscape greatly influenced and 

modified by human activities (Richardson et al., 2007) and their riparian vegetation is very 

susceptible to invasions of non-native species (Pyšek and Prach, 1994).  The present paper 

analyses occurrence of non-native plant species along linear corrdors within urban areas. 

Special attention was paid to the role of this habitat type in supporting their invasion and to 

answer following questions: Does the invasion occurrence depends on the types of corridor? 

What are the differences in species composition in these type of linear habitats? Are there 

differences between species composition along the linear habitats in Topoľčany and Nitra 

city? 
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STUDY AREA 

The district town of Topoľčany together with region town Nitra is situated in the western 

part of Slovakia (Fig. 1). The river Nitra streams in the territory of both town and cities are 

connecting by railway number 140 Nové Zámky – Prievidza. The Nitra River forms the left-

side tributary of the Váh River and Danube River. It springs on the southern slopes of Malá 

Fatra and the length of the river is 196.7 km (Porubský, 1991).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 The position of landscape units (Topoľčany and Nitra) 

 

 

The studied section of the river with the length of 4 km (Topoľčany) and 10 km (Nitra) 

was delimited by the boundary of the cadastral areas of both cities. The studied section of 

railway was delimited in the same way with length 5 km and 7km (Fig. 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Selected corridors within the (A) Nitra and (B) Topoľčany city 

 

 

METHODS 

Two landscape units, Nitra and Topoľčany, were prospected during the flowering period 

2012 to map all populations of invasive target species in linear corridors such as railway and 

river Nitra. The field survey was realised in selected locations of Topoľčany and Nitra city 
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from June to July 2012 on 4 line corridors. The localities of the research were chosen from the 

case the prediction the occurrence invasive species and with the plan comparing the varied 

types of linear habitats within urban areas of two cities. The research was made in 4 localities 

the area character in Topoľčany (railway, river) and Nitra (railway, river). We used the 

research for mapping publicity open areas (without the private lands, the areas of factories 

where we could not go and so on). The localities we modified to the type of grown trees 

(cultivated, spontaneously distributed, unknown origin), multitude subjects on locality and 

possibility getting grown in the territory. The influence of linear networks (landscape 

corridors) on target species distribution was analysed by estimating the proportions of 

populations situated within buffers of 5, 10 and 50 m around rivers and railway networks. The 

purpose of field survey was to identify the sites of occurrence and find abundance of species 

populations. The presence of the species was evaluated at 1 km long segments. The research 

was conducted in the entire width of the inter-embankment area of the river, in terms of the 

work (Fehér  and Končeková, 2001), divided into zones: (1) river bed and edge of the bank, 

(2) mesophilic meadow species, (3) flood protection dike (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

Fig. 3  Zones of the inter-embankment area of the Nitra river (Fehér, 2001) 

 

For each of the sites, we determined the size of population (Fehér, 2001): - semi-

quantitative assessment in terms of Evidenčný list mapovania inváznych druhov rastlín 

[Registration Sheet for Mapping Invasive Plant Species] (Cvachová and Gojdičová, 2002):  

I - individual, GI - a group of individuals, SG - small groups, BIV - big involved vegetation. 

Invasive plant species were classified according to [List of Non-native, Invasive and 

Expansive Vascular Plants of Slovakia 2] (Cvachová, et al., 2002) and determined according 

to [Handbook on Determination of Selected Invasive Plant Species] (Cvachová et al., 2002). 

Nomenclature of taxa was unified according to the work of Marhold and Hindák (1998). The 

localities were discovered direct ground observation and the registration the place by the 

instrument GPS (Garmin Etrex Legend). 

  

 

RESULTS AND DISCUSSION 

In the area of interest (localities, corridors) we found out 13 invasive  plant species: 

Ailanthus altissima, Ambrosia artemisiifolia, Bidens frondosa, Echinocystis lobata, Fallopia  

x bohemica, Helianthus tuberosus, Impatiens glandulifera, Impatiens parviflora, Iva 

xanthiifolia, Negundo aceroides, Robinia pseudoacacia, Solidago canadensis, Solidago 

gigantea. 

 

 

 

 

 



  

167 
 

Tab. 1 The presence of invasive plants in selected corridors (Gális, 2013) 

 
Notes:  +  present    -  absent 

 

From the results shown in the table, we can conclude that the most representative area of 

the invasive species is the river corridor within the Topolčany city (presence of 9 target 

species). 

 

The occurrence of invasive species within the river corridor 

 

Nitra 

During the field survey in delimited section of the Nitra River with a length of 10 km, we 

found in the inter-embankment area 9 invasive plant species.  

From the 3 evaluated zones (river bed and edge of the bank, berm, dike), the sites with 

the occurrence of invasive species to the greatest extent (6) occurred in the zone of the river 

bed and the edge of the bank (Fig. 4). In the berm zone (mesophilic meadows), it occurred in 

one proportion of the recorded sites of invaded species. In the zone of flood protection dike, it 

was recorded only one species - Negundo aceroides. 

 

Topoľčany 

During the field survey in delimited section of the Nitra River with a length of 4 km, we 

found in the inter-embankment area 10 invasive plant species.  

From the 3 evaluated zones (river bed and edge of the bank, berm, dike), the sites with 

the occurrence of invasive species to the greatest extent (7) occurred in the zone of the river 

bed and the edge of the bank. In the berm zone (mesophilic meadows), it occurred in one 

proportion of the recorded sites of invaded species. In the zone of flood protection dike, it was 

recorded only one species - Robinia pseudoacacia. 

 

 

 

 

 

 

 

Species Topoľčany 

railway 

Topoľčany 

river 

Nitra 

railway  

Nitra 

river 

Ailanthus altissima + - + - 

Ambrosia artemisiifolia + - - - 

Bidens frondosa - + - + 

Echinocystis lobata - + - - 

Fallopia × bohemica + + + + 

Helianthus tuberosus - + - + 

Impatiens glandulifera - + - + 

Impatiens parviflora - + - + 

Iva xanthiifolia + - - - 

Negundo aceroides + + + + 

Robinia pseudoacacia + - + + 

Solidago canadensis - + - - 

Solidago gigantea - + - + 
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Fig. 4 The occurrence of invasive plant species in river corridor within the Topoľčany and 

Nitra city 

 

The occurrence of invasive species in railway corridor 

 

Nitra 

During the field survey in delimited section of the railway with a length of 7 km, we 

found in the area 5 invasive plant species. From the 3 evaluated zones, the sites with the 

occurrence of invasive species to the greatest extent (5) occurred in the zone less than 5 m 

(Fig. 5).  

 

Topoľčany 

During the field survey in delimited section of the railway with a length of 5 km, we 

found in the area 6 invasive plant species. From the 3 evaluated zones, the sites with the 

occurrence of invasive species to the greatest extent (4) occurred in the zone less tham 5 m.  

 

 
Fig. 5 The occurrence of invasive plant species in railway corridor within the Topoľčany and 

Nitra city 
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From the results shown in figures, we can concluded that the most representative area of 

the invasive species (SG - small groups, BIV - big involved vegetation) was recorded in by  

Helianthus tuberosus, Echinocystis lobata and Impatiens glandulifera located within the 

inter-embankment area of the Nitra river. The flood protection dike contained the smallest 

proportion of sites invaded by invasive species. Also in this zone, there is a regular 

maintenance of vegetation and with increasing distance from the watercourse, the site 

conditions changes and loses possibility of more significant transfer of diaspores in the 

direction of flow. The highest number of invasive species was tied directly to conditions 

along the railway (Fig. 5), sometimes with forming impassable vegetation in the entire width 

of the zone less than 5 meters.  Dominat species were Ailanthus altissima, Robinia 

pseudoacacia and Fallopia x bohemica.  
The expected presence of several invasive plant and herb species was confirmed by using 

the field survey in selected corridors. A lot of non-native tree species such as Ailanthus 

altissima, Negundo aceroides and Robinia pseudoacacia were tied with railway corridor. The 

resence of 8 invasive herb species (Bidens frondosa, Echinocystis lobata, Fallopia bohemica, 

Helianthus tuberosus, Impatiens glandulifera, Impatiens parviflora, Solidago canadensis, 

Solidago  gigantea) were identified near the Nitra river corridor.  

Comparison of all selected corridors in the Topoľčany and Nitra city shows, that the most 

invaded habitats by invasive herb species is Nitra river in Topoľčany city (9 target species) 

because of the linear elements are major corridors for invasive plant spread in the landscape 

and riparian corridors of rivers and streams are the most invaded habitats. A similar argument 

is confirmed by results published by Prach and Pyšek, 1997; Višňák, 1997 or Pauková and 

Kršková (2010), in which the observed invasive and potential invasive species colonised 

particular habitats of river bank side in urban area at Dolná Orava. Our results confirmed, that 

the corridorswithin  urban area have got a biggest number of invasive plant species in 

comparison with surrounding landscape as concluded Kowarik (1990). This number increases 

in the outskirt of cities, enriched by alien species from open landscape (Pyšek, 1992) 

 

CONCLUSION 

Linear sites (rivers and railways) contribute to easier spread of invasive species in the 

environment (Pyšek and Prach, 1994). 

In the area of interest, we found 13 invasive plant species. The largest number (9) was 

recorded in the zone of river bed and edge of the bank within the Topoľčany city, from which 

the species continuously passes into the berm zone with 1 or 2 species. In a much lesser 

extent, the species occurred in zone of the railway (from 6-7 species).  Spreading in all 

segments (23) and regarding its occurrence (left and right bank), the factors such as location 

of the segment (inner or outer areas), disruption of the area, and the occurrence of natural 

vegetation mainly decided. In comparison of our results between the Nitra and Topoľčany 

cities, railway has approximately the same invasive occurrence (5-6 species). On the other 

hand from selected river corridor shows, that the presence of invasive species was almost the 

same (9-10 species). Differences were identified only in the size of invaded area. The species 

was massively spread especially in the river bank by Helianthus tuberosus within the river 

corridor in Topoľčany. It is necessary to pay attention to liner habitats disturbed by human 

activities and areas without  regular maintans of vegetation, that play important role as 

dispersal corridors for non-native plant spreading. 
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Abstract 

The coal mining heaps represents a unique model territory for studying the succession of the araneocoenoses. 

The research of the araneofauna at coal mine dump was carried out in the years 2008-2010. A total of 1381 

ground living spiders belonging to 84 species from 20 families were found on the studied area at six different 

study plots. The prevalence of families was concentrated mainly in four families with a total dominance of 90 %. 

Concerning to the thermopreference, 44 species were unspecified, 18 species were mesophilic, 12 species were 

termophilic and 10 were psychrophilic species in coenoses. We identify 10 bioindicative important climax 

species, 37 species belonging to semi-natural habitats and 37 species were expansive. A theory, that the species 

richness decreases, probably nearing the climax stage was confirmed in this study. 
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araneofauna, coal mine, Czech Republic, reclamation, species diversity, succession 

 

INTRODUCTION 

Ostrava, an industrial agglomeration in Moravia is largely devastated as a result of coal 

mining. Heaps as the rest of processes of coal mining are typical terrain formations and for 

decades are in the centre of attention due to the natural resistance of plants and animals to 

different degrees of destruction of air, soil and water. Dumps as the anthropogenous landscape 

formations have many advantages for monitoring of ground living spider succession; the 

substrate is homogeneous material, so the succession of spider community is under the same 

conditions (Majkus, 1988). 

Little attention to date has been paid to the biological research of dumps which have 

arisen as a result of anthropogenous activity and created specific landscape formations within 

industrial agglomerations. The first research of beetles on the Odra Coal Mine was carried out 

by Vondřejc (1994), which found the changes in qualitative and quantitative relationships in 

the population of beetles. Holec (1999) deals with research in various stages of development 

of forests in the dumps after brown coal mining in the Sokolov area. Majkus (1988) carried 

out the research of spiders at three coals heaps in Ostrava that differed to each other by age, 

degree of reclamation, stage of succession, and other properties. Majkus (1990) found 

Oedothorax apicatus is the pioneering species of reclaimed places at mining dumps. Wilczek 

et al. (1997) studied the heavy metals and detoxification process of enzymatic reactions in the 

tissues of spiders Linyphia triangularis, Metellina segmentata and Araneus diadematus, 

collected in Ostrava spoil heaps (coal and metallurgical) and in Katowice as control locality.  

Žila (2009) studied the succession processes in the heaps in Ostrava (Odra Coal Mine), 

24 years after the research of Majkus (1988). Žila (2011) confirmed constant changes in the 

structure, their proportion in families and the fluctuation of the dominant species.  

In Slovakia, Krajča & Krumpálová (1998) studied the epigeic spider communities of 

nickel leach dumps near Sereď. Later Krajča et al. (2004) and Krajča (2005) paid attention of 

the analysis of succession processes, mainly. Ground living spiders of brown coal dumps at 

Nováky were analysed by Pekár (1997). 

In Germany, Von Broen & Moritz (1965) monitored the composition of araneofauna in 

the mine debris of the brown coal field at Böhlen. Dunger (1968) investigated the soil 

microfauna on some other brown coal dumps, i. e. Berzdorf. 
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CHARACTERISTIC OF STUDY SITES 
Six study plots were situated on the Odra Coal Mine in the city of Ostrava (fig. 1). 

Study plot VÚ/1 - was situated on the top of eastern slope with a continuous herbal cover 

(up to 70 %), characterised by the Betula pendula and Populus nigra.  

Study plot VÚ/2 – was situated on the top of southern edge, in the places where the 

temperature activity was evident. Except of Ceratodon purpureus occurred there Eragrostis 

poaoides and Digitaria sanquinalis occasionally. 

Study plot VÚ/3 - was situated on the top of a heap, about 20 meters north of the 

triangulation point. The place was heated by subsurface fire, but traps were out of this fire, 

outlet vapours or gases. Monocoenoses of Digitaria sanquinalis was typical for this study plot 

(with 60 % cover).  

Study plot VÚ/4 is situated under the top on the northern slope of a heap near coal coke 

factory. The area was covered with Calamagrostis epigeios (40 %), sporadically occurred 

there Populus nigra and Salix caprea. 

Study plot VÚ/5 is situated at the bottom of northern slope near the track. The vegetation 

was formed by Phragmites communis, with cover up to 90 %. Except of Phragmites australis, 

Solidago canadensis, Calamagrostis epigeios, Cirsium arvense occurred here.  

Study plot VÚ/6 was the plot with the highest cover of vegetation. Total cover of 

vegetation here was 85 to 90 % of the area. It was situated at the bottom of the eastern slope. 

Dominance of tree species were in orders Robinia pseudoacacia, Sambucus nigra, Betula 

pendula and Salix caprea. Monocoenoses of Artemisia vulgaris was dominant in herbal layer. 
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Fig. 1 The study site map of Odra Coal Mine, localization of study plots VÚ/1-VÚ/6, scale 

1:5000 (Majkus 1988, Žila 2011) 
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MATERIAL AND METHODS 

Spiders were collected on the six study plots from April 2008 to November 2010 

continually. Totally 18 formaldehyde pitfall traps were set in a line (7 cm in diameter, height 

– 6 cm) in the distance of 5 m and emptied monthly.  

To characterise araneocoenoses we used multivariate methods and indices of diversity 

(Shannon’s index (H′), Margalef’s index of species richness (R) and Pielou’s equitability 

index (J)). Data were analysed using Past (Hammer et al. 2001) based on a cluster analysis 

using the Bray-Curtis (coph. corr. = 0.85) to identify similarity of coenoses similarity, as well 

as we used principal component analysis (cumulative percentage of the variance was 86.4 %).  

The spider nomenclature follows Platnick (2013). The evaluation of the spider 

requirements on humidity and relictness of occurrence follows Buchar (1983, 1992) and 

Buchar & Růžička (2002). 

 

RESULTS 

A total of 1,381 ground living spider specimens belonging to 84 species from 20 families 

were found on the studied area during the period of 2008-2010 (Tab. 1). 

 

Tab. 1 Ground living spider species of coal mine dump in Ostrava (Czech Republic).  

Notes: TP – thermopreference (T – thermophile species, N – unspecified species. M –

mesophilic species, P – psychrophilic species); SP – relictness of occurrence (RI – 

bioindicative important climax species, R – species of semi-natural habitats, E – expansive 

species) 
Family/Species TP SP VÚ/1 VÚ/2 VÚ/3 VÚ/4 VÚ/5 VÚ/6 

1. Harpactea rubicunda (C.L.Koch, 1838) T E 3 0 3 0 9 1 

2. Crustulina guttata (Wider, 1834) N R 0 0 1 0 0 0 

3. Enoplognatha thoracica (Hahn , 1833) T E 6 0 2 0 1 1 

4. Euryopis flavomaculata (C.L.Koch, 1836) N RI 1 1 1 1 0 5 

5. Parasteatoda lunata (Clerck, 1757) M R 1 0 3 0 0 0 

6. Parasteatoda tepidariorum (C.L.Koch, 1841) T E 0 0 0 0 1 0 

7.Araeoncus humilis (Blackwall, 1841) N E 0 28 5 0 0 0 

8. Bathyphantes gracilis (Blackwall, 1841) N R 0 2 0 0 0 0 

9. Centromerita bicolor (Blackwall, 1833) P E 0 1 2 0 0 0 

10.Centromerus sylvaticus (Blackwall, 1841) N E 0 0 1 1 0 1 

11. Cnephalocotes obscurus (Blackwall, 1834) N R 1 1 0 2 0 0 

12. Diplocephalus latifrons (O.P.-Cambridge, 1863) N R 0 0 1 0 0 1 

13.Diplocephalus picinus (Blackwall, 1841) N RI 0 0 0 0 1 0 

14. Diplostyla concolor (Wider, 1834) N E 1 0 0 1 1 3 

15. Erigone atra Blackwall, 1833 N E 0 6 2 0 0 1 

16. Erigone dentipalpis (Wider, 1834) N E 0 5 10 0 0 0 

17. Lepthyphantes minutus (Blackwall, 1833) M R 0 0 0 1 0 0 

18. Linyphia triangularis (Clerck, 1757) N E 1 0 2 0 0 0 

19. Maso sundevalli (Westring, 1851) P R 0 0 1 0 0 0 

20. Meioneta rurestris (C.L.Koch, 1836) N E 1 1 0 0 0 0 

21. Meioneta saxatilis (Blackwall, 1844)  N E 0 0 1 0 0 0 

22. Micrargus subaequalis (Westring, 1851) N E 0 2 0 0 0 0 

23. Microlinyphia pusilla (Sundevall, 1830)  N E 0 0 1 0 3 0 

24. Microneta viaria (Blackwall, 1841) N R 0 1 1 0 0 0 

25. Oedothorax retusus (Westring, 1851) P E 0 0 0 0 1 0 

26. Palliduphantes pallidus (O.P.-Cambridge, 1871)  N R 1 0 0 0 3 0 

27.Stemonyphantes lineatus (Linnaeus, 1758) N E 2 0 1 0 0 0 

28.Tenuiphantes cristatus (Menge, 1866) P R 0 1 0 0 0 0 

29. Tenuiphantes flavipes (Blackwall, 1854) N R 1 0 0 1 0 0 

30. Tenuiphantes mengei(Kulczyński, 1887) N E 1 2 0 0 0 4 

31. Walckenaeria atrotibialis (O.P.-Cambridge, 1878)  M R 0 0 0 0 0 1 

32. Pachygnatha degeeri Sundevall, 1830 N E 0 3 8 2 0 0 

33.Pachygnatha listeri Sundevall, 1830 M R 1 3 5 0 0 0 
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34. Araneus marmoreus Clerck, 1757 M R 0 0 0 1 0 0 

35.Hypsosinga sanguinea (C.L.Koch, 1844) N R 0 0 1 0 0 0 

36.Larinioides ixobolus (Thorell, 1873) P E 0 0 0 0 0 1 

37. Singa hamata (Clerck, 1757) M R 0 0 1 0 0 0 

38. Alopecosa pulverulenta (Clerck, 1757) N E 56 12 58 52 1 4 

39. Alopecosa taeniata (C.L.Koch, 1835) P RI 0 0 5 0 0 0 

40. Alopecosa trabalis (Clerck, 1757) T RI 0 0 1 0 0 0 

41. Aulonia albimana (Walckenaer, 1805) N R 115 0 4 3 1 0 

42. Pardosa agrestis (Westring, 1861) M E 0 0 2 0 0 0 

43. Pardosa lugubris (Walckenaer, 1802)  N R 25 0 72 24 13 23 

44. Pardosa pullata (Clerck, 1757) N E 1 3 8 3 0 0 

45. Piratula hygrophila Thorell, 1872 P R 0 0 0 0 7 0 

46. Trochosa ruricola (De Geer, 1778) M E 0 2 9 44 5 0 

47. Trochosa terricola Thorell, 1856 N E 0 2 16 7 0 0 

48. Xerolycosa miniata (C.L.Koch, 1834) T R 0 7 31 2 0 0 

49. Xerolycosa nemoralis (Westring, 1861) N R 12 61 198 27 0 1 

50. Pisaura mirabilis (Clerck, 1757)  N E 0 0 1 1 0 0 

51. Zora spinimana (Sundevall, 1833) N R 4 0 3 0 0 1 

52. Allagelena gracilens (C.L.Koch, 1841)  M E 0 0 1 0 0 0 

53. Histopona torpida (C.L.Koch, 1837)  P R 1 0 0 1 0 1 

54. Tegenaria atrica C.L.Koch, 1843  ? E 0 0 0 0 0 1 

55. Hahnia pusilla C.L.Koch, 1841 P R 0 1 0 0 0 0 

56. Cicurina cicur (Fabricius, 1793) N E 2 0 0 0 1 1 

57. Amaurobius ferox (Walckenaer, 1830) M E 0 0 1 0 2 2 

58. Anyphaena accentuata (Walckenaer, 1802) M R 0 0 0 0 1 0 

59. Clubiona lutescens Westring, 1851 M E 0 0 1 0 0 0 

60.Clubiona neglecta O.P.-Cambridge, 1862 N R 0 0 1 1 0 0 

61. Clubiona pallidula (Clerck, 1757) M E 0 0 0 0 0 1 

62. Clubiona terrestris Westring, 1851 N R 1 0 0 0 0 1 

63. Phrurolithus festivus(C.L.Koch, 1835) N R 2 0 1 0 0 0 

64. Zodarion rubidum Simon, 1914 T RI 2 0 1 0 1 0 

65. Callilepis nocturna (Linnaeus, 1758) T RI 0 1 11 0 1 0 

66. Drassodes lapidosus (Walckenaer, 1802) N R 1 2 0 0 1 0 

67. Drassodes pubescens (Thorell, 1856) N R 0 0 5 1 0 0 

68.Drassyllus praeficus (C.L.Koch, 1866) T RI 3 1 0 0 0 0 

69. Drassyllus pusillus (C.L.Koch, 1833) N E 0 0 5 3 0 0 

70. Haplodrassus signifer (C.L.Koch, 1839)  N E 18 2 28 5 0 2 

71. Haplodrassus silvestris (Blackwall, 1833) M R 0 0 3 0 0 0 

72. Haplodrassus umbratilis (L.Koch, 1866) N R 1 0 0 0 0 0 

73. Zelotes apricorum (L.Koch, 1876) M RI 0 0 0 0 1 0 

74. Zelotes latreillei (Simon, 1878) N R 0 0 2 1 0 0 

75.Zelotes petrensis (C.L.Koch, 1839) T R 0 0 1 0 0 0 

76. Tibellus oblongus (Walckenaer, 1802)  M E 0 3 1 1 0 1 

77. Ebrechtella tricuspidata (Fabricius, 1775) T RI 0 0 0 1 0 0 

78. Ozyptila praticola (C.L.Koch, 1837) N R 7 1 0 1 14 29 

79. Ozyptila rauda Simon, 1875 M RI 3 0 18 4 0 0 

80. Ozyptila trux (Blackwall, 1846) P E 0 0 1 0 1 0 

81. Xysticus cristatus (Clerck, 1757) N E 0 0 2 2 0 0 

82. Xysticus kochiThorell, 1872 M E 0 6 13 11 0 0 

83. Aelurillus v-insignitus (Clerck, 1757) T R 0 9 2 6 0 3 

84.Phlegra fasciata (Hahn, 1826) T R 1 1 2 2 0 0 

∑     276 171 561 213 70 90 

H´   2.074 2.453 2.597 2 2.538 2.297 

R   5.338 5.64 8.373 6 4.943 5.111 

J   0.604 0.721 0.651 1 0.821 0.723 

 

General characteristics of the ground living spider assemblages at Odra coal mine 

At study site VÚ/1, 31 species belonging to 14 families were found (Tab. 1). Eudominant 

species were Aulonia albimana (42 %) and Alopecosa pulverulenta (20 %); dominant were 
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Pardosa lugubris (9 %) and Haplodrassus signifer (7 %). The spider communities at this 

study site reached a low values of diversity indices (H′ = 2.074, J= 0.604 and R= 5.338). 

At study site VÚ/2, 30 species belonging to 9 families were found. Eudominant spiders 

were Xerolycosa nemoralis (36 %) and Araeoncus humilis (16 %). Dominant species were 

Alopecosa pulverulenta (7 %) and Aelurillus v-insignitus (5 %). At this site, the values of the 

diversity indices were H′ = 2.453, R = 5.64 and J = 0.721.  

At study site VÚ/3, 54 species were recorded, belonged to 17 families. Eudominant 

species were X. nemoralis (35 %), P. lugubris (13 %) and A. pulverulenta (10 %). Dominant 

spider was Xerolycosa miniata (6 %). The spider communities at this study site reached the 

highest values of diversity (H′ = 2.597) and a richness index R= 8.373, the value of 

equitability was J = 0.651. 

At study site VÚ/4, 31 species from 12 families were recorded. Eudominant spiders were 

A. pulverulenta (24 %), T. ruricola (21 %), X. nemoralis (13 %) and P. lugubris (11 %). 

Dominant species was Xysticus kochi (5 %). Values of the diversity indices were H′ = 2, R = 6 

and J = 1. 

At study site VÚ/5, 22 species from 10 families were found. Ozyptila praticola (20 %), 

P. lugubris (19 %), Harpactea rubicunda (13 %) and Piratula hygrophila (10 %) were 

eudominant; Trochosa ruricola (7 %) was dominant. The spider communities at this study site 

reached following values of diversity indices - H′= 2.538, J = 0.821 and the lowest value of 

species richness R = 4.943. 

At study site VÚ/6, 24 species belonging to 14 families were found. Eudominant species 

were O. praticola (32 %), P. lugubris (26 %) and dominant was Euryopis flavomaculata (6 

%). At this site, the values of diversity indices were H′ = 2.297, R = 5.111 and J = 0.723. 

Non parametric data were tested by Kruskal-Wallis (chi sq. = 9.68, p = 0.026). 

Evaluation of araneocoenoses based on the qualitative and quantitative parameters displayed 

the study sites VÚ/5 and VÚ/6 was dissimilar to others (fig. 2). On the other hand, high 

similarity was between coenoses of study sites VÚ/2 and VÚ/3 with high proportion of X. 

nemoralis in both assemblages. 

 

 
Fig. 2 Similarity of araneocoenoses in coal mine (Ostrava, Czech Republic) (Bray-Curtis) 
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Principal component analysis confirmed (fig. 3) the coenoses of VÚ/5 and VÚ/6 were 

mainly influenced by a high proportion of O. praticola, P. lugubris, H. rubicunda and P. 

hygrophila. While coenoses of other study sites (VÚ/2, VÚ/3 and VÚ/4) were characterised 

by a high proportion of A. pulverulenta, X. nemoralis and A. humilis. Coenoses of VÚ/1 

influenced by A. albimana and T. ruricola mostly. 

 
Fig. 3 PCA of araneocoenoses in coal mine (Ostrava, Czech Republic) 

 

Species from family Lycosidae had the highest proportion in assemblages in 2008-2010. 

Dominance of this family was influenced by the relative high abundance of species 

Xerolycosa nemoralis, Alopecosa pulverulenta, Pardosa lugubris, Aulonia albimana and 

Trochosa ruricola, mainly. Lycosidae created 70.2 % in the year 2008, later (2009) its 

dominance decreased to 64.9 % (10 species) and in the third year the decline in dominance 

continued and dropped to 61 % (8 species). Decrease in dominance of large lycosid species in 

coenoses was influenced mainly by decrease of species A. albimana (from 15.2 % to 1.8 %), 

P. lugubris (from 15.8 to 6 %) and X. nemoralis (from 20 % to 12 %).  

The value of dominance Linyphiidae (8.2 %) was influenced by the relative high 

abundance of species Araeoncus humilis and Erigone dentipalpis, mainly. In the first year of 

investigation was dominance of 13 species of family Linyphiidae 3.6 %, in 2009 was 

dominance of ten species 4.1 %. In contrary of trend the family Lycosidae, in the third year of 

research we recorded a huge increase in linyphiids dominance to 21.9 % (15 species). The 

increase of dominance small linyphiids was influenced mainly by the increase of species A. 

humilis (from 0 to 9.6 %) and E. dentipalpis (from 0 to 3.3 %).  

 

Succession process in assemblages in the time of 30 years 

Xerolycosa nemoralis predominated at study plot on the top of heap (VÚ/3). X. nemoralis 

prefers less dense sunlight vegetation cover, in average 22 %. On the other hand, 30 years ago 

had X. nemoralis only subdominant (4 %) proportion in coenoses. A. pulverulenta (13 %) and 

P. lugubris (11 %) were eudominant species, too. While 30 years ago, the eudominant species 

were Phrurolithus festivus (12 %) and Trochosa ruricola (10 %) and dominant species were 

A. pulverulenta (8 %), Pachygnatha degeeri (6 %) and Centromerus sylvaticus (5 %). 

Decrease in dominance of previous spiders in araneocoenoses is remarkable, e.g. P. festivus 
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(from 12 % to zero), C. sylvaticus (from 5 % to zero) and P. degeeri (from 6 % to 1 %). T. 

ruricola decreased in proportion in community from 10 % to 4 %. On the other hand, a huge 

increases in dominance other spider species was noticed, X. nemoralis increased from 4 % to 

22 %.  

Non-specific spiders, represented by 44 species, created 52 %, second group consisted of 

18 mesophilic spider species (21 %), followed 12 thermophilic species (14 %) and ten species 

(12 %) was psychrophilic. In the contrary of our results, 30 years ago the most abundant 

spiders belonged to psychrophilic species (40 species, created 33 %), second one were non-

specific species (37 species, 30 %). These results correspond with the changed temperature 

and humidity conditions at the dumps.  

According to the classification of relictness (Buchar, 1992), in the years 1975-1984 

predominated expansive species. Expansive species confirmed the influence of human 

activities, mainly on non-reclaimed heap with natural vegetation seeding. In our research 

(2008-2010) relict species (RI+R) predominated here. In contrary, expansive spiders had 

lower proportion in coenoses. It seems in recent years to prevent fires from spreading at the 

dumps. This fact indicates the species of environmental quality (RI+R) achieved higher 

position than expansive.  

 

DISCUSSION 

The old coal mining heaps produced as a rest of coal mining represent a major element of 

the landscape for Ostrava-Karviná region. The coal mining heaps may represent a unique 

model territory for studying succession araneocoenoses and protect many endangered species 

of flora and fauna (Majkus, 2011).  

During the time of our research, the dominance of the families were concentrated on the 

eudominant family Linyphiidae (30 %), Lycosidae (14 %) and Gnaphosidae (13 %); dominant 

families were Thomisidae (7 %) and Theridiidae (6 %). 30 years ago, Majkus (1988) 

eudominant families were Lycosidae (36 %), Linyphiidae (29 %) and Clubionidae (13 %); 

dominant families were Tetragnathidae (5 %) and Agelenidae (5 %). 

Krumpálová & Krajča (2011) and Krajča (2005) on the nickel leach dumps in Slovakia 

found, the dump reclamation as newly created site was characterized by the dominance of 

similar species as the extensive dump, but their abundance decreased in older stage of 

succession and was replaced by other species belonged to the families Lycosidae a 

Gnaphosidae (Trochosa ruricola, T. robusta, Pardosa prativaga, Alopecosa pulverulenta, 

Haplodrassus signifer). The extensive dump was characterized by colonisation and 

dominance of a few small, ballooning linyphiid spider species (Oedothorax apicatus, 

Silometopus reussi, Ostearius melanopygius, Meioneta rurestris, Porrhomma 

microphthalmum, Tenuiphantes tenuis). The process of succession of ground living spiders 

during the time of investigation depended on the presence of vegetation cover on nickel leach 

dumps, mostly. We also found the species A. pulverulenta, T. robusta and T. ruricola in our 

study sites, that means in old stages succession process of reclamation of dumps. The 

composition of the species richness (number of species decreased) gradually changes, affects 

the population density of species, dominance of families and species, reflects a gradual 

stabilization of araneocoenoses and directs to a climax stage (Majkus, 2011). 

Characteristic feature of araneocoenoses Ostrava's dumps is constant changing of species 

structure, fluctuations of dominance of families and dominance of species and changes in the 

proportion of climax species, species of semi-natural habitats (RI+R) and expansive species 

(E). These features are the concomitants ongoing succession process of spider communities 

on the Ostrava dumps leading to their stabilization (Majkus, 1988; Žila, 2011). A theory, that 

the species richness decreases, probably nearing the climax stage was confirmed in this study. 

The influence of microclimatic conditions at dumps can be demonstrated on a large number of 
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species belonging to the non-specific species from thermopreference point of view, which 

have wide thermal amplitude, and therefore are well adaptable. These species can better 

tolerate significant changes in microclimate here. 

Based on the long term studies of succession araneocoenoses we can to pronounce the 

following conclusions: heaps are used as refuges of diversity in strongly influenced 

anthropogenic industrial land; spontaneous succession is of nature conservation clearly 

effective method of management dump habitats, technical reclamations destroyed 

environmental potential of heaps; natural succession of affected areas aimed at the increase in 

biodiversity of the country (Majkus, 2011). 
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Abstract 
The work deals with the issue  of floristic research in the catchment of Hodrušský potok creek in Štiavnické vrchy 

mountains. The aim of this work is to determine the biodiversity of taxons in this area. We used classical floristic 

methods and other manuals for the Central-European flora. With the detailed research of 45 localities we 

confirm 409 species that belong into 76 families. From the nature protection point of view, it is important that 

we found 5 potentially vulnerable: Aquilegia vulgaris, Centauria erythraea, Convallaria majalis, Epipactis 

helleborine, Galanthus nivalis; and one endangered species Lychnis coronaria. On the other hand 57 alien 

taxons have been registered 15of which are invasive. From the category of naturalized species we identified 40 

(10 %) taxons. Most of thembelongs to archeophyte (33 species) and to neophyte (24). From the autochthonous 

species in the studied area, we identified 16 species with expansive tendency. 
 

Keywords 
Floristic research. Non-native species. Hodrušský potok creek. Štiavnické vrchy Mts. 

 

INTRODUCTION 

One of the most notorious mining areas in Slovakia is Hodrušská dolina valley, which 

spreads over the area of the village named Hodruša – Hámre. Hodrušský potok creek flows 

through the whole valley. Its catchment sprawls in the middle of Hodrušská hornatina 

highland, which forms the western part of Štiavnické vrchy mountains (Kelemen et al., 1986). 

This deep valley extends from the southern side of Tanád hill at the altitude of 800 m a.s.l. to 

the mouth of Hodrušský potok creek at the altitude of 212 m a.s.l. (Priesol, 2005). Since 1979 

this area has been a part of the Protected Area of Štiavnické vrchy mountains (Kollár & 

Lacika, 2004). The Nature Reserve Kašivárová is in the studied area, which represents the 

remnant of indigenous primeval oak forest (Priesol, 2005). In addition to that, three localities 

of biotopes from NATURA 2000 reach our studied area (Hodrušská hornatina (SKUEV0263), 

Klokoč (SKUEV0264) a Suť (SKUEV0265)). 

The main characteristic of the local vegetation is the mixture of Carpathian and 

Pannonian flora (Kelemen et al., 1986). From the forest biotopes, oak, hornbeam, and beech 

forests predominate. Forests in Štiavnické vrchy mountains were in large measure disturbed 

by people. There was excessive deforestation as a consequence of settlement and mining 

activities. Most of the deforested hillsides are green, and they are used as meadows, pastures 

or orchards (Kollár & Lacika, 2004). 

The diversity of the local flora is a result of specific natural conditions. In a great measure 

it reflects the trend conditioned by anthropogenic activities in the last centuries. From the 

ecological, landscape and botanical point of view, it is important to study the diversity of the 

local flora since it constantly changes under the influence of various human activities. On that 

account, the aim of this research is to determine the biodiversity of taxons in this area. From 

the nature protection point of view, it is important to study the occurrence of non-native and 

expansive species, which can decrease the biodiversity of natural communities. On the other 

hand, we were interested in the occurrence of endangered species, which can increase the 

value of the particular area.  
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METHODS 

Floristic data were obtained in field research during three vegetation periods in the years 

from 2010 to 2012. The research was realized by using classical floristic methods of listing 

the species in particular locations. We determined each taxon directly in the field or 

additionally by using determination keys (Dostál, 1991, 1992), Rothmaler (2009), Futák 

(1966), Futák et al. (1982), Bertová et al. (1984, 1985, 1988, 1992), Bertová & Goliašová 

(1995), Goliašová et al. (1997), Goliašová & Šípošová (2002). The names of species were 

united according to the Checklist of Non-Vascular and Vascular Plants of Slovakia (Marhold 

et al., 1998). 

During our floristic research in the catchment of Hodrušský potok creek, we aimed at 

taxons occurring in different types of biotopes. Our selection of 45 localities was based on 

that criterion. The chosen biotopes were classified according to the Catalogue of Biotopes of 

Slovakia (Stanová, Valachovič et al., 2002). 

 

The list of biotopes with the numbers of localities: 

Lowland and submontane meadows – 1, 17, 18, 23, 28, 31, 35 

Wet meadows – 10, 14, 16 

Alluvial meadows with Allopecurus – 44 

Pioneer vegetation and thermophilic hems – 19, 37, 41 

Non – forested long shore vegetation - 22, 24, 29, 40 

Beech forests – 3, 4, 9, 12 

Oak-hornbeam forests – 11, 15, 26, 27, 30, 36, 39 

Spruce monoculture – 5 

Alluvial forest – 43 

Synanthropic vegetation and vegetation near human settlements - 2, 6, 7, 8, 13, 20, 21, 25, 32, 

33, 34, 38, 42, 45  

 

The list of found species was arranged in a table. Alien, invasive and naturalized taxons 

were identified according to the list published in the Inventory of the Alien Flora of Slovakia 

(Medvecká et al., 2012). Expansive species were identified according to the List of Alien, 

Invasive and Expansive Vascular Plants of Slovakia (Gojdičová et al., 2002). Endangered 

species of vascular plants along with their categories of IUCN were identified according to 

the current Red List of Vascular Plants of Slovakia (Feráková et al., 2001). Species protected 

by law were identified according to the Annexe No. 5 to Regulation No. 492/2006 Coll. to 

Act No. 543/2002.  

 

RESULTS AND DISCUSSION 

In the studied localities we monitored 409 species, classified in 76 families. The most 

frequent families were Asteraceae with 36 species (8 %), Fabaceae and Poaceae with 26 

species (7 %), and Lamiaceae with 25 species (6 %). These families are the most frequently 

represented in Central Europe. The number of species at a particular locality vary based on 

different biotopes. Rural and grassland communities were the richest in  the number of 

species. It ranged from 81 to 88 species in a locality. On the other hand, forest communities 

were characterized by lower species richness, ranging from 26 to 34 species. We noticed an 

extremely low number of species on the banks of Hodrušský potok creek. The reason is the 

presence of a large community of invasive neophyte Fallopia japonica, which suppresses 

other vegetation. In our research we were especially interested in ecosozologicaly significant 

species (Table 1). 

A considerable part of studied area is disturbed by human activities. This is the main 

reason why we found 57 (14 %) alien species in our research. We have also identified 15 (4 
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%) invasive taxons here. The most common of the invasive species were Conyza canadensis, 

Fallopia japonica, Impatiens parviflora, Robinia pseudoacacia and Matricaria discoidea. 

From the distribution of invasive species in the studied area, we came to a conclusion that 

these species can spread mainly in the areas influenced by human activities. These species did 

not occur in hard-to-get-to localities or in localities distant from human settlements. During 

the three years of our research, we noticed the spread of the following invasive species: 

Fallopia japonica, Impatiens glandulifera and Impatiens parviflora. They expanded and 

invaded new localities as well. For example, we found Impatiens parviflora during our first 

year of research at two localities, during the second year at five, and during the third year at 

six different localities. Potentially the most dangerous taxon from the invasive point of view 

is Fallopia japonica, which makes almost a continuous line on the banks of Hodrušský potok 

creek from approximately 240 m a.s.l. to 480 m a.s.l. During the vegetation period in 2011, 

we found a new species in Hodrušská dolina valley the Ambrosia artemisiifolia.  

From the category of naturalized species we identified 40 (10 %) taxons. The most of 

them belonging to archeophyte (33 species). From the 24 naturalized neophyte taxons we can 

mention, for example, the presence of Aesculus hippocastanum and Parthenocissus 

quinquefolia.  

From the autochthonous species in the studied area, we identified 16 species with 

expansive tendency. The most common were Trifolium pratense – at 18 localities, Cirsium 

arvense – at 9 localities, Calamagrostis epigejos – at 9 localities, Ranunculus repens – at 7 

localities.  

At studied localities we found 5 potentially vulnerable (NT) – Aquilegia vulgaris, 

Centauriu erythraea, Convallaria majalis, Epipactis helleborine, Galanthus nivalis; and one 

endangered (EN) species – Lychnis coronaria.  
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Tab. 1  The list of determinend ecosozologicaly significant vascular plants 

Note: Names of taxa are arranged alphabetically; The red list (RL) categories: potentionally 

vulnerable (NT), endangered (EN); the invasion status (IS): casual (cas), naturalized (nat), 

invasive (inv); residence time (RT): archaeophyte (A), neophyte (N), uncertain status (U); 

and numbers of localities are given for each taxon. 

 

Name of taxa RL IS RT Localities 

Aesculus hippocastanum  nat N 34, 45 

Ailanthus altissima  inv N 34 

Amaranthus retroflexus  inv N 33 

Ambrosia artemisiifolia  inv N 45 

Anagallis arvensis  nat A 2, 10, 21, 45 

Aquilegia vulgaris NT   22, 25 

Arctium lappa  nat A 24, 25, 38, 45 

Arctium tomentosum  nat A 8, 10, 20, 24, 25 

Armoracia rusticana  nat A 24 

Arrhenatherum elatius  EX  1, 2, 17, 18, 23, 28, 31, 35 

Artemisia vulgaris  EX  8, 11, 13, 20, 33, 34, 38, 45 

Aster novi-belgii  inv N 45 

Berteroa incana  nat A 34, 45 

Bidens tripartita  EX  7, 8, 28, 29, 43 

Bromus sterilis  nat A 19, 20, 33, 45 

Calamagrostis epigejos  EX  1, 2, 17, 18, 23, 31, 35, 38, 45 

Capsella bursa-pastoris  nat A 1, 10, 17, 45 

Carduus acanthoides  nat A 8, 20, 34, 38, 45 

Centaurium erythraea NT   17 

Cichorium intybus  nat A 20, 34, 38, 45 

Cirsium arvense  EX  2, 8, 17, 18, 23, 31, 35, 38, 45 

Cirsium vulgare   U 8, 18, 23, 34, 35, 38, 43, 45 

Convallaria majalis NT   5, 21 

Convolvulus arvensis  nat A 1, 21, 28, 34, 38, 41, 45 

Conyza canadensis  inv N 6, 8, 25, 34, 38, 45 

Cynodon dactylon  nat A 37, 41 

Echinochloa crus-galli  inv A 13 

Epipactis helleborine NT   27 

Erodium cicutarium   U 13, 34, 45 

Erysimum cheiranthoides  nat A 8, 13, 41 

Fallopia japonica  inv N 22, 42, 43, 45 

Fumaria officinalis  nat A 33, 34 

Galanthus nivalis NT   20 

Galinsoga urticifolia  inv N 13, 14, 20 

Geranium pyrenaicum  nat N 10, 20, 38 

Chelidonium majus  nat A 13, 21, 33, 45 

Chenopodium album   U 8, 13, 33, 38, 43, 45 

Name of taxa RL IS RT Localities 
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Chenopodium hybridum  nat A 33, 45 

Chenopodium polyspermum  nat A 7, 33, 45 

Impatiens glandulifera  inv N 42, 43 

Impatiens parviflora  inv N 4, 8, 11, 20, 38, 45 

Lactuca serriola  nat A 8, 45 

Lamium album  nat A 38, 43, 45 

Lamium purpureum  nat A 8, 11, 21, 28, 32, 33, 34, 45 

Larix decidua  EX  17 

Lupinus polyphyllus  nat N 20 

Lychnis coronaria EN    41 

Matricaria discoidea  inv N 1, 6, 20, 34, 38, 45 

Medicago sativa  nat N 21, 34, 45 

Melilotus albus  nat A 2, 8, 45 

Melilotus officinalis  nat A 1, 2, 34, 38, 45 

Microrrhinum minus   U 8, 19, 33 

Negundo aceroides  inv N 33 

Oenothera biennis  nat N 8, 13, 41, 45 

Papaver rhoeas  nat A 2, 13, 38 

Parthenocissus quinquefolia  nat N 32, 33 

Pastinaca sativa  EX  1, 2, 8, 25, 34 

Phleum pratense  EX  1, 2, 17 

Polygonum aviculare   EX U 1, 2, 8, 34, 45 

Ranunculus repens  EX  7, 8, 10, 31, 33, 38, 44 

Robinia pseudoacacia  inv N 33, 34, 41, 45 

Sambucus ebulus  EX  38 

Sambucus nigra  EX  11, 34, 43, 45 

Saponaria officinalis  nat A 31, 33, 34, 45 

Setaria pumila  nat A 2, 8, 10, 24, 38, 41, 45 

Silene latifolia subsp. alba  nat A 1, 11, 13, 14, 16, 45 

Sinapis arvensis  nat A 45 

Solanum nigrum  nat A 25, 26, 33 

Solidago canadensis  inv N 6, 41 

Sonchus asper  nat A 18, 31 

Sonchus oleraceus  nat A 13, 20, 25, 26 

Spiraea japonica  cas N 24, 43 

Stenactis annua  inv N 6, 20 

Symphoricarpos albus  cas N 25 

Tanacetum vulgare   U 2, 8, 10, 17, 45 

Thlaspi arvense  nat A 19, 45 

Trifolium pratense  EX  
1, 2, 8, 10, 11, 14, 16, 17, 18, 20, 23, 

26, 28, 31, 34, 35, 38, 45 

Tripleurospermum 

perforatum 
 nat A 2, 6, 8, 34, 35, 38, 45 

Verbascum austriacum  EX  31 

Veronica hederifolia   U 18, 23, 31 
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Name of taxa RL IS RT Localities 

Veronica persica  nat N 8, 18, 20, 21, 31, 45 

Vicia tetrasperma  nat A 18 

Vinca minor  EX  11, 12, 26, 27, 32 

Viscum album subsp. abietis  EX  3, 4, 9, 12 

Xanthoxalis stricta  nat N 13, 20, 34, 41, 45 

 

CONCLUSION 

In 1985, when Hlavaček put together the Flora of the Protected Area of Štiavnické vrchy 

mountains, Impatiens parviflora was found only in localities in Bralce and Horná Bukovina 

near Žibritov. Nowadays Getlerová (2008) and Vasiľová (2012) indicate the taxon from the 

close surroundings of Hodruša – Hámre. Potentially the most dangerous taxon from the 

invasive point of view is Fallopia japonica. Cvachová & Gojdičová (2003) state its presence 

in the studied area as well. During the vegetation period in 2011, we found a new species in 

Hodrušská dolina valley the Ambrosia artemisiifolia. In 1992, Dostál mentioned the presence 

of this taxon only in Podunajská and Záhorská nížina lowlands. 

A fact of particular importance is the presence of 5 potentially vulnerable (NT) – 

Aquilegia vulgaris, Centauriu erythraea, Convallaria majalis, Epipactis helleborine, 

Galanthus nivalis; and one endangered (EN) species – Lychnis coronaria. Hlavaček (1985), 

Getlerová (2008) and Vasiľová (2012) state the occurrence of these species in Hodrušská 

hornatina highland as well. 

At the end it is necessary to point out the importance of further research. It is necessary to 

monitor the invasive species in the Protected Area of Štiavnické vrchy mountains. In our 

opinion it is important to start with some kind of management to dispose these taxons which 

could decrease the diversity of natural communities. 
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Abstract 

Belianske Tatras are one of the most natural parts of Tatras Mountain.  The nature here is most preserved (since 

1978 visiting was forbidden). We evaluated research of small mammals during the years 2010-2012 in forest 

ecosystems. We found out 7 species (287 specimens) of small ground mammals - Eulipotyphla: Neomys fodiens 

(4.5%), Sorex araneus (16%), Sorex minutus (6.6%), Sorex alpinus (2.1%), Rodentia: Apodemus flavicollis 

(37.6%), Clethrionomys glareolus (32.5%), Pitymys tatricus (0.35%). Apodemus flavicollis and Cletrionomys 

glareolus were eudominant species. Period June - August was the highest in species richness (7 species). 

Between September and November was the most abundant.   

 

Keywords 

small mammals, TatranskáJavorina, forest ecosystem, live traps 

 

INTRODUCTION 

Belianske Tatras belong to Tatras Mountain with the widest biodiversity. The nature here 

was protected before human activities. National Natural Reserve javorová dolina valley was 

established in the year 1991. The reason of protection this area are different species of plants 

and animals on different geological substrate. Belianske Tatras is also important from water 

managnet and the occurrence of glacial relief forms. Our research carried out in the beginning 

of Javorová dolina valley. Area Javorová dolina valley is situated 22.51km² (et al., 2005)  

Small ground mammals include insectivores (Eulipotyphla) and rodents (Rodentia) 

(Sládek & Mošanský, 1985). The animals belonging to small ground mammals have weight 

less than 5 kilograms. Their life strategy is very different. It is depend on theirs adaptability 

on wide environmental conditions. The main identification symbols are teeth of small ground 

mammals. In rodents, we can see the two front gnawing teeth and the gap between them and 

other teeth. The differencies are also between length of tail, size of ears and eyes. The rodents 

are grainivor and herbivor animals. Sometime they prefer also animal food. An example 

might be a Yellow-necked Mouse (Apodemus flavicollis), which is granivor species (Nosek, 

1956) and in the absence of plant food and affords animal feed (Holišová & Obrtel, 1980). On 

the opposite insectivores prefer animal food as insects and other invertebrates. Kuviková 

(1985) describes as component of animal feed of Common Shrew (Sorex araneus) species 

from Coleoptera, Acari, Oligochaeta and Gastropoda. Of plant food they prefer sweet fruit, 

fruits or seeds (Anděra & Horáček, 2005). The most common species of the insectivores is 

Common Shrew (Sorex araneus). This species have wide ecological valence. Common Shrew 

is a forest species occurring from lowlands to high mountains. Occurrence of Common Shrew 

in different altitudes of the High Tatras from 1500 m a.s.l. was dedicating in study Trpiš 

(1994). The most common species of the rodents are Yellow-necked Mouse (Apodemus 

flavicollis) and Bank vole (Clethrionomys glareolus). Rosický & Kratochvíl (1955) recorded 

Apodemus flavicollis in the highest localities in altitude of 2016 m a.s.l. in Téryho chata 

(cottage).  

The knowledge of small mammal fauna of their occurrence and ecology produced many 

works from different parts of Slovakia (es report Dudich et al., (1982), Dudich (1970, 1989, 

1994); Darola & Štollmann (1981, 1984). More recent papers deal with this problem follow 

Ambrose et.al. (1999), Baláž et al. (2003), Ambros & Baláž (2005, 2007, 2010, 2012). 
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METHODS 

The small mammals were captured during the years 2010 - 2012 by many specialists( 

Ambros, Augustiničová, Baláž, Klimant, Rychlik, Tóthová and Tulis).  

The small mammals were capturing by Square method. Square method is based on the re-

trapping mammals in restraining traps. We used 50 restraining traps in research site. Traps 

were exposed for 4 nights per 3days checked in 3 hours intervals. Fruits, oat flakes, Tenebrio 

molitor and Zophobas morio was used as bait. The small mammals are protected in traps 

again cold, rain and wind.   

In this study we select the data from capturing in season from March to October. We 

evaluated data in terms of seasons: spring (March to May), summer (June to August) and 

authumn (September to November).  

 

 

 
 

Fig. 1 Research site in Taranská Javorina 

 

Study site 

The study site is situated in southern part of village Tatranská Javorina in altitude 1000 m 

a.s.l at the beginning of Javorová dolina valley. Village Tatranská Javorina is located in 

Poprad District in the Prešov Region (6786 square DFS) (E 20 ° 8'35 .4058, N 49 ° 15'56 

.988'' . The village is situated at the beginning of the Tatra Mountains part Belianske Tatras. 

For village Tatranská Javorina is hydrological important river Javorinka. This river also flows 

through the Javorová dolina valley.  

The research site is directly influenced by river Javorinka. Javorinka and forest here form 

different ecological conditions for small ground mammals. On research locality is dominant 

mountain maple forest (Aceron - Fagenion, abbr. the Geobotanical map Ac) (Michalko, 

1986b). Prevalent species are Acer pseudoplatanus, Lonicera nigra and Picea abies.  
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RESULTS AND DISCUSSION 

All together we collected 287 specimens belonged to 7 species of small ground mammals 

Apodemus flavicollis, Neomys fodiens , Pitymys tatricus, Sorex alpinus, Sorex araneus,  Sorex 

minutus (Fig.2). Eudominant species were Apodemus flavicollis (37.6%), Clethrionomys 

glareolus (32.5%), Sorex araneus (16%). Dominant species were Sorex minutus (6.6%). 

Amount of other species were: Neomys fodiens (4.5%), Sorex alpinus (2.1%), Pitymys taricus 

(0.35%).  

 

 
Fig. 2 Frequency of small ground mammals in forest ecosystem in Tatra mountains of square 

Javorina in the years 2010-2012 

 

We also evaluated the results from the seasonal changes point of view (Fig. 3). 

Apodemus flavicollis was common species, recorded since May till October. We collected 

108 specimens this species. Apodemus flavicollis dominated in September (60.2%) and July 

(23.1%). 

Clethrionomys glareolus was recorded from April to October. We collected 94 

specimens. The highest abundance was recorded in September (38.3%). Abundance was high 

also in July (24.3%) and June (19.1%). 

We found  13 specimens of Neomys fodiens from June to October. The highest abudance 

was in October (15.4%) and July (61.5%). 

Sorex araneus the third most frequent species of small mammals. We collected 46 

specimens from Jun to October. The greatest number of specimens was found in July (48 %) 

and September (21.7%).  

During the research were collected 19 specimens of Sorex minutus. This species 

occurred continually from July to September. The highest abundance was recorded in July 

(21.1%) and September (17.4 %).  

Species Sorex alpinus and Pitymys tatricus were recorded rarely. Sorex alpinus (6 

specimens) was collected in September and July. Pitymys tatricus was caught only one in 

June. 
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Fig. 3 Dynamics of small ground mammals in forest ecosystem in Tatra Mountain; Tatranská 

Javorina 

 

We evaluated the seasonal changes in community of small ground mammals.  

In  spring (March - May) the number of individuals was lowest. We trapped together 15 

individuals of Apodemus flavicollis (27%) and Clethrinomys glareolus (73%).   

In summer (June - August) 119 individuals of 7 species were collected. Eudominant 

were Clethrionomys glareolus (35.5%), Sorex araneus (27%) and Apodemus flavicollis 

(22%); dominant was Neomys fodiens (8.4%). 

In autumn (September - November) 153 specimens belonging to 6 species were found. 

Eudominant were Apodemus flavicollis (51%) and Clethrionomys glareolus (27.5%);  

dominants were Sorex araneus (9.2%) and Sorex minutus (8%). 

 

CONCLUSION 

The research was carried out during the years 2010 and 2012 in forest ecosystem in Tatra 

Mountains (square Javorina).  All togeather 7 species (287 specimens) of small ground 

mammals were found. Occurrence of species and individuals of small ground mammals was 

lowest. during the spring (March -May); in the summer (June - August) were the total number 

of specimens 119 (7 species) and in the autumn (September - November) we identified 153 

individuals (6 species).  

Species Apodemus flavicollis and Clethrionomys glareolus were eudominant during the 

whole period of research; dominant was Sorex araneus. Other small ground mammals were 

recorded only in summer and autumn. The highest abundance of species  we recorded  in 

autumn exactly in September (125 specimens). 

Low abundance of small ground mammals was in the spring probably dute to low 

resources of food. Consequently if the resource of food is better the abundance of species 

grown.  
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Abstract 

This paper brings floristic data from area of Kopanec meadows, which is situated in southwestern part of 

National park Slovak Paradise. From point of view of species diversity the area is very valuable and represents 

meadows with one of the highest species diversity in Europe. In 2000 there was recorded relevé with 75 vascular 

plant species per 1 m2 and 109 per 25 m2 (Šeffer et al., 2010). In 2012 we recorded 100 vascular plant species 

per 25 m2. During floristic research in 2011 and 2012 332 higher vascular plants were recorded. 50 species are 

involved in Red list of ferns and flowering plants of Slovakia (Feráková et al., 2001.) The most rare and 

remarkable species are: Herminium monorchis, Anacamptis pyramidalis or Ligularia sibirica.  

Keywords  

Slovak Paradise, meadows, flora. 

INTRODUCTION 

Non-forest communities occupy only about 10% of the area of National Park (NP) Slovak 

Paradise. Meadows and pastures, which are result of traditional land-use in past, occupy only 

5% of the area. The submountain and mountain meadows of Slovak Paradise are unique 

ecosystems with high biodiversity, which are related with various type of geological substrate 

with a predominance of calcareous rocks. Among the most valuable and most integrated 

complex of meadows in NP Slovak Paradise belongs Kopanec meadows. These communities 

belong to among the richest grasslands in Central Europe. All together, 75 vascular plants 

were recorded per 1m
2
 and 109 per 25 m

2 
in 2000 by Šeffer et al. (2010). Flora and vegetation 

of Kopanec meadows was previously the subject of research of many authors Hajdúk (1958), 

Smiešková (1970), Pitoniak (1978), Dzubinová (1984); later Dražil et al (1998). Trend of 

abandonment remote and less accessible grasslands and traditional land-use has affected even 

these valuable grassland habitats. Overgrowing by trees, especially by Norway spruce and 

enforcement of expansive grass species has negative influence on diversity and typical species 

composition of the original grassland communities. 

A wooded meadow at Laelatu in western Estonia was found to be very rich in vascular 

plants. The maximum number of species found was 25 in a 10 cm x 10 cm plot, 42 in a 20 cm 

x 20 cm plot and 63 in a 1 m
2
 plot (Kull & Zobel, 1991). Klimeš et al. (2001) reported at least 

67, resp. 88 vascular plant species in plots of 1 and 4 m
2
, respectively, in the grasslands in the 

Čertoryje National Nature Reserve in the south-western part of the White Carpathians. 

Merunková et al. (2012) recorded 105 vascular plant species per 16 m
2
, 116 per 25 m

2
, 131 

per 49 m
2
 and 133 per 100 m

2
 at the same site. 

The complex of Kopanec meadows are situated in southwestern part of NP Slovak 

Paradise in cadastre of municipality Vernár in district of Poprad (Fig. 1). Complex of 

meadows is 52.27 ha in area. Altitude of the area is in the range 900 to 1185 m a. s. l. 

Geological conditions consist of limestone, shale, sandstone and dolomite. There are many 

types of habitats, the most wide-spread are: submountain and mountain hay meadows, rich 

fens and humid meadows of submountain and mountain region. 
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Fig. 1 Kopanec meadows in the NP Slovak Paradise (VKÚ, Harmanec) 

MATERIAL AND METHODS 

Research was conducted during the growing season in 2011, 2012. It was carried out by 

methods of Zurich-Montpellier school (Braun-Blanquet, 1964) using the new Braun-Blanqet 

9-membered ordinal cover abundance scale (Van der Maarel, 1978). Relevés were stored in a 

database program Turboveg (Hennekens, 2001). Nomenclature of vascular plants is listed 

according to Checklist of non-vascular and vascular plants of Slovakia (Marhold et al., 1998). 

Endangered species are listed according to Red list of ferns and flowering plants of Slovakia 

(Feráková et al., 2001). Shannon index diversity was calculated in software Juice (Tichý, 

2002). 

RESULTS AND DISCUSSION 

During vegetation season 2011, 2012 we recorded 332 vascular plants in various types of 

non-forest habitats. The most important species from ecosozological point of view with their 

category of endangered are evident (Tab. 1). 

 
Tab. 1 Endangered species according to Red list of ferns and flowering plants of Slovakia (Feráková 
et al., 2001) 

Aconitum firmum (LR) Lilium martagon (LR) 

Adonis vernalis (VU) Listera ovata (VU) 

Anacamptis pyramidalis (EN) Moneses uniflora (LR) 

Carex capillaris (LR) Ophioglossum vulgatum (CR) 

Carex davalliana (VU) Orchis militaris (VU) 

Carex flava (LR) Orchis ustulata (EN) 

Carex paniculata (VU) Parnassia palustris (LR) 

Carex umbrosa (VU) Pedicularis palustris (EN) 

Clematis alpina (VU) Pilosella aurantiaca (VU) 

Covallaria majalis (LR) Pilosella cymosa (VU) 

Crepis conyzifolia (VU) Platanthera bifolia (VU) 

Crepis praemorsa (VU) Pinguicula vulgaris (EN) 

Crocus discolor (LR) Primula farinosa (EN) 
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Dactylorhiza fuchsii (VU) Pseudorchis albida (EN) 

Dactylorhiza majalis (VU) Pulsatilla scherfelii 

Dactylorhiza sambucina (VU) Soldanella hungarica (DD) 

Galanthus nivalis (LR) Sorbus aria (LR) 

Gentiana cruciata (LR) Thlaspi caerulescens (VU) 

Gladiolus imbricatus (VU) Traunsteinera globosa (VU) 

Gymnadenia conopsea (VU) Trientalis europaea (VU) 

Gymnadenia densiflora (EN) Triglochin palustre (VU) 

Herminium monorchis (CR) Trollius altissimus (VU) 

Knautia drymeia (LR) Valeriana simplicifolia (VU) 

Ligularia sibirica (VU) Viola lutea subsp. sudetica (LR) 

Lilium bulbiferum (VU) Viola rupestris (LR) 

 

Also we recorded extremely rich plant communities with high species diversity. On one 

permanent monitoring plot (5 x 5 m) we recorded 100 higher vascular plants in 2012. This 

rich community is documented by following relevé: 

Kopanec meadows, 150 m below the saddleback Javorina; Altitude: 1085 m; Exposure: 

E; Slope: 10°; Releve area: 25 m
2
; Cover total: 75 %; E0: 1%; E1: 75 %; 27.6.2012  

E1: Festuca pratensis: b; Carex alba: b; Lotus corniculatus: b; Rhinanthus serotinus: b; 

Agrostis capillaris: b; Festuca ovina: a; Festuca rubra: a; Carex panicea: a; Cruciata glabra: 

a; Pimpinella major: a; Leontodon hispidus: a; Trifolium pratense: a; Pimpinella saxifraga: a; 

Phyteuma orbiculare: a; Anthoxanthum odoratum: a; Alchemilla sp.: a; Prunella vulgaris: a; 

Carex caryophyllea: a; Centaurea phrygia: a; Knautia arvensis: 1; Ranunculus polyanthemos: 

1; Thymus pulegioides: 1; Calamagrostis varia: 1; Trifolium montanum: 1; Vicia cracca: 1; 

Phleum phleoides: 1; Dianthus carthusianorum: 1; Anthyllis vulneraria: 1; Ajuga reptans: 1; 

Sanguisorba minor: 1; Linum catharticum: 1; Leucanthemum vulgare: 1; Carex ornithopoda: 

1; Campanula glomerata: 1; Clinopodium vulgare: 1; Acinos alpinus: 1; Thesium alpinum: 1; 

Fragaria vesca: 1; Plantago media: 1; Cardaminopsis halleri: 1; Colchicum autumnale: 1; 

Plantago lanceolata: 1; Carum carvi: 1; Briza media: 1; Primula elatior: 1; Hypericum 

maculatum: 1; Alchemilla crinita: 1; Achillea millefolium: 1; Dactylis glomerata: 1; 

Leontodon hispidus subsp. hastilis: 1; Galium mollugo: +; Bromus erectus: +; Crepis 

praemorsa: +; Galium austriacum: +; Cerastium holosteoides: +; Carex pallescens: +; 

Phyteuma spicatum: +; Arenaria serpyllifolia: +; Polygonatum verticillatum: +; Salvia 

pratensis: +; Tussilago farfara: +; Trifolium badium: +; Polygala vulgaris: +; Polygala 

amara: +; Silene nemoralis: +; Hieracium bauhinii: +; Pilosella officinarum: +; Lilium 

bulbiferum: +; Knautia kitaibelii: +; Heracleum sphondylium: +; Geum rivale: +; Astrantia 

major: +; Ajuga genevensis: +; Brachypodium pinnatum: +; Luzula campestris: +; Carlina 

acaulis: +; Veronica chamaedrys: +; Plantago major: +; Luzula luzuloides: +; Stellaria 

graminea: +; Tanacetum clusii: +; Tragopogon orientalis: +; Potentilla erecta: +; Acetosa 

pratensis: +; Ranunculus acris: +; Taraxacum sp.: +; Crepis paludosa: +; Crepis mollis: +; 

Crepis conyzifolia: +; Colymbada scabiosa: +; Carduus glaucinus: +; Crocus discolor: +; 

Carex tomentosa: +; Origanum vulgare: +; Lathyrus pratensis: +; Potentilla aurea: +; Arabis 

hirsuta: +; Gymnadenia conopsea: +; Trifolium repens: +; Orchis ustulata: +;   

The one small locality, where the species Herminium monorchis occurs in Kopanec 

meadows also in NP Slovak paradise, is documented by following relevé. In this plot and 

outside the plot, we found together about 55 flowering plants. 

Kopanec meadow, cca 150 m below the saddleback Javorina; Altitude: 1087 m; 

Exposure: SE; Slope: 15°; Releve area: 25 m
2
; Cover total: 70 %; E0: 3%; E1: 70 %; 

27.6.2012  
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E1: Carex alba: 3; Festuca pratensis: b; Calamagrostis varia: b; Rhinanthus serotinus: b; 

Festuca ovina: a; Carex caryophyllea: a; Pimpinella saxifraga: a; Agrostis capillaris: a; 

Anthyllis vulneraria: a; Carex panicea: a; Leontodon hispidus subsp. hispidus: a; Pimpinella 

major: a; Briza media: a; Primula elatior: a; Dactylis glomerata: a; Prunella vulgaris: a; 

Festuca rubra: a; Phyteuma orbiculare: m; Thymus pulegioides: m; Lotus corniculatus: 1; 

Anthoxanthum odoratum: 1; Trifolium pratense: 1; Carum carvi: 1; Cruciata glabra: 1; 

Ranunculus polyanthemos: 1; Trifolium montanum: 1; Alchemilla sp.: 1; Bromus erectus: 1; 

Leucanthemum vulgare: 1; Linum catharticum: 1; Knautia arvensis: 1; Colymbada scabiosa: 

1; Leontodon hispidus subsp. hastilis: 1; Acinos alpinus: 1; Medicago lupulina: 1; Acetosa 

pratensis: 1; Origanum vulgare: +; Plantago lanceolata: +; Ajuga genevensis: +; Viola 

rupestris: +; Phleum phleoides: +; Galium austriacum: +; Festuca pallens s.lat.: +; Polygala 

amara: +; Ranunculus acris: +; Crepis mollis: +; Arenaria serpyllifolia: +; Plantago major: +; 

Salvia pratensis: +; Crocus discolor: +; Herminium monorchis: +; Trifolium repens: +; 

Campanula glomerata: +; Clinopodium vulgare: +; Carex ornithopoda: +; Vicia cracca: +; 

Trifolium medium: +; Cerastium holosteoides: +; Viola canina: +; Cirsium erisithales: +; 

Achillea millefolium: +; Vicia tenuifolia: +; Fragaria vesca: +; Heracleum sphondylium: +; 

Lilium bulbiferum: +; Tanacetum clusii: +; Dianthus carthusianorum: +; Campanula 

persicifolia: +; Astrantia major: +; Carduus glaucinus: +; Carex tomentosa: +; Crepis 

conyzifolia: +; Potentilla aurea: +; Carlina acaulis: +; Taraxacum sp.: +; Tragopogon 

orientalis: +; Luzula campestris: +; Gymnadenia conopsea: +; Sanguisorba minor: +; 

Veronica chamaedrys: +; Heliantheum grandiflorum subsp. obscurum: +; Galium mollugo: +; 

Silene nemoralis: +; Cardaminopsis halleri: +; Crepis praemorsa: +; Thesium alpinum: +; 

Hieracium cymosum: +; Scabiosa lucida: +; Brachypodium pinnatum: +; Listera ovata: +; 

Plantago media: +; Ajuga reptans: +; Colchicum autumnale: +; Centaurea phrygia: +; 

Potentilla erecta: +; Lathyrus pratensis: +; Polygonatum verticillatum: +;   

This relevé captured also plot with extremely high species diversity, because it contains 

97 higher vascular plants. Both relevés can be classified as initial succession stage of 

association Anthoxantho odorati-Agrostietum tenuis Sillinger 1933. This association 

represents most wide-spread grassland community in the NP Slovak Paradise (Pitoniak et al., 

1978). These flowery rich communities have high species diversity. Uhliarová et al. (2007) 

state, that in common 42 – 54 higher vascular plants are occurred in relevé, but some semi-

natural grassland can contain 65 - 70 and in some extreme cases more than 80 species of 

vascular plants, mainly on limestone. 

These two relevés documented communities with extremely high species diversity, which 

have relatively high value of Shannon diversity indices (4.29 and 4.17) also with high 

evenness (0.93 and 0.91), because relevés do not contain significant dominant species.  

The values of Shannon diversity index tend to be in the range from 1.5 to 3.5, in 

exceptional cases, the output value can be over 4.0 (Duchoslav, 1994). 

In present Herminium monorchis has only few microlocalities in Slovakia in Malá Fatra 

and NP Slovak Paradise. In Czech Republic this species extinct, also in Slovakia during the 

eighties of the twentieth century it was considered as extinct. In many European countries it is 

very rare plant and endangered by extinction. On existing localities it is endangered mainly by 

secondary succession – overgrowing by trees, accumulation of biomass and absence of 

traditional land-use. These localities should be necessary managed (cutting), otherwise it 

would quickly disappear. It is very competitively weak, often requires skeletal soil with lower 

total cover of vegetation. 

As a very remarkable find was occurrence of species Adonis vernalis on the top of hill 

Javorina with altitude 1180 m a. s. l. The closest isolated locality of this species is around the 

village Švábovce (728 m a. s. l.) about 17 km (beeline) from Kopanec meadows in the district 
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of Poprad, which is also the highest and northernmost known occurrence in Slovakia (Futák, 

1982). 

Another interesting find was Erysimum odoratum in 1000 m a. s. l., which is stated by 

Michalková & Goliašová (1996). Also they state from this locality hybrid Erysimum 

odoratum (2n = 14) x E. witmannii (2n = 14), which have a transitional morphological 

features of both parent taxons. We found habitat, where Erysimum odoratum and E. wittmanii 

occurred together and we noticed several individuals with intermediate colour of flower, but 

we have not confirmed occurrence of this hybrid yet. 

Species Anacamptis pyramidalis occurs in NP Slovak Paradise only on Kopanec 

meadows. In 2012 we noticed only 5 flowering plants on south oriented slope in 

xerothermophilous community with Calamgrostis varia. Potůček & Procházka (1999) took 

note, that occurrence of this species in surrounding of hill Javorina (1185m) is particularly 

interesting, because it grows at an altitude of about 1000 m a. s. l. near the locality of 

Pulsatilla scherfelii. 

Important species in researched area is Ligularia sibirica. Its occurrence has relict 

character in Slovakia. In the area population of L. sibirica is found on humid habitats near the 

banks along the creek. The biggest populations in Slovak paradise grow along the river Hnilec 

mainly in area from village Dedinky to Pusté pole. Species is typical for alder forests with 

Alnus inacana and various types of fens meadows and peat-bogs. 

 

CONCLUSION 

Valuable grassland habitats of rare flora are threatened by secondary succession because 

of abandonment of traditional land-use. Unmanaged parts of meadows are affected by the 

expansion of species like Calamagrostis arundinacea, Brachypodium pinnnatum, less 

Calamagrostis varia, which sometimes dominate and formed physiognomy of vegetation. 

Fortunately some habitats with occurrence of endangered species are managed periodically. 

Except of typical grassland heliophyts there are enforced forest species, which are spread 

from adjacent forest phytocoenoses. They are remnants of original vegetation in these 

conditions also as indicators of abandonment of traditional land-use. It is necessary to find 

convenient alternative management, which will be ecological and economical effective and be 

able to slow succession processes and maintain favourable status of natural habitats. 
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Abstract 
The submitted paper presents the results of a phenological research of woody plants which was realized on the 

locality of the Báb forest (municipal boundary of the village Veľký Báb, SE Slovakia) at the end of winter and in 

the early spring period in 2012. We studied the course of early spring phenological phases. The vegetative 

period onset of most woody plants includes the first half of March and the leaf development period the first half 

of April. It means the period when temperature exceeded the temperature limit for leaf budding. The woody 

plants budding at the end of winter and in the early spring have a longer interval of leafing than some of the 

woody plants that are later in bud. This fact is presumably associated with more favourable climatic conditions 

in the later spring period. 
 

Keywords 

Phenology. Báb forest. SE Slovakia, Woody plants. Spring phenological phases. 

INTRODUCTION 

The submitted paper shows results of the phenological research which was realized on the 

locality of the Báb forest at the end of winter and in the early spring period in 2012 (further 

location below). The Báb forest represents a climax stage of forest succession on loess (Eliáš, 

2010). The forest community is included in the unit Carpion betuli (Mayer 1937) and the 

association Primulae veris-Carpinetum (Neuhäusl et Neuhäuslová – Novotná 1964). 

In the 60s of the 20th century there was a complex ecological research carried out in the 

Báb forest within IBP - International biological program and the program MaB - Man and 

Biosphere that focused on 1 hectare permanently marked plot. Nowadays, the original 1 ha 

surface was restored. 

Plants sensitively react on surrounding conditions and the influence of many biotic and 

abiotic factors. From meteorological factors, woody plants development is influenced by 

moisture of the soil, sunlight and mainly air temperature (Kurpelová, 1972). Plants begin to 

intensively react mainly to increasing temperature and the most noticeable changes are 

observable in spring (Scheifinger et al., 2007).   

The research is realized on three forest permanent plots (PP) and on three PP on four 

clearcuts (Fig. 1). I published the part from this research in work Pilková (2013). The 

clearcuts arose due to one time logging in November 2006 realized by RA Palárikovo. 

The aim of the research is the comparison of onset and course of spring phenological 

phases of woody plants from the leaf budding onset in the early spring period to completely 

folded leaves in the spring period on the 6 observed permanent plots in the Báb forest. 

 

METHODS 

The Báb forest is a lowland oak-hornbeam forest in an intensively exploited agricultural 

country. This forest is the remnant of formerly larger indigenous forest complexes (Kubíček, 

Brechtl, 1970). The Báb forest represents a type of indigenous vegetation in this area (Jurko, 

1970).  

Administratively the Báb forest area belongs to cadastre of village Veľký Báb, district 

Nitra and to Nitra Region. It is situated on Nitra loess upland, 19 km from Nitra and 15 km 

from Sereď. Two reserve areas can be found here – National Nature Reserve Báb forest and 

the Protected Area Báb Park. 
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In the area of interest in the Báb forest 30 areas in the size of 20x20 m were measured 

and permanently marked (Fig. 1). Permanent plots are established only on the plateau area of 

the Báb forest.  

The phenological research is taking place on 6 PP (in 2012) which were chosen in the 

way that the biggest possible species diversity would be included. The plots are permanently 

marked, phenological observations are done on 1m wide transects on the perimeter of PP, so 

on every plot there is a surface of 76 m² studied, altogether it is 456 m² for all plots. 

Given permanent plots are formed by three forest and three PP on clearcuts (Fig. 1). The 

forest permanent plot no 24 is in the National nature reserve Báb forest. NNR is anthropically 

least influenced and it has an indigenous structure of the upper tree, shrub and herb layer. PP 

no 35 is situated in the part of the forest where shelterwood cutting was done in November 

2006. The last PP no 39 is situated  in the unlogged part of forest vegetation where logging is 

expected in the future. 

PP on the clearcuts are formed by: PP no 2 on the first clearcut which is the closest to the 

field, PP no 6 on the second clearcut and PP no 9 on the third clearcut which is the furthest 

from the field. The clearcuts arose due to line logging in November 2006, the bigger part of 

them is regularly cut twice a year, on the clearcuts there are seedlings Quercus robur and 

Quercus petraea agg. planted which are regularly treated. 

 

 
Fig. 1 The area of interest in the Báb forest with marked permanent plots and plots for the 

phenological research (marked with grey colour) (Source: ILE SAS, branch Nitra) 

 

Terrain observations were realized every 7 to 10 days. On 6 PP the following spring 

vegetative phenological phases which were chosen according to the work by Moravec (1994) 

were observed: 

- leaf budding – buds has enlarged their volume and on the sides of bud scales a light green 

colour appeared, 

- heyday of leaf buds –  in the middle of the bud green tips of leaves appeared, 

- green leaf cones – green leaf tips has become bigger and they form cones, 

- young incompletely folded leaves – leaves are not completely folded, they do not have the 

normal blade shape, 

- completely folded leaves – completely folded leaf has the normal blade shape. 

Particular phenophases were recorded since the first onset, e.g. the leaf budding 

phenophase was recorded already from the first bud, completely folded leaves were recorded 

already from the first completely folded leaf of the given woody plant. Therefore, during one 

observation (date) more phenophases occur (see below). 

1 

2 

4 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

19 

20 

21 

23 

24 

28 

29 

30 

34 

35 

 37 

36 

38 

3
9 

22 



  

202 
 

The nomenclature of the determined taxa was adjusted according to the work by 

Marhold, Hindák et al. (1996). 

 

RESULTS 
In the Báb forest on 6 defined permanent plots for the phenological research there were 

18 woody plants recorded in 2012: Acer campestre, Carpinus betulus, Cornus mas, Crataegus 

laevigata, Euonymus europaeus, Euonymus verrucosus, Ligustrum vulgare, Quercus cerris, 

Quercus petraea, Quercus robur, Robinia pseudoacacia, Rosa canina agg., Rosa tomentosa, 

Rubus fruticosus agg., Sambucus nigra, Sorbus torminalis, Ulmus minor, Viburnum lantana. 

Viburnum lantana was the first one to observe the vegetative phenological phase on– leaf 

budding on 11th March 2012 (Tab. 1). On most of the woody plants (9 species): Carpinus 

betulus, Crataegus laevigata, Euonymus europaeus, Euonymus verrucosus, Ligustrum 

vulgare, Rosa tomentosa, Rubus fruticosus agg.,  Sorbus torminalis, Ulmus minor  this phase 

was observed 10 days later, i.e. on 19th March. On the woody plants Acer campestre, Cornus 

mas, Quercus cerris, Quercus petraea, Quercus robur, Rosa canina agg., Sambucus nigra – 

29th March. The onset of the phenophase budding was last recorded on the species Robinia 

pseudoacacia– 23rd April 2012. 

The second observed spring vegetative phenophase was the leaf buds heyday and it was 

on 5 woody plants on 19th March 2012 (Crataegus laevigata, Euonymus europaeus, 

Euonymus verrucosus,  Rubus fruticosus agg., Viburnum lantana). 10 days later – 29th March 

this phase was observed on 10 species: Acer campestre, Carpinus betulus,  Cornus mas,  

Ligustrum vulgare,  Quercus robur,  Rosa canina agg.,  Rosa tomentosa, Sambucus nigra, 

Sorbus torminalis, Ulmus minor. On woody plants Quercus cerris and Quercus petraea the 

phase was observed on 5th April and the last observed species was Robinia pseudoacacia – it 

was recorded on 23rd April 2012. 

Green leaf cones firstly appeared on 19th March on two woody plants Viburnum lantana 

a Crataegus laevigata, 10 days later – 29th March on 10 woody plants, i.e. Acer campestre, 

Carpinus betulus, Euonymus europaeus, Euonymus verrucosus, Ligustrum vulgare, Quercus 

robur, Rosa canina agg., Rosa tomentosa, Rubus fruticosus agg., Sorbus torminalis. On the  

species Cornus mas, Quercus cerris, Quercus petraea, Sambucus nigra, Ulmus minor – on 

5th April and as the last one it occurred on the woody plant Robinia pseudoacacia – on 23rd 

April 2012. 

The phenophase - incompletely folded leaves begins on 5 species - Crataegus laevigata, 

Euonymus europaeus, Rosa canina agg., Rubus fruticosus agg., Viburnum lantana on 29th 

March 2012 (Tab. 1 and 2). 7 days later (5th April) on 8 species - Acer campestre, Carpinus 

betulus, Euonymus verrucosus, Ligustrum vulgare, Quercus cerris, Rosa tomentosa, 

Sambucus nigra, Sorbus torminalis. The woody plants Cornus mas, Quercus petraea, 

Quercus robur, Ulmus minor have incompletely folded leaves recorded on 13th April. The 

woody plant Robinia pseudoacacia has this phenophase recorded 10 days later – 23rd April 

2012. 

The phenophase completely folded leaves was recorded firstly on the species Viburnum 

lantana – 29th March 2012. 7 days later (5th April) on 8 woody plants – Acer campestre, 

Carpinus betulus, Euonymus europaeus, Euonymus verrucosus, Ligustrum vulgare, Rosa 

canina agg., Rosa tomentosa, Rubus fruticosus agg. on 13th April. As the last one it was 

recorded on Quercus robur, Ulmus minor - 23rd April, Robinia pseudoacacia - 3rd May 

2012. 
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Tab. 1 Illustration of the spring phenological phases onset of the Báb forest woody plants in 2012 

Species LB HLB GLC IFL CFL 

Acer campestre 29.3. 29.3. 29.3. 5.4. 5.4. 

Carpinus betulus 19.3. 29.3. 29.3. 5.4. 5.4. 

Cornus mas 29.3. 29.3. 5.4. 13.4. 13.4. 

Crataegus laevigata 19.3. 19.3. 19.3. 29.3. 13.4. 

Euonymus europaeus 19.3. 19.3. 29.3. 29.3. 5.4. 

Euonymus verrucosus 19.3. 19.3. 29.3. 5.4. 5.4. 

Ligustrum vulgare 19.3. 29.3. 29.3. 5.4. 5.4. 

Quercus cerris 29.3. 5.4. 5.4. 5.4. 13.4. 

Quercus petraea 29.3. 5.4. 5.4. 13.4. 13.4. 

Quercus robur 29.3. 29.3. 29.3. 13.4. 23.4. 

Robinia pseudoacacia 23.4. 23.4. 23.4. 23.4. 3.5. 

Rosa canina agg. 29.3. 29.3. 29.3. 29.3. 5.4. 

Rosa tomentosa 19.3. 29.3. 29.3. 5.4. 5.4. 

Rubus fruticosus agg. 19.3. 19.3. 29.3. 29.3. 5.4. 

Sambucus nigra 29.3. 29.3. 5.4. 5.4. 13.4. 

Sorbus torminalis 19.3. 29.3. 29.3. 5.4. 13.4. 

Ulmus minor 19.3. 29.3. 5.4. 13.4. 23.4. 

Viburnum lantana 11.3. 19.3. 19.3. 29.3. 29.3. 

Explanations: LB - leaf budding, HLB - heyday of leaf buds, GLC - green leaf cones, IFL - 

young incompletely folded leaves, CFL - completely folded leaves 

 

The interval of woody plants leafing reflects the number of days from the onset of the 

first phenological phase – leaf budding to the last one – completely folded leaves (Tab. 2). 

The shortest interval was recorded on Acer campestre and Rosa canina agg. – 7 days and on 

Robinia pseudoacacia 10 days in 2012. On the species Cornus mas, Quercus cerris, Quercus 

petraea, Sambucus nigra the interval took 15 days, on Carpinus betulus, Euonymus 

europaeus, Euonymus verrucosus, Ligustrum vulgare, Rosa tomentosa, Rubus fruticosus agg. 

17 days. One day longer – 18 days lasted the interval on Viburnum lantana. A long interval of 

leafing – 25 days was recorded on Crataegus laevigata, Quercus robur, Sorbus torminalis 

and the longest on Ulmus minor, i.e. 35 days in 2012. 

 

Tab. 2 The interval of woody plant leafing (number of days) 
IWPL 7 10 15 17 18 25 35 

W. 
plant 

Rosa 

canina agg. 

Robinia 

pseudoacacia 

Sambucus 

nigra 

Carpinus 

betulus 

Viburnum 

lantana 

Crataegus 

laevigata 

Ulmus 

minor 

Acer 

campestre 

 

Quercus 

cerris 

Euonymus 

europaeus 

 

Quercus 

robur 

 

 

Quercus 

petraea 

Euonymus 

verrucosus 

Sorbus 

torminalis 

Cornus 

mas 

Ligustrum 

vulgare 

 

 

Rosa 

tomentosa 

Rubus 

fruticosus 
agg. 

Explanations: IWPL - The interval of woody plant leafing 
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Spring phenological phases are markedly manifested on woody plants which begin their 

phenological activity at the end of winter or in the early spring period. For the onset of these 

phenological phases apart from the woody plant genetic features and location air temperature 

is crucial (Škvareninová, 2007). Therefore, the onset of spring phenophases is markedly 

subjected to the influence of air temperature changes. The temperature border for budding and 

blossoming is mostly 6 -10 °C. Budding and blossoming can be recalled by warmth only if 

trees are prepared for that, i.e. winter period of rest has finished. After leaf bud heyday a fast 

development of woody plants assimilative apparatus begins (Larcher, 1988). 

Due to phenological observations of woody plants in the Báb forest it was recorded that 

the beginning of the vegetative period is in the second half of March on most of the woody 

plants and the leaf development period (phenophases – incompletely and completely folded 

leaves) on most woody plants in the first half of April. It means that on 9 species the 

phenophase of leaf budding was recorded on 19th March, and on 7 species on 29th March; in 

this month the average monthly temperature according to SHMI equaled or was higher than 

6,1 °C, so the temperature border for budding was exceeded as Larcher (1988) states. 

Incompletely and completely folded leaves were observed on most woody plants on 5th April 

when the average monthly temperature was around 10 °C. The woody plant on which all 

observed phenophases were recorded as the last ones is Robinia pseudoacacia. The reason for 

the late onset of its vegetative period is presumably the fact that it is a thermophilic and 

photophilous woody plant. 

Due to observations a difference was found out in the onset of phenological phases on 

trees and shrubs. The first phenophases -  leaf budding and leaf bud heyday were recorded on  

shrubs Viburnum lantana, Ligustrum vulgare, Rosa tomentosa, Rubus fruticosus agg.,  

Crataegus laevigata, Euonymus europaeus, Euonymus verrucosus as well as on trees. 

Moreover, the phases incompletely and completely folded leaves also happened earlier on 

shrubs: Crataegus laevigata, Euonymus europaeus, Rosa canina agg., Rubus fruticosus agg. 

and Viburnum lantana. This observation is presumably caused by the fact that shrubs are less 

exposed to the open post with its more extreme climatic conditions than to which trees are 

exposed. This is already mentioned in the work by Domčeková (2008), who claims that the 

earlier onset of phenological phases related to leaf production was reflected on shrubs. 

The shift in the onset of leaf budding between the earliest and the latest woody plant is 

even 43 days, but the shift in the onset of the phenological phase incompletely folded leaves 

represents less, literally 25 days. This fact states that the woody plants budding at the end of 

winter and in early spring - Crataegus laevigata, Quercus robur, Sorbus torminalis, Ulmus 

minor have a longer interval of leafing than some of the woody plants (Rosa canina agg., 

Robinia pseudoacacia) budding later on.  As Domčeková (2008) states it is presumably 

related to more favourable climatic conditions in the later spring period that enables fast 

development of leafing. 

 

CONCLUSION 

This work presents the results of the research which was realized on the locality of the 

Báb forest at the end of winter and in the early sping period in 2012. On 6 defined permanent 

plots there were 18 woody plants recorded. On the woody plant Viburnum lantana the first 

phenophase – leaf budding was observed on 11th March. On most woody plants (9 species) 

this phase was observed on 19th March. As the last woody plant – 23rd April that was 

budding Robinia pseudoacacia was recorded. The phenophase completely folded leaves was 

recorded fistly on the species Viburnum lantana – 29th March. 7 days later (5th April) on 8 

woody plants. As the last woody plant Quercus robur, Ulmus minor – 23rd April, Robinia 
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pseudoacacia - 3rd May. The longest interval of woody plants leafing – 35 days was recorded 

on Ulmus minor. 

The onset of the vegetation period is in the second half of March and the period of leaf 

development in the first half of April; i.e. in the period when the temperature exceeded the 

temperature limit for budding. The woody plants budding at the end of winter and in the early 

spring have a longer interval of leafing than other woody plants which bud later on. Due to 

observations also a difference in the onset of phenological phases on trees and shrubs was 

found out. 

Phenological observations of forest woody plants are a valuable resource of information 

about the actual state and development of abiotic and biotic components of the environment; 

they are also significant in stating the most suitable areas for the production of particular 

species of woody plants as well as in the creation of forest economic plans, establishment of 

forest plants and selective work in forestry nurseries and beekeeping. 
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Abstract 

The aim of this contribution is to describe the diversity of vascular plants of grasslands in an area rich in 

environmental conditions. Study area includes extensive to intensive cattle pastures on basic and acidic bedrock 
with a vertical elevation of 100 m which creates preconditions for variety of plant communities. Work based on 

standard phytosociological research presents data of the plant diversity and community diversity. 193 species of 

vascular plants were recorded: 7 species represent protected plant species of national importance: Trollius 

altissimus, Dactylorhiza majalis, Primula farinosa, Crocus heuffelianus, Gymnadenia conopsea, Gladiolus 

imbricatus, Soldanella carpatica. Total of 34 relevés were analysed and categorized into environmental 

conditions groups and grassland syntaxa: 1. Mesic grassland communities: Poo-Trisetetum flavescentis, 

Pastinaco sativae-Arrhenatheretum, Geranio sylvatici-Trisetetum flavescenstis, Campanulo glomeratae-

Geranietum sylvatici, Crepido mollis-Agrostietum capillaris; 2. Wetland communities: Cirsietum rivularis; 3. 

Acidic montane pasture communities: Violo sudeticae-Agrostietum capillaris, Festuco capillatae-Nardetum 

strictae, Antennario dioicae-Nardetum strictae, which belong to the most diverse communities of the study area. 

Keywords 

Vascular plants. Grasslands. Diversity. Environmental conditions.  

INTRODUCTION 

This paper deals with the diversity of vascular plants on the contact zone of two national 

parks – Nízke Tatry National Park and Muránska planina National Park, where different 

environmental conditions (Biely et al., 2002; Hraško et al., 1993; own field research) lead to 

the creation of small species-rich patches in larger similarly managed grassland complexes. 

Plant communities react on changed conditions by altering the species composition 

(Rychnovská, 1985) or shifting to another plant community potentially present in soil seed 

bank (Davies, Waite, 1998). Therefore the adaptation of grassland communities in species 

composition to these conditions and their diversity is studied. This preliminary study is also a 

part of a dissertation thesis´ research. The basis of this study consists of the list of species and 

phytosociological research putting emphasize on species of special importance and general 

diversity of the communities. It is also a preliminary study for the further research of the plant 

communities´ dynamics.  

METHODS 

Methods of this contribution contain the characteristics of the study area, methods of the 

field research and methods of the data analysis.  

Study Area 

The study area is geographically located in the central part of Slovakia at the closing part 

of Horehronské podolie valley where Hron river springs and the surrounding as far as the 

forest line. It extends on the contact zone of three geomorphological units: Horehronské 

podolie valley, Spišsko-gemerský kras karst (Muránska planina plateau subunit) and Nízke 

Tatry Mts. (Kráľovohoľské Tatry Mts. subunit) (Mazúr, Lukniš, 1986).  

Altitude of the study area is in its lowest part around 935 m a. s. l. and circa 1045 m a. s. 

l. in the highest parts. The lower part is situated on the southeast slopes and the higher part on 

the north to northwest slopes creating conditions for very distinguished vegetation.   
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Generally the climate of the area comes under cold and very humid region, cool 

subregion. Average temperature in July ranks between 12 – 16 °C (Lapin et al., 2002). 

There are several springs that alter the grassland communities. The spring of Hron river is 

the most significant.  

All grassland communities in this area are grazed by cattle, therefore also mowed. Some 

of them are manured, mainly those in lower parts close to the Hron river spring.  

Methods of field research 

Field research in this area was realised in the summer vegetation season before the first 

mowing on 23
rd

 May – 22
nd

 June 2011 and on 19
th
 June 2012. Standard phytosociological 

research was carried out according to the Zurich-Montpellier geobotanical school using 

Braun-Blanquet scale (Braun-Blanquet, 1964). The basic study area on the meadows and 

pastures was therefore 25 m
2
. Botanical nomenclature follows Marhold, Hindák (1998).  

 

Methods of data analysis 

Data gained from field phytosociological research were stored in Turboveg database, then 

exported to Juice programme for the analysis. Electronic expert system for identification of 

syntaxa (Janišová et al., 2007) was used to classify the relevés. Syntaxa nomenclature 

therefore follows this system. Modified Twinspan classification was used for better 

understanding of the variability and dynamics of the communities (Roleček et al., 2009). The 

diversity of the communities was compared by using Shannon diversity index (Begon et al., 

2007). Species of special importance were marked according to regulation No. 24/2003 of 

Statute-book.  

RESULTS 

List of recorded species counts 193 species of vascular plants. Phytosociological table 

(Table 1) summarises the presence and abundance of the species in individual relevés. Total 

of 34 relevés from field research were analysed. Classified syntaxa with few additional 

information of sites´ conditions are shown in Table 2.   

 

Tab. 1 Phytosociological table in alphabetical order according to increasing number of 

relevés with underlined protected plant species of national importance 
 

No. of relevé 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 

Species list 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 

                                   Alchemilla vulgaris agg. 2 . . 1 1 + + 1 . + 1 2 2 + 2 + + + + + . + 2 . + + 1 1 . + . + + + 

Antennaria dioica + . . . . + + . . . . . . . . . . . . + . . . . . . . . . . . . . + 

Anthoxanthum odoratum agg. 1 . . . 1 1 1 + . . + 2 2 1 + . . 1 2 2 + . . + 1 . . 2 2 1 1 + . 2 

Anthyllis vulneraria 1 . . . . r . . . . . . . . . + . 3 . . . . . . . . . . . . . . . + 

Carex leporina + 1 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cruciata glabra 1 1 + . + + + . . . + + . . . + + . 1 + . + . + 1 2 . + 1 . r + + + 

Dactylis glomerata 2 . . 2 . . . 2 . 1 1 1 1 2 1 . 3 2 . . 1 2 + . . . 1 1 1 . . + 1 . 

Equisetum sylvaticum + . . . . . . . . . . + . . . . . . . . . . . . . . . . + + . . . . 

Fragaria viridis + . . . . . . . . . . . . . . + . . . + . . . . . . . . . . . . . . 

Gentiana verna + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . 

Lotus corniculatus agg. 1 . . . . + 1 1 . 1 . 1 3 2 . . + 1 2 . . + . . . . . + + . . . + + 

Luzula campestris agg. r . + . + + . r . . . + + . . + . . + . . . . . + . . . 1 1 1 + + + 

Phleum rhaeticum + . . . . . . . . . . . . . . . . . . . . . + 1 + + . . . . 2 . . . 

Phyteuma orbiculare 1 . . . . . . + . + . . . . . + . . . . . . . . . . . . + . . . . . 

Polygonatum odoratum 1 . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . 

Potentilla aurea 1 . . . 1 . . . . . . . . . . . . . . . . . . 1 . . + . . . . . + . 

Ranunculus polyanthemos 1 1 + . . + + . . . . . . + . . . + 1 1 1 1 . . + + . . . . . . . . 

Tragopogon orientalis + . . . . . . 1 . 1 r . 1 1 r . + . . . . . . . . . . . + . . . . . 

Trifolium montanum + . . . . + + + . . . + . 2 . 3 . 2 . 2 . . . . . . . . 1 + . . . 1 

Trollius altissimus + + . . . . . . . . . . 1 . . . . . . . . . . . . . . . 1 1 . . . . 

Veronica chamaedrys agg. 1 . . + + . + . . . + + + . + . + . + + . + + . . . + + + . + . + + 

Vicia sepium 1 . . . . . . + . . + . . . + . + . . . . + . . . . + + . . . . . . 

Caltha palustris . 3 + . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 1 . . 
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Cardamine pratensis . 3 + . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . 

Carex caryophyllea . 2 . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . 

Carex davalliana . 1 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 1 . . 

Carex panicea . 2 2 . . . . . . . . . . . . . . + . . . . . . . . . . . . . 1 . . 

Dactylorhiza majalis . + + . . . . . . + . . . . . . . . . . . . . . . . . . . 1 . + . . 

Deschampsia cespitosa . 2 . 2 + + . . + . . . 1 . + . . . . . . . 3 2 . . + + . 1 1 1 . + 

Equisetum palustre . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . + . 1 . . 

Geum rivale . + . . r . . . r . . . + . . . . . . . . . . . . . . . . + . 1 . . 

Lychnis flos-cuculi . + . . . . . r + r . . . . . . . . . . . . . . . . . . . + . 1 . . 

Myosotis scorpioides . + + . . . . r 1 + + + + . + . + . . . . . . + . . . 1 + . . 1 . . 

Primula farinosa . r r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Eriophorum angustifolium . . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . + . . 

Juncus conglomeratus . . r . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 1 . . 

Pedicularis palustris . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . 

Alopecurus pratensis . . . 3 + . . 1 2 . 3 2 1 1 2 . 2 . + . + 1 1 . . . 3 2 . . . + + . 

Acetosa vulgaris . . . + . . . r + + 1 + + + 2 . 2 . 2 1 + 1 + + + . 2 2 . + + + . . 

Leucanthemum vulgare agg. . . . r . + + 1 . 1 + + + + + + + 1 + + + + . . + . r + + . . . 1 + 

Ranunculus acris . . . 1 + . . 2 3 2 1 . 1 . 2 . 2 . . . + + 1 1 . . 2 1 1 + + . 1 1 

Taraxacum sect. Ruderalia . . . 2 + . . + . + . 2 . 1 . . 1 + . . . 1 . . . . + + . . . . . . 

Agrostis capillaris . . . . 1 1 . 1 1 1 2 2 2 1 2 2 2 . 2 1 . 2 1 2 + 1 2 . 1 . . . . + 

Crocus heuffelianus . . . . + . . . . . . . . . . . . . . . . . . . . . . . + . r . + . 

Hypericum maculatum . . . . + r . + . . . 2 2 2 1 . . . 1 . . 1 . 1 + + + . 2 . 1 . + . 

Lathyrus pratensis . . . . + . . + + . . . + . . . + . . . . + + . . . + + . + . + . . 

Leontodon hispidus . . . . + 1 . 2 . 3 1 3 2 2 1 . . 2 . . . . + + . . r + 1 . . . + . 

Luzula luzuloides . . . . + + 2 . . . . 1 + + + . . . 2 3 2 . . + 2 2 . . 1 1 1 . 2 1 

Nardus stricta . . . . 2 3 2 . . . . . . . . . . . . . . . . . 2 1 . . . . 2 . 1 2 

Phyteuma spicatum . . . . r . . r . + + 1 3 . 1 . . . . . . . . . . . . + 1 . . . . . 

Plantago lanceolata . . . . + r + . . . . . . + . . . . 1 . + 1 . . . . . . + . . . + . 

Plantago media . . . . + . . + . 1 . . . 1 . 1 . + . . . + + . . . . . . . . . . . 

Primula elatior . . . . + . . . . . + . . . . . . . . . . . . . . . . . + . . . . . 

Sanguisorba officinalis . . . . + . . + + . . . 1 . . 1 . + + . . . . + . . . . . . . . . . 

Trifolium repens . . . . 1 + + . + 1 1 . . . . . . + + . . + 2 2 1 . 2 . + . 2 . + . 

Vicia cracca agg. . . . . + . . 2 2 1 1 + 1 1 + + + + . . . + + + . . + + r + . . . . 

Viola lutea . . . . + . + . . . . + . . . . . . . . + . . 1 + 2 + . . . 2 . + 1 

Viola riviniana . . . . + . . . r . . . . . . r . . . + . . . r + + . . . . . . r + 

Achillea millefolium agg. . . . . . r . 1 . 1 . . . + + 1 . + + + . + 1 1 . . 1 . . . + . + . 

Avenella flexuosa . . . . . 2 2 . . . . . . . . . . . 1 2 2 . . . 2 3 . . . . + . 1 1 

Briza media . . . . . 1 1 1 . 2 . 1 . 1 . 1 . 2 + 1 . . . . + + . . . + + + . + 

Calluna vulgaris . . . . . + 1 . . . . . . . . . . . . . . . . . . . . . . . . . . + 

Campanula patula . . . . . 1 + r . + + + + + + . . . 1 1 + + + + + . + + + . r + + + 

Campanula persicifolia . . . . . r r . . . . . . . . + . + . . . . . . . . . . . . . . . . 

Cardaminopsis halleri . . . . . r . . . . . . . . . r . + . + . + + + + + . . + . . . + + 

Carlina acaulis . . . . . 1 1 . . . . 1 . . . 1 . + 2 2 + . . . + r . . 1 . + . + + 

Dianthus carthusianorum agg. . . . . . r . . . . . . . . . + . + . + r . . . . . . . . . . . + . 

Festuca rubra agg. . . . . . 1 1 1 1 . 2 . 2 2 3 + . 1 2 1 3 3 2 2 1 1 2 1 2 1 2 + 2 + 

Hieracium murorum . . . . . 1 + . . . . . . . . . . . . . . . . . + + . . . . + . . . 

Koeleria pyramidata . . . . . + 2 . . . . . . . . + . . . . . . . . . . . . . . . . . 1 

Peucedanum carvifolia . . . . . + . . + + 2 + + 1 . . 2 . 1 1 1 . 1 1 + . . . . . . . . . 

Pilosella officinalis . . . . . 2 + . . . . . . . . + . . . . . . . 1 1 1 . . + . + . . + 

Pimpinella saxifraga . . . . . + + . . . + . . . . . . . . + . . . . . . . + . . + . + + 

Polygala vulgaris . . . . . + + r . . . . . . . + . . + + . . . + + . . . . . r . . + 

Potentilla reptans . . . . . + 1 . . . . + . + . . . . 1 1 . + . . 1 . . . . . . . . . 

Prunella vulgaris . . . . . 2 . . . + . . . . . . . . . . . . + + + . . . . . r + . . 

Pyrethrum corymbosum . . . . . r + . . + . 2 . 2 . + . . . 1 1 . . . r . . . 1 . . . 1 + 

Rosa pendulina . . . . . r . . . . . 2 + 3 . . . . . . . . . . . . . . . . . . . . 

Salix silesiaca . . . . . + . . . . . . . r . . . . . . . . . . r . . . . . . . . . 

Sanguisorba minor . . . . . + . . . . . . . . . . . . . . . . . . . . . + . . . . + . 

Silene nutans . . . . . + . . . . . . . . . . . . . + + . . . . . . . . . . . r + 

Stellaria graminea . . . . . + . r + . + + + . + . + . 1 1 1 + + . . . + + . . . + + + 

Steris viscaria . . . . . + . . . . . . . + . r . r . . . . . . . . . . . . . . . . 

Thymus pulegioides . . . . . 1 + . . . . + . . . + . . + . . . . . + + . . . . + . . + 

Trifolium alpestre . . . . . r . . . . . . . . . . . + + . . . . + . . . . . . . . . . 

Trifolium pratense . . . . . r + 2 + 2 2 1 2 1 1 . 1 . 1 + + + 1 1 + . + + + + + r 1 + 

Trommsdorfiia uniflora . . . . . 1 1 . . . . 1 . . . . . . 1 1 1 . r + + 1 . . 1 . . . + 1 

Veronica officinalis . . . . . + . . . . . . . . . . . . . + . . . + + . . . . . + . + . 

Agrostis stolonifera agg. . . . . . . 1 . . . . . . . . + . + . . . . . . . . . 1 . . . . 1 . 

Gymnadenia conopsea . . . . . . 1 r . . . 2 . . . . . . . . . . . r . r . . 1 . . . . + 

Pulsatilla scherfelii . . . . . . 3 . . . . . . . . . . . . . . . . . . + . . . . . . . 2 

Trifolium hybridum . . . . . . + . + + 2 1 . 1 + . + . + + 1 + . . . . . . . . . . . . 

Vaccinium myrtillus . . . . . . 1 . . . . . . . . . . . . 1 . . . . 2 2 . . . . . . . + 

Vaccinium vitis-idaea . . . . . . 1 . . . . . . . . . . . . + . . . . + 1 . . . . . . . + 

Arrhenatherum elatius . . . . . . . 1 . 2 . 1 2 3 . 3 3 3 . . . 2 . . . . . . . . . . + . 

Carum carvi . . . . . . . 1 . 1 1 . . . . + . . . . . 1 . . . . . + + . . . 1 . 

Cerastium arvense . . . . . . . + . + . + . . . . . . . . . . . . . . . . . . . . . . 

Cirsium arvense . . . . . . . 1 . . . . . . . . . . . . . . + . + . . . . . . . . . 

Cirsium rivulare . . . . . . . + 2 + . . r . . . . . . . . . . . . . . . . + . 1 . . 

Colchicum autumnale . . . . . . . 1 . 1 . r + + . . + + . . . . . . . . . + . . . + . . 
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Festuca pratensis . . . . . . . 1 2 + 2 . . + 1 . 2 + 1 . . . 1 1 . . . 2 . + . + . . 

Galium boreale . . . . . . . + . . . . . . . r . . . . . . . . . . . . . + . 1 . . 

Jacea phrygia . . . . . . . 2 1 1 1 1 1 2 2 . 1 1 . + + 2 . + + . + . . . . . . . 

Phleum pratense . . . . . . . + . + . . . + . . + . . . . 1 . + . . + . + . . . . . 

Poa pratensis agg. . . . . . . . 2 1 + . . + . . . 1 . . . 1 2 1 . . . 2 1 . + . + . . 

Poa trivialis . . . . . . . + 1 + 2 + . . 1 . . . . . . . . . . . + 1 . 2 . 1 . . 

Rhinanthus minor . . . . . . . 1 + 2 2 + 3 2 2 . + + . + 2 3 . . . . . 1 1 . . + . + 

Trisetum flavescens . . . . . . . 2 . + 3 2 2 2 3 . 2 . 2 . . 2 . . . . + 3 1 . . . . . 

Carex hirta . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . + . . . . . 

Ranunculus repens . . . . . . . . + . . . . . . . . . . . + . 2 . + . 1 + . + . 1 . . 

Crepis mollis . . . . . . . . . 1 1 . 2 1 2 + 1 . 3 1 . . . . . . . . . . . . . . 

Cynosurus cristatus . . . . . . . . . + + . . . . . . . . . . . . . . . . . . . + . . . 

Galium verum agg. . . . . . . . . . + . . . 1 . . . . . . . . . . . . . . . . . . . . 

Geranium sylvaticum . . . . . . . . . + 2 2 + . . . . . . . . . . . . . . 2 2 . . . . . 

Heracleum sphondylium . . . . . . . . . + . . + + + + 2 . . . . . . . . . . . . . . . . . 

Linum catharticum . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . + . 

Medicago lupulina . . . . . . . . . + . . . . . . . + . . . . . . . . . . . . . . . . 

Myosotis arvensis . . . . . . . . . r . + . . + . + . . . . 1 . . . . . . . . . . . . 

Potentilla erecta . . . . . . . . . + . . . . . . . . . . . . + + . . . . + . 1 + 1 1 

Anthriscus sylvestris . . . . . . . . . . . . r . + . . . . . . . . . . . . 1 . . . . . . 

Galium mollugo agg. . . . . . . . . . . . . r . + + + 1 . . . + . + . . . . . . . + . . 

Cerastium holosteoides . . . . . . . . . . . . . + 1 . + + . + . + + . . . 1 + + . . . . . 

Polygonatum verticillatum . . . . . . . . . . . . . + . . . . . + . . . . r . . . . . . . r . 

Vicia villosa . . . . . . . . . . . . . + . r . + . . . . . + . . . . . . r . . . 

Geranium pratense . . . . . . . . . . . . . . + . . . . . . . 2 . . . . . . . . . . . 

Acinos arvensis . . . . . . . . . . . . . . . 2 . 1 . . . . . . . . . . . . . . . . 

Aquilegia vulgaris . . . . . . . . . . . . . . . r . + . . . . . . . . . . . . . . . . 

Clinopodium vulgare . . . . . . . . . . . . . . . + . . . . . . . . . . . . . + . + . . 

Digitalis grandiflora . . . . . . . . . . . . . . . 1 . . . + . . . . . . . . . . . . . . 

Helianthemum ovatum . . . . . . . . . . . . . . . 1 . + . . . . . . . . . . . . . . . . 

Knautia arvensis . . . . . . . . . . . . . . . 1 . + . . . . . . . . . . . . . . . . 

Picea abies . . . . . . . . . . . . . . . r . . . + . . . . + . . . . . . . . . 

Calamagrostis varia . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . + 

Campanula rotundifolia agg. . . . . . . . . . . . . . . . . . + . . . . . + . r r . . . . . . . 

Carex flava agg. . . . . . . . . . . . . . . . . . r . . . . . . . . . . . + . . . . 

Gladiolus imbricatus . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . r . . 

Soldanella carpatica . . . . . . . . . . . . . . . . . . . . . . . . + + . . . . + . . + 

Jacea phrygia ssp. phrygia . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 . + . + . 

Ranunculus strigulosus . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . + 1 

Rosa canina agg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . + . 

Carex alba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . + . . 

Salix caprea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + r . . . 

Festuca rupicola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 

 

Species with occurence in less than 2 relevés: 

Ajuga reptans 1: +; Convallaria majalis 1: +; Gentiana asclepiadea 1: +; Carex muricata agg. 2: +; Carex nigra agg. 2: 3; Veronica 

beccabunga 2: +; Danthonia decumbens 6: +; Potentilla anserina 6: r; Euphrasia rostkoviana 10: 1; Veratrum album 12: r; Carduus 

acanthoides 13: 2; Bunias orientalis 14: r; Galium uliginosum 16: +; Gentiana cruciata 16: r; Juniperus communis 16: +; Silene vulgaris 16: 

+; Astrantia major 18: +; Avenula pubescens 18: +; Cirsium erisithales 18: r; Pimpinella major 18: +; Verbena officinalis 19: +; Viola 

tricolor agg. 19: r; Rubus idaeus 20: +; Carduus personata 

 
Tab. 2 Classified syntaxa with short description of sites´ conditions and Shannon diversity index values 

No. Syntaxa name Altitude Other information Diversity 

1 Violo sudeticae-Agrostietum capillaris 993 Pasture 2.959 

2 Cirsietum rivularis 973 Depression wetland 2.254 

3 Cirsietum rivularis 972 Depression wetland 1.929 

4 Geranio sylvatici-Trisetetum flavescentis 959 Pasture 1.663 

5 Violo sudeticae-Agrostietum capillaris 990 Pasture 3.099 

6 Festuco capillatae-Nardetum strictae 952 Pasture 3.295 

7 Violo sudeticae-Agrostietum capillaris 964 Pasture 3.061 

8 Poo-Trisetetum flavescentis 938 Pasture 3.421 

9 Festuco capillatae-Nardetum strictae 937 Wet meadow 2.648 

10 Geranio sylvatici-Trisetetum flavescentis 970 Mesic grassland  3.348 

11 Geranio sylvatici-Trisetetum flavescentis 980 Mesic grassland  2.989 

12 Geranio sylvatici-Trisetetum flavescentis 986 Mesic grassland  3.303 

13 Geranio sylvatici-Trisetetum flavescentis 988 Mesic grassland  3.153 
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14 Poo-Trisetetum flavescentis 987 Mesic grassland  3.232 

15 Geranio sylvatici-Trisetetum flavescentis 987 Mesic grassland  2.995 

16 Campanulo glomeratae-Geranietum sylvatici 987 Mesic grassland near forest 3.079 

17 Pastinaco sativae-Arrhenatheretum elatioris 987 Mesic grassland 2.911 

18 Campanulo glomeratae-Geranietum sylvatici 988 Mesic grassland near forest 3.094 

19 Violo sudeticae-Agrostietum capillaris 980 Pasture  3.091 

20 Festuco capillatae-Nardetum strictae 985 Pasture on former spruce site  3.212 

21 Poo-Trisetetum flavescentis 980 Pasture  2.644 

22 Poo-Trisetetum flavescentis 969 Pasture  2.998 

23 Poo-Trisetetum flavescentis 1001 Intensive pasture 2.834 

24 Festuco capillatae-Nardetum strictae 1000 Intensive pasture 3.319 

25 Festuco capillatae-Nardetum strictae 1000 Acidic montane pasture 3.418 

26 Festuco capillatae-Nardetum strictae 1020 Acidic montane pasture 2.719 

27 Poo-Trisetetum flavescentis 1032 Acidic montane pasture 2.861 

28 Geranio sylvatici-Trisetetum flavescentis 980 Mesic grassland 3.074 

29 Crepido mollis-Agrostietum capillaris 985 Montane pasture 3.582 

30 Cirsietum rivularis 987 Spring part of Hron river 3.334 

31 Festuco capillatae-Nardetum strictae 1000 Intensive montane pasture 3.116 

32 Cirsietum rivularis 973 Depression wetland 3.263 

33 Violo sudeticae-Agrostietum capillaris 980 Wet pasture 3.494 

34 Antennario dioicae-Nardetum strictae 964 Acidic montane pasture 3.574 

 

Among the most diverse communities are montane pasture communities of the 

association Crepido mollis-Agrostietum capillaris and two acidic montane plant communities 

Violo sudeticae-Agrostietum capillaris and Antennario dioicae-Nardetum strictae. On the 

contrary, the least diverse communities are represented by wetland association Cirsietum 

rivularis and a pasture community of the association Geranio sylvatici-Trisetetum 

flavescentis.  

DISCUSSION 

 Grassland plant communities react on variable environmental conditions by altering their 

species composition (Ellenberg, 1996). This could be seen for example on montane pasture 

communities of association Crepido mollis-Agrostietum capillaris growing on cattle pasture 

sites, where its diversity changed gradually to the association of Festuco capillatae-Nardetum 

strictae with decreasing intensity of pasture and increasing slope and altitude (Janišová et al., 

2007). Number of species decreased too. But the presence of Nardus species on karst part 

could be also caused by long-term pasturage and wrong management (Holúbek et al., 2005).  

Communities of wetland sites of association Cirsietum rivularis with lower amount of water 

present on the sites changed into typical pasture community of association Poo-Trisetetum 

flavescentis and where intensity of management was even higher, the community of 

association Geranio sylvatici-Trisetetum flavescentis developed. Increase of manure decreases 

the diversity of these communities (Ružičková, Kalivoda, 2007). Acidic/basic conditions 

appeared to distinguish between the communities growing in similar altitude and soil-water 

conditions. On basic sites community of association Campanulo glomeratae-Geranietum sylvatici 

developed. On acidic bedrock with cattle pasture grew the community of association Festuco 

capillatae-Nardetum strictae and on more acidic not pastured or abandoned sites the 

community of association Violo sudeticae-Agrostietum capillaris developed as described by 
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Janišová et al. (2007). The diversity of these communities is a subject to variable 

environmental conditions and human management. According to Sebastià, Puig (2008) 

communities growing under certain stress conditions may be very diverse, as for example 

studied communities of associations Antennario dioicae-Nardetum strictae or Violo 

sudeticae-Agrostietum capillaris growing in higher altitude on acidic bedrock. On the other 

hand some conditions may reduce the diversity, as the presence of water and poor soil 

(Valachovič, 2001) like in the community of association Cirsietum rivularis. Pasture is 

together with the presence of springs and acidic bedrock important factor influencing the 

environment on these grasslands. 
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Abstract 

When intensity of grassland exploitation is decreasing, secondary succession changes occur and important 

biotopes of grasslands and pastures are endangered. This work deals with the assessment processes for 

secondary succession permanent grassland for the period of 37 years with using geographic information 

systems. Non-forest wood and shrub vegetation is very important in landscape ecological stability and performs 

many important nonproductive functions. When analyzing of non-forest wood and shrub vegetation, we went out 

of its species composition and functions, which performs in an agricultural country. The aim of this work is to 

design the optimal use of agricultural land with grasslands secondary succession with respect to the production 

potential of soils and on natural threats and spatial ecological stability of the country. 

 
Key words 
Non-forest wood and shrub vegetation, secondary succession, land use of agricultural landscape, geographical 

information systems 

 

INTRODUCTION 

     The main task of the current protection of nature is to preserve the original natural 

components in the cultural landscape and at the same time rational land management to 

preserve the natural ecological balance The stability of the country also depends on the 

condition of biotic components such as non-forest tree and shrub vegetation (Míchal, 1992). 

     Vegetation near the complex elements of the environment has always been underrated 

importance. Subordinated to the more or less another factor in development (settlement 

environment, agriculture, transportation, economy, entitlements, etc..). The problem of non-

forest tree and shrub vegetation in recent decades was the fact that instead of planting 

vegetation could be observed before its decline. Farmers land consolidation because it 

removed, its meaning and function in those times were underestimated. On the other hand, 

often retreated from traditional land use and many former grassland remained and even now 

remain unmanaged. As a result of secondary succession on permanent grasslands (PG) was 

significantly alter the conditions of site conditions, are threatened by many famous meadow 

and pasture communities, not only plants but also animals (Sláviková, 1998). 

     Non-forest tree and shrub vegetation regains its importance, especially as an element of 

territorial systems of ecological stability. 

     The aim is to non-forest tree and shrub vegetation with its multifunctional, and aesthetic 

value not only the subject of legislation, but also to become a practical matter to prevent it. 

 

MATERIALS AND METHODS 

     The research was non-forest tree and shrub vegetation in the open country, the quantitative 

and qualitative evaluation of the succession changes over a period of 37 years on permanent 

grassland by Gallayova (2008). 

     The work was also applied several approaches to assessing non-forest tree and shrub 

vegetation from the point of view of landscape: Bedrna, Miklós, Izakovičová, Šteffek (1992), 

mailto:katarina.kysucka@savba.sk
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Wise (1990, ex Miklós, Izakovičová 1997), Jurko (1990), based on which we can analyze its 

functions. 

      

     The basic analytical basis from which we started, the map of the current landscape 

structure, which is also important confrontational basis to identify changes in the country in 

relation to the potential vegetation structure of the country (Boltižiar, Olah 2009). 

We evaluated the overgrown permanent grasslands throughout the model area. 

     First, we determined the rate of overgrown grassland in 1970. The basic material, we used 

the aerial photographs in 1970 and map the current landscape structure. The Arc View 

environment, we translated the aerial photographs with a map of the current landscape 

structure and hexagonal network (with one flat hexagons 2500 m
2
, create it using the 

Extensions - Repeating Shapes). 

     Gallayová (2008) for the inclusion of  permanent grassland into different categories 

according to the degree of overgrown recommends using hexagonal grid, because the 

boundaries of natural systems are square network through sharp edges and straight lines away. 

The disadvantage of ring network is either overlapping circles of the evaluation and 

overgrown by so there was a duplication or vice versa, not recovering the entire area 

permanent grassland caused by the inability of its overall assessment. 

In each hexagon intruding into permanent grassland areas was determined by tree species 

composition categories:  

 0% (no overgrown) 

 1-10% 

 11-25% 

 26-50% 

 51-75% 

 76-100% 

 

In the same way, we evaluated the rate of  permanent grassland grown over the years 

2002/2003 (on the basis of orthophotos from 2002/2003). For this period, we used identical 

hexagonal grid. Then we compared the period and extent overgrown by category. 

Using the same hexagonal network, we evaluated the overgrown in 2007, using 

orthophotomaps from 2007 and was also an essential component than in 2002/2003 map of 

the current landscape structure. Were then compared all three time periods (orthophotomaps 

with permission EUROSENSE, Ltd. & Geodis, as Research Institute for Soil Science and 

Conservation, Bratislava, Research Institute of Geodesy, Cartography, Bratislava). 

Aerial photographs were used with permission Topographical Institute in Banská 

Bystrica. 

Model area of research is the cadastral area of the village Podhorie an area 2180.90 

hectares, located in the district of Banská Štiavnica, in the northern part of the protected area 

Štiavnické vrchy (Fig.1). 
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Fig. 1 Location-area model cadastral area Podhorie 

  

 

RESULTS AND DISCUSSION 

We built on the base map from 1970, when permanent grassland occupying 485, 46 ha 

(22.2% of the total surface area of the model). 

As the evaluation overgrown permanent grassland using a hexagonal network is evaluated in 

each overgrow, and the intervening hexagons to permanent grassland, assessed area is 

obviously larger than the base map. For most realistic comparison because we use the 

hexagon area, whereas we for each time period using identical hexagonal grid. For each 

period it was 731.6 ha. 

Comparing the three time points is visible ingrown permanent grassland tree and shrub 

vegetation (Tab.1). The most obvious changes are in the categories 0 (no overgrown) and 

category to overgrow almost completely overgrown with forest trees (76-100%). 

 

Tab. 1   Comparison of overgrown permanent grassland during the reporting periods  

in 1970, 2002/2003 and 2007 

Category overgrown 

(%) 

Area overgrown 

in 1970 (%) 

Area overgrown 

in 2002/2003 (%) 

Area overgrown 

in 2007 (%) 

0 (NO OVERGROW) 31,3 5,7 4,8 

1 – 10 36 31,9 24,2 

11 – 25 12,4 14,5 15,1 

26 – 50 9,6 15,1 14,1 

51 – 75 5,4 11,3 10,7 

76 - 100 5,3 21,5 31,1 

TOTAL 100,0 100,0 100,0 

 

 

 

hranica k.ú. Podhorie
0   1   2    3   4 km

Location of model area 
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Compared to 1970 and 2002/2003 it was a 15% increase in the category of 76 to 100% 

for a period of 33 years. Overlooked, however, not even 10% increase over a period of five 

years (2002/2003 to 2007). This means that the surface of permanent grassland that were used 

37 years ago largely is currently shrinking at the expense of forests. This significant change is 

visible only by comparing the exact size, but also visually comparing aerial imagery of 1970 

and aerial orthophotos 2002/2003 and 2007. It is also visible loss of land to grassland without 

overgrown and overgrown with 1-10% and increasing the space in the category of 51-75%. 

Slight change in the area of adhesions noted categories 11-25% and 26-50%. 

The most obvious change comparing the last five years (2002/2003 to 2007) are native 

pastures. Part Berantová, under Berantovou, for Hrbom, Kopanice and Chotárna are almost 

overgrown non-forest wood and shrub vegetation. This is a slopes greater area, which is 

impaired access of agricultural machinery such for mowing. Areas in this category without 

overgrown become smaller and the former pastures in part for Hrbom, under Berantovou and 

Chotárna already currently listed. Although the direction of the center in pastures that are 

distant from forest land, crops are less dense and mostly shrub formations, there are so many 

that they meet at least overgrown in categories 1-10%. 

 

Due to the altitude (over 500 meters) surface has dominated thermophilous elements. 

Grasslands are similar vegetation in the northern sections. Overgrowing of grasslands are here 

manifested otherwise, by extending stands of juniper (Juniperus communis L.). Junipers occur 

mainly on more equal parts of the territory. Because pastors are not eliminated as in the past, 

uncontrolled spread. At times it creates impassable vegetation. 

The depression parts of the territory, other shrubs predominate, especially blackthorn 

(Prunus spinosa L.) and the exposed parts of the south rose (Rosa canina L.) and hazel 

(Corylus avellana L.). Also, there are places created almost impassable contiguous territory. 

This will initially reduce grazing area for discontinuous grassy area with a flat barely half, the 

initial state is only in small areas southeast of the village, where there are still grazing. 

On steeper slopes (for example part of the  Chotárna, under Berantovou) was the 

shrubbery vegetation changes to a quasi-natural grasslands with representation hornbeam 

(Carpinus betulus L.), beech (Fagus sylvatica L.), sessile oak (Quercus petraea (Matt.)Liebl). 

After masking was disappearing shrub storey. The original character of the stand testifies 

dead hazel (Corylus avellana L.) and juniper (Juniperus communis L.) in the now 20 - to 30-

year-old forests. On pastures near the village but is not this phenomenon as less marked 

because communities are bushy area was small, which was associated with increased use of 

the existing population areas. 

Today we are also witnessing the death of meadows and reducing the model area. In its 

first phase, it creates a boundary storey shrub that tends to spread to the middle of the 

meadow, and the deformation occurs crown. At least managed as grassland on steeper slopes 

and meadows further away from the village. Almost entirely in the current period overgrown 

part Štálovo and to a large extent of the Hrb and Tepliansky Zlatník and meadows east of the 

village. 

Shrub formation on overgrown meadows: dog rose (Rosa canina L.), hazel (Corylus 

avellana L.), Moth plum (Prunus spinosa L.), maple (Acer campestre L.), hawthorn 

(Crataegus monogyna Jacq.) , common hawthorn (Crataegus laevigata Poir. DC.) crossing 

points, especially towards forests into tree formations (Fig.2) with the most frequently 

occurring types: sessile oak (Quercus petraea (Matt.) Liebl.), hornbeam (Carpinus betulus 

L.), flounder birch (Betula pendula Roth), Norway spruce (Picea abies (L.) H.Karst.), Scots 

pine (Pinus sylvestris L.), Rakytová willow (Salix caprea L.), beech (Fagus sylvatica L.), 

sycamore maple (Acer pseudoplatanus L.). On wetter access point and white willow (Salix 

alba L.), aspen poplar (Populus tremula L.). 
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Fig. 2 Tree communities overgrown meadows 

dominated by Betula pendula Roth and Pinus sylvestris L.(Foto in year 2007) 
 

 

 Is irreplaceable feature of agriculture in the management and conservation of natural 

resources (land, water, air) and maintaining ecological stability, cultural state of the country, 

protection of native habitats, conservation of biodiversity and other environmental factors are 

closely associated with agricultural activities. 

      Model area ranks among the rural country. In the past, agriculture was something 

primary. Agricultural land has never been and is not an end in itself. It has gone through 

several changes. From collectivization, society-wide change through the 80s and 90s, the 

outflow of rural population for more economical industrial production in cities to 

contemporary abandonment dispersed piedmont area, which is part of the protected area 

Štiavnické vrchy, with many protected species of flora and fauna, natural monument and 

territories included in Natura 2000. 

   This area of the countryside slowly perish, overgrown trees. By losing his caliber, but 

permanent grassland are considered as areas rich in many species of plants, often protected. 

However, according to OECD (2008), their continued existence is exposed to a range of 

threats, especially by increasing the area left fallow and reducing livestock during the 90s, 

which led to the abandonment of certain areas or at other reduced grazing below the level 

needed to maintain wealth of plant species grasslands. 

     Nowadays, however, the primary objective of restoration of the countryside and its 

traditional land use (Demek, 1999, Sabo et al., 2000). This idea was first addressed the 

Village Renewal Programme  for the years 2008-2013, which entails training and financial 

support to the state. Its primary objective is to maintain a person in the country. 

      Zaušková (2008) states that a comprehensive vision of landscape best described the 

European Landscape Convention (ratified by Slovakia in 2005), which brings a new 

comprehensive approach to the use, protection and planning across European countries. 

 

CONCLUSIONS 

      In this work, we have to pay particular model area of agricultural land, permanent 

grassland in particular, their use for the last 37 years. 
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 Retreat from the traditional use occurs within the secondary of succession changes to 

ingrown permanent grassland. This country not only fast, but are endangered species rich 

meadow and pasture habitats. 

 Overgrow the current map extent can be used in assessing the quality of non-forest 

habitats for care program. Processing status of overgrown grassland in 2007 provides a basis 

for the design of management in accordance territorial species and protection of important and 

vulnerable parts of nature and landscape. 

     "Agricultural land feeds us". Country itself has many features that are either 

complementary or influence. We should think that the decisions made today will significantly 

affect not only natural, but also the historical value of the mountainous countryside. 

 

 

 The paper presents the results of two scientific projects, KEGA GP No. 023UKF-4/2011 

“Terrain geoecological research as a base for creating of education equipment“ and VEGA 

GP No. 2/0117/13 „Assessment of status and dynamics of habitats using combination of 

modeling and remote sensing“. 
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Abstract 

This paper deals with changes of eco-stabilizing elements and land use intensity around the water reservoir 

Nitrianske Rudno during the period 1949 – 2011. Eco-stabilizing elements are habitats that increase biodiversity 

of a land. Research in a study area has shown only small changes in the area of eco-stabilizing elements, except 

of the construction of water reservoir.  In this paper we also calculated a change of land use intensity. We found 

out that the most of the research area remain either unchanged or seems to be a  subject of extensification. 

Water areas are considered to be one of the most stable ecosystems.  From this point of view, construction of the 

dam contributed to increase in ecological stability of the studied area. However, we do not distinguish between 

natural and artificial water areas in this paper. This is why the impact of water reservoir in the study area is 
discussable. 

Keywords 

Nitrianske Rudno, land cover changes, eco-stabilizing elements, land use intensity change 

INTRODUCTION 

Construction of a dam always represents a great impact on the land. It may change the 

usage, appearance and eco-stability of the area as well.  

Eco-stability of land is closely attached to range of biodiversity. Biodiversity of 

agricultural land can be significantly increased by non-agricultural habitats , which are not 

directly used for agricultural  purpose such as groves or small groups of trees, field 

boundaries, alleys and windbreaks, clusters of shrubs, fallow fields and abandoned meadows, 

watercourses and their bank vegetation, water reservoirs, sedge and reed vestures, bogs with 

herb vegetation and fens (Halada, 2008). 

This paper is focused on assumption of possible changes on the eco-stabilizing elements 

in agricultural land (Haladová, 2012).  We also calculated a change of land use intensity for 

the whole study area, using a scale according to Boltižiar & Olah (2009) and Žigrai (2000). 

 

DEFINITION OF STUDY AREA 

The water reservoir Nitrianske Rudno is situated in agriculturally used part of 

Rudnianska kotlina valley. This area is situated in Prievidza district of Trenčiansky region.  

The dam in the studied area was constructed in the years 1949 – 1954 to create a water 

reservoir for the power plant in Zemianske Kostoľany. It supplies water to the whole mining 

area Prievidza-Nováky. The water reservoir is also used for recreation, water-sports and 

fishery. 

The area of interest was chosen in close proximity to the area of water reservoir. We 

bounded it by one kilometre buffer around the banks of the water reservoir to secure this 

proximity. Extent of the whole study area is 748.57 hectares.  

 

METHODS 
We evaluated land cover changes through comparison of historical air photos from the year 

1949 with the ortho-photo maps from the year 2002 that were actualised by a field survey in 2009, 

2010 and 2011. Air photos were obtained from GEODIS Slovakia and EUROSENSE Slovakia. 
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Fig. 1        Area of eco-stabilizing elements near water reservoir Nitrianske Rudno (1949 vs. 2011) 
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Eco-stabilizing elements are habitats increasing the biodiversity of the land. For the 

purpose of evaluation of the studied area we divided eco-stabilizing elements in seven major 

groups and highlighted them in land use pattern (Fig. 1). 

Groups of eco-stabilizing elements are: 

1. Groves and field boundaries,  

2. Bank coppice,  

3. Floodplain forest,  

4. Wet meadows,  

5. Non-regulated watercourse,  

6. Regulated watercourse  

7. Water reservoir  

We calculated the area separately for each group of eco-stabilizing elements for both 

studied time horizons. 

The change in the land use is possible to evaluate also by change of land use intensity. In 

this evaluation we used scale according to Boltižiar & Olah (2009), Žigrai (2000)  and divided 

intensity of land use into five classes:  

1. Natural or nature-close ecosystems (forest, water area) 

2. Ecosystems with native species and changed structure (woodland shrub, non-forest 

tree vegetation, wet areas) 

3. Not natural, but stabilized ecosystems (man-created grasslands, narrow-strip fields) 

4. Not natural ecosystems requiring permanent maintenance (fields and permanent 

cultures like orchards, gardens or urban greenery) 

5. Artificially created areas (urban areas) 

For calculation of change of land use intensity we used the equation: 

 

Iz = i2011 – i1949      (1) 

 

Iz – intensity of change, i1949 – intensity of land use of the studied area in the year 1949 and 

i2011 – intensity of land use of the studied area in the year 2011 

 

Plus values indicate increase of the land use intensity (intensification), minus values 

mean reducing of land use intensity (extensification).  

 

RESULTS 

 

Evaluation of changes of eco-stabilizing elements 
As groves and field boundaries we named groups of trees or bushes, situated between or 

among fields (Fig.1). Number of groves and field boundaries decreased between the years 

1949 and 2011. They covered an area of 2.65 ha in 1949, in present, 2.38 ha. A decrease in 

groves and field boundaries represents 0.27 ha (Fig. 2). A lot of groves and field boundaries 

grown to their vicinity, others were replaced and some of them disappeared.   

Into the group named bank coppice we placed just fully grown trees and shrubs along 

watercourses (Fig.1). Bank vegetation covered an area of 21.98 ha in the year 1949, till to 

2011 it spreads to 23 ha. Bank vegetation increased in 1.02 ha (Fig. 2). A lot of them were 

evaluated as woodland shrub in the layer from the year 1949.  

As floodplain forest we evaluated the fully grown forest situated among permanently or 

seasonally watered area around watercourses and the water reservoir (Fig.1). Vegetation, 

especially along the Rudnianka brook and bank coppice of the brook in the middle of the west 

part of the studied area, was evaluated as the woodland shrub in the 1949, while in 2011 was 
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classified as a floodplain forest. Floodplain forest in the year 1949 covered an area of 11.08 

ha, in the year 2011 12.42 ha. Floodplain forests increased in 1.33 ha (Fig. 2). 

As wet meadows we considered grasslands in permanently or seasonally watered areas 

(Fig. 1). They are situated especially near watercourses and along edges of floodplain forest. 

In the year 1949 they covered an area of 3.16 ha, and in 2011 3.48 ha. Wet meadows  

increased in 0.32 ha (Fig. 2). This increase was caused mainly by the formation of a wet 

meadow along the north-eastern part of the water reservoir. 

Only the river Nitrica satisfies the mapping criteria (minimal area of 0.5 ha) to be 

involved into watercourse group (Fig.1). Brooks in the studied area were too small to 

calculate their area, so they can not be taken as a regular watercourse and were omitted in the 

classification. In the year 1949 Nitrica covered area of 4.02 ha. In this time, the river wasn´t 

regulated on its whole length, except of the small area (0.15 ha) among the residential area of 

the Liešťany village. In present, Nitrica is regulated on the area of 1.95 ha, this area involves 

also waterways led from the dam to the river. In the year 2011 non-regulated watercourse 

covered area only 0.73 ha. Change from non-regulated to regulated watercourse reached the 

area of 3.3 ha (Fig. 2). 

The last group of eco-stabilizing elements is represented by water reservoir Nitrianske 

Rudno (Fig.1). The dam had been constructed during the years 1949 – 1954. In the year 1949 

the water reservoir did not exist, while today it covers area of 67.05 ha (Fig. 2). 
 

 
Fig. 2 Area of eco-stabilizing elements near water reservoir Nitrianske Rudno (1949 and 2011) 

 

To conclude, a whole area of all eco-stabilizing elements in 1949 represented  43.04 ha. 

In the year 2011 eco-stabilizing elements covered an area of 111.01 ha. Study area increased 

in the eco-stabilizing elements by 67.97 ha. This increase was caused mainly by constructing 

and filling of the water reservoir (67.05 ha). 

 

Evaluation of Land Use Intensity Changes 

Extensification in the studied area was caused mainly by a change of narrow-strip fields 

into meadows and pastures (values from -1 to -2). Significant extensification was also caused 

by overgrowing of an arable land by bank vegetation along brooks (values from -3 to -4).  

Construction of the water area is also evaluated as a significant extensification (values from -2 

to  -4). The extensification impacted an area of 291.28 ha, what presents 39% of the study area 

(Fig. 3, 4). 

Intensification was caused mainly by cutting down the forest in the south-east part of the 

studied area and its transformation into arable land (values from +1 to +3). Urbanisation was 

also evaluated as intensification (values from +1 to +4). Area of 136.21 ha was affected by 

intensification, what presents 18% of the area of interest (Fig. 3, 4). 
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Without change remained 321.08 ha, which is 43% of the study area (Fig. 3, 4). 

 
Fig. 3 Area of land-use intensity change near water reservoir Nitrianske Rudno 

 

 
Fig. 4 Change of the land use intensity near water reservoir Nitrianske Rudno  
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DISCUSSION 

Construction of the water reservoir replaced the original structure of biotopes in the studied 

area (e.g. meandering watercourse into regulated watercourse) and the water reservoir created a 

new, homogenous kind of habitat. Water areas are considered to be one of the most stable 

ecosystems (Boltižiar & Olah, 2009). From this point of view, construction of the dam contributed 

to the increase of ecological stability of the studied area. However, Boltižiar & Olah (2009) do not 

distinguish between natural and artificial water areas. This is why the impact of the water 

reservoir in this area is discussable.  
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Abstract 

This paper deals with evaluation of the situation and evolution of the acreage of arable land. This topic is actual 

because of arable land is a natural component of the environment, so it has been becoming an issue of concern, 

assessment and research. As a model area has been chosen cadastral area Búč a rural municipality of district 

Komárno. We evaluated and compared development of the acreage of arable land in cadastral area Búč, in the 

district Komárno, in the region of Nitra and in Slovakia in the period 2003-2012, and also annual changes and 

percentage annual changes. Data are presented in the form of tables in yearly time series. We also focused on 

the acreage of arable land per capita in cadastral area Búč and at district, regional, national and foreign levels.   

Keywords 
evaluation, comparison, acreage of arable land, intensive agriculture, cadastral area Búč  

INTRODUCTION 

Agricultural land represents a part of the land resources in the country, which a human 

knowingly transforms and uses to satisfy his own, particular trophic needs. Therefore, as a 

natural component of the environment has been becoming an issue of concern, assessment 

and research (Vilček, 2011).  

The aim of the article is based on the analysis and evaluation of changes in the acreage of 

arable land in the selected cadastral area (c. a.) Búč. We also compare the situation with the 

foreign, national, regional and district levels in terms of continual intensification of 

agriculture. 

METHODS 

Based on data from the Statistical Office of the Slovak Republic (The 2011 Population 

and Housing Census) and the database of the regional statistics Regdat we analysed them.  

Threat of the agricultural land in the world and the national scale 

Worldwide, it has been still observed a loss of agricultural land, which directly relates 

also to the growth of population (Šimanský, 2011).  

 Slovakia is also characterized by a continued gradual reduction of acreage of agricultural 

land, by shifting the productive arable land to other land categories, by decreasing of acreage 

of all categories of agricultural land and by significant increasing of the surplus of unused 

acreage of agricultural land (Baráková, 2007). In Slovakia has been in recent years seen an 

average loss of the land of about 1000 hectares per year (about 3 hectares per day) (Šimanský, 

2011). This negative trend is able to cause significant problems in the future, because 

according to the FAO it is expected, that world food demand will increase by 70% to 2050 

(European Commission, 2012), therefore, the effective protection of the land is necessary.     
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Definition of the area of interest 

As a model area has been chosen cadastral area Búč (Fig. 1). Búč is a rural municipality 

of district Komárno in south-western Slovakia near the Hungarian border (Fig. 2). It has a 

lowland agricultural landscape.   

 

Fig. 1 Orthophotomap of cadastral area Búč 

 

Fig. 2 Location of cadastral area Búč in Slovakia 

RESULTS 

Situation and evolution of the acreage of arable land in cadastral area Búč and 

comparison with district, regional and national levels. 

The most extensive category of land types is arable land. It represents 76.78% of 

agricultural land (on 31.12.2011). 

In the area of interest dominate a strong intensification of agriculture. An evident is also 

fact that in the period 1996 - 2011 there was growth only in the categories of arable land and 

vineyards. There has been a 3.128% (985 270 m
2
), it means the acreage of arable land 

increased.  

An interesting fact is that in c. a. Búč has been growing the acreage of arable land, what 

is evaluated as positive versus negative world and the nationwide trend of decline.  

However, by testing correlations, we subsequently found out that the category of arable land 

has been growing constantly at the expense of the same categories, mainly the category of 

permanent grassland and orchards (Zacharová, Krčmárová, 2013). 
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Tab. 1 The acreage of arable land in cadastral area Búč, in the district Komárno, in the region of Nitra 

and in Slovakia in the period 2003-2012, annual changes and percentage annual changes 

year cadastral area Búč district Komárno 

2003 21783540 change % change 757439145 change % change 

2004 21115489 -668051 -3,07 757883518 444373 0,06 

2005 21115458 -31 0,00 757442848 -440670 -0,06 

2006 21115458 0 0,00 757360044 -82804 -0,01 

2007 21110960 -4498 -0,02 757807951 447907 0,06 

2008 21110960 0 0,00 758454966 647015 0,09 

2009 21759507 648547 3,07 758977579 522613 0,07 

2010 21808967 49460 0,23 759506267 528688 0,07 

2011 21808967 0 0,00 759863399 357132 0,05 

2012 21808967 0 0,00 759819892 -43507 -0,01 

year region of Nitra Slovakia 

2003 4070046117 change % change 14301974921 change % change 

2004 4071265263 1219146 0,03 14305941672 3966751 0,03 

2005 4069335385 -1929878 -0,05 14290697276 -15244396 -0,11 

2006 4066931685 -2403700 -0,06 14273570800 -17126476 -0,12 

2007 4071963840 5032155 0,12 14258960686 -14610114 -0,10 

2008 4067605753 -4358087 -0,11 14218909551 -40051135 -0,28 

2009 4060675997 -6929756 -0,17 14179828837 -39080714 -0,27 

2010 4060761929 85932 0,00 14166330584 -13498253 -0,10 

2011 4058552680 -2209249 -0,05 14156276333 -10054251 -0,07 

2012 4054783092 -3769588 -0,09 14137470108 -18806225 -0,13 

Source: own processing by the database RegDat 

 We compared the development of acreage of arable land between 2003 and 2012 in the 

study area of interest (Tab.1). There are also summarized the changes of acreage of arable 

land compared with the previous year (in m
2
) and percentage changes of acreage compared 

with the previous year. These percentage changes are shown on the graph in the Fig.4.  

 
Fig. 3 The acreage of arable land in Slovakia in the years 2003-2012 
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Fig. 4 Percentage annual changes of acreage of arable land in cadastral area Búč, in the 

district Komárno, in the region of Nitra and in Slovakia in the period 2003-2012 

Source: own processing by the database RegDat. 

 

The acreage of arable land in Slovakia decreased (Fig. 3), a slight increase (+0.03%) 

occurred only between the years 2003 and 2004. The less obvious development we can see in 

the acreage of arable land at the Nitra region (Fig. 5), where between 2004 and 2007 there 

was an increase in the acreage of arable land, in 2010 unchanged from the previous year. But 

there is still a descendent trend. 

 
Fig. 5 The acreage of arable land in region of Nitra in the years 2003-2012 

 

At the level of district Komárno (Fig. 6) there is already growing trend of the acreage of 

arable land, similarly in the Búč (Fig. 8). However, we noticed a several declines or no 

change, so the development had a increasing trend. 

On the other side, there is an increasing trend was noticed in the acreage of arable land in 

the c.a. Bátorove Kosihy (Fig. 7). 
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Fig. 6 The acreage of arable land in district Komárno in the years 2003-2012 

 

 
Fig. 7 The acreage of arable land in cadastral area Bátorove Kosihy in the years 2003-2012 

 

 
Fig. 8 The acreage of arable land in cadastral area Búč in the years 2003-2012 
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Comparison of acreage in arable land (Búč) on territorial, regional, national and foreign 

levels.  

Generally, as higher is the value as is stable the area. According to the data (Tab.1) and 

the Statistical Office of the Slovak Republic we counted the acreage of arable land in 2012, 

which is 0.26 ha of arable land (rounded to hundredths). 

For comparison, in Hungary the arable land per capita accounts for about 0.47 ha, 0.65 ha 

in Ukraine, 0.34 ha in Poland, 0.44 ha in Denmark, 0.31 ha in the Czech Republic, Russia 

even to 0.85 ha per capita (source: Národná správa o trvalo udržateľnom rozvoji v Slovenskej 

republike). 

In region of Nitra the situation is positive, the acreage of arable land per capita is 0.59 ha, 

in district of Komárno it is 0.73 ha per capita (Fig. 9). For the c.a. Búč we counted 1.83 ha of 

arable land per capita.  

 

 
Fig. 9 Arable lands per capita in some countries compared with Slovak Republic, district of 

Komárno and c.a. Búč 

CONCLUSION 

Comparing with the negative global and nationwide trend of decline of arable land, the 

situation in the c.a. Búč is favorable, as we have seen the increase of arable land here. 

However, we should watch out for extremes. We have to avoid the situation, that by the 

continual intensification of agricultural production there will be absolute loss of other 

categories of land use (especially that ecologically important ones).  

The district of Komárno is also characterized by an increasing trend, but not all the 

cadastral areas copy this trend (e.g. Bátorove Kosihy). We noticed also the acreage of arable 

land per capita, we found out, that there is a positive situation in district of Komárno and in 

c.a. Búč (unlike in Slovakia and in the Europe). 
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Abstract 

The object of the study is a unique landscape type with rocky cliffs, forests, traditional pastures, meadows and 

agrarian micro-structures on the terraced slopes. In this article we evaluate and describe the types of landscape 
structure in relation to the hydric potential of the model area – Pieniny National Park (PIENAP). PIENAP 

represents the smallest national park in Slovakia. In the agricultural land there have been observed gradual 

changes of abandoned historical plots to the forest land. The protection of the area is focused not only on the 

natural value of the national park, but also on the different components of the environment, that means added 

value to the landscape management in relation to the hydric potential. The area of the Pieniny National Park is 

located in the basin of the Dunajec river in seven cadasters: Červený Kláštor, Lesnica, Lechnica, Veľký Lipník, 

Haligovce, Stráňany and Kamienka. 

Key words 

Land use, Pieniny, Protected area, Hydric potential 

INTRODUCTION 

Changing natural conditions and intensive anthropogenic pressures are the crucial drivers 

that cause a landscape change. Changes in secondary landscape structure are visible indicator 

of changes in the environment that affect individual components of the environment, such as 

water quantity and quality. Often, they can disturb the natural processes and make worse 

environmental conditions, for example they cause floods and droughts. 

Several factors have impact on the total circulation of water in the landscape - the 

retention and drain, such as soil conditions, slope, rainfall, etc. One of the significant drivers 

is the form of land use, or management. In this context we can talk about the types of 

landscape - forest, agricultural and urban landscape.  

The impact of the forest on the runoff is examined for over 150 years. It is generally 

accepted that forests have (Mráček, Krečmer, 1975): 

- extraordinary ability to retain rainwater (retention capacity), 

- accumulate rainwater on the surface of plants, in land cover and soil itself 

(accumulation ability), 

- slow runoff transformation runoff to drain underground (retarding function). 

The maximum retention capacity of Slovak forest ecosystems is 45-70 mm in an ideal 

state (Mindáš et al., 2001). After saturation by long lasting rainfall, however, forest ceases to 

have effect on the size of runoff. It is a fact that the influence of forested landscape on the size 

of runoff is greater than other land cover. However, it is limited (Holko, 2010).  

Forest management can have a negative impact on the hydric potential. The use of heavy 

mechanization and manipulation with the timber along unpaved forest roads is the reason of 

compacted soil that increases and accelerates runoff, the stability of slopes is undermined and 

can also cause natural hazards (Valtýni, 2002). 

In relation to water resources, agricultural activities cause problems due to inadequate 

technological methods, deficient organization of soil resources (unsuitable shape of land, 

homogeneous use, etc.). These activities often cause water and wind erosion, soil compaction 

and consequently reduction of infiltration capacity. Inappropriate agro-technological methods 

(heavy mechanization, plowing along the fall line), unsuitable crop rotation plans, destruction 

mailto:monika.drabova@savba.sk
mailto:barbora.satalova@savba.sk
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of riparian vegetation, as well as grasslands in the vicinity of the water flows affect negatively 

retention capacity (Kollár, Fekete, 2002). 

Water management function of permanent grassland is more significantly than arable 

land. According to Novák (2008) a well-connected soil covered by grassland has on average 

10% greater porosity compared with arable land and its improved soil structure allow 

continuous water infiltration. Divot forms isolation layer and has a high retention capacity, 

preventing rapid runoff of surface waters. On the other hand, non-mown and non-pastured 

grasslands with old grassy litter cause that rain or melting snow is flowing directly into the 

valleys without infiltration. 

Artificial surfaces have almost no infiltration capacity, because most of the water runs off 

directly and may pose a potential threat of floods. The urbanized areas consist of buildings, 

roads, industrial areas, landfills, areas of sport and leisure. Often there are altered hydrological 

condition (drainage, road network, collection ditches, etc.) (Lepeška, 2010). 

This is related also with tourism, which, particularly in mountain areas, affects runoff 

from landscape (ski areas for example) (Lepeška, 2010). 

An aim of this paper is reviewed and described types of land use in the context of 

hypothetical hydric potential in the model area – the Pieniny National Park (PIENAP). 

DESCRIPTION OF THE AREA  

The region of PIENAP is the smallest national park in Slovakia. From the landscape point 

of view, rock formations and gorge of Dunajec river stand out, structures of agricultural 

landscape - terraced relief and relics of folk architecture. 

The model area is located in the northwest part of eastern Slovakia, in the northern part of 

the Spiš region. Geomorphologically it belongs to the province Outer Western Carpathians, 

the Eastern Beskids, Pieniny unit with the highest peak Vysoké skalky (1050 m a.s.l.) 

(Hrnčiarová, 2002). The territory of the Pieniny National Park belongs to the basin river of 

Dunajec and covers the 7 cadastral units: Kamienka, Stráňany, Veľký Lipník, Lesnica, 

Haligovce, Lechnica, Červený Kláštor, in the districts of Stará Ľubovňa and Kežmarok. 

Dunajec river forms the state border with Poland. Total model area is 3,749.62 ha. 

The area was formed in the Mesozoic, during Jurassic. An important factor in modulating 

relief was Dunajec river, which molded durable way through the limestone cliffs and created 

the strait canyon.  

In terms of the type of soil most of the model area is covered mainly by various 

Cambisols and Rendzic Leptosols (Hrnčiarová, 2002). 

The average annual temperature in the area is 6.5°C, while the average annual 

temperature of the rack positions is 5.5°C. The average precipitation measured is 775 mm 

(Červený Kláštor climate station, SHMÚ, 2011). Precipitation excesses the evaporation. The 

maximum rainfall is in July (120 mm) and the minimum is in January (about 24 mm). 

The model area is drained by the river Dunajec river with its tributaries to the Baltic Sea. 

The Dunajec river has character of rapids with a total length of 17 km in Slovakia, out of that 

about 8.5 km flows in the national park (known as Dunajec River Gorge). Its largest right 

tributary is Lesnický potok brook with a length of 5.4 km.  

The model area belongs from second to fifth level of nature protection, under the national 

park zonation, which is in force since 2004. According to the natural values, the area is 

divided into zones: A zone - 5
th 

level, B zone - 4
th 

level, C zone - 3
rd

 level, D zone - 2
nd

 level 

(www.pienap.sk). The model area is part of the European network of protected areas 

NATURA 2000: SCI Pieniny and SCI Pieninské bradlá (www.sopsr.sk). 

 

http://www.sopsr.sk/
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MATERIALS AND METHODS 

Landscape elements, their specific position and identifiable phenomena constitute a 

unique group of landscape of the Pieniny National Park. Significant landscape element within 

the meaning of the Act no. 543/2002 on nature and landscape protection is such an area, 

which creates a distinctive look as forest land, peat, bank vegetation, wetland, river, rock, 

alley and draw. 

We used the method of mapping of the landscape features according to Petrovič et al. 

(2009); mapping and evaluating the current landscape structure we follows paper  Ružička, 

Miklós (1982), for, which is based on the allocation of landscape elements in the selected 

area. The mapping and analysis was based on methodology of six groups of elements: 

1. group of tree and shrub vegetation, 

2. group of grassy-herbaceous vegetation, 

3. group of arable land, 

4. group of uncovers the raw soil and subsoil, 

5. group of surface waters and wetlands, 

6. group of settlements and built-up areas. 

For better identification of agricultural land, LPIS (Land Parcel Identification System) 

GIS information system for production of soil blocks was used. LPIS is one of the five 

components of the Integrated Administration and Control System (IACS), it is a key tool for 

identifying agricultural areas and at the same time it is a prerequisite for subsidies in the 

agricultural sector of the EU funds (www.podnemapy.sk). 

Based on the aerial photographs from 2003, field measurements and subsequent 

processing of the data maps were produced in ArcMap 10.0 environment.  

The second part was a description of hypothetical hydric potential based on the research 

authors (Lepeška, 2010; Mindáš et al., 2001; Valtýni, 2002; Novák, 2008; etc.) in connection 

to elements of landscape. 

RESULTS 

The ability of landscapes to infiltrate and retain rainwater depends, except for properties 

of the individual components of the natural environment, also on the type and intensity of 

land use. Activities in the different types of landscape influence for example vegetation cover, 

character of the landscape, soil density and other processes. 

Current landscape structure in 2013 and hydric potential 

In the model area, we evaluated the current landscape structure and individual elements 

of it (Tab.1, Fig.1). We evaluated human impact on the hydric potential of the landscape - 

retention and water outflow. It is described according types of landscape - forest, agricultural 

landscape and urban landscape as well.  

 
Tab. 1 Elements of the current landscape structure of the Pieniny National Park  

Group Element 
Area 

(ha) 
Area (%) 

1. group of tree and shrub   

    vegetation 

deciduous forests contiguous 186.11 5 

coniferous forests contiguous 918.52 24.5 

mixed forests contiguous 396.37 10.6 

shrub land 114.8 3,1 

2. group of grassy-herbaceous   

    vegetation 

intensive grassland 1 372.5 36.6 

intensive pastures 89.6 2.4 
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3. group of arable land 
mosaic of strip fields and 

grassland 
390.78 10.4 

4. group of uncovers the raw soil   
    and subsoil 

compact rock formations 132.54 3.5 

accretion of gravel and sand 9.24 0.2 

5. group of surface waters and   

    wetlands 
natural watercourses 94.36 2.5 

6. group of settlements and built-   
    up areas 

settlements and built-up areas 44.8 1.2 

Together  3 749.62 100 

 

 
1. Deciduous forests contiguous; 2. Coniferous forests contiguous; 3. Mixed forests contiguous; 4. Shrub land; 5. 
Intensive grassland ; 6. Intensive pastures ; 7. Mosaic of strip fields and grassland ; 8. Compact rock formations ; 

9. Accretion of gravel and sand ; 10.  Natural watercourses; 11. Settlements and built-up areas; 12. Border of the 

model area. 

 

Fig.1 Current landscape structure of the Pieniny National Park 2013 (ArcGIS 10.0, Drábová, 2013)  

 

Group of tree and shrub vegetation 

Group with a total area of 615.80 ha occupies 43.2% of the territory, especially in the 

western and northern parts. Following vegetation types are represented in the model area: 

continuous coniferous forests (24.5%), deciduous forests contiguous (5%), mixed forests 

contiguous (10.6%) and shrub vegetation (3.1%). The majority is represented by the forest 

communities: alder forests on floodplains foothills and mountain streams, mountainous beech 

forests, beech forests on the limestone and dolomite bedrock, beech and fir-beech forests, 

where naturally rare species - Taxus baccata is present (Danko, 2009). 

Since this is a protected area, most of the forests in the national park belong into the 

category of protective forests and forests of special interest. Protective forests are mainly 

located on shallow, exposed and unfavorable sites and their primary function is to protect soil. 
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The primary task of the forests of special interest is to provide non-productive functions - 

health-resort, curative, cultural, protective (soil, water) etc. These forests are significant due to 

the highest hydric potential and ecological stable forests provide hydric services for society.  

 

Group of grassy-herbaceous vegetation 

The group of grass and herbaceous vegetation with a total area of 1 462.1 ha (39.0%) 

includes intensive pastures (2.4%) and grasslands (36.6%). Such vegetation is rich in species 

and is typical for historical landscape structure. Noticeable loss of grassland communities is 

recorded as a result of changes in management in the model area. Abandonment of regular 

mowing and grazing has triggered secondary succession, where grassland is changing into the 

shrub and forest vegetation. Of shrubs, stands of Prunus spinosa and Corylus avellana are 

common here. The largest grasslands occurred in the central and eastern parts of the model 

area.  

Permanent grasslands have not only production function, but they also control erosion, 

infiltration and other properties. Meadows and pastures are rated as elements with a positive 

impact on the hydric potential. 

 

Group of arable land 

Model area is made up of unique terraced topography that stretches from the border with 

Poland through the Červený Kláštor village to the village of Stráňany. A large part of the 

Pieniny National Park was not influenced by collectivization during socialism. The specific 

character of the landscape, which has been preserved until present time, was created during 

Wallachian colonization. In this period local farmers farmed more distant and less accessible 

areas. The part of PIENAP, typical by mosaic of narrow-band fields, meadows and small 

forest stands lost its original character in the last decades of the last century, due to stagnation 

or even recession of agriculture in this area. Currently, the group of agricultural culture 

consists of mosaic of strip fields with an area of 390.78 ha (10.4%), in which local population 

cultivate mainly potatoes and vegetables. They are located in the small areas in the rural 

landscape and in the vicinity of urban areas. Agrarian terraced topography makes up 70% of 

agricultural land (Kuľanda, Slámová, 2008). 

Arable land without vegetation cover reduces the hydric potential. There are a small 

block fields in this area and heavy mechanization is not used there, so this is not treated as a 

negative element in relation to the hydric function. 

 

Group of uncovers the raw soil and subsoil 

Group occupies 141.75 ha (3.7%) of the area and includes elements of compact rock 

formations (3.5%) and accretion of gravel and sand (0.2%). On the rock composition 

Haligovská unit, Klippen band and Quaternary sediments participate, which form a 

contiguous satellite outcrops of rock formations in the south and east of the model area. 

Gravel and sand deposits occur along the Dunajec river.  

This group can be considered as areas with significantly limited infiltration and retention 

capacity. 

 

Group of surface waters and wetlands 

The model area is drained by the river Dunajec river with its tributaries with a total area 

of 94.36 ha, representing 2.5% of the territory.  

Effect on the hydric potential has mainly a shape of river channel. Water courses in 

model area are natural, at least regulated, straightened and paved. In addition, the riparian 

vegetation influence and may slow the runoff. Also, wetlands represent a positive element in 

relation to the hydric potential, but they are not directly in the national park.  
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Group of settlements and built-up areas 

Built-up areas are urban and recreation areas - artificial surfaces. In the model area they 

occupied 44.8 ha (1.2%) of area. In the national park there are cadastres of Lesnica, northern 

part of Haligovce, northern part of Veľký Lipník and they provide residential function. The 

part of the village Červený Kláštor – Kúpele provides recreation function. 

Settlements and impervious surfaces are viewed negatively in relation to water retention, 

because they have low or no infiltration capacity. Due to its small area in national park, their 

influence is negligible. 

DISCUSSION AND CONCLUSION 

In the model area of the Pieniny National Park, the forest has the greatest importance to 

retain water and slow the runoff what has a positive effect at the time of floods and drought in 

the landscape. The ability of different types of non-forest land, thus agricultural and urban 

landscapes, depends on characteristic of the natural environment and also on the type and 

intensity of the land use. We can conclude that the landscape of the national park is 

ecologically stable and hypothetically it has positive effect on water retention. 

Vegetation has the greatest importance even for soil protection. Soils are the best 

protected by plugged forest, then permanent grassland and least root crops. The retention 

depends also on the quality of vegetation and its condition (Lepeška, 2010).  

The impact of human activities on hydric processes and water regime leads to changes 

that have quantitative and qualitative character. The national park is used in relation 

coexistence with nature, so its water regime is not affected very negatively. The added value 

of model area is the scenery and typical face of landscape (Fig.2). 

Various activities are going on in area in the long term point of view, which may alter the 

individual characteristics of the natural environment and thus influence the infiltration of 

precipitation and runoff. Different sectors, interest groups and community can have a claim to 

land use of countryside as a whole or to its natural resources that are located in the territory 

(Lepeška, 2010). 

Legislative protected areas have a guarantee to some extent, that there will be not allowed 

activities that would result negative impacts on components of the landscape. Interventions 

which could damage soil cover, watercourses, and ground are restricted or prohibited; the 

management of the soil, the forest and other natural resources is regulated. It is therefore 

assumed that character of environment in protected areas will remain suitable for water 

retention and overall hydric regime and hydric potential of the landscape. 



  

239 
 

 
Fig. 2 Typical face of landscape of the Pieniny National Park – Haligovce (Šatalová, 2013) 
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Abstract 

The research work presents the review of the results of the regional research done on the lepidopterofauna 

specifically species of the family Lycaenidae on the meadows in the center part of Slovakia, in the mountain 

district of Vlkolínec. The research was realized in two vegetative seasons in the years 2011 and 2012 on the 
eleven study sites under management measures. Totally, 13 butterfly species were recorded. The species were 

recorded by the modified transect method (Erhard, 1985). In both years of research the highest number of 

species was recorded in study site of mosaic structure, extensively pastures and old abandoned field in late 

successional stage. On this study sites dominated specialists with Polyommatus coridon, P. bellargus, P. dorylas 

and Cupido minimus. The most interesting species registered were Phengaris arion and P. rebeli included in the 

Habitat Directive and the Bern Convention. The following endangered species were Polyommatus dorylas, P. 

bellargus and P. daphnis. We have observed the negative influence on butterfly taxocenoses in the study area 

with overgrazing pastures and long-term mulching meadows. The positive influence on butterfly taxocoenosis 

was recorded due to the short-time absence of management in sites and abandoned land which can be as 

important for butterflies as extensively managed grasslands. These species are represented with high value of 

indication and they are dependent on the traditionally managed grassland habitats, which today decline in the 

landscape.  

Keywords 
Vlkolínec, Lycaenidae (Rhopalocera),Traditional management, Mulching, Grasslands 

INTRODUCTION 

Butterflies of the family Lycaenidae are among the diurnal butterfly (Rhopalocera) of 

grasslands with strong connection to the type of environment (so-called indicator species). 

European Lycaenidae occurs in this kind of habitat, due to the ecotone nature of most 

meadows in which patches of trees, shrubs and grasslands occur in the same places. Most of 

them are among the endangered species, which are bounded to grasslands biotopes (steppes, 

meadows and pastures), whose existence is conditioned by human management. They have a 

symbiotic relationship with ants – myrmecophilous. They are existentially bound to the 

traditional habitat management, which produce a mosaic structure in the landscape. The 

extinction of traditional management (especially grazing) causes a change in the landscape 

which leads to abandonment of land and to the subsequent invasion of shrubs and trees. 

Abandonment of grasslands leads to the overgrowth of host plants and disappearing of 

colonies of host ants. The beautiful, flowered meadows blooming with butterflies are 

disappearing very quickly in Europe and only some mountain areas such as the Alps or the 

Pyrenees act as refuge areas. The role of extensive grazing is crucial to conserve these 

habitats, and subsidies will probably soon be needed to support some of the less productive 

farming practices. The major drivers of butterfly habitat loss and degradation are related to 

agricultural intensification, for example through conversion of grasslands to crop fields, the 

improvement of flower-rich grasslands, drainage of wetlands, and the intensification of 

livestock grazing.  

The aim of this paper is to bring systematic review about occurrence of daily butterflies 

of the family Lycaenidae on grassland habitats in mountainous areas Vlkolínec in Veľká Fatra 

Mts. in the Middle Slovakia. 
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METHODS 

Characterization of study sites 

Studied area belongs to the province of Western Carpathians, subprovince Inner Western 

Carpathians and into the Fatra-Tatra region (Mazúr, Lukniš, 1986). Vlkolínec is located at an 

altitude of 718 a. s. l.. Its geological structure involved slate, quartzite, triassic and cretaceous 

limestones. Territory belongs to the cold climate areas with a predominance of brown forest 

soils. The phyto-geographical aspect of view belongs to the Western Carpathian flora in 

district high (internal) Carpathians, the district Fatra, Veľká Fatra and subdistricts in inner-

perimeter basins (Vestenický , Vološčuk, 1986). 

We selected habitat types belonging to the class Festuco - Brometea (Br.-Bl. et Tx. ex 

Klika et Hadač, 1944), which form mosaic patterns in the rural landscape of central Slovakia: 

(1) extensive pasture and meadows, (2) intensive pasture, (3) mulching meadows (4) 

abandoned meadows.  

Study site 1 is a south exposed dry and sunny pasture with xerothermic vegetations on that 

was previously used for grazing cattle in the past. Nowadays it is extensively grazed by sheep. 

From flowering herbs is dominate Salvia pratensis, Dianthus carthusianorum, Primula veris, 

Alchemilla vulgaris, Anthyllis vulneraria, Campanula trachelium, Gentiana cruciata, 

Leontodon hispidus, Leucanthemum vulgare, Potentilla heptaphylla, Thymus pulegioides. 

Study site 2 presents the most highly laid site, in the past being used as extensive meadows 

mown once a year and nowadays site presenting intensive pastures grazed by sheep with 

dominated ruderal vegetations. Meadows belong to the class Molino - Arrhenatheretea 

(Tüxen, 1937), and alliance Cynosurion cristati (Tüxen, 1947) with a dominance of plant 

Anthoxanthum odoratum, Plantago lanceolata, Achillea millefolium, Alchemilla vulgaris, 

Cruciata glabra, Cynosurus cristatus, Leontodon hispidus.  

Study site 3 is representing abandoned meadows with absent management, once maintained 

as agricultural soil. Today soil has been transformed on the old fallow land and grows with 

scrubs and trees. Vegetation belongs to the alliance of wet vegetation of Caricion Davallinae 

(Klika, 1934), with dominance of plants Eriophorum latifolium, Carex davalliana, Equisetum 

palustre, Carex flacca, Colchicum autumnale, Juncus inflexus, Ranunculus acris, Achillea 

millefolium. 

Study site 4 is an old fallow land with a growth of scrubs vegetation, not maintained for 

approximately 40 years. Vegetation belongs to the alliance of wet vegetation of Cirsio - 

Brachypodion pinnati (Hadač et Klika ex Klika, 1951) mesoxerophilous subcontinental 

meadowsteppes dominated with Brachypodium pinnati, Bromus erectus, Acetosa pratensis, 

Carex tomentosa, Rhinanthus pulcher, Leontodon hispidus, Lotus corniculatus. 

Study site 5 is representing an old fallow land, evenly covered with blackthorn Prunus 

spinosa (50- 60 cm in height). In vegetation the dominant are plants such as Brachypodium 

pinnati, Bromus erectus, Carex tomentosa, Colchicum autumnale, Galium mollugo, Lotus 

corniculatus, Rhinanthus pulcher. 

Study site 6 fallow lands mow down once a year sporadically. Mown vegetation sustains 

flowery growth on the site. Vegetation belongs to the class of Cirsio - Brachypodion pinnati 

(Hadač et Klika ex Klika, 1951) with dominance of Bromus erectus, Onobrychis viciifolia, 

Rhinanthus pulcher, Trifolium pratense, Carex flacca, Carex tomentosa, Leontodon hispidus, 

Leucanthemum vulgare, Plantago lanceolata, Polygala comosa, Trifolium montanum, 

Alchemilla vulgaris, Anthyllis vulneraria, Briza media, Gentiana cruciata. 

Study site 7 is a fallow land mulched once a year with dominance of nitrophylous vegetation. 

Dominant species are Chaerophyllum aromaticum, Poa trivialis, Geranium phaeum, 

Geranium pratense, Anthriscus sylvestris, Vicia sepium, Acetosa pratensis. 
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Study site 8 was reclaimed meadow in the past. In present the study site is exploited as 

intensive pasture grazed by sheep and mulched once a year. In growth dominate nitrophilous 

vegetation with plants Anthriscus sylvestris, Dactylis glomerata, Trifolium pratense, Trifolium 

repens, Trisetum flavescens, Carum carvi, Crepis biennis, Leontodon hispidus, Ranunculus 

repens. 

Study site 9 is representing an old fallow land in later succession stages with a few woody 

plants and is not exploited. In vegetation stage are dominant is of Carex flacca, Laserpitium 

latifolium, Brachypodium pinnatum, Briza media, Carex montana, Carex tomentosa, 

Crataegus monogyna, Cruciata glabra .  

Study site 10 is a fallow land with ruderal vegetation and surrounded by lines of trees. This 

site is mulched once a year. In vegetation dominate Chaerophyllum aromaticum, Poa 

trivialis, Trifolium pratense, Dactylis glomerata, Festuca pratensis, Jacea frigia, Ranunculus 

repens, Trisetum flavescens.  

Study site 11 is representing abandoned old fallow land with presence of scrubs and woody 

vegetation. In the herbal growth dominate Bromus erectus, Trifolium montanum, 

Helianthemum grandiflorum, Leontodon incanus, Acinos arvensis, Anthyllis vulneraria, Briza 

media, Carlina vulgaris, Colymbada scabiosa, Dianthus carthusianorum, Hippocrepis 

comosa, Leucanthemum vulgare. 

The study sites were visited from May to August in approximately two-week intervals in 

the summers of the years 2011 and 2012. Counting was carried out by the modified transect 

method of (Erhardt, 1985). This method is among the most widely used and some good 

methods for monitoring diurnal butterflies studied in a variety of environments. Research was 

realized during the sunny, warm and windless days. The principle of this method rests in that 

the observer is walking along a certain fixed line identifying individual species of butterflies 

in a line in a distance 5 meters. During the research adults were collected by the 

entomological net. On the determination of species were used the works of (Komárek, Tykač, 

1949), (Bělín, 1999), (Slamka, 2004). The initial data of recorded species were analyzed by 

direct linear method principal component analysis PCA in the CANOCO program (Ter Braak, 

Šmilauer, 2002).  

RESULTS AND DISCUSSION 

Presence of 13 species (together 415 captured individuals) has been detected in two years 

of research (Table 1). Among them only Thecla betulae and Cyaniris semiargus were 

recorded in a single exemplar. The most frequent species of the study were Polyommatus 

coridon 128 individuals and P. icarus 122 individuals. These species also reached the highest 

of abundance on the study sites. Species of Polyommatus icarus as generalist species absent 

on the abandoned meadows with scrubs and trees on the site 9. Species Lycaena hippothoe, 

Phengaris rebeli, P. arion, Polyommatus thersites, P. coridon were detected only in five 

study sites. Other species have been recorded always in others habitats. Phengaris arion and 

P. rebeli as an significant European protected species were of. Together they were collected 

here. Phengaris arion and P. rebeli were found in four study sites and they preferred 

meadows with lower intensity cover. On the study sites 1 and 11 were eudominant species 

Polyommatus icarus, P. coridon, P. bellargus, P. dorylas and Cupido minimus. According to 

the habitat preferences of species majority of them belonged to xerothermophilous of species 

Cupido minimus, Phengaris rebeli, P. arion, P. dorylas, P. thersites, P. coridon, P. bellargus, 

P. daphnis. Species such as Lycaena hippothoe and Cyaniris semiargus belonged to species 

preferring mesophilous and wet meadows. From the widespread species Polyommatus icarus 

was represented in amount of 122 individuals. Species of Celastrina argiolus preferred forest 
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mesophilous meadows and were recorded on study site11 where the succession ingrowths was 

the highest compared to other study sites.  

 

Tab.1 Review of syn - taxa of butterflies of Lycaenidae study sites in 2011 – 2012 

 

ČZM 

SR 

IUCN 

category 
species 

Study sites Total 

number of 

individuals 
1 2 3 4 5 6 7 8 9 10 11 

  

Lycaena 

hippothoe   
5 2 

 
1 1 

   
1 10 

  
Thecla betulae 1 

         
 1 

  
Cupido minimus 5 

  
1 

      
17 23 

  

Celastrina 

argiolus         
1 

 
1 2 

VU 
 

Phengaris rebeli 3 
  

1 
 

3 
   

1 7 15 

VU EN Phengaris arion 3 
 

1 1 
 

1 
    

4 10 

  

Cyaniris 

semiargus    
1 

      
 1 

 
NT 

Polyommatus 
dorylas 

17 
    

1 
    

5 23 

  

Polyommatus 

thersites 
6 

 
2 

  
6 1 

   
2 17 

  

Polyommatus 

icarus 
24 3 9 21 15 12 22 3 

 
5 8 122 

  

Polyommatus 

coridon 
41 

 
3 1 

 
2 

    
81 128 

VU 

 

Polyommatus 

bellargus 
35 

  

15 

  

7 

  

1 

 

58 

VU 

 

Polyommatus 

daphnis 
2 

         

3 5 

  

Totally species 10 1 5 8 1 7 5 1 1 3 11 14 

  

Totally 

individuals 
137 3 20 43 15 26 36 3 1 7 133 424 

 

1 - extensive pasture, 2 - intensive pasture, 3 - old fallow land with fenny vegetation, 4 - old 

fallow land, 5 - old fallow land dominated blackthorn, 6 - fallow land mown once a year, 7 - 

fallow land mulching once a year, 8 - recultivate meadow, 9 - abandoned meadow dominated 

young forests and bushes, 10 - fallow land mulching once a year, 11 - old fallow land 

 

Recorded species absented on the study sites with a higher intensity of coverage as were 

sites of intensive pasture and meadows of sustaining mulching (study sites 2 and 10). 

Communities on the extensive pasture (study site 1) and old fallow land (study site 11, 6, 4) 

reached a higher diversity than intensively maintained sites. According to several authors 

(Balmer, Erhardt, 2000), (Deván, 2008) these sites have much greater portion of the 

vegetation cover, greater heterogeneity and occurrence of higher amount of endangered and 

protected species. Were recorded threatened butterflies species as Polyommatus dorylas, P. 

bellargus, P. daphnis and endangered species Phengaris rebeli and P. arion. The existence of 

these species is directly dependent to grazing, which also supports lower vegetation cover, 

where they can survive due to a population of host ants (Deván, 2008). This extensive pasture 

is therefore very important not only as a habitat for species dependent on extensive grazing, 

but also for species subject to dry calcareous grasses, most of which are representatives of the 
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families studied. This study site should not be left without management, because these sites 

represent a small scale habitat, which is prone to fast succession progresses and woody 

vegetation becomes dominant. Complete grazing on this site would lead to direct removal of 

habitat and extinction of populations of many specialist butterflies, which are independent on 

grazing. Succession of ingrown study site 11, like extensive pasture 1 showed the highest 

values of index diversity and specialist of butterflies and protected species. According to 

many authors, however, it is a temporary condition. It has long remained abandoned and 

unused meadow on which the continued succession process may be condensed stand if a 

change of vegetation as on the sites 5 and 9 (continual growth with present blackthorn and 

spruce).  

As a result, in the end there is also a change and rebuilding of the structure of 

lepidopterofauna. In addition succession overgrowing of meadows had negative effect on 

long-term mulching vegetation, which is admittedly preferable way of economical 

maintenance of repair of grasslands, but in terms of nature conservation has destructive 

effects on all progress stages of insects. Mulched growths after the intervention changed the 

meadows into sterile and lifeless, unable to settle demanding and sedentary species, which is 

confirmed by the results of the research. These areas have recorded species in single 

individuals and P. rebeli and Polyommatus bellargus. At this area has not been confirmed the 

presence of one host plants, it seems to be a reason their absence here. On the intensive 

management sites this species cannot find favorable conditions for their optimal progress and 

existence. A similar case occurred on the study site 2 with intensive pasture where there had 

been only one generalist species of butterfly Polyommatus icarus recorded in small numbers 

(3 individuals). 

The negative effect of mulching, intensive grazing and abandonment and succession 

process on the meadows demonstrates a direct linear analysis PCA (Fig.1). The analysis 

shows that most of species prefer habitats with less intensity of management (area 1, 11, 6 and 

4) before intensively cultivated areas. 

The results show that the positive effect on most specialists of butterflies had a light 

grazing of sheep, which in the long term seems most suitable to grassland habitat study area 

promising in terms of protected and endangered species. On the contrary, intensive 

maintenance management on the grasslands stands a stressful factor for several stenotopic 

species of butterflies and in the long term it is insufficient for the entire structure of 

lepidopterofauna (Záruba, 1995), (Bartušová, Panigaj, 2004), (Dandová et al., 2007).  
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Fig 1. PCA analysis of recorded species on the study sites, Lyc hipp - Lycaena hippothoe, 

The betu - Thecla betulaea, Cup min - Cupido minimus, Cel argi - Celastrina argiolus, Phen 

reb - Phengaris rebeli, Phen ario - Phengaris arion, Cya semi - Cyaniris semiargus, Pol dory 

- Polyommatus dorylas, Pol ther - Polyommatus thersites, Pol icar - Polyommatus icarus, Pol 

cori - Polyomamtus coridon, Pol bell - Polyommatus bellargus, Pol daph - Polyommatus 

daphnis 

 

CONCLUSION 

Results of transect monitoring showed that out of the recorded 52 species of butterflies of 

the family Lycaenidae in Slovakia in the area of Vlkolínec were recorded 13 species. Two of 

them belonged to the species of European species and the three vulnerable. Most were of 

specialists’ species that prefer light grazed grasslands and abandoned meadows. They avoided 

the contrary, mulching and intensely grazed sites. From the results it can be seen that 

significant stressful factor for specialists, but also for other species of daily butterflies were 

long-term mulching vegetation, which may result in a decrease in local diversity of plant and 

animal species, as well as local lepidopterofauna. Therefore, it is necessary to choose 

favorable forms of maintenance management measure, for example light grazing by sheep. To 

better understand the changes in the country and communities and influence over selected 

model group of insects due to management, in the future it will be necessary to intensively 

continue in the research activities. 
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Abstract 

Snow avalanches are a major natural hazard, which destructively affects the high mountain landscape by 

changing its shape and forming its character. One of the main indicators is the frequency of the snow 

avalanches. The frequency of snow avalanche avulsions is dependant mostly on the unsteady temperature of the 

air as well as quickly changing weather. The temperature has a very unsteady character during the day, what 

makes it the most searchless starter of the snow avalanche activity in the high mountain landscape. In the 

following paper, we would like to put the dependence of the frequency of the avulsions and downfalls near to the 

change of the temperature and its interconnection. This is what we will try to demonstrate. The prevalence and 

the frequency of the snow avalanches participate on the transportation of elements from the soil and create 
hospitable conditions for the formation and effect on the geomorphological processes (Hresko,1998). In this 

paper, we are dealing with the snow avalanche frequency that affects high mountain landscape Belianske Tatry 

Mts. 

 

Keywords 

Snow avalanche frequency. Belianske Tatry Mts. Temperature. 

 

INTRODUCTION 
We have been monitoring the frequency of snow avalanches in Zadne Medodoly valley, 

southern side of Belianske Tatry Mts., in the winter space of time in years 2008 – 2012. We 

have tried to catch the natural process of snow avalanche slide and its destructive effect on the 

relief of the terrain in a very short horizon time. We have been recording particular effects and 

disturbing elements in our problem. Global results were summarized in the diploma work 

(Gallik, 2012).  

 

METHODS 
Collection of the photo documentation, by terrain observation, that was put into the map. 

For the good-class photo documentation it was needed to catch the whole part of the 

monitored area. We have chosen the back of Jahnaci stit (called Jahnence) as the monitoring 

point because we needed identical photo documentation in different monitoring time. Out of 

the photo documentation in the particular monitoring time we have made panoramic photos 

(Gallik,2010). Those panoramic photos from the different monitoring times showed us 

variation of the downfall frequency of snow avalanches in the 2008 – 2012 period of time. We 

have also made photos of the area for the monitoring of other morphodynamical processes so 

we could see its change and effect on high mountain landscape. The whole photo 

documentation helped us to state the accurate location of the avulsion place of the snow 

avalanches and its frequency in particular sequence of months and years (Gallik, 2012). 

 

RESULTS 

Evaluation of occurrence causes and frequency of snow avalanches in monitored area 

Based on the terrain monitor and appreciations of any available information we have 

made a summary of the most important effects, causes of the negative effects and snow 

avalanche frequencies in the following points: 
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 Intensity of snow avalanches in Belianske Tatry Mts. is affected by destruction of 

vegetation in former times (knee timber and pine grove). 

 Occurrence of snow avalanches was affected by slope, shape of the relief and its 

orientation toward cardinals. It concerns mainly about sidehill with southern 

exposition. 

 Accrual and sequential strengthening of gravitational force processes of water have an 

influence on soil erosion and creation of water-gravitational slots (Hresko,2002) 

Frequency of snow avalanche avulsion and snow-climbing based on the increasing 

maximum and average daily temperature of the air 

 

 
Fig. 1 

 

 

 
Fig. 2 

Avulsion

s  

Rifts  

 

These are slopes with the 

southern exposition. It 

comes to fast decrease of 

snow cover in number of 

days without significant 

destruction of vegetation 

and soil cover. 
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Fig.3 

 

Fig.1, Fig.2, Fig.3 Snow avalanche troughs under Havran and Zdiarska vidla peaks (photo: 

Gallik, 2009) 

 

         - sign of the areas with the highest snow avalanche activity, where it is clearly visible 

widening of avulsion zones in time shift. Chosen photos and following graph (Fig. 1, Fig. 2, 

Fig. 3 and Fig. 4) we can see, how is the avulsion of snow avalanches influenced by the 

temperature. For the demonstration of the speed of climbing and melting of the snow, we have 

chosen month April, because of the highest frequency of snow avalanche fall-downs. In the 

following graph we can see when it came to the avulsion and the speed of the change of daily 

temperature of the air. 

 

 

 

 
Fig. 4 Maximum and average daily temperature of the air (Gallik, 2012) 

 

The cluster of points shows us clear idea of how often and with what frequency snow 

avalanches occurs here. Based on these clusters we have created our own map with the sights 

of the highest and the most frequent occurrence of snow avalanches. 
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Tab. 1 Frequency of snow avalanches in chosen months (Gallik, 2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  5 Area points of the snow avalanche avulsions 

 

DISCUSSION 
After the connection of the point clusters give us clear idea of how often and with what 

frequency snow avalanches occur. Based on this cluster we have made our own map, in which 

we have highlighted areas of the highest and most frequent occurrences of snow avalanches 

(Fig. 5). 

The high mountain landscape of Belianske Tatry Mts. is specific and extraordinary 

because of its shape, structure and dynamics of changes which are in progress in space and 

time. All mountains of the world are transformed by environment and characteristics of 

geological footwall. The higher mountains, the harder climatic conditions rule there. 

Morphodynamical processes affect the relief and the shape of the terrain too. It is another very 

significant aspect of the climatic environment affecting the relief and the shape of terrain. 

The most affecting factors for fall-down of snow avalanches are weather, characteristics 

of snow and terrain. Terrain topographical elements such as gradient, absolute altitude, 

segmentation, vegetation cover, large-scale of localities affecting frequency, size, shape, 

dynamics and action of avalanches. Snow avalanches are one of the strongest processes that 

affect herbaceous and solid cover above the upper border of forest. The strength and intensity 

of snow avalanches change. We have recorded different amounts of snow avalanches. The 

most of them where recorded during the first winter time, which we have been monitoring.  

 

turns month 

Cardinal 

avalanches 

Surface 

avalanches sum 

 

I. 

10 36 6 42 

11 40 16 56 

 

II. 

12 19 3 22 

1 / / / 

2 15 13 28 

 

III. 

3 48 3 51 

4 126 5 131 

 summary 284 46 330 
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Frequency monitoring of snow avalanches has various stumbling blogs. For the 

recordings of all snow avalanches occurring on monitored area it would be needed to make 

documentary photo of each day during coherent snow cover. This could prove or disprove 

higher occurrence of snow avalanches.  

Based on the collected data we have created table with the frequency of snow avalanches 

in particular winter-times, turns and months. It is clearly visible that in autumn and spring 

months is the amount of snow avalanches much higher. The amounts of snow avalanches are 

decreasing in continual proportion when getting near to January and are increasing in 

discontinual proportion from the January. Based on this we have made the map where the 

frequency of snow avalanches is highlighted.  

 Out of the findings we have come to the conclusion that slopes with southern exposition 

are areas of the most frequent avulsions of snow avalanches. The wind and its function of 

placing the snow on leeward side of slopes can lead to the avulsion of snow avalanches. It is 

kind of extraordinary phenomenon in our monitored area. Mass of the snow bedded in the 

way of snow-drift causes the pressure on the cover of terrain. This mass is not able to be main 

cause of the generation of snow avalanche. Avulsion took place after tepefaction of the air 

and straight sun rays, what lead to melting of snow, lowering of snow cover porosity, snow 

became heavier what caused higher pressure on the terrain. Increment of the temperature 

showed as a main starter of snow avalanche activity. 

In the center of the snow avalanche trough, from the place of avulsion up to valley 

bottom we can find gravitation slots which diverse with debris flows. We have pointed out to 

effectivity of monitoring and accurate identification of the snow avalanche fall-down with the 

use of timed photography (e.g. trophy cam). Its hold by set in morning hours, because by 

temperature is lower and because of better visibility, which is changing during the day.  

 

CONCLUSION 
In this paper, we have noted down and photographically figured the frequency of snow 

avalanche avulsions and enlargement of snow avalanche surface closely is related to average 

and maximum daily temperature. The faster was the temperature growing the higher was the 

frequency of the snow avalanche avulsions. The number of snow avalanches is closely 

dependant on the month. Marginal months of winter are the more inclined, based on the 

variable and changing temperature, the more is the weather unstable. The abrasiveness and the 

frozen state of the terrain play not a little role. The summary number noted in the table does 

not need to be final because of the fact that the monitoring was made at variable time intervals 

in relation to the state of the weather. We have been emerging from all of the snow 

avalanches which were photographically taken. We find this problem as very significant and 

important in the process of forming high mountain landscape what is the main aim of further 

research. 
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Abstract 

In this work we introduce the aspects of morphodynamic changes in the high mountain environment of the 

Javorová dolina valley, located in the northeastern part of the High Tatra Mts.. The relief analysis was based on 

aerial colour orthophotographs visual interpretation and field research. The main part of this work consisted of 
geomorphological processes and avalanche paths monitoring and their ongoing photographic documentation. In 

work are presented morphometric characteristics of the Javorová dolina valley and the frequency and 

occurrence of avalanches was compared with the already existing avalanche map database. 

Keywords  

Geomorphological processes. Avalanche monitoring. Tatra Mts. Mountain landscape.  

 
INTRODUCTION 

Tatra Mountain landscape is characterized by a particular elevation segmentation, which 

significantly contributes to the high variability of biotic and abiotic components. Relief 

genesis of Tatra Mountain landscape characterized and described Lukniš (1973), Midriak 

(1983) and Vološčuk (1994). Hreško (1996, 1997) summarized the current geomorphological 

processes and morphodynamics alpine landscape. Problems of transport and accumulation of 

rock debris after the retreat of glaciers dismantled Bizubová, Škvarček (1999). A significant 

proportion of the land cover Tatras are the scree poker. It is Rockfall Slopes material, debris 

flows, walls-alluvial cones, loose debris, moraines and rock glaciers (Boltiziar, 2007). 

Geomorphological process is defined Minár (1995) such a process (action), which 

immediately causes changes during georelief. This term includes a specific substance flow 

(movement of the fabric), changes in substance-energy balance of georelief (movement of 

field) as well as in terms of the change over synthetic georelief (movement form). 

Geomorphological process whose progress is recorded in a given area or at least probable 

during recent periods called recent. The dominant geomorphic process we call such a 

geomorphological process, which had a dominant share in shaping the segment georelief. The 

dominance of the process is yet manifested not only in the amount of transferred material, but 

also its privileged position within morfosystému, while other processes it can be immediately 

induced (Minár 1995). Geomorphological process generally does not act alone but, in 

combination with other processes. These processes created in the country morphodynamic 

systems. Avalanches are one of the most significant threats alpine environment above and 

close to the upper limit of the forest. Although the genesis of avalanches fairly well 

researched, yet are sudden movements snow masses in space and time difficult to predict 

(Hreško, 1997). The emergence of avalanches depends alongside the development of two 

dynamic factors - weather and snow characteristics and the static third factor - terrain. Its 

topographical features - slope, exposure, altitude, topography, vastness sites and finally 

vegetation, makes the size, frequency, shape, dynamics and effects of avalanches. Almost 

every snow avalanche leaves a permanent mark on the ground surface stypickými shapes and 

characters (Milan, 1981). 

The aim of this paper is to present a theoretical and methodological part of the thesis, 

which is focused on the issue of identification of morphodynamic processes. Analyzed 
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morphometric parameters influencing vulnerability Javorová avalanche valley. Furthermore, 

these processes to map, analyze, monitor their changes and the impact on the landscape. 

 

METHODS 

Colour aerial photographs from 2002 are used for analysis within the study areas. They are 

available as orthophoto images distributed by GEODIS Slovakia, s.r.o.in a compressed raster 

file format JFIF (JPEG File Interchange Format) with spatial resolution of 1 metre per pixel 

and radiometric resolution of 8 bits per pixel. It is convenient that the aerial photography of 

investigated region took place in cloudless weather in midsummer when the shadows are at 

minimum. 

For an overview of the area is an important research field reconnaissance. The actual 

research was based on field research, monitoring geomorphological processes, avalanche 

paths and their ongoing photographic documentation. For an overview of the area is an 

important research field reconnaissance. The actual survey was based on field research, 

monitoring geomorphological processes, avalanche paths and their ongoing photographic 

documentation. 

 

Method of determining the morphodynamic processes 

In determining characteristics of emergence, evolution expansion of destructive 

phenomena and their forms were followed basic characteristics of erosion and 

geomorphological processes, especially in terms of work Hreško, Boltiziar, Bugár (2003). 

The basic methodological step definition morphodynamic systems is detailed field 

analysis and identification of spatial processes. For this purpose we use the interpretation of 

aerial photographs and detailed field survey. As a rule, "transect" method of morphosystem 

data collection and description in the direction of the gradient from the bottom of the valley, 

respectively bottom of the slope along ridges and peaks. Part of the field research is a detailed 

photo documentation. Other supporting research methods morphosystems are permanent 

profiles and surfaces measuring which monitors the intensity of geomorphic processes and 

their impact on the destruction of soil and weathering cover and the spatial differentiation of 

vegetation. Surfaces and profiles are spaced so as to capture the widest range of processes and 

types of destruction (Hreško, Boltižiar, Bugár 2003). 

Further work by Midriak (1983), which determine the basic characteristics and describes 

the classification of these processes, the method of partial analyzes of the relations between 

the destruction of the surface on one side and topography, bedrock, climate, soil 

characteristics, vegetation and anthropogenic influences on the other. 

 

Monitoring and characterization of avalanche paths 

Avalanche paths monitoring was based on field research and photographic 

documentation. When monitoring have been identified characteristics necessary to calculate 

the avalanche hazard individual tracks. Altitude adhesion was studied due to the fact that this 

part of the avalanche path is directly involved in causing avalanches. Roughness factor was 

assigning the current state on top of the avalanche path and was assessed using aerial 

photography and field survey. In the second part were evaluated various morphometric 

characteristics of the area. Their percentage of the area is an indicator and input for the 

calculation of the avalanche hazard using the formula:  

Av = (S + Al + Ex + Fx). Rg 
 

(Av – Avalanche hazard, S – slope inclination, Al – Altitude grades, Ex – Slope aspect, Fx – 

Slope curvature, Rg – Factor of surface abrasiveness)  by Hreško (1997) 
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Study sites 

The Tatra Mts. represent the highest range within the Carpathians, with a concentration of 

unique natural values, for instance, a diverse glacial relief with a high number of alpine lakes, 

numerous autochthonous (endemic) plant and animal endemic species, and spatially largest 

alpine vegetation zone. 

Topographically, the Tatra Mts. are usually divided into two main orographic sections: 

the Western Tatra Mts. and the Eastern Tatry Mts. The second one is further divided into two 

subsections (from the west): the High Tatra Mts. and the Belianske Tatra Mts. (Mazúr, 

Lukniš, 1973). The main ridge of the High Tatra Mts. is 26,5 kilometres long, with the mean 

elevation of 2357 metres a. s. l. and maximum at 2654,4 metres a. s. l. (the Gerlachovský 

Peak). The mean values of the other two orographic parts are lower; 1957 m a. s. l. in the 

Western Tatra Mts. and 2011 m a. s. l. in the Belianske Tatra Mts. (Lukniš, 1973).  
The Tatra Mts. were glaciated several times during the Pleistocene when the structure of 

cirques, U-shaped valleys with typical erosional and accumulation glacial landforms had been 

formed. Base on the previous research, the existence of 21 individual mountain glaciers with 

the High Tatra Mts. and 18 glaciers within the Western Tatra Mts. has been proved by means 

of lithological-geomorphological surveys (Lukniš, 1973). The glaciation in the Belianske 

Tatra Mts. was much weaker; nevertheless, there were several smaller cirque glaciers with 

short tongues (or without them) formed on the northern slopes. Lukniš (1973) have mapped 

10 such small glaciers from the last 

glacial oscillation in this territory. 

 

RESULTS 

In the territory of Javorová dolina 

valley were identified Rockfall Slopes, 

debris flows, rocky garlands and 

moving rocks. 

Rockfall Slopes: The most 

important Rockfall Slopes of study 

area is in the end of Javorová dolina 

valley, which have fallen from the 

walls of Javorové veže towers. Lukniš 

(1973) are also observed current 

relevant collapse. 

Nowadays it is possible to observe 

the rock walls collapsing under the 

Rohový hrebeň ridge, Predná Javorová 

veža tower and Prostredná Javorová 

veža tower and collapse around Zelené 

Javorové pleso lake of the rock walls 

Malý Javorový štít peak and Veľká 

Javorová veža tower in the Javorová 

dolina valley. The Čierna Javorová 

valley is the occurrence of rockfall slope 

in areas under the Snehový štít peak and  

the Snehová veža tower. Litter from the rock walls in Dolinka pod Snehovým valley is 

formed rock material from the eastern walls of Snehové veže towers and north face Snehový 

štít peak. All these crashes are characterized by chaotic deposit of rock blocks of large 

dimensions up to 5 meters. Ockfall slopes contain rock material of all sizes from massive 

blocks of rock to the small rock material.  

Fig. 1  Debris flows in Čierna Javorová valley 
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Debris flows: The main assumption of scree currents is sufficient production of clastic 

material that sloughs at the foot of rock walls and cliffs. Scree actuator saturation currents is 

calcareous, withholding, or melt-water conditions in exposed terrain, usually at around 30-35º 

slopes. More significant is the emergence of scree currents expressed in ducts or conclusions 

north-oriented valleys (Suchá dolina valley, Čierna Javorová Valley), which are constantly 

replenished clastic material gravitational and hydro-gravitational processes. In the study area 

are scree streams linked to the scree currents, the rocky relief and erosion troughs and 

avalanche paths. Based on the mapping with aerial photography is possible to identify the 

occurrence of scree streams. The longest current Javorová dolina valley is located in the 

Suchá dolina valley (Fig. 2). The current scree rock material transported across the Suchá 

dolina valley begins at the foot of Ľadový štít peak and gradually join them scree currents 

from the south ridge of Ľadové veže towers and walls of the northern massifs Suchý hrebeň 

ridge. Activity of scree stream supports the occurrence of avalanche paths in winter machined. 

Snowpack accumulation from avalanches 

operating in the dry valley during snowmelt 

during the summer months associated with 

high rainfall activates a mechanical process. 

He gives the force of gravity to move masses 

of rock and calcareous material. In the lower 

reaches of the stream channel scree depth up 

to 2.5 meters. At the bottom of the scree 

current strikes in bed streams Javorinka river 

and it saturates the amount sediment. The 

length of this stream we estimate to 1.7 km. 

Another important scree current study area is 

located in the Čierna Javorová valley  

(Fig.  1). Estimated start current (early part) 

is first ice undulation under the wall large 

Ľadové veže towers. Below the first 

threshold Ice valleys of 1530 m a. s.l. is 

associated with scree stream from Magurská 

lavka platforms. Goes to the Čierne Javorové 

pleso lake ball to which accumulates 

transported soil particles and rock material. 

Activity of scree and its current rate of 

multiplication is passed through the rock 

stage separates the Čierna Javorová dolina 

valley from the Prvá Ľadová dolina valley. 

 

 

 

Today sluicing gravel, rock and other material filling the pelvis, where the retreat of the 

glacier lake used to be large in size. Today's Čierne Javorové pleso lake is only about one-

fifth of the scope of the former lake. This proves the geomorphological map of the High 

Tatras and their foreland (Lukniš, 1973), which depicted the Čierne Javorové pleso lake as 

Lake Basin and surrounding present-day lake as alluvium filled moraine basin. Pacl (1994) 

shows that the Tatra lakes subject to lawful dynamics of natural storylines. We know there are 

three ways of passing away lakes, of which the most important in the study area is backfilling 

scree cones of the surrounding mountain ranges at higher elevations. This backfilling can be 

observed in Žabom Javorovom pelse lake (1879 meters a. s. l.), in which is falling down scree 

Fig. 2 Debris flows in Suchá dolina valley  
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cone bottom wall Javorový štít peak (2417 meters a. s. l.). This diminishes over time as the 

total area and volume by growing úsypových cones of rock debris and clogging the existing 

small debris and coarse sand walls of cones. Quantitatively, the highest density of scree 

currents due to surface area is located on the southwest side of the ridge between the shield  

Kolový štít peak and Uplazy. In the study area is located more than 70 scree streams. 

Stony garlands and moving rocks: They are in this area for a very unique process. In 

particular, they are bound to reef slope relief with grassy cover. In Suchá dolina valley on the 

north side Sedielko at around 1900 - 1950 meters a. s. l. states Lukniš (1973) rocky garlands. 

Occur on slopes of 22 ° to smooth granodiorite hillsides in alpine levels. Stony garlands are 

potential development of germs walls currents. In those places where there are rocky garlands, 

are widely encounter moving rocks (Lukniš 1973). Moving rock in the study area was 

mapped in NE grassy slope Svišťovka (2070 m) (Hreško, in verb, 2009). 

Avalanche: When avalanche monitoring is based on data obtained during field research 

data from the database avalanches Center avalanche prevention mountain rescue services. 

Characteristics of avalanches was focused on morphometric parameters such as slope, shape 

path, altitude, exposure, further the cause of avalanches and avalanche size, shape adhesion 

strength, quality and structure of snow. The result of the monitoring is to continuously 

evaluate avalanche hazard of avalanche paths. Most represented are avalanche paths with 

altitudes pull off the band 2000 - 2100 meters a. s. l. What is the local climatic conditions and 

consequently the vegetation cover (alpine meadows), or rock, rock slabs, which affect the 

surface roughness. 

When drawing up maps of orientation topography, slope topography, elevation degrees 

horizontal and vertical landforms such categorization was chosen to be useful in the formula 

for determining avalanche hazard. Slope were broken 0 °-20 °, 20.01 °-35 °, 35.01 °-90 °. 

Height grades up to 1500 meters a. s. l., 1500 - 1700 meters a. s. l., 1700 - 2627.3 meters a. s. 

l. Altitude 2627.3 meters a. s. l. is the maximum altitude in the valley (Ľadový štít peak). 

Orientation of the relief was only with orientations in the northern or southern sector and 

without orientation. Horizontal and vertical shapes for each analysis map was calculated 

spatial representation also the percentage of each category. Horizontal and vertical landforms 

were divided into classes of concave, convex and linear. 

Height grades: Altitude affects the formation of avalanches across climatic conditions. 

With higher altitudes increasing rainfall, temperature decreases resulting in wintertime affect 

the accumulation of snow. With increasing altitude also increases the force of the wind, which 

in Ridgelines even strengthened peak effect. Wind affects the storage of snow and thus the 

formation of snow pillows, prevejov and boards. The largest representation of the degree of 

elevation above 1700 meters a. s. l., which represents more than 58% of the area (Tab. 1) 

Slope: Repose conditions have a decisive influence on the formation of avalanches, are 

shown in Appendix B. Spatial representation of the various categories slope is given in  

Table 1. In Javorová valley is the largest spatial representation of gradients between 35 ° and 

it is almost 45% of which are from the perspective of threats to the greatest risk. 
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Tab. 1 The percentage of morphometric characteristics of the area 

 

The slope orientation: Great influence on the occurrence of avalanches has slope 

orientation to sunlight. Greater insolation slopes of southern exposure has resulted in more 

frequent avalanches of small size with a base point tear off avalanches. The largest spatial 

representation have slope orientation in the northern sector along more than 60%, the 

orientation of slopes in the southern sector is 36%. Areas without orientation represented 

1.5%. This means that in the model formula will join the 36% maximum possible value of the 

orientation of the slopes. Areal extent of each category are shown in Table 1 

Vertical landforms:Vertical landforms are an important factor causing avalanches. Most 

weight after substituting in the formula have concave shapes avalanche paths. The most 

abundant form of relief linear curvature with 8%. Concave and convex curvature in the area 

represented about equally. Areal extent of each class is shown in Table 1. 

Horizontal landforms: Horizontal curvature relief is also a very important factor 

influencing the avalanche vulnerability. Horizontal curvature concave, which has a high 

weight in determining avalanche hazard is present in the smallest degree, which is 11.7%. 

Other classes are represented in approximately the same value as in the vertical curvature of 

relief. Printed percentage of each category is listed below. 

 

DISCUSION 

The aim of this paper was to contribute to knowledge about morphodynamic processes 

that shape the landscape of the High Tatras, particularly the territory Javorová dolina valley. 

The territory Javorová dolina valley were based on material sensing and field research to 

identify Rockfall Slopes, streams and scree scree cones, rocky garlands and moving rocks. 

Use the data obtained in this work can be used to better understand the processes manifested 

destruction taking place in the country. 

 

LITERATURE 

Bizubová, M. Škvarček, A. 1999. Geomorphology. Bratislava, Comenius University, 1999. 228 pp. 

ISBN 80-223-1277-0. 

Morphometric characteristics Categories % representation area 

Altitude grades < 1500 m a. s. l. 18.7 

 

1500 - 1700 m a. s. l. 23.2 

> 1700 m a. s. l. 58.1 

Slope < 20° 16.9 

 

20 - 35° 38.9 

> 35° 44.2 

Slope orientation north sector (N, NE, NW) 62.5 

 

south sector (S, SE, SW) 36 

without orientation 1.5 

Vertical curvature Concave 11.6 

 

Linear 80 

Convex 12.4 

Horizontal curvature Concave 11.7 

 

Linear 75.9 

Convex 12.4 



  

259 
 

Boltiziar, M. , 2007. The structure of the alpine landscape Tatras – high resoultion mapping, analysis 

and the assessment of the application of remote sensing. Nitra: FPV UKF Nitra, ILE SAV 

Bratislava - Branch Nitra, Slovak National Committee for Man and the Biosphere Programme of 

UNESCO, 2007. 248 pp. ISBN 978-80-8094-197-0. 

Hreško, J. 1996. Morphodynamic systems alpine countries (Western Tatras - Jalovecká Valley). In: 

Luknišov zborník 2, Bratislava: Institute of Geography, 1996. pp. 75-78. 

Hreško, J. 1997. Some knowledge of current geomorphologic processes alpine countries (Western 
Tatras - Jalovecká Valley). In: Studies on TANAP 2 (35). Poprad: Tear, 1997. pp. 25-40. 

Hreško, J., Boltiziar, M., Bugár, G. 2003. Priestorové štruktúry geomorfologických procesov 

vysokohorskej krajiny Belianskych Tatier. In: Ekológia, 2/2003, Bratislava 

Lukniš, M. 1973 Relief of the High Tatras and their foreland. Bratislava: Publishing Sciences, 1973rd 

375 pp. 

Midriak, R. 1983. Morphogenesis surface of high mountains. Bratislava: Veda, 1983. 516 pp. 

Milan, L. 1981. Processing of Land avalanche terrain and topographic characteristics of mountain 
ranges in Slovakia. In: Geographic Magazine, Vol. 33, No. 2, Bratislava. pp. 145 - 166 

Minar, J. (1995): The Evaluation of Natural Hazards in Landscape Planning. Acta Universitatis 

Environmentalica Comenianae (Bratislava), Vols. 4-5. Bratislava: Comenius University, 1995. 
S.211-222nd 

Vološčuk, I. et al. 1994. Tatra National Park - Biosphere Reserve. Martin: Gradus, 1994. 556 pp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

260 
 

ACARI (MESOSTIGMATA) OF SMALL MAMMALS OF SOME 

WETLAND BIOTOPES IN PODUNAJSKÁ ROVINA LOWLAND 
 

Peter Klimant
1
, 

 
Michal Ambros

2
, Andrej Štollmann

3 

 
1
Department of Ecology and Environmentalistics, Faculty of Natural Sciences, UKF Nitra, Trieda A. 

Hlinku 1, 949 74 Nitra, Slovakia, peter.klimant@ukf.sk 
2
Správa CHKO Ponitrie, Samova ul. 3, 949 01 Nitra, Slovakia, michal.ambros@sopsr.sk 

3
Hurbanovo, Krivá 3/1726, 947 01, Slovakia 

 
Abstract 

Wetland biotopes are disappearing with their biocoenoses and becoming the most endangered biotopes in 

Slovakia influenced by human activities. In this paper are presented the results of research of mesostigmatic 

mites, which are living on the fur of small terrestrial mammals. The survey was done in the years 2010 – 2011 

on several wetland localities in southern Slovakia. We chose eight trap areas, using standard theriological and 

parasitological methods. We trapped 294 individuals of small mammals belonging to 13 species. Altogether 68 

hosts (9 species) were positive for ectoparasites. Eudominant hosts were Clethrionomys glareolus (29%), 
Apodemus sylvaticus (22%), Microtus arvalis (15%), dominant were Apodemus microps (9%), A. flavicollis 

(7%), Sorex araneus and Micromys minutus (6%). We determined 477 specimens of mesostigmatic mites, 

belonging to 13 species. Eudominant species represent Laelaps agilis (37.3%), Laelaps hilaris (20.1%), 

Androlaelaps fahrenholzi (14.3%), Haemogamasus nidi (10.5%), which belong to group of haematophagous 

species of mites. Diversity of all localities present H´= 1.831 with maximal diversity Hmax= 2.564, equitability of 

investigated localities present e= 0.713. 

 

Keywords 

Mites. Mesostigmata. Wetlands. Podunajská nížina lowland. Small terrestrial mammals 

 

INTRODUCTION 

The south part of Podunajská nížina lowland belongs to the region of Slovakia with 

occurrence the wetland areas, which are distinguished by great biodiversity. Human modify 

this land by agricultural disruptions as well as draining ditch and constructions a reservoir to 

an agricultural land. Nowadays the aquatic and wetland biotopes are disappearing with their 

biocoenoses and becoming the most endangered biotopes in Slovakia (Ambros et al., 1999).  

Mites of suborder Mesostigmata take the significant part (quantitative as well as 

qualitative) of ectoparasitofauna occurred on the fur of small terrestrial mammals. Some 

species of mites could adapt to changing condition due to their large ecological adaptability. 

They can infiltrate and colonize new biotopes with theirs hosts, which are resulted from 

human activities (Ambros and Kalúz, 1987).  

The community investigations of small terrestrial mammals and their ectoparasites from 

the region of Podunajská rovina lowland have long – time tradition. The first records of 

mesostigmatic mites came from this area already from 1950 by researchers Mrciak (1958) and 

Rosický (1956, 1959). In the next period, we have the data from the surrounding Bratislava 

(Ambros and Kalúz 1985, 1987), the reference from Žitný ostrov - Island recorded Ambros 

and Dudich (1987). Ambros (1984) caught small mammals in similar biotopes Záhorská 

nížina lowland, he determined from their fur 28 species of mesostigmatic mites. In years 1981 

– 1984 was made the most extensive research, where was caught 11 species of small 

mammals and they acquired 5575 specimens of mites (Ambros and Dudich, 1996). Dudich 

and Štollmann (1988) dedicated to study ectoparasites of small terrestrial mammals in 

Parížske močiare marshland. They found out 10 species of small mammals, 17 species of 

mesostigmatic mites. Ambros (1988a) presented another list of 35 species mesostigmatic 

mites from the fur of 11 species terrestrial mammals, located in Podunajská nížina lowland. 

Dudich (1994) evaluated 11 species of small terrestrial mammals and their ectoparasites (33 
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species of mites) from Žitný ostrov. Krištofík and Mašán (1995) caught small mammals in the 

area of the barrage system Gabčíkovo. They acquired material of 5,439 individuals of small 

mammals (9 species) with dominant Clethrionomys glareolus, Apodemus flavicollis and A. 

sylvaticus.  Krištofík (1999) trapped small mammals in softwood plain forest along Danube 

river, where 4,697 individuals (9 species) were caught. Jančová and Baláž (2004) reported the 

exploration of terrestrial mammals from Podunajská nížina lowland. They acquired 11 species 

(4 insectivores, 7 rodents). Podunajská nížina lowland was investigated by Bridišová (2008) 

in the years 2005 – 2007. 

The main goal of this paper is to study presence of small mammals and their ectoparasites 

– mesostigmatic mites, which are occurring on their fur. This research can contribute to well 

documentation of biodiversity in this area. 

 

METHODS 

For the research of ectoparasitofauna of small terrestrial mammals were used the 

theriological (Pecek and Olszewski, 1971) and parasitological methods (Mrciak and Rosický, 

1959). We trapped the small terrestrial mammals by line method, using folding traps with 

metal basic. The trapping localities were located near to old branches of rivers, sedimetal 

marshlands and dense bank vegetation. These biotopes provide refuges against to increasing 

areas of agrocoenoses. We used 50 capturing points of traps, which were putting on 

uncovered ground in line in 10 metres distances. Duration of exposed traps in a line was 1 – 3 

nights. We used fabric square immersed into mixture oil, fat and milled nuts as a bait. The 

collecting of animals was made always in morning hours; each specimen was individually put 

into the textile bags. Caught mammals were later in laboratory somatometric processed (body 

weight, body length, tail length, length of their hind foot). The sex and sexual fitness of 

captured animals was determined and obtained data were recorded. 

We made the permanent slides applied by brightening chloralhydrate medium Liquido de 

Swann. Mites were determined by using the papers of Bregetova (1956), Mašán (2003), 

Mašán and Fenďa (2010) and admittedly helpful was a private mite’s collection. We used the 

mite taxonomic classification Lindquist et al. (2009); Zhi-Qiang Zhang 2011.  

 

Description of investigated localities 

1. Baloň - 116 m a.s.l. 

The locality is situated in western part of village Baloň, surrounded by many draining 

ditches. The research was carried along the drainage ditch of floodplain forest with a 

herbal cover; traps were placed in two capturing lines during two nights. Material was 

collected by Ambros and Štollmann (12.-13. October 2010). 

2. Dropie - 108 m a.s.l. 

The locality is situated 8 km from Kolárovo city in protected area with wetland biotopes, in 

the depressions with permanent water surface of remnant arm of floodplain forest. In this 

area were placed two catching lines; the first line - along agrocoenoses (margin of 

ploughed field and fence) during one night (10. November 2010) and the second line was 

placed along the margin of pond during one night (13. October 2010). Material was 

collected by Ambros and Štollmann. 

3. Ňárad - 113 m a.s.l. 

At the locality were placed two capturing lines; the first is situated on the margin of copse 

and field, the second lines was in wetland biotope with occurrence of reed mace (Typha 

latifolia) and sedge (Carex sp.). Material was collected by Ambros and Štollmann (12. – 

13. November 2010). 
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4. Sap, Erčed - 115 m a.s.l. 

The locality is situated in floodplain forest in the dry Danube meander. Traps were placed 

in inundation of Dunabe, between the margin of channel of Gabčíkovo water works and 

the old river bed. Material was collected by Ambros (10. – 11. November 2010). 

5. Gabčíkovo - 117 m a.s.l. 

The old seasonal flooded river canal is situated between the channel of Gabčíkovo water 

work and old river bed of Danube. Study site is situated in floodplain forest, which is 

overgrowing with wood vegetation, mainly by reeds. Traps in five lines were exposed 

during two nights from the eater surface of cannel to agricultural field (10. – 12. November 

2010), material was collected by Ambros and Štollmann. 

6. Martovce - 108 m a.s.l. 

The research area was located in 1.5 km northwest from Martovce, in continuous cover of 

reeds and sedges. In the middle of depression is flowing draining ditch, which represent the 

suitable corridor for small mammals. Traps were placed during one night (12. May 2011), 

collected by Ambros. 

7. Nesvady, Hantovský channel - 107 m a.s.l. 

The capture points were near the Kolárovo city, 1.5 km eastern from settlement Veľká 

Gúta, in Hantovský channel. Study site is in an agricultural poplar forest in cutting age. 

Traps were placed in two lines (12. – 13. May 2011), collected by Ambros. 

8. Imeľ, Ďotva channel (dolnoostrovný channel) - 115 m a.s.l. 

The study line site is situated in the south-west of village Imeľ. Herbal composition is 

represented with sedges predominantly. Traps were placed in two lines (12. – 13. May 

2011), collected by Ambros. 

 

RESULTS AND DISCUSSION 

We trapped 294 individuals of small mammals belonging to 13 species. All together 68 

hosts (9 species) were positive for ectoparasites. The eudominant hosts were Clethrionomys 

glareolus (29.4%), Apodemus sylvaticus (22.1%), Mircotus arvalis (14.7%). We determined 

477 individuals of mesostigmatic mites belonging to 13 species. The eudominant species were 

Laelaps agilis (37.3%), L. hilaris (20.1%), A. fahrenholzi (14.3%), Haemogamasus nidi 

(10.5%). The occurrence of mites on the fur of small mammals is showed in table 1 and the 

presence of mites in research sites is showed in table 3.   
 

Overview of detected mesostigmatic mites (♀ - female, ♂ - male, N – nymph): 

Cohort: Gamasina (Leach, 1815); Subcohort: Dermanyssiae; Superfamily: Dermanyssoidea; 

Family: Laelapidae (Berlese, 1892)  

Haemogamasus hirsutus (Berlese, 1889) - 1♀ 

Locality of occurrence: Ňárad;1♀; host: C. glareolus. 

In Slovakia commonly distributed facultative nest parasite. Mašán & Fenďa (2010) classify 

it as semi – psychro-tolerant species mostly distributed in lowlands and low hilly areas. It 

shows no obvious level of the host specification, but probably prefers Talpa europaea 

(Ambros, 1988a). In our collection we found only one female in dominance 0.2%. 

Haemogamasus nidi (Michael, 1892) - 42♀♀, 6♂♂, 2N 

Locality of occurrence: Baloň: 17♀♀, 1N; Dropie: 2♀♀; Gabčíkovo: 14♀♀, 6♂♂, 1N; 

Imeľ: 3♀♀; Ňárad: 3♀♀; Nesvady: 3♀♀; hosts: A. flavicollis, A. sylvaticus, A. microps, M. 

arvalis, C. glareolus, S. araneus. 

The one of the most common species associated with mammals, very widely distributed in 

Slovakia. Euryzonal species range from lowland to alpine grasslands, with optimum in the 

planar, downs and submountain zones up to 900 m a.s.l. (Mašán & Feňďa, 2010). In our 
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collection it belongs to the eudominant species (10.5%). This species is medical monitored, 

because in their body was found the source of serious diseases (Ambros et al., 2001).   

Eulaelaps stabularis (C.L. Koch, 1839) - 7♀♀ 

Locality of occurence: Baloň: 4♀♀; Gabčíkovo: 2♀♀; Ňárad: 1♀; hosts: A. flavicollis, A. 

sylvaticus, M. arvalis, C. glareolus. 

This is cosmopolitan species with widely ecological valence, the one of the commonest 

associates of mammals in Slovakia. These nest dwellers have an important epidemiological 

importance. It shows no obvious level of the host specification (Mašán & Fenďa, 2010). In 

our investigation it belongs to recedent species 1.5%. 

Hirstionyssus isabellinus (Oudemans, 1913) - 2♀♀ 

Locality of occurrence: Dropie: 1♀; Nesvady: 1♀; hosts: M. arvalis, M. oeconomus. 

The species belong to holarctic obligatory nest’s hematophagous group with optimum 

occurrence in lowlands. It shows no obvious level of the host specifity (Mašán & Fenďa, 

2010). In our investigation Hirstionyssis isabellinus belongs to the subrecedent species 0.4%. 

Hirstionyssus sunci (Wang, 1962) - 1♀ 

Locality of occurrence: Baloň: 1♀; host: A. sylvaticus 

One of the most common and most widely distributed mites of the genus Hirstionyssus in 

Slovakia. This thermophilous and stenozonal species are possible to found at altitudes 

between 98 and 1190 m a.s.l. Hirstionyssus sunci apparently prefers Muridae rodents of the 

genus Apodemus (Ambros, 1984; Mašán & Fenďa, 2010), what can we confirm in our 

material from A. sylvaticus species. 

Hyperlaelaps microti (Ewing, 1933) - 8♀♀ 

Locality of occurrence: Dropie: 3♀♀; Gabčíkovo: 1♀; Ňárad: 4♀♀; hosts species: M. 

arvalis, S. araneus. 

Eurypotent, hematophagous, holarctic species of mite with a wide ecological plasticity. 

One of the commonest lealapine associates of mammals, widely distributed in Slovakia. Its 

primary host in lowlands seems to be M. arvalis (Mašán & Fenďa, 2010; Kocianová, 1980). 

In our investigation species represent 1.7%. 

Laelaps agilis (C. L. Koch, 1836) - 168♀♀, 9♂♂, 1N 

Locality of occurrence: Baloň: 90♀♀2♂♂; Dropie: 48♀♀1♂; Gabčíkovo: 15♀♀; 

Martovce: 7♀♀, 2♂♂, 1N; Nesvady: 7♀♀, 2♂; Sap: 3♀♀; hosts species: A. flavicollis, A. 

sylvaticus, A. microps, C. glareolus, M. arvalis, S. araneus. 

This species is the most frequent and abundant mesostigmatic mite associates of mammals 

in Slovakia and widely distributed throughout the territory. Semi–psychrotolerant  

ectoparasite occurs from lowlands to subalpine grasslands. This species apparently prefers 

hosts from genus Apodemus, primary Apodemus flavicollis (Mašán & Fenďa, 2010). In our 

research L. agilis reached eudominant proportion in assemblages 37.3%. 

Laelaps hilaris (C. L. Koch, 1836) - 96♀♀ 

Locality of occurrence: Baloň: 21♀♀; Dropie: 15♀♀; Gabčíkovo: 36♀♀; Imeľ: 1♀; 

Martovce: 17♀♀; Ňárad: 1♀; Nesvady: 4♀♀; Sap: 1♀; hosts species: A. sylvaticus, C. 

glareolus, M. arvalis, M. oeconomus, S. araneus. 

Euryzonal species ranging from lowlands to alpine zone, with optimum in the planar, up to 

800 m a.s.l. Relatively frequent are occurring on the host of genus Microtus. This species 

reached eudominant proportion (20.1%) in assemblages. 

Laelaps micromydis (Zachwatkin, 1948) - 3♀♀, 1♂ 

Locality of occurrence: Imeľ: 3♀♀, 1♂; host species: Micromys minutus. 

The species is sparsely distributed mainly in lowland areas of south-western Slovakia. The 

primary host is Micromys minutus (Mašán & Fenďa, 2010) as we confirmed in our research. 

Laelaps muris (Ljungh, 1799) - 23♀♀, 4♂♂, 5N 

Locality of occurrence: Imeľ: 23♀♀, 4♂, 5N; host species: Arvicola terrestris 
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An ectoparasite sparsely distributed through Slovakia. This species is most frequently 

found on the water voles of genus Arvicola (Mašán and Fenďa, 2010). In our investigation we 

confirmed this species on the fur Arvicola terrestris as dominant species 6.7%. 

Androlaelaps fahrenholzi (Berlese, 1911) - 59♀♀, 2♂♂, 7N 

Locality of occurrence: Baloň: 7♀♀; Dropie: 7♀♀, 1♂, 1N; Gabčíkovo: 7♀♀, 1♂, 2N; 

Imeľ: 2♀♀; Ňárad: 24♀♀, 1N; Nesvady: 1♀, 1N; Sap: 11♀♀, 2N; hosts species: A. microps, 

A. sylvaticus, C. glareolus, M. arvalis, M. oeconomus, S. araneus. 

Species is euryzonal, it ranging from lowlands to alpine zone, occurring on the fur of small 

terrestrial mammals, mainly subfamily Arvicolinae (Stanko and Ambros, 1989). This nest 

dweller has an important epidemiological importance (Mašán and Fenďa, 2010). In our 

research was eudominant species 14.3%.  

The mites belong to the family Parasitidae, live on the ground and in the nests of small 

terrestrial mammals (nest – dwelling) (Ambros, 1988a). 

Pergamasus brevicornis (Berlese, 1903) - 3♀♀ 

Locality of occurrence: Gabčíkovo: 3♀♀; host species: C. glareolus. 

Free living, non – parasitic species of mites, presented in forest litter, leafs and often on fur 

of small terrestrial mammals (Ambros, 1988b). 

Vulgarogamasus remberti (Oudemans, 1912) – 12N 

Locality of occurrence: Baloň: 4N; Dropie: 2N; Gabčíkovo: 4N; Imeľ: 1N; Nesvady: 1N; 

hosts species: A. flavicollis, A. sylvaticus, C. glareolus, M. arvalis, S. araneus. 

Free living mite, which can be found on the fur of small terrestrial mammals only in 

nymphal stage. But this species often prefers the nests of Talpa europaea. 
 

The most of established mite species in this study belong to European deciduous forest 

and on the fur of small mammals are commonly found in Slovakia. Free living mites did not 

represented a high diversity, as other authors presented in their surveys (Ambros and Kalúz, 

1987; Stanko and Ambros, 1989). As a result of low diversity of mites may be the primary 

goal - to monitor small mammals. Non – parasitic mite group are feeding on arthropods, 

which are living on the ground or nests of small mammals. These species use only biotopes of 

mammals and do not bother them. In this fact is more important to study blood feeder species 

of mites, which are common vector of many diseases (Ambros, 1988a). In the same study 

sites Ambros et al. (1999), Ambros (1996) and Bridišová (2008) carried out the research, too. 

They determined 15 species of small mammals in wetlands. Different host species recorded 

from this area are from insectivores - Neomys anomalus and from rodents Mus musculus, 

Rattus norvegicus. Ambros (1988a) found out the most abundant species Laelaps agilis, 

which present more than half of all mites´ samples; eudominant species were L. hilaris, H. 

nidi and Eulaleps stabularis. Host species present Apodemus flavicollis (40%), A. sylvaticus 

(24.2%), C. glareolus (21.7%), Sorex araneus (8.6%) or Microtus arvalis (5.4%). Ambros 

(1996) carried out the research from floodplain forest and wetland; where he trapped 2,721 

individuals of small terrestrial mammals belong to 14 species and 5,575 samples of mites 

belonging to 35 species. The structure of haematophagous mites was identical for all lowland 

areas. High differences in species structure were between of free living species from families 

Parasitidae and Macrochelidae. Dominant species were Laelaps agilis (27%), Androlaelaps 

fahrenholzi (16%), Haemogamasus nidi (15.7%), Laelaps hilaris (15.3%) and Hyperlaelaps 

microti (8.4%). Bridišová (2008) in Podunajská nížina lowland determined 3,131 specimens 

(22 species) of mesostigmatic mites. Eudominant species were Laelaps agilis (58%), L. 

hilaris (11%), Haemogamasus nidi (11%), and dominant were Hyperlaelaps microti (5%). 
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Tab. 1 Mesostigmatic mites and their hosts 

Host species 
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Laelapidae - - - - - - - - - - - 

A.fahrenholzi 3 - 1 3 - 51 - 8 2 68 EUD 

Androlaelaps sp. - - - - - 1 1 1 - 3 SRE 

Haemogamasus 

hirsutus 
- - - - - 1 - - - 1 SRE 

H. nidi 5 12 1 8 - 20 - 4 - 50 EUD 

Haemogamasus sp. - - - - - 2 - - - 2 SRE 

Eulaelaps stabularis 1 1 - 2 - 1 - 2 - 7 REC 

Hirstionyssus 

isabellinus 
- - - - - - - 1 1 2 SRE 

Hirstionyssus sunci - - - 1 - - - - - 1 SRE 

Hirstionyssus sp. - - - - - - - 1 2 3 SRE 

Hyperlaelaps microti 1 - - - - - - 7 - 8 REC 

Laelaps agilis 1 27 10 137 - 2 - 1 - 178 EUD 

L. hilaris 14 - - 2 - 4 - 57 19 96 EUD 

L. micromydis - - - - - - 4 - - 4 SRE 

L. muris - - - - 32 - - - - 32 
DO

M 

Laelaps sp. - 1 - 1 - - - - - 2 SRE 

Parasitidae - - - - - - - - - - - 

Pergamasus 

brevicornis 
- - - - - 2 - 1 - 3 SRE 

Pergamasus sp. 1 1 - 1 - 1 - 1 - 8 REC 

Vulgarogamas. 

remberti 
1 2 - 3 - 3 - 3 - 12 SDO 

Together 27 44 12 158 32 88 5 87 24 477 - 

Abbreviations: EUD – eudominant, DOM – dominant, SDO – subdominant, REC – recedent,  

                        SRE – subrecedent 

 

The high number species (11) of mesostigmatic mites were found in the locality Baloň. 

The high diversity was in locality Gabčíkovo H´= 1.73 with Hmax= 2.302 (tab. 2). The highest 

equitability shows the Martovce locality e= 0.95, which is not so significant, because of lower 

quantity of trapped hosts. 
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Tab. 2 Diversity, equitability and number of species of small mammals on study sites 

Locality Number species 

of mites 

Diversity (H) 

 

Hmax Equitability (e) 

Baloň 11 1.352 2.398 0.564 

Dropie 9 1.385 2.198 0.63 

Gabčíkovo 10 1.731 2.303 0.752 

Imeľ 7 1.031 1.946 0.53 

Martovce 2 0.659 0.693 0.95 

Ńárad 6 1.003 1.792 0.56 

Nesvady 7 1.55 1.946 0.796 

Sáp 4 0.855 1.386 0.62 

 

Tab. 3 Mite species spectrum at the study sites 

                        Locality 

 

 

 

Mite species B
a
lo

ň
 

D
ro

p
ie

 

G
a
b

čí
k

o
v
o

 

Im
eľ

 

M
a
rt

o
v
ce

 

Ň
á
ra

d
 

N
es

v
a
d

y
 

S
a
p

 

T
o
ta

l 

Laelapidae - - - - - - - - - 

A.fahrenholzi 7 9 10 2 - 25 2 13 68 

Androlaelaps sp. 1 1 - 1 - - - - 3 

Haemogamasus hirsutus - - - - - 1 - - 1 

H. nidi 18 2 21 3 - 3 3 - 50 

Haemogamasus sp. - - 2 - - - - - 2 

Eulaelaps stabularis 4 - 2 - - 1 - - 7 

Hirstionyssus isabellinus - 2 - - - - - - 2 

Hirstionyssus sunci 1 - - - - - - - 1 

Hirstionyssus sp. 1 - - - - - 2 - 3 

Hyperlaelaps microti - 3 1 - - 4 - - 8 

Laelaps agilis 92 49 15 - 10 - 9 3 178 

L. hilaris 21 15 36 1 17 1 4 1 96 

L. micromydis - - - 4 - - - - 4 

L. muris - - - 32 - - - - 32 

Laelaps sp. 2 - - - - - - - 2 

Parasitidae - - - - - - - - - 

Pergamasus brevicornis - - 3 - - - - - 3 

Pergamasus sp. 1 2 1 - - - - 1 5 

Vulgarogamasus remberti 4 2 4 1 - - 1 - 12 

Total 152 84 95 44 27 35 21 18 477 

 

CONCLUSION 

Altogether 477 specimens and 13 species of mesostigmatic mites were found in 8 wetland 

localities (Baloň, Dropie, Gabčíkovo, Imeľ, Martovce, Ňárad, Nesvady and Sáp) of southern 

Slovakia. The mites were acquired on the fur of 294 individuals (13 species) small terrestrial 

mammals. The most abundant species were Laelaps agilis, L. hilaris, Androlaelaps 

fahrenholzi, Haemogamasus. Diversity of all localities present H´= 1.831 with maximal 

diversity Hmax= 2.564, equitability of investigated localities present e= 0.713. 
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Abstract 

Urban biotopes and anthropogenic outposts formed most of a bat shelters. From the 28 species that are typical 

for Slovakia, at least 15 of them can be found in urban environment. Some of them are using these ecosystems 
not only as hunting biotopes but also for a great roots option. In this work we tried to summarize shelters 

characteristics and preferences according to construction scheme of a building system. Pre results suggest that 

the nature of construction makes the spectrum of species, not only in terms of total abundance, but also with the 

density of the total urban area. 
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INTRODUCTION 

Habituation of some of the bat species become a serious ecological problem. 

Environmentalists recorded that the conflicts between human and bats have increased, and 

there is no will from the human side to solve this problem expertly. Also the modern thermal 

insulation according to experts causes genocide of a bat species. 

The city environment is highly urbanized; in fact something like a nature protection is 

always subordinate to socioeconomic needs. It is very hard to find a compromise and also to 

make some actions that may help to protect nature in urbanized environment. 

If we want to succeed the complex approach is very important. Goal of this work is to 

characterize types of buildings that might be usable for bats.  

 

SOLUTION ANALYSIS 

Bats are animals that are existentially dependent on a right shelter selection, because they 

spend most of them live in shelters (Kunz 1982). Shelters provide protect against a bad 

weather and predators. Shelters are also important for its social life. That is the reason why 

the proper place and shelter is the key element for bats surviving (Vonhof and Barclay 1996). 

It is extremely important for them to find and occupy a place that will be constant for a long 

time. Because of its highly energetically difficult flight they spent at least half of its life in 

their shelter to save as much energy as possible (Kunz 1982).  

During the day they are in its daily shelters and in the night, when they are not hunting, 

they stay in night shelters (Vonhof and Barclay 1996). Characteristics of individual shelters 

are quite different and bats have a different shelter needs during its life. There is a special 

status for shelters that bats are using during its hibernation because bats have a specific shelter 

requirement in that time. For the rest of the year bats are trying to find shelters for the birth 

and education of brood as well as for implementation of social contacts and also for the rest 

and food digest (Horáček 1986). 

From the total number of species, there are 28 of them living in Slovakia (Ceľuch and 

Ševčík 2006, Danko 2007). Kunz (1982) give some explanations for a different kind of 

anthropogenic shelters. Buildings build in European architecture style offer a huge number of 

shelters for a daily rest as well as for bats wintering. It also deals with a question of bats 

geographic extension for a chosen species conditional to sufficient shelter quantities. 

Shelter characteristics and the using of them by different species living in Slovakia are 

told by Ceľuch and Kaňuch (2002). Research results of 78 Slovakian villages, in Trnava area, 
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focused on quantitative and qualitative structure of bats fauna were written by Matis and 

Dittel (1997). Give us results of summer bats research that were focused on human flats of 

Prešov area.  Professional results overview from the bats research from 1994-1995, within 

a project called „Slovakian bats biotopes management and protection“(Uhrin et al. 1996a) 

shows that the one of the most sensitive bats shelters from the threat point of view, are attic 

and slit shelters in human flats, Mapping that was made in 23 Slovakian districts, prove 

presence of 11 bats species. There were found in 265 (62.9%) from total of 421 of controlled 

shelters. From the frequency point of view, the big bat species of Myotis gender (Myotis 

myotis and Myotis blythii) were the species that were found the most. It was about 55.8% of 

all identified bats species. 

The result of bats census occupying the loft areas of sacral building in a area of 

Zemplínske vrchy hills in Hungary (Bihari and Bakos 2001) during the control in 1989, 1994 

and 1998 shows a decrease number of Rhiholophus ferrumequinum, that we can see also in 

a Slovak area (Uhrin et al. 1996b). Predators impact as well as a climate conditions for 

a shelter habits and the multiplicity of Myotis myotis colony in a chosen buildings of Turec is 

analyzed by (Obuch and Kadlečík 1997). Presence of Tyto alba in a church tower in Necpali, 

forced the most of the subjects to hide between the sheets and boards. In 1993 was found 

a great brood mortality in a Blatnica influenced by a cold and rainy summer. Vavrová (1998) 

told about a wide temperature prevalence of Myotis myotis in the wintering period. Subjects 

were found on 23th of November, hanging free on a roof construction. Multiplicity of this 

kind was up to 99.01% from the total number of bats that were found in a roof field in area of 

Malá Fatra National park. 

Bačkor et al. (2007) investigated the changes in the spatial distribution of bat colonies in 

the roof space. They documented the colony transfer for the 24 hours period according to 

influence of varying temperature. 

Hapl (1999) deals with a bats occurrence in wood buildings. Hapl and Bobáková (1999b) 

have found a presence of 6 species in area of National park Muránska planina during the 

control. The most seen kind was Myotis mystacinus, Rhinolophus hipposideros and 

Pipistrellus pipistrellus. Bats were found mostly in rifts and roofs between the timbers of 

supporting construction. Bartonička (2003) had watched occurrence of Pippistrellus 

pygmaeus, in a Šumava area and recorded its shelters in a wood and recreation chalets. 

Ivanova (1998) give us information’s about the bats presence in the National park „Centre 

Balkan“in Bulgaria. She had found 5 kinds of bats in the forest structures. The colony of 

Myotis brandtii in the attic of Murgasch Hut is the first known female colony that was seen in 

Bulgaria. Observation result of Pipistrellus Pipistrellus occurrence in buildings in Prešov and 

Brno, which were processed by ecological observations, was made by Gaisler (1997). Hanák 

(1971) had watched a colony of Nyctalus noctula in Prague – Záhradné Mesto prefabricated 

houses since 1967. In this period, from the august to April, the bats stayed in ventilation 

openings in the flats from 3 to 6 floors on the south side of the house. Kocourek (1978) 

observed the occurrence of winter colonies of Nyctalus noctula in Týnec nad Sázavou. Bats 

were colonized expansion joints between panels from the surroundings of 7 and 8 floor on the 

south side on the 9- storey building. Lehotská and Lehotský (2000) dealt with an occurrence 

of Nyctalus noctula that were wintering in prefabricated houses in Bratislava. Bats were 

hiding in crevices between panels in a flat roof lining the cavities, and hallows along the 

vertical decorative steel plate. Through the slots in panels there were penetrated into the 

apartments. Bats are all year active in this type of shelters. Flight activity was observed at 6 

Celsius temperature. The size of colony could be sometimes up to 100 species. Their activity 

demonstrates bats reactions that were recorded on audio tapes or similar sounds that were 

recorded Kaňuch and Ceľuch (2000). The incidence of Nyctalus noctula in prefabricated 

house urban areas are known mainly abroad Stutz Haffner (1997), but in recent time we have 
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registered more and more reports about the presence of this kind, in cities of Slovakia. It 

presence is concentrated mainly in a prefabricated houses that were built in late 70s and early 

80s in 20th century. 

There are called sandwitch structures of panels. Overall, we recognize dozens of building 

systems from which 3 types are the most preferred. 

 

METHODS 

The bats monitoring in the 2007-2009 took place in recent cities: Nitra, Nové Zámky, 

Komárno. In these locations the bats activity was recorded in month’s interval. The collected 

data were entered into the comprehensive structure, where we focused mainly on:  

 Protocol - protocol number,  

 Cadastre - name of cadastral,  

 Location - Closer and more detailed checking of location, m a.s.l. – Altitude,  

 Type of shelter (construction type) - T06B, P.1 14;  

 Year of building approval 

 Date - date of observation: 

 Types - Name and abundance of species (species) 

 M - male 

 F - female 

Methods: 

 C - finding carcasses, mummies, etc., 

 D - detectoring, 

 N - netting, 

 V - visual observation. 

Note - the type of problems associated with bat occurrence. 

 

RESULTS AND DISCUSSIONS 

Data of the Chiroptera occurrence in prefabricated houses in Nitra region refers to 

a settlement with an area of 4.53 square kilometres, including 542 buildings. There were 

found 25 buildings with a bat occurrence 207 shelters and 363 exit holes. These bats were 

found in two types of buildings. The large numbers of shelters have been found in Nové 

Zámky (Figs. 1, 2). 

 

  
Fig. 1  Ratio of the number of monitored buildings in various cities with buildings where the 

bats have been found 
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Fig. 2  Number of shelters that were found in different building systems 

 

 

At the housewarming we tried to characterize the time interval, which allows bats to 

move in the flat. This kind of selection is actually accurate because the buildings were 

constructed in different time period. Nevertheless the analyzing result shows us that the 

constructions built in 80s were more preferred. The process of bats habituation is a common 

phenomenon caused by several factors. The loss of natural habitats of bats with no shelter 

opportunity that are typical for them like (hollow trees, rock crevices), forced some species to 

find alternate shelters in urban area. We can see this adaptation mainly in neighbourhoods, 

there is a large bats concentration in a relatively small area. 

This may lead to erroneous public perception of overgrowth of bats. In urban area, bats 

are using wide pallet of different shelters like space vents, gaps in insulation and in particular 

joints between the panels.  

 

 
Fig. 3 Comparison of median number of hiding places for the building ANOVA, Hypotheses: 

Ho: All medians are equal. Ha: At least two medians are different. 

0

20

40

60

80

100

120

140

Nitra Nové Zámky Komárno

TO6B 18 4 18

P1.14 40 122 5

TO6B

P1.14



  

273 
 

Panel cavity represents a suitable environment for bats, similar to those in rock crevices. 

It gives them the opportunity to shelter during flights and proper climatic conditions during 

winter hibernation. They can also be used as shelters for a female with cubs. Town 

environment give bats also sufficient food supply. The airborne that refrains near street 

lighting give bats lots of food (Fig. 3). 

 

CONCLUSION 

According to the data analysis, we have tried to draw attention to the differences ranked 

cities in terms of character building for the bats examples that have specific requirements for 

shelters. Overall, we characterised two building systems which are typical for bat presence in 

city environment. 

- During the work we followed 547 prefabricated houses in three towns of Nitra. 

- From the total of 363 holes, 172 are characterised as an exit holes and 199 shelters exit 

hole hollow shelters. 

- The incidence of the species of the Chiroptera in prefabricated houses in the towns of 

Nitra region refer to a settlement with an area of 4.53 square kilometres 

- In 2007, we confirmed the finding of 25 buildings with bats. 

Numbers of Chiroptera species in urban areas depend on constructions system of block of 

flat. Analyzing these systems we can characterize chiropterofauna in other regions. For this 

scheme are also bound by other species, which is also subject of our future interest.  
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Abstract 
Slovakia is a country that espouses to Christianity. One form of these proclaims is also religious tourism that 

can be seen in different forms and size in the whole Slovak Republic.This post deals with religious tourism in the 

village Dolná Strehová. In the area of interest there are churches and crosses where pilgrimages are organized 

to and that are visited by the pilgrims. We want to point out this article that even small and generally unknown 

municipalities by religious tourism are possible to offer something to pilgrims and are visited by them.  

 
Key words 
Religious tourism, church, tourists, pilgrimage. 

INTRODUCTION 
A man needs for a full life not only fulfilling his biological needs. He needs to rest and 

recover his soul. These are activities tourism deals with. There are great deals of definitions of 

tourism because several authors define it from different views. We use the definition by 

Mariot (1983) who defines tourism as a "Social activity that is determined by people moving 

to the region of a landscape, characterized by the interaction of landscape features that are 

able to cause a temporary change of residence." One of the forms (types) of tourism is 

religious tourism. It is a form of where people travel individually or in groups for pilgrimage, 

missionary, or leisure purposes. Krogmann (2007) and Rinschede (1990) mention that 

religious tourism is a type of tourism where participants are strongly religiously motivated 

during their journey and especially in the place of temporary residence.  

This kind of tourism can be divided. According to Mariot (1983) there are following 

forms:  

 Pilgrimages 

 Missionary travel 

 Leisure (fellowship) vacations 

 Faith-based cruising 

 Crusades, conventions and rallies 

 Retreats 

 Monastery visits and guest-stays 

 Faith-based camps 

 Religious tourist attractions 

 

The aim of religious tourism is a wander of pilgrims to places where they can pay 

homage to God, and to implore the grace of new life. This article deals with Possibilities of 

religious tourism in the village of Dolná Strehová. It is a municipality that public does not 

know as a place of pilgrimage. Nevertheless, it has found a place in the plan of pilgrims.  

TERRITORY  
The definition of the area is the legislative border village Dolná Strehová. The village is 

situated near the Hungarian border and at the counties border of Veľký Krtíš and Lučenec, 

mailto:maria.bystrianska@ukf.sk
mailto:maria.bystrianska@ukf.sk
mailto:akrogmann@ukf.sk
http://en.wikipedia.org/wiki/Pilgrimage
http://en.wikipedia.org/wiki/Missionary
http://en.wikipedia.org/wiki/Convention_%28meeting%29
http://en.wikipedia.org/wiki/Monastery
http://en.wikipedia.org/wiki/Tourist_attraction
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whereby belongs administratively to the district of Veľký Krtíš (Fig. 1).  The village Dolná 

Strehová has common borders with cadastral communities: in the northwest with Vieska, in 

the north with Chrťany and Závada, in the northeast with Ľuboriečka, in the east with Trenč, 

in the south Bušince and Muľa, in the southwest Veľké Zlievce and in west with Pôtor and 

Žihľava.  

There are also communities Horný and Dolný Bukovec, Dúbrava and Prieloh joined to 

Dolná Strehová. The whole area has 2115 ha while the area of the village (including Prieloh) 

is 2642 ha and a built-up area is 55 ha. It is situated at an altitude of 225 m height above sea 

level while the lowest point is 170 m height above sea level – Dedinská hora, near the village 

Prieloh and in the northeast there is situated the highest point 311 m height above sea level- 

Vanov kopec. The village Dolná Strehová is located in the southeast of Krupinská planina, in 

the southern part of Ipeľská kotlina that some publications called Pôtorská pahorkatina, in a 

broader shallow valley of the village Tisovník. The village Dolná Strehová belongs to the 

catchment municipalities within the district but also the county (Bystrianska, 2009).  

Fig. 1 Administrative divisions of the village Lower Strehová 
 

It has several functions (administration, education, health care). In the village there is a 

health centre and a pharmacy, as well as a kindergarten and a primary school situated where 

children from surrounding villages (13 villages) attend. There is also a library, police 

department and a post office in the village. The municipality belongs to the medium-sized 

rural settlements with a population from 1000 to 1999. The village has currently 1048 

inhabitants (28th February, 2013) with the average age of 40 years. 

TOURISM IN THE VILLAGE OF DOLNÁ STREHOVÁ 
Religious tourism in the village of Dolná Strehová is realized mainly in the form of 

pilgrimage and religious monuments. The most important tourist places are the Evangelical 

Church, and the Catholic Church of the Assumption. The mater of interest is local 

municipalities’ pilgrimages to the crosses that are located in the administrative area of the 
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village. Still the "most famous" cross is located near the community of Drnava. This cross is 

annually visited by pilgrims not only from the village but also from its surrounding.  

THE CHURCH OF THE ASSUMPTION 

The church was originally built in the classical style at the end of the 18th century, later 

rebuilt in 1811. It was rebuilt after subsequent reconstruction in art nouveau style in 1900. It 

was dedicated on 12th January, 1902. The Church was subsequently rebuilt and repaired 

again. The last reconstruction happened in 1946 changed its outlook particular significantly. 

At that time was a pastor Ján Demény who diminished the front door, projected for a tower 4 

roll-up windows and one circular window, removed Renaissance vaults of the nave and the 

chancel of the church and built up a new rectory. Currently, the church was also repaired 

when in the whole church the tiles and a new roof were exchanged. Moreover, the heating 

was done and the ceiling paintings were redecorated. The Church is not only a national 

monument. Currently, the process of deciding about its classification to cultural monuments is 

on. The cave with a statue of the Virgin Mary belongs to the Church and is much-sought by 

passers-by. There are a number of rare items in the church. Visitors can see rare ceremonial 

articles, books, garment and 3 church-tower bells. The bells are original and each of them has 

its own history. Their size is different. They are used on various occasions. On one of them 

can be read: 

 

 ,,When I wake you up, stand up, when I call you, come, when I say you goodbye weep” 

 

In addition, you can admire the altar that comes from a late period and it is said that was 

brought from the castle chapel in Modrý Kameň. The central Picture is The Picture of the 

Blessed Virgin Mary. Then there are the relics of St. Catherine. Other precious liturgical items 

are worth mentioning, f. i. a monstrance, a chalice or a missal which have kept here from the 

first dedication of the church. Apart from the typical religious objects, there can be admired 

Fig. 2 The church of the assumption 
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rare books (150 volumes) which come from the old parish libraries and are stored in the 

parish archive. Probably the most valuable is Pexenfelder: Concionator of 1630. (Lukáč, 

2006). 

The 15
th
 August is the day of the Church and the most people is overcrowded. It is the 

day dedicated to the Blessed Virgin Mary, and it is the feast of the church itself. 15th August 

is so called the feast of forgiving. There come pilgrims and believers into the village and 

“home” especially those who have already lived elsewhere. Families are together either from 

near or from long distances. 

EVANGELICAL CHURCH 

It is known that Protestant churches are not dedicated to anyone. The Church in Dolná 

Strehová does not have its official patron. However, people say that it is dedicated to St. John. 

It is because it was originally the Catholic church but during Protestant Reformation was 

taken by Protestants. The church was 

built in 1652 on the foundations of a 

dilapidated church from the 13th-14th 

century, yet built upon the stone of the 

previous one. In 1758 the church 

burned down and its reconstruction 

lasted until 1819 when it was rebuilt 

along the lines of Baroque-Classicist 

tolerance evangelical churches. A few 

years later in 1923, a tower was erected 

to the church with 3 bells put in which 

are monuments worth taking a look. 

Until present the Church itself has 

come through several renovations and 

repairs were done (Kronika  

evanjelického  zboru).  

The last one was in 2010 when the 

altar and the plaster were left to be 

repaired. In the temple there are several 

rare items. One of it is the most 

precious altar, which is a national 

monument. It was made in 1654 by an 

unknown carpenter, sculptor and a 

painter. It is made from the pine wood. 

On the back side of it a quote is found 

which we could translate:  

 

"This altar in honour and glory of the Holy Trinity from his own funds erect a noble lord 

Gabriel Dulo with his life with spouse Mary Rimay, milady." 

 

Its dimensions are 450 x 400 cm and it is made by using a technique of polychrome wood 

carving, tempera on wood and oil on canvas. From the point of architectural view in case of 

an altar, it goes about vertical oriented column architecture. It is divided horizontally into 

three parts. The main part of the central altarpiece in the middle of the sides emphasizes two 

columns with volute capitals, richly decorated with plant stem vine ornament. The sides 

between the columns are decorated above each with a pair of panel paintings. 

Fig. 3 Evangelical church 
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The heads of the columns are vividly decorated with heads of seraphims and plant 

ornament. The central part of the altar is closed at the sides richly decorated with ornamental 

earlobes. Extension in reduced form repeats the shape of the central part, unless the lower 

panel painting and one column on the sides, which are only partially trimmed at the bottom. 

Extension is finished moldings with inscription cartouche and the ornamental earlobes. 

Central panel painting is shaped to the octagonal frame decorated with heads of seraphim. 

Polychrome architecture is currently in olive-brown tint to show through the substrate, 

carving details, just like the gilded frames. In the middle there is the oil painting on a canvas 

with the scene of the Saint Trinity probably younger than the original panel painting. On the 

both sides between the columns there are stacked four evangelists Matthew, Mark, Luke and 

John. In the middle of the attachment panel painting there are several things painted: Giving 

the birth to Jesus, The Last Supper, on the bulkhead in cartouches there are painted emblems 

and gender barrel on lance is adorned with painting Latin inscription. 

 

Fig 3. The altar in the evangelical church from the master Gabriela Dulu 

 

THE CROSSES 

In this region there are two crosses. The first is close to the village Drnava and was built 

by a local farmer as memory on a place of death of his son who was accidently killed there. 

The Cross has been standing here since 1951 and became a part of life settlements, and not 

only just itself. There is held an annual pilgrimage to the Cross.  

Concretely, the 14th September on the Feast of the Exaltation of the Cross. This date is 

not determined randomly. This is the date when death occurred actually, the son of a peasant. 

It is also the time to thank God for the harvest. On 14th September takes place a pilgrimage to 

the Cross ended with the Holy Mass. This is a big thank you for their crops, but is also 
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commemorative Mass for human life. We receive the gift of life from God and therefore we 

should thank or so the locals believe and say.  

The second cross is built on the top of Bukovec. And even to him pilgrimage has always 

acting in his visit to see signs that not only abandoned and forgotten monument. This cross 

was built after World War II. It used to be a massive grave of the Romanian soldiers. They 

were here buried. Bodies, however, were in the late 90th years exhumed and sent to Romania, 

where they were returned to family members. There only remained buried one soldier who 

has not been identified to these days. So he remains the only one from Romania and it is 

remained least by people. The cross was renovated in 2011 by two people who replaced the 

old for a new one and repaired metal fence (fence) around it and even around the grave. 

Locals have considerable respect to the cross, and when passing along they pray and pay 

respect to the soldier. 

CONCLUSION 

Dolná Strehová is not the village that would be known by religious tourism in the Slovak 

Republic, rather it is associated with the concepts of a swimming- pool and hot spas. But 

nevertheless we can say that religious tourism here has its position. 

The Church of the Assumption, crosses in the settlements, evangelical church have their 

faithful pilgrims not only in the village and near surrounding area, but also in remote areas of 

the district, the county or Slovakia. About 5000 pilgrims visit churches and crosses annually. 

They only come to bow, pray, thank and ask the God for grace and peace for themselves and 

their families. 
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Abstract 

The paper deals with the determination of stable patches in the study area (Handlová, Cigeľ, Ráztočno) with the 

use of variation curves. It is the determination of areas with a stable form of use. Variation curves were analyzed 

on the basis of data obtained from digitized maps of landscape structure of the study area during the following 

period: 1783/1785, 1845, 1936, 1956, 1987, 2003 and 2011. The research of historical and current landscape 

structure took place in the territory of the Upper Nitra Region which is characterized by long exploitation of 

subsurface mining of brown coal and lignite and surface mining of dolomite and andesite. This area is specific 

also with the landslide activity. Based on twelve variation curves for determining landscape stability according 

to Forman and Godron (1993), we determined the most stable groups of landscape elements as well as groups of 

landscape elements which are more or less instable in the study area during the studied period. Based on the 

results of spatial and statistical analysis of landscape structure during the studied period, we identified four 

types of variation curves in the study area. 

Keywords 

Secondary landscape structure. Variation curve. Stability. Handlová. Cigeľ. Ráztočno. 

INTRODUCTION 

Stability in the landscape is never absolute since a living system in the landscape cannot 

be completely unchanged. Partial changes inside the landscape and changes across the 

landscape are directly related to the type of stability in a particular landscape component and 

to the spatial structure of the landscape. 

Stable patches represent an area that is used equally throughout the monitored period 

(1783-2011) (Kilianová et al., 2009). 

One of the methods used to determine the stability of the landscape is the method of variation 

curves. 

Landscape changes over time are characterized by the variation curves. They can be 

formed by three independent parameters (Forman, Godron, 1993): 

1. General trend of change 

2. Relative amplitude of oscillation around a general trend of change 

3. Rhythm of oscillation 

 

In the landscape, we can analyze a wide range of variables such as the shape of the 

patches, porosity of the patches, network development, diversity, speed of plant succession.  

Forman, Godron (1993) present 12 variation curves to determine landscape stability  

(Tab. 1). According to them, we can determine whether the line has positive or negative slope 

or whether we can observe values of parameters expressed by a line parallel to the x axis. 

Furthermore, we can observe size of the amplitude of oscillation and whether variability of 

observed values above and below the line represents a significant regular oscillation. These 

findings are a good starting point in determining the stability or instability of the landscape.  

 

The landscape is stable if: 

a) the long-term variability of its parameters can be represented by line which with its 

direction follows the direction of the x axis, 
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b) it is possible to statistically describe the amplitude degree of periodicity of oscillation 

around an axis. 

 

The stability is characterized by variation curves of HD-SRO and HD-BRO. 

 
Tab. 1 Twelve variation curves for determining landscape stability according to Forman and Godron (1993) 

 

According to the above mentioned curves, we investigated the most general trajectories 

of the main parameters of landscape. These curves can include another characteristics of 

changes such as the curve shape (symmetrical or asymmetrical) or ascending and descending 

curves in time, etc. 

METHODS 

 

The methodological approach consisted of the following steps: 

1.  Obtaining the underlying maps, 

2.  Georeferencing underlying maps, 

3.  Creation of maps of secondary landscape structure (SLS) using cartographic method in 

ArcGIS 10.1 software with extensions which were used to carry out most of the 

following operations: 

 

Identification and subsequent digitization of landscape elements based on the 

interpretation of historical maps and aerial photographs using "on screen" analog methods. 

We interpreted the following historical maps and aerial photographs: 

a)  Map of First Military Survey (1783-1785) in a scale 1 : 28 800, 

b)  Map of Second Military Survey (1845) in a scale 1 : 28 800, 

c)  Redrawed map from 1936 on the basis of the map of Third Military Survey (1882) in a 

scale 1 : 25 000, 

d)  Topographic map of 1956 in a scale of 1 : 25 000, 

e)  Topographic map of 1987 in a scale 1 : 50 000, 

f)  Aerial photographs from 2003 in a scale of 1 : 2 000, 

g) Aerial photographs from 2009 which was updated by a field survey in 2011 in a scale 

1 : 2 000. 

 

After georeferencing underlying maps, we digitized maps of landscape elements of SLS 

creating polygon and line layers. Since the underlying maps have different scales and were 

made by different cartographic processing, line layers (landscape elements of watercourses, 

Variation curve Direction Rhythm of oscillation Amplitude of oscillation 

HD-SRO horizontal regular small 

HD-SIO horizontal irregular small 

HD-BRO horizontal regular big 

HD-BIO horizontal irregular big 

UD-SRO upward regular small 

UD-SIO upward irregular small 

UD-BRO upward regular big 

UD-BIO upward irregular big 

DD-SRO downward regular small 

DD-SIO downward irregular small 

DD-BRO downward regular big 

DD-BIO downward irregular big 
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other roads within in urban areas, railway line, etc.) were not analyzed within the changes of 

SLS of the study area. Line layers do not overlap and their length differed in different time 

periods. 

4.  Assessment of stability using variation curves. 

STUDY AREA 

Based on certain criteria (location, mining activities, natural processes, etc.), we chose the 

study area which is represented by the town of Handlová, municipality of Cigeľ and 

municipality of Ráztočno which are located in the district of Prievidza in the Trenčín Region. 

Handlová Town (8,555 ha) is the largest town of the Prievidza District. The municipality 

of Cigeľ has an area of 1,735 ha and municipality of Ráztočno has 1,759 ha. 

The study area is a part of four geomorphological units: Kremnica Mountains, Žiar, 

Hornonitrianska Basin, and Vtáčnik. 

Municipalities of Cigeľ and Ráztočno have the character of typical Slovak rural villages. 

It is evidenced by small industrial development, population activities with the natural 

environment, soil quality and focus mainly on residential function. 

I. class road, connecting the town of Prievidza with the town of Žiar nad Hronom and 

regional railway Prievidza - Horná Štubňa passes through the town of Handlová and 

municipality of Ráztočno. 

RESULTS 

After statistical and spatial analysis of maps of SLS from the late 18
th
 century to the 

present day, we came to the following findings and knowledge. 

Development of SLS somehow documents the intensity of human impact on the 

landscape (Kilianová et al., 2009). There were many changes in the sturdy area during the 

studied period (1783-2011). 

The most widespread groups of landscape elements in each time period were the group of 

elements of forest and non-forest woody vegetation, the group of elements of permanent 

grasslands and group of elements of agricultural crops (Fig. 1, Tab. 2). Selected landscape 

elements from the group of elements of forest and non-forest woody vegetation, group of 

elements of permanent grasslands, but also group of elements of the watercourses and water 

bodies support and enhance the ecological value and stability of the landscape. 

The group of forest and non-forest woody vegetation had the largest area from all of the 

groups of landscape elements throughout the whole period. It is because of the position and 

geomorphology of the area. Most of the area is located in the basin type of landscape. Basins 

are surrounded by medium-high mountains (from 550 m to 1,168 m above sea level) which 

bind forests. In the period from 1783 until 1936, the groups of forest and non-forest woody 

vegetation reached the average area of 5,360 ha and after that period to the present, it was 

7,910 ha. Until 1936 the forest soil was used also as agricultural, therefore, the group of 

elements of forest and non-forest woody vegetation had smaller average size compared to 

subsequent periods. 

The whole area was at the beginning of the period (1783 - 1936) intensively used for 

agricultural purposes. The land was of poor quality and its fertility was low. The size of the 

group of elements of agricultural crops at that time was on average 3,800 ha. After 1956, there 

was a decline in the size of the group of elements of agricultural crops and this trend 

continues to the present day (517 ha). Opening of mines (Handlová in 1909, Cigeľ in 1957) 

resulted in changes of the working orientation of population (from agriculture to mining 

activities) and there were new jobs mainly for male workforce. 

The size of the group of elements of permanent grasslands increased until 1956 and after 

1987, the area did not change significantly. This group is still used for grazing cattle, sheep 
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and goats. Goats are kept mainly in the municipality of Cigeľ from which comes its name. 

Sheep are bred mainly in lower mountainous areas (Ráztočnianske lazy, Sklenianske lúky, 

above the stream of Struhár, etc.). 

The size of the group of residential elements and recreational areas increased throughout 

the studied period. From 1783 to 2011 the area increased by 79% (545.7 ha). The significant 

increase in the size of the group of residential elements and recreational areas was caused by 

mining development after 1909 in the town of Handlová and municipality of Cigeľ.  

The group of elements of watercourses and water bodies is recorded only after 1956. All 

water bodies located in the study area are artificially constructed. In the municipality of 

Ráztočno, there are artificially constructed ponds in commercial recreational center of 

Remata. In the town of Handlová, there are artificially created ponds – Konštantín and  

Handlová water reservoir (pond called Pod šachtou). There is also reservoir in the 

municipality of Cigeľ. 

The size of the group of technical elements increased during the studied period which 

was caused by the development of industrial and mining activities in the study area (mine in 

Handlová, mine in Cigeľ, quarry in Ráztočno, etc.). 

The size of the group of bedrock and substratum elements varied during the whole period 

which was caused by the detail of underlying maps. This group was represented mainly by the 

landscape elements of quarries and natural rock formations that were located in the area of 

Veľký Grič, Malý Grič, Biela skala, Bralová skala, Bôrová, Prieloh, Tlstý diel, Jarabá skala, 

Skalka, etc. 

The group of transportation elements was digitized in the municipality of Ráztočno and 

town of Handlová because the I. class road passes only through this area. 

 
Tab. 2 The size of the groups of landscape elements of SLS  in the study area during the period of 

1783 – 2011 (in hectares) 

SLS 
1783- 

1785 
1845 1936 1956 1987 2003 2011 

1 17.2 23.1 41.4 30.2 31.7 25.7 25.8 

2 5,766.7 5,227.0 5,079.6 6,025.4 8,121.3 8,734.0 8,761.0 

3 15.5 80.5 18.3 0.6 33.5 78.0 87.9 

4 5,104.5 3,862.9 2,714.4 1,735.8 1,370.9 456.3 517.9 

5 1,005.0 2,689.1 3,913.9 3,792.8 1,955.2 2,004.8 1,902.6 

6 0.0 0.0 0.0 1.6 1.3 7.2 7.2 

7 143.2 168.9 284.5 447.1 511.8 686.4 688.9 

8 0.0 0.5 0.1 18.5 26.3 59.6 60.8 

1- Group of transportation elements, 2- Group of elements of forest and non-forest woody vegetation, 3- Group 

of bedrock and substratum elements, 4- Group of elements of agricultural crops, 5- Group of elements of 

permanent grasslands, 6- Group of elements of watercourses and water bodies, 7- Group of residential elements 

and recreational areas, 8- Group of technical elements 
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Fig. 1 Development of the groups of landscape elements in the study area during the period of 1783 – 

2011 
 

Variation curves of the group of elements of forest and non-forest woody vegetation, the 

group of elements of permanent grasslands, the groups of elements watercourses and water 

bodies, and the groups of transportation elements have horizontal direction with small regular 

oscillations (HD-SRO) which characterize their stable situation (Fig. 2). 

The group of elements of bedrock and substratum elements is characterized by the 

variation curve having also horizontal direction, but with a big regular oscillation. This 

variation curve also characterizes a stable situation in the landscape (HD-BRO) (Fig. 3). 

Unstable situation in the landscape is shown by the variation curves of the group of 

elements of agricultural crops which has a downward direction and small regular oscillation 

(DD-SRO). Moreover, the group of residential elements and recreational areas and the groups 

of technical elements have the variation curve with upward direction with a small regular 

oscillation (UD-SRO) (Fig. 4). 

Variation curves indicate that the most stable areas have the groups of elements of forest 

and non-forest woody vegetation, the group of elements of permanent grasslands, the groups 

of elements of watercourses and water bodies, and the group of transportation elements. It is 

because the distribution of these groups of landscape elements is nearly constant and in the 

case of the group of elements of forest and non-forest woody vegetation and the group of 

elements of permanent grasslands, it is due to their large size. 

 

 
Fig. 2 Variation curves: development of the size of the group of elements of forest and non-forest 
woody vegetation, group of elements of agricultural crops, group of elements of permanent grasslands 

in the period of 1783 – 2011 
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Fig. 3 Variation curves: development of the size of the group of transportation elements, group of 
bedrock and substratum elements, group of elements of watercourses and water bodies, and group of 

technical elements in the period of 1783 – 2011 

 

 
Fig. 4 Variation curves: development of the size of the group of residential elements and recreational 

areas in the period of 1783 – 2011 

DISCUSSION AND CONCLUSION 

Different methods can be used to assess stable areas. One of them is the overlay method 

in GIS by which we can overlay maps of SLS from all of the time horizons and subsequently 

assess stable and unstable areas. This method was used by several authors such as Olah 

(2003), Barka (2004), etc. Based on this method, we can determine not only the stability of 

the patches, but also persistence of patches and index of changes. 

Furthermore, the method of modification of existing layers can be used where we identify 

changes in the size or shape of landscape elements directly on the screen and their display on 

the current slide. This method was used e.g. by Feranec, Oťaheľ (2001), etc. 

Another method is to determine stable and unstable patches using fuzzy theory. Method 

for determination of stable and unstable areas based on the theory of fuzzy sets was used in 

the works of Kilianová et al. (2009) (when determining stable ecotones in the watershed of 

Trkmanka), Novák (2000), Talašová (2000), Pavlačka, Talašová (2007), Verstaete, Halley, De 

Tré (2007), Oláhová (2013), and others. 

One of the methods used to determine the stability of the landscape is the method of 

variation of curves which we used also in this paper. Moreover, this method was also used by 

Peterken (1976), Box (1981), Woodwell (1983), Forman, Godron (1993) and the like. 
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Abstract 

The paper deals with the assessment of vertical accuracy of two digital terrain models (DTM) which were 

created based on topographic maps at scales 1 : 10 000 and 1 : 50 000. The study area has 3.23 km2 and it is 

localized in the Klátova Nová Ves municipality. Using geographic information systems (GIS), we created two 

hydrologically correct DTMs with the resolution of 10x10 m. The vertical accuracy of the DTMs was tested, 

based on elevation data obtained by the photogrammetric methods, with the use of several statistics (root mean 

square error - RMSE, standard error, mean error, standard deviation, minimum and maximum error, etc.). 

Because of the noticeable differences between the photogrammetric data and assigned raster values, both DTMs 

should not be used for precise modeling purposes of e.g. floods or other natural hazards and processes. Instead, 

photogrammetric data or laser scanning - LIDAR (Light Detection and Ranging) data which are more accurate 

are recommended to use.  

Keywords 

Digital terrain model. Topographic maps. Vertical accuracy. RMSE.  

INTRODUCTION 

Digital terrain model (DTM) is a digital representation of the relief consisting of data and 

interpolation algorithm which enables to derive elevations in random points located within the 

modeled area (Rapant, 2006). 

Georelief (relief) influences the formation and progress of various natural processes and 

phenomena in the landscape and has also the same effect on the activities of human society. 

DMR as a digital representation of the relief in geoinformation system enables to characterize 

geometric parameters of the relief which primarily affects these processes and phenomena. 

For this reason, DTMs can be used especially in natural sciences, environmental, and 

technical fields or wherever the relief with its characteristics enters the planning, analytical, 

modeling, operating or decision-making process. 

Quality DTM or minimizing the potential errors in its creation and assessment of its 

accuracy are the most important steps for successful and accurate modeling of natural hazards 

(e.g. floods), geomorphological, hydrological or other natural processes. 

The aim of the paper is the creation of hydrologically correct DTM on the basis of 

topographic maps (Basic map of the Slovak Republic at a scale of 1 : 10 000 and Water 

management map at a scale of 1 : 50 000) and the comparison of their vertical accuracy with 

data obtained by remote sensing. 

STUDY AREA 

The study area has 3.23 km
2
 and represents the urban area of the Klátova Nová Ves 

municipality which is located in the Partizánske District and Trenčín Region. This area is 

represented on the Basic map (sheet 35-41-20) at a scale of 1 : 10 000 (Fig.1) and on the 

Water management map (sheet 35-41) at a scale of 1 : 50 000 (Fig. 2). The reason for 

choosing this area was the availability of point field data obtained by photogrammetric 

methods which was used as reference data when comparing the accuracy of both DTMs. 
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Fig. 1 Basic map 1 : 10 000 (sheet 35-41-20) 

 

 
Fig. 2 Water management map 1 : 50 000 (sheet 35-41) 

METHODS 

The basis for the creation of the DTMs was the sheet 35-41-20 of the Basic map at a scale 

of 1 : 10 000 (BM10) with basic contour interval of 5 m and the sheet 35-41 of the Water 
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management map at a scale of 1 : 50 000 (WM50) with basic contour interval of 10 m which 

were in the raster format. To convert raster format to vector format we used the ArcScan 

extension for the ArcGIS Desktop 10.1 software. The key source of data for interpolation was 

vector files of contour lines and also elevation points which were necessary to correct 

regarding their attributes and topology. 

From the hydrological and improvement point of view, we also used vector files of 

watercourses and water bodies. In the case of watercourses, it was necessary to validate the 

direction of water flow in order to avoid the situation that the watercourse flows in the wrong 

direction. Correct orientation of each part of watercourses and their topologically correct 

linking results in hydrological correct model. 

For the calculation of the DTMs, we used interpolation algorithm Topo to Raster. It is a 

specific method, which is intended for the creation of hydrologically correct DTM, based on 

the ANUDEM program (Hutchinson, 1988). It is a modification of the Spline method which 

enables to model sudden changes in surface such as watercourses and ridges using the 

iterative methods of calculation. It is optimized to be, regarding the calculation, effective as 

local interpolation methods (e.g. IDW) and simultaneously the resulting surface will not lose 

continuity such as the global interpolation methods (e.g. Kriging, Spline). 

The Topo to Raster method generates raster of elevations on the basis of input data which 

can be layers of different geometry and when all parameters are properly defined, it can refine 

the resulting surface. The possibilities for setting the parameters in this method are described 

more closely in ArcGIS manuals. The parameters set for both DTMs are provided in Tab. 1. 

 
Tab. 1 Parameters of the Topo to Raster method 

Input feature data contour - polyline 

point elevation - point 

stream - polyline 
lake - polygon 

boundary - polygon 

Output cell size 10 

Margin in cells 25 

Smallest z value to be used in interpolation - 

Largest z value to be used in interpolation - 

Drainage enforcement ENFORCE 

Primary type of input data CONTOUR 

Maximum number of iterations 40 

Roughness penalty 0 

Discretisation error factor 0.25 

Vertical standard error 0 

Tolerance 1 2.5 

Tolerance 2 100 

 

An important step in order to generate the final grid is also the choice of optimal spatial 

resolution which depends mainly on the scale and use of DTM. Hengl (2006) recommends 

using the value of the average and smallest distance among contours for the cell size. For 

BM10 the average and smallest distance of contours is 24.39 m and 4.52 m and for WM50 it 

is 37.57 m and 7.39 m. The spatial resolution can vary from 1 to 5 meters at applications in 

large scales (up to 1 : 10 000) (Šúri, Cebecauer, Hofierka, 2003). For the comparison, we set 

the cell size 10x10 m for both DTMs although particularly in the case of BM10, we could set 

smaller cell size (Fig. 3, Fig. 4). 
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Fig. 3 Digital terrain model (BM10) 

 

 
Fig. 4 Digital terrain model (WM50) 

RESULTS 

The derived DTMs subsequently form the basis for quality and accurate analysis. 

Therefore, assessment of its quality is an important step. The quality of the DTM can be 

assessed based on two aspects: visual and statistical. 
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Using the visual assessment, we can identify gross errors that must be removed prior to 

each terrain analysis. The advantage of the visual assessment is that the user does not need 

any supporting data for its execution. This approach is routine and it is used practically before 

each analysis (Podhorányi et al., 2011). 

The second step reveals if the DTM has the required accuracy. The most common method 

to assess the vertical accuracy is using the RMSE (Root Mean Square Error) which expresses 

random as well as systematic errors (Voženílek et al., 2001). The basic principle for 

determining RMSE is the difference between the real (measured) value and the interpolated 

value. Since we did not have the real (e.g. geodetic or GPS measures) values, instead of the 

real values we used the point field data, obtained from aerial imagery by photogrammetric 

methods, consisting of 5,360 reference points (Fig. 5). Every point from the point field data 

was assigned the pixel value from the raster of elevations to which it belongs. Subsequently, 

we calculated the difference between the values of point field and assigned values from the 

grids. 

 

 
Fig. 5 Point field created by photogrammetric methods 

 

The RMSE was calculated according to the following formula (Li, Zhu, Gold, 2005): 
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For comparison, we also calculated other indicators of vertical accuracy of DTM 

(standard error (S), mean error (d), standard deviation (σ), extreme values) which represent an 

alternative of the RMSE according to the following formulas (Podhorányi et al., 2011): 
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The calculated values of individual vertical errors of both digital terrain models are 

provided in Tab. 2. 

 
Tab. 2 Errors of vertical accuracy of DTM (BM10) and DTM (WM50) 

Vertical errors DTM (BM10) DTM (WM50) 

RMSE 2.538 m 5.878 m 

Standard error 2.439 m 5.487 m 

Mean error -0.701 m 2.108 m 

Standard deviation 2.440 m 5.488 m 

min. / max. error -29.542 m / 10.070 m -30.671 m / 29.497 m 

 

 

The calculated RMSE for DTM (BM10) has a value of 2.538 m, standard error 2.439 m, 

mean error -0.701 m, and standard deviation characterizing the dispersion has a value of 2.440 

m. In addition to these statistics, we used also other statistics such as extreme values where 

the maximum values is 10.070 m and minimum value is -29.542 m. The extent has a value of 

39.612 m and median has a value of -0.485 m. 

In the case of DTM (WM50), the RMSE has a value of 5.878 m, standard error 5.487 m, 

mean error 2.108 m, and standard deviation 5.488 m. Extreme values are represented by 

maximum value of 29.497 m and minimum value 30.671 m. The extent has therefore value of 

60.168 m and median has a value of 3.244 m. 

The resulting statistics show that in the case of both DTMs, the differences between the 

data obtained by photogrammetry and assigned values from rasters are relatively great. This is 

mainly due to the generalization of topographic maps with regard to particular scale. 

DISCUSSION AND CONCLUSION 

Digital terrain model is the basis e.g. for modeling of floods and other natural hazards and 

processes. However, if the results have to be sufficiently precise, also the data particularly 

DTM should have had the desired quality. When creating DTM, it is therefore necessary to 

put emphasis particularly on the quality of input data, the choice of interpolation method or 

spatial resolution. 
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The problems of DTM derivation from different input data and using different methods 

and parameters are the issue of many works e.g. Moore, Grayson, Ladson (1991), Voženílek 

(1994), Mitáš, Mitášová (1999), etc. 

Although the above statistics and methods of assessment take into account only a certain 

part of errors which may occur on DTM, we can relatively precisely assess the vertical 

accuracy of DTM. Using the RMSE, as the basic indicator of the vertical accuracy of DTM, 

has its limitations because it takes into account only the vertical error within the cell of the 

grid in which it is situated so the resolution has also significant impact. For this reason, it is 

better to combine as much methods as possible so that any errors could be minimized or 

removed completely. Spreading the errors in further processing of DTM may pose another 

problem which needs to be removed in order to ensure the proper results of e.g. modelling.  

Testing of DTM accuracy with the use of various methods is the issue of the works e.g. 

Östman (1987), Li (1988), Carrara, Bitelli, Carla (1997), Rees (2000), Wilson, Gallant (2000), 

Tang et al. (2001), Smith, Holland, Longley (2005), Aguilar, Aguilar, Aguera, Sanchez 

(2006), etc. 

Based on the calculated statistics of vertical accuracy, we can claim that the resulting 

DTMs, which were created based on topographic maps, do not have adequate accuracy in 

order to be used for precise modeling of natural hazards and processes which require more 

accurate and up to date elevation data that are not generalized. 
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Abstract 
Sustainable development as a concept appeared in 1972 and since then had developed a lot mainly due to the 

fact that being a really broad concept, it was implemented differently in different spheres. Social aspect of the 

concept of sustainable development is usually the most difficult to describe and assess and it usually covers the 

issues related to equity, awareness, social cohesion and public participation - for the ultimate goal of 

sustainable development that would be a balance between current and future generations. Social Vulnerability 
Index, on the other hand, measures the vulnerability of groups of population to natural disasters and their ability 

to cope with it. It is an index that shows which parts of the population are most susceptible to the natural 

disasters an areas where there is a bigger threat of a disaster. If we compare the components of both the social 

pillar of sustainable development and the social vulnerability index, we will see that social aspect of sustainable 

development is more of a goal that should be achieved, while the social vulnerability index is a measure of the 

way things are. Taking that into consideration, it might be feasible to add the social vulnerability assessments to 

the social dimension of sustainable development. The influence that environment has on the social development 

cannot be underestimated, so taking into consideration how vulnerable the population is to the hazards can 

influence the overall implementation of sustainable development in a certain sphere. 

 

Keywords 
Social Vulnerability Index. Sustainable development. Social vulnerability. 

 

INTRODUCTION 

 Sustainable development is a popular concept nowadays. It is being implemented in many 

different spheres and is the cornerstone of policies and decision-making. While it consists of 

three aspects - social, environmental and economic - it is considered that the social aspect is 

most difficult to define due to a multitude of factors that should be taken into consideration. 

However, as the main goal of sustainable development is the balanced way forward for the 

present and the future generation, it is important to remember that sustainable development is 

more of a ultimate achievement as opposed to a clear goal. Social pillar of the sustainable 

development relates to the balanced development of the social sphere - social cohesion, equity 

and participation of people in the decision making, when it comes to crucial issues. In short, it 

means awareness among the population regarding the issues. Social Vulnerability Index, on 

the other hand, is an assessment of the current situation and the vulnerability of a group of 

population or an area to natural disasters. This concept arose due the necessity of an 

assessment of risk that certain areas or groups of society are facing when a natural disaster 

strikes. The goal of this paper is to look at the components of both the social pillar of 

sustainable development and the social vulnerability index and to see how the two compare to 

each other and if social vulnerability should be taken into consideration when talking about 

sustainable development, as natural disasters keep affecting the lives of populations 

worldwide more and more frequently. 

Social pillar of sustainable development 

 The very idea of sustainability began to emerge on the international agenda as early as 

1972 in the Declaration of the United Nations Conference on the Human Environment 

(United Nations Environment Programme 1972) and its principles. Although the term itself 

wasn’t used there, the core ideas that it stands for were all named. The declaration proclaimed 
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that “man is both creature and molder of this environment”, who is capable to destroy the 

environment and at the same time is able to sustain it, and that protection of this environment, 

without which human beings cannot survive, is a major issue for everyone involved. In 1987 

the report published by Brundtland Commission - “Our Common Future” (United Nations 

Report, 1987) - introduced the concept of sustainable development and in came widely known 

after the conference in Rio de Janeiro in 1992. 

 "Our Common Future" (or 'Brundtland Report', named after Gro Harlem Brundtland, chair of 

the World Commission on Environment and Development) was presented to the UN General 

Assembly 1987 after three years of submissions from around the world. The report first 

mentioned the very concept of “sustainable development” as an alternative way of 

development for the future. The definition of sustainable development in Chapter 3 is the 

most often cited one (O’Neill et.al, 2008): “Sustainable development meets the needs of the 

present generation without compromising the ability of future generations to meet their 

needs” (United Nations Report, 1987). The report placed the environmental issues of the 

planet firmly among the matters of political agendas and aimed to discuss and view 

environment and development as one, recognizing that the crises that the humanity and the 

planet are facing are interlocking crises (United Nations, 1986), which means that all human 

activities are interconnected and cannot be placed separately, but must be viewed together as 

an overall crisis of the planet, and that in order to solve those crises, an active and full 

participation of all sectors of society is needed in order to ensure sustainable development. 

Sustainable development idea is based on the desires of the humans to harmonize two aspects, 

which seem to be quite contradictory: achieve economic growth, which would ensure the high 

quality of life, and at the same time retain and protect a stable environment for themselves and 

future generations. (Martin, 2008). 

 Three dimensions (economic, environmental and social) of sustainable development are 

in constant interactions with each other nowadays and they can hardly exist without one 

another. Environment provides raw materials that are needed for trade and production and the 

development of economy. Economy itself is a system created by society to exchange the 

goods and services, whereas environment not only covers the basic needs of the society (as, 

for example, food and shelter), but also gives an aesthetic pleasure the value of which is quite 

difficult to measure. As was adopted in IUCN Programme 2005-2008 (IUCN, 2004), 

sustainability is seen as an interaction of 3 interlocking circles, or pillars, as they are also 

called, while the sustainable development happens at the intersection of it. In this case 

sustainable development happens only if the development of the components is balanced. 

 While the concept of sustainable development generally refers to achieving a balance 

among the environmental, economic, and social pillars of sustainability, the meaning and 

associated objectives of the social pillar remain vague (Dempsey et al. 2011). Indeed, it has 

been described as the most conceptually elusive pillar in sustainable development discourse 

(Thin, 2002), as  it is much more easy to calculate the economic development or the level of 

depletion of natural resources, while putting a measure on social issues required to make the 

development balanced. Identifying a social pillar presents certain challenges. A myriad of 

different meanings are attached to the term “social”, however, as was substantially researched 

by Murphy (2012), the four pre-eminent concepts of social pillar are equity, awareness for 

sustainability, participation and social cohesion. 
 

Equity 

 Equity is a key social concept in sustainable development discourse. From point of view 

of policy, it is related to fair distribution of goods both in national and international contexts. 

This concept of equity refers to a wide spectrum of policy areas ranging from the provision of 

clean water, nutrition, employment, education, shelter, essential medicines, and an unpolluted 
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environment to access to social networks (Murphy, 2012). While all these basic necessities 

seem very obvious and common to citizens of the Western civilization, not all regions of the 

world can boast equal access to them. Due to the location of natural resources it seems that 

some regions will suffer more severe effects of pollution and due to geographical location it 

might hit regions that do not have the resources for prevention and remediation plans. Equity 

also speaks about necessity to prevent uneven distribution of pollution on the global scale - 

due to cheaper labor costs and lack of legislation it often is so that the resources are extracted 

from less economically developed countries, but do not stay in the country and get exported 

and then leftover or polluted materials get returned to the country, knowing full well the 

country does not have resources to dispose of it correctly. Equity also includes the promotion 

of freedom from discrimination on the grounds of gender, religion, or race. 

Awareness for Sustainability 

 Awareness for sustainability is another key social concept in sustainable development 

discourse. The associated policy objectives refer to raising public awareness of sustainability 

issues with a view to encouraging alternative, sustainable consumption patterns. The idea is to 

spread awareness about the environment, however, not only about that. Sustainable 

development is not about nature conservation, it is related to reduction of consumption, 

reduction of use of resources, however, it is much more than that - it is related mostly to a 

correctly balanced attitude towards every sphere of life, so raising the awareness of people 

regarding that would bring positive results. It is important to remember the article 27 of “Our 

Common Future” (United Nations Report, 1987) says: “Humanity has the ability to make 

development sustainable to ensure that it meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” The there are people 

aware of the current problems, the easier it might be to find a solution and the more united 

will be the approach of the population towards the issue. While the nature conservation aspect 

of environmental protection is quite well-known (and in many ways much easier to 

implement), it might take some time for the people to be aware of the essence of what 

sustainable development stands for and longer time to find balanced solutions in the inter-

connected world. Awareness for sustainability is also clearly articulated in key UN documents 

(United Nations Report, 1987; UNCED, 1992) and EU communications (CEC, 2001).  

Participation 

 In terms of policy, participation refers to the goal of including as many social groups as 

possible in decision-making processes. By joining in participatory processes, individuals and 

groups can enhance their social inclusion and in addition, the participation of more social 

groups increases the likelihood that civil society will deem government policy legitimate. In 

some cases decision makers do not have all of the information related to the sphere they are 

deciding about. In some cases experts get involved, however, in many cases local 

stakeholders should be taken into consideration - they can be the best source of information, 

but are also those whose life is going to be most impacted by the decision. Nowadays 

tendency to involve stakeholders in decision-making ensures happier population groups and 

makes sure that the decision made is the correct one (Murphy, 2012). 

Social Cohesion 
 Within sustainable development discourse, the promotion of social cohesion as a policy 

objective appears to occupy a particularly important place in the social sustainability literature 

and EU sustainable development policy (Murphy, 2012). The meaning of social cohesion is 

variously defined. It has been linked to such policy objectives as promoting happiness/well-

being, minimizing social strife, reducing crime, promoting interpersonal trust, and combating 

suicide, bullying, and antisocial behavior (OECD, 2009). The concept of social cohesion has 
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become central to EU policy in general and EU sustainable development policy in particular 

(Eurostat, 2007). However, none of the EU sustainable development documents provide a 

definition of social cohesion and no EU sustainable development indicators are directly linked 

to it. In general, EU sustainable development documents establish few clear policy objectives 

related to social cohesion. Policy objectives related to social cohesion therefore appear to be 

focused on creating opportunities that promote harmonious coexistence or, at least, combat 

the potential for civic strife. 

Social Vulnerability Index 

 While social pillar of the sustainable development is covering aspects that should be 

taken into consideration to achieve a balanced way forward, it is also important to remember 

that those a are more of a long-term goal, a description of what our attitude should be instead 

of an analysis of what is going on in reality. With that, Social Vulnerability Index is a 

measure of social vulnerability to environmental hazards. One of the best examples of how 

such an index looks like is the chart created by the Hazards and Vulnerability Research 

Institute in South Carolina, USA (Social Vulnerability Index, 2012).  

 The need to measure social vulnerability to environmental hazards arose from the damage 

that was caused by the natural disasters. Usually due to poor housing and social conditions a 

certain part of population would suffer more than the rest, requiring more to restore after the 

disaster is over. If we look at the trends in natural disasters (Trends In Natural Disasters, 

2007), we will see an overall increase in the frequency of natural disasters all over the world. 

Even if we consider that nowadays simply more data is available (and the increase is not due 

to global warming), so it is possible for us to monitor natural disasters all over the world 

more, it does not solve the issue of thousands of people being left without homes, energy and 

food due to natural disasters that cannot in many cases be predicted and, what is more, cannot 

be stopped. Only solution would be to assess current situation and identify areas that would 

suffer most from the natural disasters and find ways to make the conditions for people there 

better. 

 Generally defined, vulnerability is the potential for loss of life or property due to hazards 

(Cutter, 1996). It has become an essential concept in the hazards research and has been central 

to the development of hazard mitigation strategies at the local, national and international 

level. Vulnerability assessments are used to determine the potential damage and loss of life 

from extreme natural events. Vulnerability now forms the cornerstone of international efforts 

aimed at reversing the poverty, population, development and environmental degradation 

downwards spiral. Despite the efforts, we still lack a common conceptualization of 

vulnerability. 

 While the broad definition of vulnerability infers a potential for loss, it never clearly 

articulates what type of loss and what loss we are describing. There is personal or individual 

potential for or sensitivity to losses (or harm) that have both spatial and non-spatial domains. 

THis is termed individual vulnerability. Social vulnerability includes the susceptibility of 

social groups or society at large to potential losses (structural and nonstructural) from hazard 

events and disasters. Finally, there is a potential for loss derived from the interaction of 

society with biophysical conditions which in turn affect the resilience of the environment to 

respond to the hazard or disaster as well as influencing the adaptation of society to such 

changing conditions. 

The social dimension of vulnerability acknowledges the vulnerability of people, and the 

emphasis is on coping capacity. Especially weak and poor population groups are considered 

vulnerable. Social vulnerability has to do with the different features of human beings.  

 Social vulnerability is represented as the social, economic, demographic, and housing 

characteristics that influence a community’s ability to respond to, cope with, recover from, 
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and adapt to environmental hazards. There is a general consensus within the social science 

community about some of the major factors that influence social vulnerability. These include: 

lack of access to resources (including information, knowledge, and technology); limited 

access to political power and representation; social capital, including social networks and 

connections; beliefs and customs; building stock and age; frail and physically limited 

individuals; and type and density of infrastructure and lifelines (Cutter, 1996). Disagreements 

arise in the selection of specific variables to represent these broader concepts.  

 Among the generally accepted are age, gender, race, and socioeconomic status. Blaikie et 

al. (Kumpulainen 2006) argue that the most vulnerable groups are those who find it hardest to 

reconstruct their livelihood after a disaster. They find that, as a rule, the poor suffer more from 

hazards than the rich. The time dimension is relevant since reconstruction in poor areas can 

take a long time, which affects the economy and livelihood of the area drastically. Further, the 

poorer population groups do not always have a choice of where to locate, thus they might 

have to live in risky areas, for example on a muddy hillside or a flood plain. Other 

characteristics identify special needs populations or those that lack the normal social safety 

nets necessary in disaster recovery, such as the physically or mentally challenged, non-

English- speaking immigrants, the homeless, transients, and seasonal tourists. Cannon et al. 

(Kumpulainen, 2006) see social vulnerability as a complex set of characteristics that includes 

a person’s initial wellbeing, livelihood and resilience, self-protection, social protection and 

social and political networks and institutions. The quality of human settlements (housing type 

and construction, infrastructure, and lifelines) and the built environment are also important in 

understanding social vulnerability, especially as these characteristics influence potential 

economic losses, injuries, and fatalities from natural hazards.  

  

Comparison of the components  

 As can be seen from the description of the components of vulnerability index and the 

social pillar of sustainable development, the social vulnerability index fits the “equity” 

component of social pillar of sustainable development. As it is all about the equal access for 

the members of the society to basic needs, access towards the good housing conditions and 

food are among the basic needs also covered in the social vulnerability index. As the index 

measures how vulnerable a certain portion of population is towards natural disasters, it also 

can provide information regarding what is missing to achieve a better level of preparedness.s 

CONCLUSION AND DISCUSSION 

 Much has been written about social pillar of sustainable development. It is a sphere most 

difficult to describe, assign indicators to and set a clear goal to. Even though we can vaguely 

understand in which direction we are going, it does not mean we currently have the 

instruments to make this vague goal any clearer or to help implement it. We want a balanced 

development for all - the current and a future generations. We want cohesive societies, equal 

distribution of resources among all, right of voice and ability to participate in decision 

making. However, with all that we do not make an analysis of the state of our society 

nowadays. The more is the increase of the frequency of the natural disasters, the more and 

more areas are becoming affected by it.  Also, bigger and bigger part of population is being 

hit by it, as the amount of people on the planet is growing every day. Without a proper 

measurement for the assessment of the level of the vulnerability to natural hazards of a certain 

area or a certain part of population, we could be creating goals for the sustainable 

development of the societies all in the wrong spheres. An assessment of which portions of 

population suffer most from the natural disasters and where additional support will be needed 

will give opportunities for clearer policy decisions for the future development. There is no 

possibility in many cases to stop natural disasters, but with correct assessment of situations it 
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is possible to be prepared to remediate the consequences. Also, if we are going towards 

sustainable development, every destruction of our man-made world by nature is a setback that 

we have to fix. If social vulnerability is taken into consideration on a broader scale in the 

equity component of the social pillar of sustainable development, it will be easier to create a 

deeper analysis of the current state of events and be able to provide the better access of people 

to basic needs. 
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Abstract 

A paper displays an introduction to the issues dedicated to the impacts of tourism on the landscape. The initial 

section shows a literature overview that is important for studying tourism as a social phenomenon. Another part 

of the article brings the view to the origin of the term 'tourism' and its spatial and temporally development in the 

world, based on the interactions among people (society), tourism and environment. Subsequently, there is an 

overview of the definitions of tourism by geographic and nongeographic experts. The main part of the paper is 

devoted to the tourism impacts, which have become stronger during the last decades. The effects of tourism 

activities related to landscape are mostly connected with environmental issues and less with the sociocultural 

and economic matters. There are briefly and sententiously presented the most significant occurring processes 

with their concrete positive and negative effects on the physical and socioeconomic environment or lives of the 

local inhabitants of tourism destinations. 
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INTRODUCTION 

Tourism is a significant industry within the world economy, which includes a wide 

spectrum of human activities. Especially during the 2
nd

 half of the 20
th

 century occurred 

a strong aggrandizement of tourism, whereas every part of our planet was affected in the 

different scale. It became due to the scientific and technological development, better 

accessibility of means of transport to the wider range of social classes and hence the 

phenomenon of tourism got a new size. Not only did the activities of holidaymakers represent 

a transport and recreation, but the massive increase of the transported people began to leave 

traces in the original environment of particular destinations. Impacts brought by the tourism 

were reflected in the physical and socioeconomic parts of the country. Taking into account 

that the protection of environment is nowadays one of the main pillars of sustainability of the 

human activities, it is necessary to know, define and enforce advisable tourism impacts, but 

particularly to prevent its undesirable effects. The aim of the paper is to show the introduction 

to this topic, to bring a division and an analysis of the tourism impacts. 

METHODS 

For the creation of this paper, it was very important to collect the sufficient literature, 

which was the basis for paper's construction. A widely comparison of authors' opinions, 

attitudes or definitions was a driving force for preparation and analysis. Hence that the 

tourism is a widely known phenomenon, it raises attention among writers coming from 

various countries. Concept definitions bring Jafari (1977 in Theobald, 2005), Lichanov (1976 

in Krogmann, 2005), Horner and Swarbrooke (2003), Wall and Mathieson (2006). From 

Czech writers own views present Šprincová (1975), Štěpánek, Šíp, Kopačka (2001) and 

Hesková (2006). Among Slovak writers show opinions on the selected matter Mariot (1983), 

Kaspar (1995) and Gúčik (2000). The growth and development of tourism and its inchmeal 

effects on landscape mention Chorvát (2007), Musil (2010), Goeldner and Ritchie (2012). The 

impacts of tourism from environmental points of view were the matters of study by 

Izakovičová et al. (2008), Varšavová and Barančok (1999), Boltižiar (1999), Midriak (1989), 

Plesník (2010), Vanková et al. (2008), Hrnčiarová and Altmannová (1982). Tourism impacts 
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on various parts of the environment present Mason (2003), Hall and Page (2006), Galvasová 

et al. (2008), Pásková (2009), Goeldner and Ritchie (2012).  

RESULTS 

History of tourism 

The origin of the selected concept can be found in Latin and Greek (Theobald, 2005). The 

Latin word 'tornare' and the Greek expression 'tornos' display a lathe or a circle and together 

mean a motion around the central point or axis. This meaning changed in modern English to 

represent 'one's turn'. The suffix 'ism' just defined the activity or process. It is not clear when 

was the concept used for the first time. Chorvát (2007) brings the view in that the word 

'tourism' was initially used in Oxford English Dictionary in 1811. On the other hand, 

Theobald (2005) thinks that the first application of the surveyed word became in 1911 in 

English Sporting Magazine. Another view brings Leiper (1979 in Theobald, 2005), who states 

that the term of tourism was firstly used in the Great Britain to name the activity of young 

British aristocrats, who were educated in the field of politics, governing and diplomacy and 

travelled for education across the Europe. After the finishing they came back to Britain, 

usually after three years.  

Development of relationship among people, tourism and landscape 

 A chronological development of travelling and tourism studied Chorvát (2007). Within 

the older human eras, which are represented by the antiquity and middle Ages, the motions of 

people are not called tourism, but just travelling. Tourism as a social phenomenon started to 

form by the evolvement of seaside towns in former England at the turn of 18
th
 and 19

th
 

century. Aforesaid destinations were represented by Scarborough, Brithelmstone (nowadays 

known as Brighton), Blackpool or Southport. The next driving force was the invention of 

railway transport and its expansion in England. Subsequently, in 1841, the first travel agency 

'Thomas Cook and Son' was opened. By the end of 19
th

 century, the concept of tourism was 

represented by an ordered, formalized and institutionalized form of escape from stress and 

difficulties of modern industrial society. The turn of 19
th

 and 20
th

 century is called 'the Golden 

Age of international tourism', because it began to internationalize and some countries 

considered it as a resource for their incomes. The World War I meant a slow breakdown for 

the development of tourism, because many constrictive steps were established (e.g. passport 

controls). During the interwar period became a great expansion of travelling, mostly due to 

freer travelling and increasing the amount of the free time among the members of working 

class. In that time was noticeable that some destinations started to transform, because of that 

tourism was spread amongst various social classes and the growth of the middle class brought 

a stronger diversification of the composition of original resorts' visitors. Destinations came 

under the structural changes and also the aim of stay changed. The prime example is Brighton 

that was in the beginnings connected with aristocracy as a place for medical purposes, but 

during the 19
th
 century it transformed to a place associated with fun and pleasure, and in 

general it was perceived as a place for escape from dailiness. Goeldner and Ritchie (2012) 

think that the massive development of tourism became after World War II, but from Mason's 

point of view it came into the being from the sixties. Not only did an enormous development 

of tourism bring positive effects, but negative ones, as well. Tourism activities presented the 

first step to damaging environment, whereas this fact has not changed during last 50 years. 

Musil (2010), Mason (2003), Hall and Page (2006) agree that the issues of positive, but 

especially negative impacts of tourism has become the aim of study of geographers, 

sociologists and economists since seventies. According to Hall and Page (2006) we can state 

that, the increased interest of experts on this topic was the result of strengthening extent of 
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tourism impacts on various parts of the environment. Musil (2010) adds that writers were 

focused mostly on negative impacts because of there was larger agreement among their 

effects and harmfulness.  

Definitions of tourism 

Owing to that the tourism is a worldwide used concept, there are many different experts' 

attitudes to definitions of this phenomenon. A wide comparison of concept definitions by 

various authors writing in English, Czech and Slovak language confirms a dynamic feature of 

surveyed matter, but on the other hand it shows a disunity of its understanding. 

The first group is represented by international writers, who use mostly English language. 

Jafari (1977 in Theobald, 2005) claims that tourism is a study of man away from his usual 

habitat, of the industry which responds to his needs, and of the impacts that both he and the 

industry have on the host socio-cultural, economic, and physical environments. Lichanov 

(1976 in Krogmann, 2005) shows a little bit different thorought and thinks that tourism means 

a change of the place of residence that is not connected with job activities. According to 

Horner and Swarbrooke (2003), tourism is a short-term transport of people to different places 

than their traditional places of residence, for purposes of activities that are comfortable for 

them. Based on Wall and Mathieson (2006) is tourism understood as an industry composed of 

primary inputs (land, labour, capital), continues by transformation to intermediate products 

(material and technical basement) and creation of transient outputs (e.g. cultural events, 

festivals) till the final consumption by tourists with concluding outputs represented by 

experiences. 

Czech authors also enriched the terminology of tourism definitions. Šprincová (1975) 

thinks that tourism means transitory migrations that in global scale include millions of people, 

who annually leave their places of residence and visit for shorter or longer period other places 

or regions in their country or abroad, to spend there their free-time. Štěpánek, Šíp and 

Kopačka (2001) claim tourism as a set of elements, which creates one entirety. The tourism is 

a real socioeconomic free system, which base components are subsystem of offer, subsystem 

of demand and subsystem of implementation and the links among them present flows of 

tourists, services, information and finances. Hesková (2006) states that the tourism is a 

significant social and economic phenomenon from individual's point of view and society's 

perspective, too. It represents every year the biggest movement of human society for 

recreation, sightseeing and fulfilment of own holiday dreams. It is a part of consumption and 

the way of lives of residents, particularly in economically developed countries. 

The studied expression was seen in a different light by many Slovak authors. Very 

reputable and recognized is definition by Mariot (1983), who states that the tourism is a social 

activity, which conditions a movement of people to the parts of landscape sphere that are 

characterized by interactions among landscape units capable to cause a temporary change of 

the place of residence. Kaspar (1995) defines tourism as a summary of relations and 

phenomena that arise from travelling or staying of people, whereas the place of stay is neither 

main, nor permanent place of residence. According to Gúčik (2000), the tourism means a set 

of activities focused on satisfying needs associated with travelling and staying of the people 

outside their places of residence, usually in free-time in order to relax, sightseeing, health, 

fun, cultural and sport events, business trips and gaining a complex experience. 

Tourism impacts on landscape 

The tourism takes place in the environment consisting of natural and socioeconomic 

elements. Although this, at first glance simple, division are both elements connected and 

affect each other. Taking into account that tourism has presented a significant form of human 

activity during last decades, it can be also a generator of various impacts. These effects are 

visible at the place, where occurs the interaction among tourists, local environment, economy 
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and culture. Contrary to other industries' effects, tourism impacts take place at the same place 

as tourist consumption, so the running influences are spatially concentrated at the particular 

destination. Some elements can outreach boundaries of the destination, such as transport of 

visitors from place of their residence to the target place (Mason, 2003). 

By studying impacts of tourism, different attitudes can be chosen. According to Pásková 

(2009), in terms of surrounding environment are impacts classified as global, national, 

regional and local. If time is the key variable, effects are divided into short-term and long-

term, but based on their features are identified as reversible and irreversible. In the light of 

sphere of action, tourism impacts are divided into three categories (Galvasová et al. 2008, 

Pásková, 2009, Mason, 2003, Goeldner, Ritchie, 2012, Hall, Page, 2006) – economic, 

environmental and sociocultural. Based on the fact that landscape is mostly influenced by 

physical environment, the main part of the effects is devoted to the environmental impacts, 

but there are also mentioned the important economic and sociocultural impacts. 

Within the each group we can speak about positive and negative impacts, too. Mason 

(2003) underlines the role of the observer and his perception, because the same process can be 

evaluated as positive and negative simultaneously. The writer shows a hotel for the example, 

because it can be built at the locality characterized by low level of tourism. From one's point 

of view, it can create direct and indirect jobs, but on the other hand, these jobs can be only 

seasonal and low-paid, what can entice local inhabitants from their traditional activities (e.g. 

craft works). Hall and Page (2006) state that an individual can perceive some effects as 

negative, although they are positive for the society in general. 

Thinking about environmental impacts of tourism can be regarded that tourism is a 

significant factor affecting the physical environment (Goeldner, Ritchie, 2012). Just physical 

country is a core product of tourism. The profitability in tourism depends on maintaining 

attractiveness of destination that visitors want to see. In the absence of an attractive 

environment, there would be little tourism (Mathieson and Wall, 1982 in Hall, Page, 2006). 

One of the positive impacts of tourism to the physical environment is represented by 

financial investments to the protection of environment. Not only is it about entrance fees and 

tolls for various services, but about direct financial flows from self-governmental budgets. 

The aim of this support is to ensure a permanent environmental protection and to prevent it 

from damaging by visitors. Mason (2003) adds that protected areas can be established due to 

conservation of original biodiversity. 

Tourism can contribute to the establishment, support and conservation of protected areas 

(Mason, 2003) as a result of the increased demand from tourists to the natural features of the 

particular destination. These steps may help conserve important and rare species and typical 

flora and fauna.  

Recultivation of unused zones is another desirable factor in the field of tourism impacts 

on physical environment. Mason (2003) states that a new utilization of marginalised or low-

productive areas within the change of their functionality for natural environs' behoof can help 

remove abandoned territories. Fialová (2012) shows some examples of reclamation in the 

Czech Republic and Poland. One of them happened in Hodkovičky (part of Prague), where 

was built a golf course and adjacent sport area at the place, where former building grounds 

were situated. Hudson (1990b in Hall, Page, 2006) confirms that growth of tourism caused the 

restoration of the original architecture in Australian town Boome. 

Regulation of tourism activities makes also a positive impact (Fialová, 2012). There can 

be chosen two principles. The first is called 'competitive' and presents a regulation of tourism, 

what lies in authorities' effort to limit tourist activities. The second one is named 'cooperative' 

and is characterized by the attitude of owner of the valuable natural area, who approaches to 

tourism in active and strategic way and prefers its prudential forms. 
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Suitable forms of environmental management can bring great benefits to the destination. 

Hall and Page (2006) show an example in the way of the cooperation of tourist flows. Related 

to this issue is the matter of environmental monitoring that can be a useful method for 

evaluating the positive and negative characteristics of the physical environment and those 

results can form the basis for the new attitudes in environmental management.  

Other positive effects are represented by enhancement of residents' awareness about 

landscape protection, or improvement of visual and aesthetic features of the countryside. 

Negative impacts have in the physical environment much wider representation than 

positive ones. One of them is the yearlong occupancy of destination, what declines an ability 

of landscape for its recovery and regeneration. Krippendorf (1987 in Mason, 2003) shows the 

Swiss Alps for the example, because they are so overloaded during winter seasons that their 

slopes are not able to product required vegetation for the duration of summer seasons and they 

are inclinable to erosion. 

Water is a natural resource that is often affected by tourist activities. It is polluted by 

subjects involved in tourism, and this pollution may be physical, chemical or biological 

(Fehér, 2006). The surface water is polluted mostly by the liquid waste that has anthropologic 

character and it can later influence groundwater, too. Mason (2003) states that the next 

harmful action associated with water is its excessive consumption. Fialová (2012) confirms 

that and adds that water is used e.g. as a mean for irrigation for golf courses and it is also an 

input for creating an artificial snow. 

Emissions symbolize substances and energies that are released from pollution sources to 

the atmosphere. The producers of emissions are mostly means of transport because of tourists' 

arrivals to and drive-aways from the destination (Galvasová et al., 2008). Their creators are 

also elements of material and technical basement of tourism. The quality of the atmosphere is 

one of the basic attributes used in evaluation of the environmental situation (Dubcová, et al., 

2012). Plesník (2010) adds that poisoned air influences mostly the vegetation and he shows 

two types of effects. Primary impacts can cause the undesirable changes by direct derogation 

of plants. On the other hand, secondary effects may generate some amendments in 

atmosphere, what can consequently influence e.g. a solar radiation.  

A soil cover and relief face the erosion under the influence of tourism. Galvasová et al. 

(2008) define it as a process, which disrupts Earth's surface (soil and rocks) by the 

instrumentality of wind, water, snow, ice and human. Pásková (2009) thinks that natural 

erosion may be quickening owing to anthropologic activities. Theobald (2005) adds that 

erosion is an initial process by uncontrolled felling because of establishing ski pistes. Another 

negative impact on relief that can cause erosion is trampling by tourists (Mason, 2003) and 

according to Fialová (2012) this process is influenced by cycle touring, as well. 

Another part of the physical environment that is threatened is a biota. Dubcová et al., 

(2012) claim that flora and fauna reflects the quality of environment in the best way. One of 

the gravest effects is an introduction of biological invasions, what is confirmed by various 

authors (Pásková, 2009, Galvasová et al., 2008, Fialová, 2012). These species differs in 

biological characteristics and they have own forms and strategies of life (Vanková et al., 

2008). Mentioned invasive feature is not an inbred quality of the species, but it is the result 

made between its demands and the conditions of environment. The next feature is represented 

by the reduction of biodiversity at the particular surroundings (Hall, Page, 2006). Especially 

because of direct tourism activities are animals disturbed, what causes negative reactions in 

their feeding and reproduction (Mason, 2003, Hall, Page, 2006). 

Among other negative impacts of tourism to environmental sphere of the landscape can 

be mentioned noise (Mason, 2003, Pásková, 2009), waste or structural change of natural 

landscape (Mason, 2003, Page, 1995a in Hall, Page, 2006). 
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Tourism also creates the sociocultural impacts that are not so associated with the 

landscape, but with the changes in the values of individual and society, behaviour, community 

structure, lifestyle or quality of life of the local inhabitants. Goeldner and Ritchie (2012) think 

that tourists come to a foreign society and create social relationships, which are often different 

from those in host population. According to Fialová (2012) we can state that sociocultural 

impacts arise as a result of interaction between residents and tourists.  

Among positive impacts can be found effect of social coherence (Pásková, 2009), which 

is reflected by tourist arrivals to foreign destination and they get in touch with the culture and 

habits of host population and vice versa. Educational effect is another positive feature of 

tourism affecting sociocultural dimension. Businessmen, tradesmen or service providers take 

effort to acquaint with the elements of culture or language of coming tourists or their business 

partners. Mentioned features widen educational horizon of local population and among its 

members raises a feeling of self-confidence (Goeldner, Ritchie, 2012). Tourism can also 

support a conservation and reinforcement of cultural traditions, what is confirmed by Pásková 

(2009), Goeldner, Ritchie (2012), Hall, Page, (2006). Mason (2003) thinks that this 

phenomenon is a positive impact of acculturation. Local people try to present elements of 

destination's history, their traditional values, and hence the destinations gets higher 

exclusivity and its population points out own specifics. 

Negative impacts of tourism on sociocultural environment are represented, for example, 

by the dualization of society. Pásková (2009) defines it as a process, when the whole society 

differs in the basic features and then is divided into two socioeconomic groups – rich and 

poor. Fialová (2012) confirms it and adds that great differences are used to being between 

tourists and residents. Demonstration effect is really an oppositive feature of realizing tourism 

at the destination. It is expressed by imitating visitors' behaviour by local inhabitants 

(Pásková, 2009). Not only is it about imitating the behaviour and public appearance, but it is 

about the lifestyle, material culture or consumption of products, as well. Another negative 

impact is an acculturation, what is a process of cultural and social changes in general, owing 

to the long-term and repeated connections between two groups of different social and cultural 

characteristics, whereas one of them has much lower level of development.  

There are also many other negative impacts on sociocultural sphere, such as an 

inscenisation (Pásková, 2009, Mason, 2003), a lost of authenticity (Hall, Page, 2006, Pásková, 

2009), psychological effects (Hall, Page, 2006), xenophobia (Pásková, 2009) or ghettoization 

(Pásková, 2009). 

Economic impacts of tourism are not directly seen on landscape or physical 

environment, but they are generated by occurring tourist activities. They are associated mostly 

with financial benefits and costs, investments to movable and immovable elements in the 

environs and they are linked especially to socioeconomic sphere of the environment, but 

affect its physical sphere, too. 

Positive impacts are represented by various processes. According to Hall and Page 

(2006), the one of the basic benefits is an employment effect. It creates new job opportunities 

for local residents as a result of demand increased by tourism. Tourism is also characterized 

by the revenue function, hence it is and industry producing incomes and profits for firms, 

employers, employees involved in the business and via tax payments, tourism contributes to 

the budgets of concrete governments (Goeldner, Ritchie, 2012). Infrastructure investments are 

another positive benefit of tourism, what is confirmed by Hudson (1990b in Hall, Page, 2006) 

and Goeldner and Ritchie (2012). Aforesaid authors state that high-quality infrastructure can 

stimulate a local business and economic sectors A positive contribution of tourism is a 

support of the local economy. Based on Hudson (1990b in Hall, Page, 2006), new services 

that are available for local inhabitants mean one of the tourism benefits.  
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Tourism also creates negative economic impacts. Galvasová et al. (2008) claim that 

economic outflows present unfavourable effect, which is characterized by little reinvestments 

to the place of tourist consumption. Profits are taken by subjects residing outside the 

destination and finances are not put back into the locality. Another unwanted impact is an 

economic dependence on tourism, what is according to Mason (2003) an accompaniment of 

the regional development. The high level of concentricity to tourism can cause significant 

problems in the period of tourism stagnation. Goeldner and Ritchie (2012) show the off-

season as an example, because at this time there is a great fluctuation of demand for tourism 

products and services. Goeldner and Ritchie (2012), Hudson (1990b in Hall, Page, 2006), 

Mason (2003), Fialová (2012), Hall and Page (2006) agree that a tourist inflation is triggered 

by tourism. It is presented by increased prices of products and services principally during 

tourist season. Visitors are willing to spent more money than local inhabitants, thus the prices 

are getting higher, what creates a negative impact to living standards of residents. 

The final negative impact of tourism is the effect of tourist trap (Fig. 1) that happens, 

when tourism is being developed in the vigorous way, what is accompanied by enterprise 

activities that worsen an attractiveness of destination and expectations for its economic, 

ecologic and social sustainable development. Mentioned impacts are cross-sectional and 

affect the locality in all ways and they hinder further development of tourism (Fialová, 2012). 

 

 

 

 
 

Fig. 1 Effect of tourist trap (Fialová, 2012) 

DISCUSSION 

Tourism is a widely known phenomenon that has massive developed over the last 

decades. It has become a large world industry and has begun to leave visible traces of its 

activities at the particular places and destinations. Hence that the tourism takes place at the 

landscape, there are significant connections between tourism issues and the physical 

environment. Activities of visitors and subjects involved in the industry have direct and 

indirect consequences on the quality of natural resources. A great demand from tourists can 

cause water or air pollution, damage a soil and create erosion or generate some unfavourable 

biotic changes. Nowadays, the negative effects overweight positive features, what makes the 

goal of this research to the future to change and improve this position. Besides environmental 

impacts, tourism activities also influence sociocultural and economic spheres. In general, it is 

about time to name, characterize and impacts of tourism and enforce positive and, on the other 

hand, reduce negative ones, to protect and conserve a healthy environment.  
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Abstract 

The age of technical revolution shifts opportunities in the field of education and introduces new methods based 

on the use of the internet. This paper focuses on information technologies in teaching and the use of interactive 

software to implement 21st century skills in teaching mathematics in bilingual primary schools in Slovakia. The 

major objective of this paper is to design and implement web-based homework in instruction, to show its 

advantages and disadvantages. Taking into consideration the rapid growth of web-based homework abroad and 

in Slovakia, it seems desirable to investigate the possible benefits of this method from the students’ point of view. 

A survey performed by the author shows the attitudes of young learners who were required to use web-based 

homework, an online system. It was observed that 92% of the students found online homework system more 

interesting than homework set from the book, 28% of the students had some problems by using the system, 12% 

mentioned they asked others for help and 80% are satisfied with the feedback they get. 

Key words  
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INTRODUCTION 

 The age of a technological revolution influences our work, the way how we communicate 

and spend leisure time. Computers, multimedia technologies are known not only as a catalyst 

of social change in our life but also as a change in education. The use of ICT in education 

tends to become creative, flexible, challenging and complex.  

  Employers expect graduates to possess the 21
st
 century skills. According to these 

employers, basic fundamental skills such as reading, writing and arithmetic need to be 

enriched with some broader applied skills that enable students to use basic knowledge learned 

at school to become valuable employees. 21
st
 century student should have the ability to 

communicate, collaborate, think critically and solve complex problems creatively with given 

technologies.  

Today’s learners are digital learners- most of them are learning via the filter of 

communication devices: computers, laptops, smartphones and PDAs, which can be taken 

everywhere.  Thanks to technologies education is becoming more student-centred, research- 

driven and focused on 21
st
 century skills. 

 

In his book „The global achievement gap” Tony Wagner mentioned the following 21
st
 

century skills:  

 “critical thinking and problem solving 

 collaboration across network and leading by influence 

 agility and adaptability 

 initiative and entrepreneurialism 

 effective oral and written information 

 curiosity and imagination” (Wagner 2008, p.124) 
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The intersection of mathematics and 21
st
 century skills seems to be broad. The 

application of critical thinking, logical reasoning and problem solving are important in 

mathematics. Is there a better educational context where one can visualize, analyse, estimate, 

explore, search for connections, evaluate and create than in a math lessons?  

Nowadays, under mathematical literacy, or numeracy we understand not only being able 

to find the correct answer to a problem or perform with a high score on a math test. Studies 

show that many students with great results in math tests do not understand real life 

quantitative information and do not know how to apply math to solve challenging problems in 

the real world. School-aged children have appropriate factual knowledge, it is the following 

the directions or knowing how to find the right answer that cause them trouble.  

One of the possibilities where to implement the use of the internet and educational 

technology to develop 21
st
 century literacy and skills is to set web-based homework. Over the 

years, homework has not significantly increased students’ interest in math or enhanced their 

understanding of math concepts. Homework reinforces learning. It is required for the 

acquisition of subject knowledge and the development of 21
st
 century skills. Homework 

creates an environment where students can work alone; use their own learning style and 

learning strategies. Most teachers and parents believe that homework is an important part of 

the daily routine. Students usually have opposite opinions. They do not value traditional 

homework.  

From my own teaching experience, the classroom reality shows that about one third of 

the students try to do homework right after the end of the lesson. The rest of the students copy 

the homework very quickly right before the lesson starts. Students lack motivation.  I am sure, 

many teachers would agree with these statements. In the ideal case, students will submit paper 

homework in one class and receive it back evaluated and commented from the teacher in the 

next class. The reality is different. There is no enough time to grade many assignments by 

hand.  

The perception of homework and attitudes towards homework should improve. In order 

to achieve this, I set the following goals: 

 

 Students have to be convinced of the usefulness of homework. 

 Student’s individual needs need to be taken into consideration.  

 Homework tasks must be interesting and challenging. 

 Homework should help students to acquire 21
st
 century skills. 

 Each assignment has to be checked and commented by the teacher.  

 

Although submission of hard copies of homework assignments is still a common practice, 

submission of web-based homework seems to be the best possibility how to achieve the goals 

mentioned above. Web-based homework can replace traditional pen and paper homework, 

graded by the teacher and returned days later.   

PRIOR RESEARCH 

Although web-based homework has been largely used in different subjects in a variety of 

courses, there is a limited amount of research involving the use and efficacy of this method. 

Statements about students’ attitudes to web-based homework at the primary school level lack 

rigorous supporting evidence.  Several studies recognized the importance of electronic online 

homework.  

Lenz (2010), Dufresne et al (2002) as well as Oglive (2000) indicated that electronic 

homework has more positive effects than written homework. It was found that electronic 

homework led to higher overall exam performance. Bonham et al (2003) conducted a study in 
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a physics class and he stated that different methods of homework do not have significant 

effect on student’s performance. Peng (2009) conducted his study in a financial accounting 

course. The result of the study showed that the efficacy computer based homework 

competition and intrinsic motivation are the most important factors in students’ effort and 

their perception of the homework system’s usefulness. Another research taken by Mendicino 

and Razzaq (2009) declined that students learned significantly more where working on online 

homework which included tutorial feedback. Other results presented by Cheng et al (2004) 

report an increase of students’ learning by using an online homework system in an 

introductory physics course. Hirsch (2003) found that mathematics achievement of students 

who submitted web-based homework is as high as of the students who turned in the 

traditional pen-and-paper homework. Fyneweaver (2008) tested students in a general 

chemistry course to see the effectiveness of web-based homework in comparison to paper-

based homework. He did not find any increase in the learning as a result of the use of web-

based homework.  

It needs to be pointed out that the above mentioned researches were carried out at the 

post-secondary level. There seems to be a lack of research at the area of primary and 

secondary school level.  

ADVANTAGES AND DISADVANTAGES OF WEB-BASED HOMEWORK 

 A survey was carried out among some sixth graders involved in using the web-based 

homework system in mathematics. Interviews were conducted with 25 primary school 

students (14 girls and 11 boys), attending real classes. These students are studying at the 

private primary school in Bratislava. Students have scheduled 4 math lessons per week. Three 

lessons are taught in English, one lesson is taught in Slovak. They use math text book 

published by Harcourt school publisher, suitable for grade 6.  Although the teacher teaching 

in this class is Slovak, he uses English for communication with students. Interviews were used 

to collect responses about student experiences with the web-based homework system, 

specifically in regards to knowing their attitudes to this system. Interviews were performed 

after one month of practice. The following questions were answered: Was the online 

homework more interesting than the homework set from the book; did you get any problem 

using the system; did others help with using the homework program; are you satisfied with 

the feedback you get? 

 It was observed that 92% of the students found online homework system more interesting 

than homework set from the book, 28% of the students had some problems by using the 

system, 12% mentioned they asked others for help and 80% are satisfied with the feedback 

they get.  

 The most commonly problems were expressed by students: 

“This homework was very complicated to me, I did not understand what I am supposed to do” 

(Kate) 

“When I got stuck, I was not able to come up with how you came up with the answer you are 

giving me” (Alex) 

“I started to solve the equation, but I got stuck in the second step, so I give up” (Melisa) 

“I do not feel comfortable with the concept, I did not pay attention in the class. I was not able 

to do this homework.” (Mark) 

 

Based on a review of prior researches, the survey and the my own observations I would 

like to outline benefits and disadvantages of web-based homework from the students’ point of 

view. Following information are based on anecdotal evidence of a specific group of 25 sixth 

graders at one English-Slovak private primary school in Bratislava, Slovakia. These students 
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have been using online system of web-based homework in the math lessons. The web- based 

homework system “Mymaths” was employed in this study (see Fig. 1).  

 

 
Fig. 1 Mymaths- screen after students’ login into the system 

The student and teacher interact with the system via a standard web browser. Students 

only need they ID number and password to log onto the system. After the homework is 

activated and completed, students can submit their solution which is most often a numerical 

value or one option from the multiple choice list. Some word problems require a short way of 

solution with entering one word or an algebraic answer at the end. Other math problems 

require only numerical answer. As an example I add one online homework solved by student 

(see Fig. 2,Fig. 3).  

 
Fig. 2 Students’ solution of web-based homework 

 
Fig. 3  Students’ solution checked by the system 
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I believe that writing out complete solutions leads to better problem solving skills. The 

system evaluates the answer immediately and gives the student some level of feedback. The 

system writes a comment set by the teacher. Homework that is commented on has a larger 

positive effect on student learning than homework without feedback. This system offers 

reworking and resubmission of the homework. 

Advantages of the web-based homework from the interviewed students’ point of view 

From students’ experiences following benefits of the web-based homework can be 

summarized:  

 

 Web-based homework helps students create, organize and manage lists of key 

information necessary for problem solving. 

 It offers students the opportunity to manage their own learning, understand in 

different ways - provide differentiation. 

 The tasks are clear with appropriate goals, the material is engaging and interactive.  

 Web-based homework offers the possibility to monitor student’s performance 

 It allows students to submit their assignment anytime and everywhere across the 

internet.  

 The system accepts mathematics homework answers in mathematical notation by 

filling in the answer.  

 The feedback is given either after a single step or after completing the whole 

assignment. 

 It provides an immediate “correct”  “incorrect” feedback for every problem. 

 Feedback is provided in real time- this keeps students from practising incorrect 

methods of solutions. 

 Errors can be corrected; multiple attempts are allowed. 

 Comments and corrections offered by the system help students to learn from their 

mistakes. 

 The system includes algorithms. It eliminates the easiest form of cheating by 

randomizing the questions. 

 The students enjoy this method more than working on homework in a traditional 

way. 

Disadvantages of web-based homework from students’ point of view 

From students’ experiences following disadvantages of the web-based homework can be 

summarized:  

 

 The student may merely guess the answer while completing multiple-choice 

questions. 

 Student can work together with other students (share the correct answers through 

social networks) and they may not become independent learners who think and 

analyse.  

 Technical difficulties: the server may be down or not responding. 

 Access to the internet: not every student has internet access from home. 

 The inability to set time constrains for the individual tasks.  

 The system does not enable to see the student’s workflow of every question.  

 The feedback is not detailed as far as a complete explanation of every question in the 

assignment. 
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The system generates problems randomly when the student logs. This can be perceived as 

a drawback, since quite often the students seeks external help in order to solve the problem 

and logs off the system. When she/he logs on again, another problem is presented to him or 

her. While the task randomization may be perceived as an advantage it is equally a 

disadvantage, as well, since the students lose the chance to finish the original task they were 

working on before log off.  

CONCLUSION 

Thanks to technologies education is becoming more student-centred, research-driven and 

based on 21
st
 century skills. This paper recommends one significant and necessary change in 

our concept of homework - a shift from traditional pen-and-paper homework. The format of 

homework needs to change to accommodate today’s 21
st
 century students. The aim of this 

paper was to investigate the use of web-based homework in teaching mathematics. While 

there has been limited research regarding the students’ attitudes to web-based homework, 

some positive and negative characteristics of this method from students’ point of view have 

been reported. The research was based on anecdotal evidence of a specific group of sixth 

graders at English-Slovak primary school in Bratislava, Slovakia. These students have been 

using an online system of web-based homework in math lessons. Results found by this short- 

term survey can not answer the question if web-based homework could help increase the 

attainment level in the long run or it could be described just as a novelty effect.  Finally, since 

a limited amount of web-based homework system at the primary school level exists, further 

investigative work on the effects and usefulness of this type of homework is needed. 
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Abstract 

In this paper we describe the principle of nonparametric Chi-Square goodness-of-fit test. The advantages of Chi-

Square test is its widespread use. It can be used not only as a goodness-of-fit test, but also as a test of 

independence or a test of the correlation between two or more files. Its disadvantage is that it only works with 

values arranged in classes. If we have also initially unsorted data, the sorting of data causes losing of valuable 

information.  The test is also given to the condition that all the expected class frequencies are equal to 5 or 

greater than 5. The small sample files are often unusable. In this contribution we describe detailed procedure for 

testing normality of distribution using goodness-of-fit test also using SPSS software.  
 

Key words 

Chi-Square goodness-of-fit test, normality testing, SPSS software 

 

INTRODUCTION 

The Chi-Square goodness-of-fit test is the oldest nonparametric test. It was proposed by 

Karl Pearson in 1900. Chi-Square goodness-of-fit is the most often used test of all the 

goodness-of-fit tests.  

There are two general types of hypotheses for which chi-square tests are used. One type 

involves comparing the sample frequency distribution of a single categorical variable with 

a predetermined or theoretical frequency distribution of that variable. One might test, for 

example, the hypothesis that obtained frequencies are distributed equally across the levels of 

a categorical variable, that the frequencies describe a normal distribution, or that a frequency 

distribution obtained from a particular sample is a proportionally equivalent to the frequency 

distribution of a national norm group. Because the hypothesis in each of these examples 

concerns the match or fit between an obtained sample frequency distribution and 

a theoretically expected frequency distribution, the chi-square test used to evaluate such 

hypotheses is referred to as a goodness-of-fit test.  

The second type of hypothesis involves two categorical variables and examines the extent 

to which the frequency distribution of one categorical variable changes or stays the same 

across the levels of a second categorical variable. This chi-square test is a contingency test, 

and the test used to analyze the contingency between two categorical variables is called the 

chi-square test of independence or the chi-square test of homogeneity. (May, Masson, Hunter, 

1990). 

We are interested in the first type of hypotheses. 

 

THE CHI-SQUARE GOODNESS-OF-FIT TEST  

Let us assume that results of observation are organized to    classes with frequencies  

                  Frequencies                  will be called empirical, because they give is 

information about results which we got empirical. Let us assume now that population from 

what we realized a random selection, has a theoretical distribution. Tested hypothesis     is 

the hypothesis of consistency between empirical and theoretical (expected) distribution. Using 

the theoretical distribution can be determined expected (theoretical) frequencies which will be 

denoted by     . Goodness-of-fit test is based on comparing empirical and theoretical 

frequencies. The test statistic is based on differences          .  As a test statistic we use  
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    ∑
           

 

    

 
   , 

Which has assuming      asymptotic   - distribution with number of degrees of freedom   

    . We reject tested hypothesis    if calculated value    is greater than critical value  

  
 
     .    

 
       values are for example in table 12.7 in Markechová, Stehlíková, 

Tirpáková, 2011. 

It is possible to use Chi-Square goodness-of-fit test, if there is satisfied a condition that 

       for          . In some cases, we can combine two or more adjacent classes to one 

class to the theoretical frequency meet the above requirement. 

Now we will use one concrete example to present a detailed description of the testing 

procedure also using Excel and SPSS software. 

 

Example:  

1000 Slovaks were asked for their average monthly wage. Results for 12 wage classes are 

in the table 1. The average wage  ̅      EUR, the sample variance              EUR 

and standard deviation          eur were calculated from the data. Does the assumption of 

a normal distribution seem appropriate as a model for these data? 

 

Tab. 1 

Wage class Upper limit of the wage class 

-       

Below 300 EUR 300 7 

301-500 EUR 500 237 

501-700 EUR 700 263 

701-900 EUR 900 200 

901-1100 EUR 1100 109 

1101-1300 EUR 1300 63 

1301-1500 EUR 1500 39 

1501-1700 EUR 1700 24 

1701-1900 EUR 1900 14 

1901-2100 EUR 2100 10 

2101-2300 EUR 2300 7 

More than 2300 EUR 

 

27 

 

 

1000 

 Source: based on http://www.topky.sk/gl/149719/1134842/Trpka-realita-Slovakov--

Kazdy-osmy-zarobi-menej-ako-400---mesacne- 

 

Solution.  

1.  Let_  be the average wage in EUR. A random sample       . We want to find out 

if the assumption of a normal distribution is appropriate for these data.  

2. The null hypotheses assumes that random variable   follows a normal distribution 

            , i.e.  

        against        , 

where   is empiric distribution function of a random variable  ,    je distribution function 

of a normal distribution               We test consistency of the empiric distribution and 

the  expected distribution which is a normal distribution               
3. State a significance level         

http://www.topky.sk/gl/149719/1134842/Trpka-realita-Slovakov--Kazdy-osmy-zarobi-menej-ako-400---mesacne-
http://www.topky.sk/gl/149719/1134842/Trpka-realita-Slovakov--Kazdy-osmy-zarobi-menej-ako-400---mesacne-
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4. We calculate values        of distribution function    (for example in  Excel: main 

menu – formulas – Statistical – NORMDIST, adding value   , mean, standard deviation and 

Cumulative = TRUE. Results are provided in table 2. 

 
Fig. 1 

 

5. Calculate values of probability   ,  where 

         , 

                  ,             
                
and write them into the table 2. 

6.  Calculate expected frequencies – values             a write them into the table 2.  

7.  Calculate values 
  

 

   
 and the sum of 
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Tab. 2 

 

8. The last three wage classes have too small expected frequencies, these classes can be 

combined. We get table 3. 

Tab. 3 

                 
  

  
 

   
 

1 300 7 0,127191 127,1909 49 0,385248 

2 500 237 0,115131 115,1308 56169 487,871 

3 700 263 0,155906 155,9062 69169 443,6578 

4 900 200 0,174365 174,3654 40000 229,4033 

5 1100 109 0,161059 161,0592 11881 73,76789 

6 1300 63 0,122868 122,8675 3969 32,30309 

7 1500 39 0,077412 77,41187 1521 19,64815 

8 1700 24 0,04028 40,27959 576 14,30005 

9 1900 14 0,017308 17,30824 196 11,32409 

10 
 

44 0,008 8,48 1936 228,2939 

spolu 
 

1000 1 
  

1540,954 

 

9. Calculate test statistics: 

   ∑
  

 

   
                         

  

   

 

10. Degrees of freedom for CHI-SQUARE will be number of classes minus number of 

estimated parameters (2 – the mean and the variance) minus 1. We compare the value of test 

statistic with critical value   
    

         . The value of test statistic    is greater than 

critical value   
    

   , the decision is to reject the hypothesis   . 

11. Conclusion: Random variable „average wage of Slovaks“ has not a normal 

distribution. 

 

                        
  

  
 

   
 

1 300 7 0,127191 0,127191 127,1909 49 0,385248 

2 500 237 0,242322 0,115131 115,1308 56169 487,871 

3 700 263 0,398228 0,155906 155,9062 69169 443,6578 

4 900 200 0,572593 0,174365 174,3654 40000 229,4033 

5 1100 109 0,733653 0,161059 161,0592 11881 73,76789 

6 1300 63 0,85652 0,122868 122,8675 3969 32,30309 

7 1500 39 0,933932 0,077412 77,41187 1521 19,64815 

8 1700 24 0,974212 0,04028 40,27959 576 14,30005 

9 1900 14 0,99152 0,017308 17,30824 196 11,32409 

10 2100 10 0,997662 0,006142 6,141718 100 16,28209 

11 2300 7 0,999461 0,0018 1,799579 49 27,22859 

12 

 

27 

 

0,000539 0,539 729 1352,505 

sum 

 

1000 

 

1 

  

2708,676 
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CHI-SQUARE GOODNESS-OF-FIT IN SPSS SOFTWARE 

Now we describe process of CHI-SQUARE goodness-of-fit test in SPSS (Statistical 

Package for Social Sciences) software (version 20). 

In Variable View (in IBM SPSS Data Editor below left) (Fig. 2) name the first variable 

„Wage“. In the Measure column, choose „Scale“.  

 

  
Fig. 2 

 

Then create a second variable called „Number“ and in the Measure column, choose 

„Scale“ (Fig. 3). 

 
Fig. 3 

 

Then click on Data View (Fig. 4), enter the upper limits of wage classes (column „wage“) 

and number of Slovaks in each wage class (column „number“).  

 
Fig. 4 

 

Go to Data – Weight Cases. In the window that pops up, click on Weight cases by and 

select „Number“. Hit OK (Fig. 5). 

 
Fig. 5 
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Go to Analyze – Nonparametric Tests – Chi-square. 

The test variable is „Number“. 

 
Fig. 6 

 

Under Expected Values click on Values. Enter the expected values for the wage class from 

the table 3 column      Click OK. (Fig. 6) 

Run the test. 

Output from SPSS software contains of two tables - Frequencies and Test Statistics. 

Tab. 4 

Frequencies - wage 

 Observed 

N 

Expected 

N 

Residual 

300 7 127,2 -120,2 

500 237 115,1 121,9 

700 263 155,9 107,1 

900 200 174,4 25,6 

1100 109 161,1 -52,1 

1300 63 122,9 -59,9 

1500 39 77,4 -38,4 

1700 24 40,3 -16,3 

1900 14 17,3 -3,3 

2500 44 8,5 35,5 

Total 1000   

 

 

 

 

 

 

 



  

326 

 

Test Statistics 

 wage 

Chi-Square 540,955
a
 

Df 9 

Asymp. Sig. ,000 

a. 0 cells (0,0%) 

have_expected_frequencies_less_

than 5. The minimum 

expected_cell_frequency_is 8,5. 

 

In the table Frequencies there are empirical and theoretical frequencies for each wage 

class and differences. In the table Test Statistics there is calculated  test statistic   , degrees of 

freedom (     and Asymp. Sig. –    value. Therefore   value is small (smaller than 

significance level          we reject the null hypothesis    of normal distribution of 

Slovak wages. Too many Slovaks have low wage and there is only few people earning a lot of 

money.  

 

CONCLUSION 

In this contribution we have described the Chi-Square goodness-of-fit test. The 

advantages of Chi-Square test is its widespread use. It can be used not only as a goodness-of-

fit test, but also as a test of independence or a test of the correlation between two or more 

files. Its disadvantage is that it only works with values arranged in classes. If we have also 

initially unsorted data, the sorting of data causes losing of valuable information. In these cases 

it is better to use the Kolmogorov – Smirnov test. The Chi-Square goodness-of fit test is also 

given to the condition that all the expected class frequencies are equal to 5 or greater than 5. 

The small sample files are often unusable. We have stated possibilities of using this test, 

especially for testing normality of distribution. Using one concrete example from a media 

there is presented a detailed description of the testing procedure also using Excel and SPSS 

software. 
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Abstract 

It is known that the pupils in the schools have problems with understanding mathematics. It is the reason why the 

teachers try to use alternative and more interesting education methods. The goal of this paper is to define 

differences of two of the new education approaches, which are the inquiry-based learning and experiential 

education. These approaches are very similar and it is hard to draw the line between them. Both educational 

methods want to activate the learner in the class. Learner should be involved in activities that guide him to new 

wisdom and crafts. The authors of this paper aim to describe the methods, garbs, instruments, goals and roles of 

the teacher and of the learners. These want to be consequently compared and all the acquired data are 

summarized in a chart.  

Keywords 

Inquiry-based learning. Experiential education. Learners. Teacher. Difference. Activity.    

INTRODUCTION 

In the recent epoch dominates on the Slovak schools the ambition to replace the 

traditional education approach by the new education methods. They are in the most of their 

characteristics very similar and it is very difficult to discern between them. They want to 

centre the attention to the learner, which has to become an active participant and creator of his 

own knowledge. In the traditional education is the attention centred on the teacher that is 

mediator of the education content. We choose only two educational methods: experiential 

education and inquiry-based learning. We decided to find some differences and similarities 

and we try to describe a relationship between them.  

INQUIRY-BASED LEARNING 

Inquiry-based learning (IBL) has many definitions. According to Alberta Learning: 

“inquiry-based learning is a process where students are involved in their learning, formulate 

questions, investigate widely and then build new understandings, meanings and knowledge. 

That knowledge is new to the students and may be used to answer a question, to develop a 

solution or to support a position or point of view. The knowledge is usually presented to 

others and may result in some sort of action.” (Alberta Learning, 2004)  

It is obvious from the definition, that IBL is a student-centered form of education. This 

means that learners are actively engaged in learning activities and inquiry. Learners need to 

use their previous knowledge and experiences and a creative approach to solve problems. 

Learners involved in inquiry describe objects and processes, ask questions, construct 

explanations, evaluate them, assess and compare them with current scientific facts and discuss 

about them. They develop abilities like observing, collecting and analysing information for 

the purpose of predicting and formulating conclusions. Coffman describes the process of 

inquiry as follows: “The focus is on the student, with an emphasis placed on active 

engagement in the learning process to develop and build on student understanding. Through 

questioning and discovering information, the student learns the material. The teacher sets up 

the activity and facilitates the process to ensure students are on task and learning what is 

intended.“ (Coffman, 2009) 
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Role of the teacher is different compared to the role in the traditional education.  Sutman, 

Schmuckler and Woodfield say: “In the inquiry approach, teachers are encouraged to 

restructure their presentations to reduce lecturing and asking their students questions and 

instead, to open the door for students to do the inquiring, with the teacher providing guidance 

and encouragement, at least until students return to what was once a natural and useful habit. 

Eventually, with such guidance, students will inquire profusely, even asking questions that are 

of higher order: questions that, for example, begin with words such as how, which, and why 

(the inferential), rather than simply who, what, when, and where (the observable).” (Sutman, 

Schmuckler and Woodfield 2008) 

IBL requires thorough and careful preparation of the content. While the teacher chooses 

the main themes, learners are strongly encouraged to nominate specific topics within those 

themes. This increases responsibility of the learners for their learning. They can choose a 

topic, they are interested in. This point has a large impact on their motivation. Learners do not 

feel forced any more to learn, what the teacher orders, but they participate on the aim of the 

lesson. The teacher has to remember, that not all of the content is suitable for inquiry. It is 

much effective to teach some topics in the traditional way, for example the multiplication of 

number from 1 to 10. 

Lessons applying IBL have many forms (models). Some of them are very popular and 

frequently used. Well known project-based learning and problem-based learning belong to 

models of IBL. Many more models were created, especially in USA, for example Scientific 

Method, Research Cycle, WebQuest, Information Search Process (ISP), Pathways to 

Knowledge, etc. All these models have in common following processes: 

1. Exploring the problem, situation, phenomena – This includes gathering 

information about the problem through asking questions, experimenting, 

observing and describing. 

2. Formulating hypothesis – From the obtained information learners suggest possible 

explanation of the problem. 

3. Testing and proving the hypothesis – Predicting a new result based on the 

formulated hypothesis. 

4. Presentation of results and discussion – Discovered results are presented to other 

learners and they discuss about them or about other possibilities to investigate.  

EXAMPLE OF AN INQUIRY ACTIVITY 

This activity leads to generalize arithmetic experiences and results to the discovery of the 

pattern for difference of two squares.  

Teacher asks the learners to do the following three steps individually. 

1. Pick any two consecutive integers. 

2. Square them and find the difference. 

3. Add the two original numbers. 

The teacher asks then, what is the result of steps 2 and 3, and why are they equal. The 

explanation can be done by algebraic or geometric approach. For example  

    nnnnnnnn  112121 2222
. 

Subsequently the teacher poses similar tasks. They differ in the first step. The difference 

between those two integers will be gradually 2, 3, 4 and so on. The results of steps 2 and 3 are 

no more equal, they are multiples of the sum of the original numbers. This leads to 

formulating a hypothesis:  

  bababa  22 . 

Proof of this hypothesis can be done simply by multiplying the two expressions in 

brackets.  
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EXPERIENTIAL EDUCATION 

Experiential education is an instructional approach or a process, which is based on the 

idea, that ideal learning occurs through own experience of a learner. The learner constructs 

knowledge, skills and value from a carefully chosen experience that are supported by 

reflection, critical analysis and synthesis (http://www.aee.org/about/whatIsEE). 

 

For the experiential education are typical four pedagogical principles: 

Active learning: „Through the process of experiential learning the learner is engaged in 

active posing questions, investigating, experimenting, being curious, solving problems, 

assuming responsibility, being creative, and constructing meaning.” 

(http://www.aee.org/about/whatIsEE) The learners are required to take initiative, make 

decisions and to be accountable for their results. That means that „the design of the learning 

experience includes the possibility to learn from natural consequences, mistakes and 

successes.” (http://www.aee.org/about/whatIsEE) It can be viewed as a combination of active 

learning with concrete experiences, abstract concepts, and reflection in an effort to engage all 

learning styles (http://www.learnnc.org/lp/pages/4967). 

The experience involves any combination of senses (touch, smell, hearing, taste or sight), 

cognition (establishing beliefs, solving problems), emotions (pleasure, fear, excitement, 

empathy) and physical condition (strength, energy level)  (Carver, 1996). 

Providing mechanisms for connecting experience to future opportunity: The results are 

personal and from the basis for the future learning and experience. Learners develop the 

habits, skills, memories (Carver, 1996). 

Authenticity: Learning tasks require the active participation of the learner in hands-on 

opportunities and must connect content to the learner’s life. These activities and their 

consequences have to be viewed and understood by the learners as relevant to their lives. 

Learners can identify the reason for participation on activities (Carver, 1996). 

Drawing on learner experience: Learners are guiding in the process of thinking about 

what happened, results, their reactions, feelings that means about what they have experienced 

(Carver, 1996). 

During the learning process are developed and nurtured the relationships of the learner to 

others, learner to self and to the world as well. The outcomes of the experience can not be 

predicted, so the learner and the educator can experience adventure, failure, uncertainty and 

take risks (http://www.aee.org/about/whatIsEE).  

Experiential educators can be teachers, corporate team builders, couches, instructors or 

therapists.  This group of educators includes anyone who teaches through the direct 

experience. The experiential educator should be able to set suitable experiences and 

boundaries, pose problems, support learners. His primary role also includes facilitating the 

learning process and insuring emotional and physical safety. He recognizes and encourages 

spontaneous opportunities for learning (http://www.aee.org/about/whatIsEE).  

Experiential learning is a broad spectrum of educational experiences, such as community 

service, field work, sensitivity training groups, internships, cooperative education. It is very 

important for the learners or pupils to know and understand why they are involved in such an 

activity (Wurdinger, 2005). Playing games is very advisable activity in the context of 

experiential learning, because they help the learners to find alternative solution, contribute to 

team-building and knowledge of oneself and it is fun to play games (Dieleman, Huisingh, 

2006). 

Figure 1 summarizes all the listed characteristics of the experiential education. At the 

center of the figure is the learner experience that is viewed as a process and as an outcome as 

well (Carver, 1996).   
 

http://www.aee.org/about/whatIsEE
http://www.aee.org/about/whatIsEE
http://www.aee.org/about/whatIsEE
http://www.learnnc.org/lp/pages/4967
http://www.aee.org/about/whatIsEE
http://www.aee.org/about/whatIsEE
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Fig. 1 Conceptual framework 
 

Experientially-based education involves four phases: Design, conduct, evaluation and 

feedback. The design phase includes the specification of learning objectives, selection of 

activities, and identification of factors affecting learners learning. The conduct phase involves 

maintaining and controlling the design. The evaluation is guided by the teacher (Gentry, 

1990). 

EXPERIENCE IN MATHEMATICS 

Gail Ingwalson from the University of North Dakota wrote in her paper Exploring 

Experiential Education about a math teacher that used the experiential education in his pre-

algebra class. To prove that math is everywhere he told his learners that they may study math 

concepts on a field trip of their choice. They chose to go to an indoor water park 50 minutes 

from the school. The learners should first research the cost of the trip and then find the some 

activities to earn enough money to make the field trip a possibility. „Through fund raising 

(budgeting), planning (calculations), and application, Mr. Lindgren had started the process of 

active learning with his learners.” (Ingwalson, 2010)  

After the arrival at the indoor water park the learners should activate their prior 

knowledge to solve some maths problems. Here are few examples: 

1. Numbers and Operations: Understanding and Solving Equations (pre-trip): The 

learners had to answer some fundamental questions: How much money do they need to make 

as a class? How much money will each individual have to raise? They had to write a rule that 

describes what they were selling or at what rate they were working and solve their equation 

showing all work. This was the first task 

2. Linear Relationships (pre-trip): The mission for the learners was to make a graph 

showing the money they made per minute, per hour, per items sold.  

3. Rate: They estimated the distance around the lazy river to be 250 yards. The learners 

should work to twice with a partner, take turns floating around the river and record their time 

and find their rate in feet per second. 

http://www.wmich.edu/casp/servicelearning/files/What%20is%20Experiential%20Learning.pdf
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4. Slope: “Graph your rate of feet per second for floating down the lazy river. Plot the 

points and connect the points to make a line for your slope. Explain what slope is. Determine 

the slope of the stairs that lead to the water slide. Develop a hypothesis of your findings.” 

(Ingwalson, 2010). 

There were more mathematical problems in the paper, which should the learners solve. 

We choose only these for the illustration.  

COMPARISON 

To differentiate the inquiry-based and experiential learning in regard to their 

characteristics is not easy. During the study of them we found more similarities then 

differences.  

 
Tab. 1 Main characteristics 

 Inquiry-based learning Experiential education 

Objectives 

constructing new knowledge and 

development of skills and abilities, 
especially higher order skills 

(analysis of informations, 

evaluation) 

the long term knowledge, that is 

obtained in the own activity of 
the learner and steady by the 

positive experience  

Content 
Teacher chooses the main theme, 
learners can choose specific topics. 

teacher choses the activity and 
the content 

Lesson organization 
pair work, group work, collaborative 

learning 

group work, pair work, project 

education,  

Learning methods 

project-based learning, problem-
based learning, games 

games, educational trips,  
project education, problem 

solving, contests, cooperative 

education 

Teacher’s role 

to help and guide the learning 

process, support learners, prepare 

activities   

to facilitate the learning 

process, support learners, select 

activities, pose problems 

Learner’s role 

to search for informations by asking 
questions, explore and investigate 

problems, suggest solutions 

to pose questions, be creative, 
search, solve problems, 

investigate  

The similarities are following: 

The role of the learners and teacher is the same in both educational approaches. The 

learners are active participants of the educational process. They solve problems, search, ask 

and find answers. They are creative and involved in an activity.  

Teacher has during the educational process the function of a facilitator, who chooses 

activities for his learners and guides them through the learning process. 

These approaches use also the same lesson organisation and learning methods. Teachers, 

who apply one of these approaches use games, project or cooperative education, problem 

solving or educational trips. The learner can work alone, in pairs or in groups. It is important 

that the relationships of the learner are developed.  

It is useful, when after all the activities the learners become feedback and discuss, what 

they learned, how can they use it in their life.  

There were also found some differences: 

The first difference consists in the connection with the real life of the learner. In the 

experiential education is this connection necessary; in the inquiry-based learning it is only 

ideal possibility.  
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The goal of the IBL is not only to obtain new knowledge, but also to develop the 

learner’s skills like cooperation with other learners; gathering, interpreting and evaluating 

information; solve problems that do not have a clear solution. The goal of the experiential 

education is the long term knowledge that is obtained through the own activity of the learner. 

The activity means for the learners positive (or negative) experience.  

After the activities follows the discussion. In the IBL discuss the learners, what they 

learned, what possible ways they could choose. They talk about the content and methods that 

they used in the inquiry. In the experiential education the learners also discuss their feeling, 

what they liked or not    

CONCLUSION 

Experiential education and inquiry-based learning are two of new educational 

approaches, which are very similar. They are characteristic by the active participation of the 

learners on the problem solving. Through the direct experience and active research, asking 

and answering questions the learners find needed informations, analyse them and develop 

their higher order skills and knowledge. Teacher poses problems, chooses themes and 

activities and guides the learners. During the learning process are the relationships developed: 

relationships of the learner to other, to himself and to the teacher. The activities of the 

experiential learning have to be connected to the real situations that can the learner experience 

and that are relevant for their future lives. This is not typical but only possibility in the 

inquiry-based learning. Both approaches use the same methods and forms of education 

(games, projects, problem solving, ...). It seems that they are equivalent, but they are not. If 

we deliberate only the content and goals, the inquiry-based learning stands higher in the 

hierarchy, which means that the IBL is wider. 
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Abstract 

One of the ways to collect data is to use a questionnaire. The questionnaire is one of the most frequent survey 

methods. The aim of a questionnaire is to gather information for purpose of research for market surveys, 
analysis or to corroborate other research findings. They are one of the cheapest and most feasible ways of 

gathering data. However, it is not easy to make a good questionnaire. It is important to remember that for any 

questionnaire to be really effective it has to be designed well. We see a lot of mistakes in the questionnaire in 

practice, such as bad appearance of questionnaire, bad formulation of questions. The aim of this paper is to 

provide an advice on how to create a good questionnaire and to help readers avoid mistakes in making of a 

questionnaire. The following contribution shows the common mistakes which are made by creators of 

questionnaire. There are specific examples of incorrectly and then correctly worded questions. The aim of this 

contribution is provide the reader the advice on how to create a good questionnaire and help him avoid mistakes 

when creating questionnaire. In the following contribution is an example of good introductions to a 

questionnaire, which was used during teacher training of activity 1.4 of ESF project with name Increasing the 

Statistical and Financial Literacy of Slovak Pupils at ISCED 2 Level.  

Key words  

Questionnaire, Research, Questions 

INTRODUCTION 

The aim of a questionnaire is to gather information for purpose of research for market 

surveys, analysis or to corroborate other research findings. They are one of the cheapest and 

most feasible ways of gathering data. However, it is not easy to make a good questionnaire. 

The questionnaire is one of the most frequent survey methods. Gavora (1999) mentions 

that this frequency is often given by the seemingly easy design of the questionnaire. This 

sometimes results in questionnaires which are created incorrectly.  

 It is important to remember that for any questionnaire to be really effective it has to be 

designed well. We see a lot of mistakes in the questionnaire in practice, such as bad 

appearance of questionnaire, bad formulation of questions.  

The aim of this paper is to provide an advice on how to create a good questionnaire and to 

help readers avoid mistakes in making of a questionnaire.  

The following contribution shows the common mistakes which are made by creators of 

questionnaire. There are specific examples of incorrectly and then correctly worded questions. 

In the following contribution is an example of good introductions to a questionnaire, 

which was used during teacher training of activity 1.4 of ESF project with name Increasing 

the Statistical and Financial Literacy of Slovak Pupils at ISCED 2 Level. 

INTRODUCTION OF QUESTIONNAIRE  

The beginning of your questionnaire should include an introduction that is informative 

and clearly states the purpose of your research. The introduction of questionnaire is very 

important because it outlines the basic information about the survey.  

The introduction should:  

 provide the title or subject of the survey,  

 identify the sponsor,  

 explain the purpose of the survey,  

 request the respondent’s co-operation,  
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 inform the respondent about confidentiality issues, the status of the survey 

(voluntary or mandatory) and any existing data-sharing agreements with other 

organizations. 

Respondents frequently question the value of the gathered information. Therefore, be sure 

to explain why it is important to complete the questionnaire, how the information will be 

used, and how respondents can access the results. Ensuring that respondents understand the 

value of their information is vital in carrying out a survey. 

The following contribution is an example of good introductions to a questionnaire, which 

was used during teacher training of activity 1.4 of ESF project with name Increasing the 

Statistical and Financial Literacy of Slovak Pupils at ISCED 2 Level.  

 

Evaluation of the Quality of Training Activity 1.4 and Teachers´ Opinions on Teaching 

of Randomness 

Dear teacher,  

We would like to ask you to complete the following questionnaire, which focuses on research 

about your opinion on the completed training of NÚCEM 1.4 Activity of ESF project called 

Research of Interventions to Increasing the Statistical and Financial Literacy of Slovak Pupils 

at ISCED 2. 

Your answers will give us useful information about teaching combinatorics, probability and 

statistics, which we can use in our future research work in the creation of tasks and games to 

teach this topic. 

This questionnaire is anonymous and all information received will be privileged and will be 

used only for research purposes, so please provide honest and truthful answers. 

FORMULATION OF QUESTIONS  

Before you even write the first question, it is important that you have a very clear idea 

about what your questionnaire to achieve. Write down your research goals and think about 

what information you need to elicit from respondents to meet those goals. We must also think 

about how we are going to analyse each question to get the results. 

We know several types of questions:  

 open 

 closed 
o short answer question 
o prioritizing question 
o scaled question 
o yes/no question 
o multiple choice 

Open questions  

Open questions give your audience an opportunity to express their opinions in a free-

flowing manner. These questions do not have predetermined set of responses and the 

respondent is free to answer whatever he or she feels right. By including open format 

questions in your questionnaire, you can get true, insightful and even unexpected suggestions. 

Open questions can help us to determine whether the respondent is a member of the 

selected sample of the population. However, we should well to consider whether to leave the 

question open, or we give the respondent a choice of answers. 
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Closed questions  

In closed questions respondents are restricted to choose among any of the given multiple 

choice answers. There is no fixed limit as to how many multiple choices should be given, the 

number can be even or odd. One of the main advantages of including closed format questions 

in your questionnaire design is the ease at performing preliminary analysis. These question 

are ideal for calculating statistical data and percentages, as the answers set is known.  

 

Example: What do you dislike about mathematics? 

 

This is example of an open question with many various possibilities of answering and it is 

difficult to write and code these answers. The list of responses (including the final “other” 

with a place to refine answers) would make this question a much easier to answer and to code 

as well. Therefore we should consider what we want to find out with each question.  

Questions should be easy to understand and answer. The way in which the question is 

formulated is very important. The same question worded another way, can produce totally 

different results. At first, we need to consider whom the questionnaire will be address to.  

Rimarčík (2007) refers to the criteria that questions should satisfy. They should not 

contain more than twenty five words, be clear, one question must cover only one thing. 

 

Prioritizing question  

A prioritizing question aims to get the respondent to rank the order of their answers.  

 

Example: Indicate in which order you teach the following geometric shapes: 

□ circle 

□ square  

□ rectangle   

□ triangle  

 

Scaled question  

Scaled question falls between an open and closed question. Response is chosen from a 

range of values. Using numbers assigned to identify categories, rank order, or equal intervals, 

a scaled question provides a set of response options that allows you to measure attitudes, 

opinions, personalities, and descriptions of people lives and environments.  

In a question using a scale, participants are typically asked whether they agree or disagree 

with a statement. Responses often range from strongly disagree to strongly agree with five 

total answer options. Each option is ascribed a score or weight and these scores can be used in 

survey response analysis. For scaled questions, it is important to include a neutral category. 

 

Example: Teacher should be able to help me with personal issues. 

□ strongly disagree  

□ disagree  

□ neither agree nor disagree  

□ agree  

□ strongly agree 

 

Yes/no question 

There the respondent answers with yes or no. 

Example: Do you use a computer to do your math homework? 

□ Yes   

□ No  
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Multiple choice questions 

The respondent has several options from which to choose. 

 

Example: Which tools do you use to teach mathematics? 

ERRORS OCURRING IN QUESTIONS  

  

Abbreviations and Acronyms  

Always spell out the complete form of abbreviations and acronyms. 

Example: Have you ever participated in international studies of NÚCEM? 

Better wording: Have you ever participated in international studies organized by the National  

Institute for Certified Educational Measurements? 

 

Complex Words and Terminology 

Avoid specialized terminology and complicated words.  

Example: Which auditory aids do you use in mathematics teaching? 

Better wording: Which sonic aids do you use in mathematics teaching? 

 

Frame of Reference  

Provide all of the information concerning the terms of reference of the questionnaire. 

Example: How often do you use a calculator? 

The definition of time interval is absent – do you mean the use of calculator per day, per 

week, per month? Do they mean the use a calculator at school or at home? 

Better wording: How many times a day do you use the calculator at school? 

 

Specific question 

In order to obtain a uniform response from the entire sample, question has to state the 

type of a response needed.  

Example: How much do you drink at school? 

Respondent may express his/her answer in different ways – by the number of cup, bottles of 

water without writing how much drink the bottle holds.  

Better wording: How many deciliters of fluids do you drink per day at school (do not count 

fluids that you receive through food such as soup)? 

 

Double Questions 

Example: Do you have gifted pupils and pupils with learning disabilities? 

This question is composed of two questions. In some cases, the answer to each half of 

question can be the same. However, sometimes the answers can be completely different and 

can lead to difficulties in interpreting the answers. 

Better wording: Do you have gifted pupils at classroom? 

Do you have pupils with learning disabilities at classroom? 

 

Loaded Questions 

The following examples demonstrate how a loaded question can impact the respondent´s 

results. 

Example 1: In your opinion, should Sunday shopping be allowed in Ontario; that is, should 

stores that want to stay open on Sunday be allowed to stay open on Sunday if they want to? 

Example 2: In your opinion, should Sunday be adopted as a rest day in Ontario that is, should 

the government make Sunday the one uniform day a week when most people do not have to 

work? 
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Tab.1 The results of research 

Results 
In favor of Sunday shopping  

= Against a Sunday rest day 

Against to Sunday shopping = In 

favor of a Sunday rest day 
No opinion 

Example 1 73% 25% 2% 

Example 2 44% 50% 6% 

 

The first question asked whether the respondents were in favor of Sunday shopping, 

while the second question was worded to ask respondents whether they were in favor of not 

working on Sundays. 

A possible explanation for the differences in results could be that some respondents did 

not quite understand implications of the question. Some people can be against working on 

Sunday, but they are still in favor of shopping. However, if no one will work on Sunday, then 

the shops cannot be opened (Learning resources- Statistics. 2013). 

 

Double negation 

Example: Are you opposed to students not having more than six lessons a day? 

This question gives the reader a double negative. Considering of this that is not quite clear 

what the question asks, respondents could interpret it in different ways. 

Better wording: Do you agree with students having more than six lessons a day at school? 

 

Errors in Closed Questions 

Example: In your opinion, using didactic games in teaching mathematics is: 

    Very suitable     Suitable       Unsuitable  

Respondent has three options where two are positive and one negative. 

 

Better wording: In your opinion, using didactic games in teaching mathematics is: 

    Very suitable     Suitable       Unsuitable       Very Unsuitable  

 

Piloting the questionnaire 

We should not carry out the research right after creating the questionnaire but we should 

at first test it. Testing of questionnaire helps us to find bad wording of questions, bad order of 

questions, to find errors in instructions of questionnaire, to identify problems with answering 

a question caused by the inability or unwillingness of a respondent, to suggest other types of 

answers that can be coded in a questionnaire and also provides the time needed to complete 

the questionnaire. We can test the entire questionnaire, or its part, or it can only be tested on a 

sample of people. The respondents selected for the pilot survey should be broadly 

representative of the type of respondent to be interviewed in the main survey. Thus, tested and 

repaired questionnaire can be included in our research. 

CONCLUSION 

No survey can achieve success without a well-designed questionnaire. A well designed 

questionnaire is essential to a successful survey. However, the researcher must develop your 

own intuition with respect to what constitutes good design since there is no theory of 

questionnaires to guide him. A good questionnaire is one which help directly achieve the 

research objectives, provides complete and accurate information, is easy for interviewers and 

respondents to complete, is so designed as to make analysis and interpretation possible. 
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In this contribution we summarize the most common errors which we encounter when 

building up a questionnaire. There are specific examples of incorrectly and then correctly 

worded questions. We can help readers avoid mistakes in making of a questionnaire.  
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Abstract 

The submitted contribution deals with the inductive reasoning and its application in mathematics. This kind of 
reasoning has recently been gaining popularity also in Slovakia as PISA exams have shown weaknesses in 

mathematical knowledge of our pupils. In the first part, it provides information on how the inductive reasoning 

works and the second part is dedicated to applying the knowledge from the first part on a specific mathematical 

problem. It demonstrates how one can use specific data in order to derive more general formulas, in this case, 

how the relationship between a number of points of a grid lying on borders and inside a polygon and an area of 

this polygon can be generalized and applied to all kinds of polygons drawn on a grid or a squared paper. The 

conjecture proved to be a theorem is called Pick’s theorem ant its inductive proof may serve as a good 

inspiration in upper high school or university education.     

Keywords 

Inductive Reasoning. Deductive Reasoning. Pick’s Theorem. Proof.  

INTRODUCTION 

Many people perceive mathematics as a set of rigid and unchangeable axioms and 

theorems. Is that really true? What could possibly be wrong with this assumption? The fact is 

mathematics, just like other sciences, is still alive and developing. There are vast areas of 

mathematics still requiring further attention and research. However, can something consisting 

only of solid claims really grow? If we imagine mathematics as a jigsaw puzzle, axioms and 

proven theorems are pieces already in their place. Yet, to move forward with completing the 

puzzle, we have to rely on hunches, wild guesses, our previous experience and creative 

attitude; and this is the true role of induction. 

INDUCTIVE REASONING 

Oxford Dictionary of English defines induction as “the inference of a general law from 

particular instances (opposed to deduction, q.v.)”. However, to claim that deduction is 

opposed to induction is not entirely true as the relation between induction and deduction is 

based on one completing the other. As Peter Vrábel writes, “Thus, Mathematics is a natural 

combination of deductive and inductive reasoning and proving, which determine and affect 

each other, are not opposites but are in cooperation” (Vrábel, 2005). In his book Induction 

and Analogy in Mathematics, George Polya describes the relationship between deductive and 

inductive reasoning as follows: “In strict reasoning the principal thing is to distinguish a 

proof from a guess, a valid demonstration from an invalid attempt. In plausible reasoning the 

principal thing is to distinguish a guess from a guess, a more reasonable guess from a less 

reasonable guess. If you direct your attention to both distinctions, both may become clearer” 

(Polya, 1954). Moreover, the definition the dictionary provides is not the most accurate one. 

Induction is not necessarily restricted to generalization, as the definition suggests. There are 

many cases when it utilizes the opposite – specialization. Consider the following statements: 

All horses I have ever seen were black. 

Therefore, the next horse I am to observe will be black. 

In this case, we were able to formulate a particular conclusion concerning one specific 

object based on a more general premise.  
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To include a more precise definition, we may say that in inductive reasoning premises of 

an argument offer a kind of logical support for the conclusion; the stronger and more reliable 

the premise, the higher the probability of the conclusion to be true. Here lies one of the most 

crucial differences between inductive and deductive reasoning. Whereas demonstrative, i.e. 

deductive reasoning recognizes true or false premises, where true premises always lead to 

successful true conclusions, inductive reasoning doesn’t divide premises into true or false. All 

of the premises from which we are trying to inductively gain some new knowledge are true, 

although some premises are “good” and some are “bad”. 

Imagine a situation: There is a passenger ship leaving the docks. One of the passengers is 

called Jacob. 

Our first premise would be: Jacob is on a ship moving westwards.  

Then, our very highly probable conclusion may be: Every passenger travelling by the same 

ship as Jacob is moving westwards. 

However, if we change the premise to: Jacob is interested in astrophysics, it is quite hard 

to find a conclusion with probability as high as the last one. 

INDUCTIVE REASONING 

 

Let us have a polygon drawn on a squared paper where all its vertices are at the lattice 

points of the grid. If we take a closer look, we may observe that the polygon contains several 

lattice points located in the interior and other lattice points placed on the perimeter of the 

polygon, which lay on its boundary. Denote the number of inner lattice points by I, the 

number of the boundary lattice points by B and the area of the polygon by A. Is there any 

relationship between the number of these points and the area of the polygon? 

To begin with, there is probably nothing better to do than observe several specific 

examples. It is usually better to start with simple cases thus we will start with drawing 

triangles. 

 

             

             

            

 

              

 

  Fig. 1           Fig. 2 

 

 

 

 

 

                                 

Fig. 3                                                                    Fig. 4 
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If we take a closer look at the properties of the first and the fourth triangle it is apparent 

that if we increase B by 1, A increases by 0.5. Not too much thinking is required to come to 

the equation      
 

 
   , which is valid for all our four triangles.  

One may argue that this is valid only for triangles which have at least one side parallel with x 

or y axis, however, every triangle which doesn’t fulfill this condition can be divided into 

smaller triangles that actually do.   

This is how we made the very first step and created a hypothesis which, however, still 

requires to be tested. To do it, let us draw several other shapes. 

If we use our hypothetical formula, it seems to work also in these cases, but it is still far 

from being proven. Mathematicians, unlike majority of humankind, usually attempt to find 

the weakest spot of their theory and focus on testing it. They sometimes even seem to be 

happier, if their hypothesis is proven wrong then when it successfully pass the test. The 

reason is that proving it wrong is a definite result while passing the test may only be a 

coincidence and the hypothesis requires further investigation. On the other hand, as Polya 

says: “The more danger, the more honor” (Polya, 1954), so passing a more demanding 

verification increases the strength of the hypothesis. 

Now we will take a look at squares and rectangles. It is not very hard to derive the 

following equalities for every rectangle we draw (remember, all the vertices lay on lattice 

points).  

 

                   

                

                   
       

 
   

             

 

                  Fig. 5 

 

In this case, a and b stand for the number of points laying at sides of rectangle – for example, 

if we want to define a and b for our picture, we will get     and    .  

If we simplify the equality for  , we get the following: 

                                         
Now,       and       are actually lengths of sides of a rectangle and thus we can say that 

the conjecture worked again and passed the test, as elementary Euclidean geometry provides 

us with the same formula to calculate the area of rectangle. Moreover, we just have to 

substitute   for another   and it is apparent that the formula works perfectly also for squares. 

Logical thing to do will be cutting the rectangles and squares to see, if the hypothesis proves 

true for right triangles. 
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Fig. 6 

 

Here   and   stand for the number of lattice points at catheti of the triangle and   denotes 

number of lattice points at hypotenuse.  After simplifying the last equality we get: 

  
                      

 
 

  
        

 
 

          

 
 

Once again,        and       are also lengths of catheti so the hypothesis was successful 

when tested on right triangles. However, we haven’t looked yet at general cases of triangles. 

Consider the following picture. 

 

 

 

 

 

 

 

 

 

Fig. 7 

The picture above represents the way in which each triangle can be extended into a 

rectangle by adding several right triangles. If we focus on Fig.7 and if we can prove that our 

conjecture is true for this specific case, all the other cases can be proved analogically.  

Note that   stands for rectangle and   for triangle, now let us have: 

      
  

 
  ,             

  

 
             

  

 
     

       
  

 
             

  

 
    

From the picture, it is apparent that 

               

                    
             

 
     

Let us now count the number of boundary lattice points of the rectangle. If we look 

closely, we get  

               
If we try to count the number of inner lattice points of the rectangle we get 
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We will now take the values    and    from the last two equations and substitute them into 

the equation marked    . Now we have 

                             
                      

 
   

           
  

 
      

  

 
   

So, we were able to get to our conjecture and thus prove it for general triangles. 

In order to get to the next step in proving our hypothesis we have to mention polygon 

triangulation, what is a partition of a simple polygon into non-overlapping triangles. 

Mathematicians over the time proved this theorem to be true and it will now help us to prove 

our conjecture for more general polygons. 

Consider a triangle (T) and a polygon (P) which share one of their edges. We may now 

assume that our hypothesis is valid independently for both these shapes, as we have already 

proven it for triangles and we have mentioned the polygon triangulation. Our task is to prove 

our formula works also for our new polygon (PT). If we try to count the lattice points on the 

shared boundary we come to the conclusion that all common lattice boundary points, with 

exception of two endpoints, merged and changed to interior points, the two endpoints merging 

to boundary points. 

Thus we have 

                 
                    

           
where   denotes the number of all lattice points shared by P and T. From this we easily get 

       
  

 
      

  

 
    

         
 

 
           

           
 

 
                  

     
 

 
       

thus our conjecture passed another test. 

At this point it seems that our conjecture works for all polygons, however, up until now 

we were omitting one numerous group of polygons – polygons with holes. To get a more 

precise idea, let us draw several examples and also check, whether our formula works again. 

 

 

 

 

 

 

 

 

Fig. 8                                                            Fig. 9 
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Fig. 10 

 

Note that A stands for a real area of a polygon and AF denotes the area calculated with 

our formula. Looking at these examples, it is evident that there is something wrong with our 

assumption. However, pretending that polygons with holes are not relevant or even do not 

exist only to prove our point is not the answer. We should observe the dependency between 

the number of holes and the difference between the actual area and area computed with our 

formula. If you take a look at those numbers, you can clearly see the linear dependency 

between the number of holes and area differences. Let us therefore edit our previous formula 

    
 

 
       

where h stands for the number of holes in a polygon. If you think about it, for simple 

polygons (polygons with no holes) our new formula is the same as the previous one as in this 

case, the number of holes h equals 0.  

Let us now prove our new assumption for polygons h holes. Letters without any indexes 

denote parameters of a polygon with holes, letters with * denote parameters of the polygon as 

if without holes and letters with lower index denote parameters of holes.  

The very first thing is to realize that 

     ∑     

 

   

 

     ∑  

 

   

  

To calculate area of a polygon with holes we have 
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     ∑(   

  

 
)

 

   

 

We can use the relationships above and get 

    
 

 
      

what is exactly what we wanted to prove. 

CONCLUSION 

The first part of the contribution offered a brief insight into the way inductive reasoning 

works and the second part illustrated the theory with a specific example, where we at first 

observed properties of several examples, derived a conjecture and then, using deductive 

methods step by step and with a little bit of modification proved the conjecture, which is in 

reality called Pick’s theorem, to be true. The aim of the contribution was to present a basic 

theory behind inductive reasoning and show the way it work in mathematics and how very 

close to peoples’ everyday logic it really is.    
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Abstract 

The content of mathematics curriculum in Slovakia calls for the implementation of new methods of teaching. One 

approach to teaching pupils how to use their mathematical knowledge for solving problems in their everyday 

lives is inquiry-based learning. However, it is well recognised that teachers lack materials supporting them in 

implementing inquiry-based learning into their mathematics lessons. This paper proposes a teaching material - 

an open interdisciplinary problem about a hot air balloon. It introduces the problem and describes the process 

of pupils’ solution. The first part of the problem is aimed at developing argumentation and communication skills 

through choosing a suitable combination of a wicker basket and an envelope under the given conditions. In the 

second part of the task, pupils are given maps with different scales. To solve the problem, they need to know the 

formulas for the uniform linear motion, they should be able to work with maps, i.e. cardinal directions, scales, 

orientation on the map. The task can be used in education as a complex problem implemented within a topical 

unit or between two topical units, or it can be assigned to pupils as a project for their homework. 

Keywords 

Inquiry-based learning. Open problem. Hot air balloon. Uniform linear motion.  Maps. 

INTRODUCTION 

After the Rocard Report was published in 2006, the teaching of mathematics and science 

in Europe has gone through significant changes (European Commission, 2011). Many 

countries including Slovakia have reviewed their curricula to make several essential changes 

in teaching at schools (Law no. 245/2008 Z.z., 2008). According to the statements in the 

current Slovak curriculum (Štátny pedagogický ústav, 2009, 2010), mathematics as a school 

subject should develop logical and critical thinking of pupils, argumentation, communicating 

skills, their ability to analyse, synthesise, generalise and solve problems in groups. Pupils 

should be able to use different strategies while solving real-life problems with the use of 

mathematical models of thinking (logical and spatial thinking) and representations (formulas, 

models, diagrams, graphs, tables).  

Accordingly, one of the important aims of mathematics curriculum in Slovakia is to teach 

pupils how to use mathematics for solving problems in their every-day lives, to use relevant 

mathematical knowledge and apply it in a real-life situation. One approach to achieving this 

aim is to implement Inquiry-Based Learning (IBL) into mathematics education at primary and 

secondary schools. The basic idea of IBL is inviting pupils to work in the way mathematicians 

and scientists work. They need to use their prior knowledge and a wide variety of processes, 

like simplifying and structuring complex problems, observing systematically, measuring, 

classifying, creating definitions, quantifying, inferring, predicting, hypothesizing, controlling 

variables, experimenting, visualizing, discovering relationships and connections, and 

communicating (PRIMAS, 2011). 

However, it is well recognised that teachers lack materials supporting them in 

implementing IBL into their mathematics lessons. It is within this context that we decided to 

create an open interdisciplinary problem about a hot air balloon that consists of several 

“smaller problems” aimed at different mathematical competences.  

 



  

348 

 

PROBLEM 1: LOOKING FOR THE BEST COMBINATION 

Pupils are given the worksheet with the problem assignment:  

Problem 1: Three friends, Peter, Martin, Daniel, who are scared of heights decided to try a 

flight on the hot air balloon as a test of their courage. As a satisfaction, they want to put their 

initials on the envelope: ‘P+M+D’. They collected 600 € and chosen a company providing 

the flights.  

a) The company offered them an envelope BB26 E with the basket K15, but in this 

case, they would have no money left for the text on the envelope.  

• Is it possible for them to find a cheaper combination, so that they could 

afford to have the text on the envelope? (Remember the safety  

and suitability of combinations!)       

b) The place for advertisements is on the equator of the balloon envelope  

(where the circumference of the balloon is the greatest). The price for 1 m
2
  

of the text is 20 €. Create a proposal of the text with friends’ initials that will be 

written on the envelope if the ratio of the width and height of one sign is 1:2.  

• What will be the length and height of the text?  

• How much will the text cost?  

• How much would it cost to place the advertisement on the whole length  

of the equator circumference if the maximum height of the advertisement  

is 6 m?  

 

In their worksheets, pupils can find the information needed for solving the problem, such 

as tables with technical data for a wicker basket (Tab. 1) and envelope (Tab. 2) of the hot air 

balloon, the table with recommended and allowed combinations of envelopes and baskets 

(Tab. 3), the information about the air density, weight of each boy, pilot and the balloon itself.  

 
Tab. 1 Technical data for the wicker basket (Source: http://www.kubicekballoons.cz/) 

Type Dimensions [m] Typical weight [kg] People [max] Bottom design Price [€] 

K7 0,88 × 0,88 50 1 (2) round 70 

K10 0,88 × 1,16 60 2 (3) round 140 

K11 1,00 × 1,16 70 2 (4) round 160 

K12 1,16 × 1,16 80 3 (5) round 200 

K13 1,16 × 1,25 80 3 (4) angle 180 

K15 1,16 × 1,35 85 4 (5) round 230 

K16 1,16 × 1,45 90 5 (6) round 270 

K17 1,16 × 1,45 90 5 (6) angle 270 

K18 1,16 × 1,55 100 5 (7) round 300 

K22 1,25 × 1,80 105 6 (8) angle 380 

 

 
Tab. 2  Technical data for the envelopes (Source: http://www.kubicekballoons.cz/) 

Type Volume [m
3
] No. of gores Typical Weight [kg] 

People 

[max] 
Price [€] 

BB12 O 1200 8 55 1 (2) 110 

BB16 O 1600 8 65 2 (3) 130 

BB20 E 2000 12 85 3 170 

BB20 O 2000 12 85 3 (4) 210 

BB22 E 2200 12 95 4 270 

BB22 O 2200 12 90 4 310 

BB26 E 2600 12 100 4 (5) 370 

BB26 O 2600 12 100 4 (5) 410 
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Tab. 3  Combinations of envelopes and baskets (Source: http://www.kubicekballoons.cz/) 

Envelopes 
Baskets 

K7 K10 K11 K12 K13 K15 K16 K17 K18 K22 

BB12           

BB16           

BB20           

BB22           

BB26           

 

Recommended combinations 

Allowed combinations 
 

 

In the first part of the problem, the task for the pupils is to choose a cheaper alternative 

than the one offered by the company, so that they can put their text on the balloon envelope. 

Using the tables and information provided, the pupils need to choose the data necessary for 

their decision process. To decide which envelopes are suitable for them, they need to find out 

the total weight of passengers and a pilot and calculate the volume of balloon envelope. Then, 

they need to combine the chosen envelopes with corresponding baskets and choose the 

cheapest combination. The maximum number of people for the basket and envelope should be 

taken into consideration. 

Furthermore, pupils need to calculate the length and the height of the text that should be 

written on the envelope. As it is stated in the assignment, the text comprises of five signs – 

three letters and two symbols – and the ratio of a sign dimensions is 1:2. On the basis of all 

the information, pupils determine the maximum sum of money that three friends can pay for 

the text from the rest of a collected sum.   

To calculate how much it would cost to place the advertisement on the whole length  

of the equator circumference, it is important for pupils to realize that the envelope of the 

balloon has approximately the shape of the sphere (Fig. 1).  

 

 
Fig. 1  Balloon envelope with a sphere 
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From the formula for the sphere volume, pupils will be able to calculate the approximate 

diameter of the balloon envelope and, consequently, from the formula for the circumference 

of a circle they can compute the circumference of the balloon equator. Finally, it is a simple 

task to determine the area of the envelope surface designed for advertising and its price.  

The first part of the task is basically focused on developing argumentation and 

communication skills of the pupils. They should reach a consensus with a basket-and-

envelope combination, so that they can continue with part b). The task is designed in such a 

way that there is more than one possible answer depending on the chosen combination of 

balloon basket and envelope.    

PROBLEM 2: UNIFORM LINEAR MOTION ON THE MAP 

After solving the first part of the task – Problem 1, the pupils are given a second 

worksheet with the assignment and maps. On both maps, we marked cardinal directions, 

scales, coordinate systems and a starting point of the flight. 

Problem 2: A balloon flight started at 9 a.m. During the day, the friends had favourable 
weather conditions; the north-eastern wind was blowing at the average speed 3 m/s. 

• After 10 minutes, the balloon achieved the flight height of 800 m above ground 
level. Above what place was the balloon located at that moment?   

• Above what place was the balloon located after 55 minutes of flight above 
ground level (the flight in the height of 800 m above ground level) when it 
started  
to descend?  

• The descending lasts for 10 minutes. Find the most suitable place for landing  
and mark it into the map.   

 

 
Fig. 2  Map with a starting place of the balloon flight  

(Source: https://maps.google.com/) 

 

Within the second part of the task, the pupils are given two maps with different scales  

(Fig. 2 and Fig. 3). To solve this problem, they need to know the formulas for a uniform linear 

motion, they should be able to work with maps, i.e. cardinal directions, scales, orientation on 

the map. The task for the pupils is to find out above what places the balloon is located in 
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given times and to find a suitable place for landing. The starting place is set by the company 

organising flights. 

To answer the questions from the problem assignment, pupils need to work with map 

scales. They need to realize that the motion during the rise is not horizontal, therefore, they 

are supposed to calculate the distance travelled during the first 10 minutes of the flight. The 

next step is to interpret the real distance into the distance on the map and, thus, find the 

searched places.  

 

 
Fig. 3  Map for determining a place for landing of the hot air balloon  

(Source: https://maps.google.com/) 

 

In the second part of the task, it is important that pupils solve the problem not only in the 

mathematical context, but also in the context of real life. The speed and the direction of the 

wind should be taken into consideration, as well as the fact that the balloon descends 

approximately for 10 minutes. As the landing place, they should choose an extensive flat 

landing place with almost no vegetation, no colonisation, in a sufficient distance from traffic 

communications, e.g. meadows, fields, etc. Thus, the task develops logical thinking and 

spatial orientation of pupils. 

CONCLUSION 

The significant reason for supporting the implementation of IBL into every-day teaching 

practice is its considerable contribution for pupils and their learning (European Commission, 

2007; Jarrett, 1997; PRIMAS, 2011; Schwab, 1962; Walker, 2007). Among other things, IBL 

increases the ability of pupils to use their knowledge in new contexts and situations. It allows 

pupils to develop their skills, such as group work, experience with solving open problems and 

other skills connected to interdisciplinary relationships. Thus, it enables a more balanced 

a realistic perception of mathematics and the way in which it is created and developed.    

Our task can be used in education as a complex problem implemented within a topical 

unit (e.g. volume and surface of the sphere, word problems on uniform linear motion) or 

between two topical units. The task can be assigned to pupils as a project for their homework.  

In future, we plan to verify the suitability of the task during mathematics lessons in 

primary and secondary schools and to publish the results. 
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Abstract 

This study deals with graphs and diagrams and their various types. First you can find exercises with graphs 

including not usual (extra) information. Then you need to use logical reasoning when deciding whether you can 
find the answer for the given question in the diagram. This is followed by an exercise that can be used in 

teaching other subjects, not only Mathematics, as well. You can find the solution after each exercise. We also 

emphasize the importance of practice-oriented education of Mathematics. The exercises can be used on the 

lessons of Mathematics in teaching the given subject matter in the primary schools. Our aim is to subtend the 

subject material of the study books. The interesting exercises can motivate students to learn Mathematics. They 

can also improve their logical and critical thinking.  

Keywords: Diagram, Graph, Exercise, Information retrieval, Unusual questions, Real-life exercise  

INTRODUCTION  

We meet diagrams and graphs daily in advertisements, commercials, magazines and in 

other channels transmitting information. 

These figures include a large package of information in one unit about one problem.  

The aim of these figures is to enable the reader to easily see-through and read the most 

important information about a given problem.  

We can learn the correct interpretation of the diagrams and graphs on the lessons of 

Mathematics. Students first come to contact with the diagrams and graphs in the elementary 

school. It is important to learn this subject matter via good examples. What do we mean under 

“good examples”? The Slovak syllabus of Mathematics sets the following aims (Štátny 

pedagogický ústav, 2010): 

- The students should be able to use their ability of Mathematics in their future life  

- Mathematics should improve the students’ logical and critical thinking  

- The students should be able to argue, communicate and work in groups when solving 

problems.  

Good exercises should fulfil these aims.  

In this study, we would like to introduce some of these types of exercises which can help 

to improve the students’ logical and critical thinking. In the graphs and diagrams of these 

exercises we can find not usual (extra) information, too. We would also like to present some 

diagrams which fulfil the requirements of modern exercises since they contain real-life 

information, they are practice-oriented and they link more subjects. What concerns their 

difficulty, the examples presented in this study are appropriate for elementary school pupils. 

In addition, it’s easy to prepare further examples according to the introduced exercises.  

GRAPHS WITH UNUSUAL QUESTIONS  

The primary function of diagrams and graphs is to share information with the reader 

easily in a visualized form. But sometimes you can read out not usual information from the 

diagrams if you look at them more closely. You can turn the students’ attention to acquire 

similar information. This can attract them and improve their logical thinking.  

The following graph includes more interesting information. After the exercises and 

graphs you can find questions and answers, too.  
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Exercise 1 

The following graph (Fig.1) shows us the Zvolenska family’s current consumption over 

one working day. When the family members are at home they consume 1.2 kilowatt-hours per 

hour. Some electrical appliances are on even when there is nobody at home (for example the 

fridge and some appliances on standby). In this case, their consumption is 0.3 kwh. The 

consumption is 0 kwh only in the case of a power cut (MOZAIK, 2012).  

 
Fig. 1 The Zvolenska family’s current consumption over one working day 

1. What time did the family leave their home in the morning? 

2. When did the Zvolenska family come home? 

3. Was there a power cut during the day?  

4. The family used to have dinner at about 7 p.m. Did they have dinner at home? 

5. How many kwh did they consume from 6 a.m. until 5 p.m.? 

6. The Zvolenska family did not leave their home after dinner nor was there a power cut. They 

went to bed at 10 p.m. How many kwh did they consume until 10 p.m.?  

7. How many kwh do they consume from 6 a.m. until 6 a.m. of the next day if they sleep from 

10 p.m. until 6 a.m.? How much does the current consumption cost during this time (1 kwh in 

Slovakia costs 0,11661 euros in average) (Lukáš Marton, 2012)? 

Solution 1: 

1. The Zvolenska family left their home before 8 a.m. After this time we can see a smaller rise 

in the graph showing the decrease of the current consumption.  

2. The Zvolenska family got home at 4 p.m. At this point the graph steeply rises again. 

3. The graph does not rise when there is no current consumption. We can find one such part in 

the graph. This shows that the power cut started at 12 p.m. and lasted until almost 2 p.m.  

4. The family did not have dinner at home because there is a low current consumption 

between 6 p.m. and 8 p.m. 

5. The family consumed 4.8 kilowatt-hours from 6 a.m. until 5 p.m.  

6. The family did not leave their home after dinner nor was there a power cut. Therefore their 

current consumption until 10 p.m. is 8.8 kilowatt-hours: 

At 8.p.m.  - 6,4kwh 
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At 9 p.m.  - 6,4 +1,2 = 7,6 kwh 

At 10 p.m.- 7,6 +1,2 = 8,8 kwh 

7. They consume 8.8 kwh from 6 a.m. until 10 p.m. 

They sleep from 10 p.m. until the next day’s 6 a.m. Therefore only the fridge and the 

appliances on standby consume current. Their consumption is 0.3 kwh per hour. At night the 

consumption is 8*0,3 = 2,4 kwh 

They consume 8,8 + 2,4 = 11,2 kwh from 6 a.m. until the next day’s 6 a.m.  

Their current consumption costs 11,2 * 0,11661 = 1,306032 euros during this period.  

The next task is similar. You can read out not usual information from the following 

graph, too.  

Exercise 2  

The graph (Fig. 2) shows Laci’s distance from his home during a workday. 

1. How many hours did Laci spend at school this day?  

2. What was the speed of the bus Laci travelled to school by? 

3. Which vehicle moved faster: the bus or the car? 

4. How many times did his way last longer before noon than afternoon?  

5. Put the following events into chronological order.  

Laci:   a. travelled by bus  b. travelled by car   c. went on foot   d. was at the school. 

 
Fig. 2 Laci’s distance from his home during a workday 

Solution 2:  

1. It’s easy to read out from the graph that Laci got to school after half an hour. (After 0,5 

hour the graph’s value does not rise. This means that his distance from his home does not 

change.) After 4,5 hours the value decreases. That means Laci is on his way home. He spends 

4 hours at the school. 

2. Laci’s way to school lasts half an hour. The graph rises during this time. He made 15 

kilometres. After substituting into the known formula (15km/0,5h=30km/h) the result is: the 

bus’s average speed was 30 km/h.  

3. Because we know that Laci travelled to school by bus we can deduce that he made his way 

home by car. The bus made 15 km during half an hour. This distance took the car 1 or 1.5 

hour. This shows that the car‘s speed was smaller. Perhaps it got into a traffic jam.  

4. Laci got to school in half an hour before noon. The way home took him 1.5 hours. His way 

home took him three times longer. 

5. Laci went on foot as well. The possible chronological order is therefore: Laci went by bus 

(a), he was at school (d), went by car (b), went on foot (c).  
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CAN YOU FIND THE INFORMATION?  

The previous section included examples of which you were able to get extra information. 

In the following there are examples in which you have to decide whether the graph contains 

the answer for the question. This task also improves logical thinking and when searching for 

the solution, logical reasoning is important as well.  

Exercise 

Here is a diagram (Fig.3) showing the age/sex range of the inhabitants of Kleňany, a 

small village in Slovakia in the year 2012 (authors data). We are searching the answers for 

various questions. Decide whether you can find the answer in the diagram and explain 

why/why not.  

 

Fig. 3 Age/sex range of the inhabitants of Kleňany in the year 2012 

Can we find out according to the diagram: 

- Which age-group does the majority of the inhabitants belong to? 

- How many children were born in 2012? 

- Which age-groups include more women than men? 

- How many percent of the inhabintants has moved from the village in 2012? 

- How old is the oldest inhabitant?  

- How many people reach their 18th year in 2012? 

- How many of them has already reached 19 years? 

- *In which age-group were the most births? 

Solution: yes, no, yes, no, no, no, yes, no (*because we do not know how many of them have 

already died). 

EXERCISE USING REAL-LIFE SITUATION WITH LINKS TO OTHER SUBJECTS 

Slovakia takes part in the PISA assessment (Programme for International Student 

Assessment) which tests (amongst others) the mathematical knowledge of the 9th year 
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students. Slovakia finished under the average of the OECD (Organisation for Economic Co-

operation and Development) states in 2009 (the results of the year 2012 are due to December 

2013) (NUCEM, 2010). This shows that the education of Mathematics needs to be reformed. 

In the last years more projects aimed to give compensation of the insufficiencies. Such 

projects are e.g.: 

 - KEGA 3/7001/09: Zvyšovanie kľúčových matematických kompetencií (Improving basic 

mathematic competences) 

- KEGA 015UKF-4/2012: Zvyšovanie kľúčových matematických kompetencií II ((Improving 

basic mathematic competences II) 

These were started by our university. These projects make use of real-life situations when 

creating exercises. They also create exercises which have links to other subjects.  

The last exercise of this study is of this kind as well. It aims to motivate students to learn 

Mathematics and improves their logical thinking.  

Exercise 

Maybe you wonder that some plants grow in our gardens without any problem while 

others do not even spring up from the soil. What is the reason of this? In the next example we 

reveal which plants can grow and live next to each other and which cannot. The diagram (Fig. 

4) below shows pH values of the soil which enable some of our important cultivated plants to 

grow (Gazigazito, 2010). Answer the questions:  

 
Fig. 4 pH values of the soil/important cultivated plants 

1. Which plants grow in a pH neutral soil according to the diagram? 

2. What soil prefers potato? 

3. Would you recommend to plant tomato next to carrot? 

4. Which plant is able to live in a soil with a pH of 8? 

5. What plants would you recommend to grow in a garden with a pH of 6,2? 

 

 

http://en.wikipedia.org/wiki/Organisation_for_Economic_Co-operation_and_Development
http://en.wikipedia.org/wiki/Organisation_for_Economic_Co-operation_and_Development
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Solution: 

1. The neutral soil has got a pH of 7. Plants that have values about 7 can grow in this type of 

soil. Such plants are cauliflower, carrot, onion, berries and walnut. Cucumber and pomaceous 

fruit also prefer neutral soil. All the other plants of the diagram only tolerate neutral soil.  

2. Potato prefers acid soil but it is able to grow in neutral as well.  

3. Yes, if the soil in our garden is not alkaline because tomatoes cannot grow in it.  

4. Carrots, berries and walnut tolerate soil with a pH of 8. These plants have a pH of 8 in our 

diagram.  

5. If the soil in our garden has got a pH of 6,2, we can grow plants at which the pH value in 

the diagram goes across 6,2. These are: bean, pea, potato, carrot, berries, cucumber, 

pomaceous fruit, walnut and tomato. 

CONCLUSION 

Our study dealt with graphs and diagrams. We emphasized the importance of this subject 

matter in the process of education because we meet such figures daily. We introduced some 

interesting types of diagrams and graphs. We included some examples of exercises with 

solutions about graphs containing not usual (extra) information. The study also includes 

examples that are based on real-life situations, thus they can improve the students’ logical 

thinking and could also be used in teaching other subjects (e.g. Biology, Chemistry). The 

exercises can be used on the lessons of Mathematics when teaching the discussed subject 

matter. They can also be an inspiration for teachers at creating similar exercises.  
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Abstract 
We focused on utilisation of one of the methods (educational technique) in mathematic education. The name of 

this method was called “drawing card”. We aim to show some solutions of PhD. students with focusing on the 

mathematic education theory and the analysis of their works. In the conclusion we try to put the opinions and 

results of our chosen students into the system and make an adequate output of chosen educational methods, we 

have obtained during our research. As a result of our research we came to the fact, that this technique after its 

attesting and verifying, could be also well - utilised in other scientific fields, e.g. in ecological and environmental 

education as well.   

 

Keywords 

Drawing card, Educational method. Didactics of Mathematics. Didactics of Ecology.  

INTRODUCTION 

Many pupils and students consider mathematic as uninteresting. In the frame of our 

dissertation thesis we started to deal with the topic, how could it be possible to “awake” 

between the students an interest of this scientific discipline as without doubt mathematic is.  

In our opinion one of the way how to make mathematic more interesting, could be also an 

implementation of new educational methods (first known as techniques) into the mathematical 

educational process. After long thinking-over we came to the decision, that some of the 

educational methods, which for many years are known and used in Germany, could be 

interesting enough to use on Slovakia after some modification. Through the way of 

verification of such techniques we try to create the method, which may awake an interest of 

mathematic in our country. One of such techniques, which also is the object of our paper, is 

called “the Drawing card”.  

THE CONTENT OF AN EDUCATIONAL TECHNIQUE DRAWING CARD 

The name of our proposed educational technique came from a German word translation 

„Steckbrief“. The basic core root consist in such fact, that every student in class choses one 

mathematic term definition, that he/she which he/she knows a lot about. These ideas and 

thoughts after this step the student writes down on paper in the form of a continual text or 

thoughts. However, the written text of each student should not be seen by anybody else in the 

class. The students may write down the term itself. After that step, when they have written 

down all the information of chosen term, all of them in turn will face the class to read ahead 

of all the students his/her written notifications. It is necessary, that the mathematic term itself 

wouldn’t be spoken out. After reading all the information about the term, all students in class 

are now in turn to guess, which term are they discussing about. Only if the term is guessed 

right, the other student is to prepare his/her notification about the other term or phenomenon. 

This continual course - process is to be repeated until the students haven’t guessed all posed 

important terms. The teacher can continue these preparations repair or complete. 

In the case, that the teacher could write these preparations of students about ahead 

prepared terms, then he/she may prepare some written cards with these meant terms for future 

lesson. With these cards students can also pick cards with particular terms with closed eyes.  

The further variation of this technique is another technique of the name “What I am?” 
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The students read the information card and speak in the front of the class about the term in the 

1
st
. person of single present tense. They image themselves, that they are mathematic terms. 

This variation is used mostly by the younger students, because they are able to be empathic 

into the role of number-plays or other plays, because they consider everything as a game.  

After some variations and modifications the pupils or students are able to define each 

important term and to learn every important feature of each term, whether mathematic, or 

from other scientific disciplines. A great psychological advantage of this technique is the fact, 

that they have no feeling they are answering or testing themselves front the teacher or even 

other students, students are under no psychical pressure. This causes an of important fact in 

education and learning, that they remember more easy that facts, terms or phenomenon, which 

they get through the mentioned way into their mind and inner space of sub-consciousness 

(Barzel, Büchter, Leuder, 2011). 

 

THE EXAMPLE AND DEMONSTRATION OF THE DRAWING CARD 

UTILISATION IN PRACTICE IN SLOVAKIA 

With the connection of the international project activities Primas and the project A-

centrum which were applied in the frame and thanks to Faculty of Natural Science  

Constantine the philosopher University in Nitra (FPV UKF) - Centre of Innovative Education, 

ITMS Code: 26110230026, Activity 2.4 The Young Science Of Nitra City, which took place 

days of 23th - 30
th
 of June 2012 a summer school of PhD. studies and in the same time a 

summer school of discovering school teaching in Račkova Valley in Slovakia. In this activity 

a foreign lector from the Wien University, took part and four lectors from the Department of 

Mathematics FPV UKF in Nitra. The course participants were two PhD. students from 

Department of Physics FPV UKF, 12 PhD. Students from the Department of Mathematics 

FPV UKF and 7 students of Magister degree study of mathematics on FPV UKF. 

The drawing card method we applied on students of mathematics and physics. We 

informed them about the essence of this educational technique and continuously we handed 

around clean papers of A5. Some of the chosen students started to write at once. The others 

took some more time, e.g. few minutes to think out some math terms, they could be able to 

write about the most. Approximately after 15 minutes, all of them were ready to show their 

experiences and outputs. After that step, from the common decision, all of them started to 

read information about particular terms.  

 

 
Fig. 1  The Triangle 

It seemed to be the fact, that by the written information about the term - triangle, it was 

not necessary to read all of the prepared information. To the right guess of this term, there was 

enough to read these 3 numbers (Fig. 1).  

http://webslovnik.zoznam.sk/anglicko-slovensky/subconsciousness
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In the case of writing the term circle it was enough for students to read only the first two 

descriptions of written information about word - sketch in Slovak language, what in their 

opinion the term circle is (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Some of our students chose other tactics. Their notifications have started from less or 

more important and un-predicated information about the term, until they write every idea on 

their papers. In this case, only the last information has led the students, who cooperated 

together in team-work, to the right guess of the exact mathematic term. The same was the 

solution and results by the term square, what we can see on figure 3 (Fig. 3). 

 

Fig. 3  The Square 

 

On the other example (Fig. 4) made between students we can notice, that one of the PhD. 

student used the formula from the sphere of mathematic analysis and also used several 

different special scientific phrases, so that he could lead his colleagues he to the right decision 

penetration and guess on the term mathematic term of derivation.  

 

Fig. 2  The Circle 
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In the case of one PhD. Student it was enough to express (speak out) the following five 

words: the tree, the way (road), the forest, the draw, the path - sequence and the other 

guessing students knew yet, what he thinks that words on. The right answer was a chart with 

culminations (apexes) and edges (Fig. 5). 

 

Fig. 5  The Chart 

In the case of the term variations, there was not explicitly uniformed, what the PhD. 

student thinks on. Neither after reading all the information about the term, there were not sure 

enough any other present students, what is the right correct term on her thought. At the end of 

this experiment, one of the students tried to guess only and he spoke out the term “variation”. 

Even if the spoken term was in the single tense told, she/PhD. student has accepted the correct 

solution of the term - question, even it was “only guessed” (Fig. 6). 

 

Fig. 6 The Variations 

 

To guess the term of probability was easier, even though it was necessary to read all the 

written information about that term (Fig. 7). 

Fig. 4  The Derivation 
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Fig. 7 The Probability 

We can notice on these results in general, that all PhD. students have chosen only such 

mathematic term from that mathematic spheres, which they are close to them, which they deal 

with in their works or thesis. Their creativity was an inspiration for our research only, that we 

could think about in better ways, how we could change some educational techniques and put 

our general outputs into such system of knowledge, which could be as a result of new method 

creation in Slovakia. We should not make through the way the PhD. students only to take over 

mathematic term automatically, neither to think wrong, that mathematic terms are so single to 

understand for them. We came to the idea, that there are ways how to make such kind of 

education more interesting and more effective, e.g. through the single created way of new 

technique about making pieces of cards, which could be most important to mathematic terms. 

Such variation of cards we can call the method of Drawing card and the variation consists of 

created drawing cards, with forward prepared most important and most difficult different 

mathematic terms. From these drawing cards we should allow them only one possibility, that 

is to draw on concrete card with written term. The task ahead of them should be again to write 

down all the most important and most appropriate information about that term.  

To regret, we have not enough time and means to check and verify this variation of new 

technique into practice. As a result of our opinions and verified facts from this taken part of 

research, we plan to the near future first on the small chosen part of students and if possible 

and if that part of research would be successful, we can create new project built up on mixed 

methods from several other parts of verified educational spheres including this modified 

incorporated variation of drawing card technique. If this project would be successful, if we 

could slowly conclude and make a statement, that this or similar kind of new, simple and 

interesting techniques could be officially accepted as the university educational method.  

THE ANALYSIS OF DRAWING CARD-METHOD UTILISATIONS ON 

COMPARISON WITHIN EDUCATIONAL CONDITIONS IN GERMANY 

In the following pictures (Fig. 8 and Fig. 9) we would like to show one example of the 

utilisation of the drawing card technique, which was approved in a German University 

focused on mathematics and statistical analysis. In Figure 8 teachers have prepared for 

students a schema with the empty fields inside and they had to think about, what would be 

correct and most available to fill into them (PM Heft 20, 2008). The schema itself was 

suggesting to them a lot about the range of their thinking over and also about the hierarchy 

about their relevant notices necessary for their comparisons in the chosen term. In figure 9 
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there is a noticeable example, how they could make their imagination and put down into some 

complex system with the help of writing down technique. These are only examples how to use 

this technique further at first and also how to modify and adapt it to a general system of 

knowledge, which could be after verification proposed as one of the special official method in 

our country as well (PM Heft 20, 2008). 

 

 
Fig. 8  The Example of the utilisation of Drawing Card method in Germany (the empty 

fields – the phase of preparation) 

 

 
Fig. 9  The Example of the utilisation of Drawing Card method in Germany (the filled 

fields – the phase of refilling cards and co-working of students) 

 

Thanks to our PhD. students, we made conclusions through the way of adducing these 

known advantages and disadvantages relying on the utilisation of mentioned method drawing 

cards in Slovak conditions. 

 

Advantages of method - utilisation: 

 It is suitable to the improvement of mathematic terminology by PhD. students, 

 It is a pleasant way how to repeat the mathematic lessons, 

 Students are actively put into the educational process, which motivates them back to 

the further work, 
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 It is a kind of method, where we can find out, how much information and abilities 

students have, without being aware of it, 

 Students will learn to formulate definitions and attributes of important terms with a 

non-forcible way, 

 Students have to learn to think about in complexity about terms and phenomenon, to 

remember about everything, they have learnt to date. 

 

Disadvantages of method - utilisation: 

 

 This technique could be very easy to be turned around out of the scientific side of 

mathematic and natural science in general and to be discussed with other inexact, or 

unrealistic tasks, 

 The technique is time-consuming (e.g. at primary schools there is effective repeating 

of each important lesson from an optimal time only 10 – 15 minutes to use, and in 

Universities it depends again on the speed (tempo) ability of students how to learn new 

rather difficult scientific tasks and terms). 

 

We can conclude these examples and statements of drawing card method utilisation with 

one general summary output, that this method would have a gain and contribution for us, if 

we could modify and adapt for our conditions and necessities. We also realised, that for pupils 

of primary and secondary schools we have to prepare these tools (drawing cards) before the 

lessons itself, which they can choose from further. That is to say for younger pupils and more 

inexperienced students can be big problem enough to think over a relevant and important 

mathematic or ecological term.  

CONCLUSION 

Our ahead specified aiming target how to utilise this method into the practise was to 

examine and prove this method in Slovak condition and to compare it with its utilisation in 

other (German) educational conditions. Our main target was predominantly to try over this 

variation of method in the form of educational technique at Universities (at first between 

mathematic and ecology students). We wanted to find out, what do the teachers of 

mathematics, physics and ecology think about this drawing card method utilisation. After 

finishing our research we accomplished a discussion. After that, we found out, that before the 

utilisation technique itself we had to think about, what we want to reach and achieve on the 

running lesson. We came to the important fact, that it is better to prepare the cards with terms 

before starting the lesson, so that we can save more time and use the time of each lesson more 

for writing information about the term, than for thinking about the term itself. We came to 

knowledge of our teachers and students, with help of which we could practise further 

continual research, with the aim not only for University students but also for pupils 

(schoolchildren) on primary and secondary schools as well. Our research target was this way 

through the experimental project fulfilled and we received a qualitative feedback of utilisation 

this educational method in the practise of natural (explicitly mathematic, physical and 

ecological) science in Slovakia at the same time. 

We have plans in the future educational examinations to verify and acknowledge these 

gathered information from our research into the practise of other scientific fields, e.g. ecology 

and environmental disciplines, because we predict and anticipate the utilisation of drawing 

card method in the frame of them as well. We could further teach through this technique the 

basic terms (terminology) of the ecology and landscape ecology, mostly with the help and 

interest of students which could in the form of a game learn some other difficult ways and on 

the other side complicated terms and definitions necessary for further understanding of 
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environmental education and for well-understanding for all continual processes running on the 

Earth. 
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Abstract 

The creation of tasks belongs to the work of a teacher that is why mathematics teacher students welcome the 

possibility to try the creation of school tasks. This paper represents samples of chosen school tasks. Students of 

the subject “Work with talented learners” passed the lesson with the topic symmetry and asymmetry. 

Consequently they had to invent layouts of school tasks and in dynamic software GoeGebra environment create 

sample solution. Students can use geometric shapes for interconnection with their everyday life and art. They 

can show that they are able to apply other sciences into mathematics. Moreover, students can make up sample 

solutions and procedure to created tasks and consult those tasks among them and with the teacher. We have 
provided the analysis of the creation of tasks and samples of the task creation process in the time of fast changes 

in educational system. Through this we would like to try to widen student’s, future teachers, horizon and partly 

prepare them for the entry into the pedagogy practice. 

 

Key words 

GeoGebra. Task creation. Symmetry. Asymmetry. 

INTRODUCTION 

In the time of fast changes and various school reforms it is needed to provide students, 

future teachers, with possibilities of problem solution with the lack of textbooks and tasks. 

Provide them with samples of how could they create problems and tasks for classic and 

complementary lesson. One of the duties of pedagogues is to create, edit and adapt problems 

and tasks for concrete learners based on their level of knowledge, flexibility and speed of 

learning. Number of subjects and projects has been originated for this purpose. Their purpose 

is to teach creation of problems and tasks. 

Among these subjects belong the subject “Work with talented learners”, which is taught 

at the Department of Mathematics, Faculty of the Natural Sciences Constantine the 

Philosopher University in Nitra. The subject is taught as compulsory when elected in the 

teaching of mathematics in combination field of study in the first year of master study. 

We have had an opportunity to teach those students, future teachers, lesson with the topic 

symmetry and asymmetry. The procedure of the lesson was published and presented at the 

Student Research Conference in Ostrava 2013. 

PROCEDURE OF THE LESSON 

Students were familiarized with terms symmetry and asymmetry. Later were given with 

number of tasks in which they saw possibilities of implementation into the mathematics 

lesson. They designed six tasks with different difficulty levels in dynamic GeoGebra 

environment. After managing activities, students had to invent tasks that were analyzed 

during its creation. 

DEFINITION OF CONCEPTS SYMMETRY AND ASYMMETRY 

Symmetry: it is centricity, which „ meets inborn visual ability that strives to induct a 

system and uniformity into everything seen, while sense to feel symmetry according to 

vertical axis is much more evolved than sense to feel symmetry according to horizontal axis.”  

(Hyllová, 1976) We know relative symmetry with various alternatives and balanced elements, 
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based on the repetition of the same element on the right and on the left. Based on the 

fundamental classification we differ central and bilateral symmetry. 

Symmetry is used in mathematics too. Classical type of symmetry is geometrical 

symmetry, for example symmetry according to axis, point or symmetry given by turn. Square 

is symmetric according to all symmetries stated above. Symmetries can be also objects that 

have not geometrical character. 

Asymmetry: represents the opposite of symmetry. Contrast is used for the achievement 

of harmonic composition. Although the asymmetry is known as defect, for the achievement of 

ideal effect of “thing” it is inevitable to contain elements of asymmetry, which we are not 

aware or not sense. Without the asymmetry we could perceive paintings as bald, static and 

unreadable. 

LAYOUT OF TASK TO STUDENTS  

Students were given a task to draw two tasks in dynamic GeoGebra environment with the 

use of geometric shapes. The first task had to fulfill requirements of central or bilateral 

symmetry. The second task had to contain elements of asymmetry. Important requirement was 

the diversity of tasks. Students had to communicate with each other so that their tasks did not 

contain similar amount of elements from the single shape and so layouts of tasks were not 

similar too. 

ANALYSIS OF CREATED TASKS 

Student’s task was to invent layout and to solve their own task too. Layout of invented 

task emanates from requirements that were stated at the beginning of the class. 

After deeper analysis student’s tasks can be divided into two groups: 

 conventional text of task, 

 unconventional text of task. 

Conventional text of task was used the most frequent. For example: 

1) Construct the picture out of four triangles, rectangles, squares, circles and trapeziums 

so that they will be symmetrical according to two axis of symmetry (asymmetry) and 

interconnected. 

2) Draw four arbitrary sized squares, circles, trapeziums and triangles so that you will 

create one shape out of them, which will fulfill requirements of symmetry 

(asymmetry). 

3) With the use of one circle, two triangles, three squares, four trapeziums and five 

rectangles construct shape that will fulfill characteristics of one axis of symmetry 

(asymmetry). 

Unconventional text of task was created by only one student. The tasks is interesting, it is 

possible to apply both requirements of symmetry and has more interesting solutions. 

1) Construct the picture that is draught of symmetric garden, where circle = stone, 

triangle = tree, square = surface, trapezium = water surface. 

a) For the draught it is available to use ten stones, four trees, eleven flower surfaces and 

two water surfaces. The garden has the shape of rectangle. 

b) For the draught use arbitrary number of shapes. The garden is in the shape of the 

rectangle. 

ANALYSIS OF THE SOLUTION 

Symmetry 

Following samples represent not only fulfillment of the task, but also great amount of 

creativity. Students used geometric shapes for interconnection with their everyday life and art. 

They showed that they are able to apply other sciences into mathematics. 
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In student’s solutions we can find mostly examples of one-side symmetry. In the real life 

it is represented by ice-cream (Fig.3), garden (Fig.4), cross-section of tent (Fig.6) and in the 

art it is for example totem (Fig.1) and abstract face – Chinese face (Fig.2). Two-side 

symmetry was used by only one student (Fig.5). 

        
Fig. 1 One-side symmetry - totem                            Fig. 2 One-side symmetry – face 

 

 

        
Fig. 3 One-side symmetry – ice-cream                             Fig. 4 One-side symmetry – garden  
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Fig. 5 Two-side symmetry 

 

 
Fig. 6 One-side symmetry - cross-section of tent  

 

Asymmetry 

To create and draw asymmetric tasks was easier for students. Result from this is one 

negative fact that is weak interconnection with the real situations, which students encounter in 

everyday life. We could find here only one task with the real context that is the garden 

(Fig.10). Other solutions have abstract character. Despite of that fact, we can define 

interconnections with things from our surrounding in some solutions – ping-pong (Fig. 9), 

city with the square (Fig. 8), carpet with the toys in the playroom (Fig. 7) and world – cross-

section of eskimo igloo (Fig.12). 
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Fig. 7 Asymmetry - carpet with the toys in the playroom 

 

 
 

Fig. 8 Asymmery – city with the square 

 

 
 Fig. 9 Asymmetry – ping-pong                                    Fig. 10 Asymmetry – garden  
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Fig. 11 Asymmetry  

 

 
Fig. 12  Asymmetry – cross-section of eskimo igloo  

CONCLUSION 

We have provided the analysis of the creation of tasks and sample of the task creation 

process in the time of fast changes in educational system. Through this we tried to widen 

student’s, future teachers, horizon and partly prepare them for the entry into the pedagogy 

practice. 

Students positively evaluated possibility of creation of tasks and new look on the class 

with the implementation of inter-subjective relations. They met the subject, where they have 

possibility not only to create tasks, but also get feedback from their teacher. They positively 

evaluated the feedback from their peers, with whom they could create and consult the creation 

of tasks. 

In conclusion, we evaluate the discussion with students very positively. Out of this 

ensued the effort of implementation of similar tasks with work in dynamic environment into 

their future pedagogical practice. Positive is also meeting with the development of the 
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imagination and the sample of possibility to grow positive bearing on the subject 

mathematics. 
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Abstract 

This paper tells about necessity development of mathematical literacy in the area of randomness on primary 

school. We consider that tasks with real life content can be the expedient of this development. This paper 

presents what is mathematical literacy and what is the curriculum of randomness on primary school at first. 

Area of randomness represents educational area combinatorics, probability and statistics. Then it presents what 
tasks are included in textbook for the 8th grade of primary school. Finally, we introduce new tasks aimed at 

developing mathematical literacy in area of randomness of pupils of 8th grade of primary school.  

Keywords 

Mathematical literacy. Randomness in education. Tasks from area of randomness  

INTRODUCTION 

In teaching of mathematics, but also in other subjects, is perhaps the most common pupil 

question "How can I make use of this?" or "Where will I use it?" However we can say that 

mathematics is all around of us. Pupils do not see interconnection real life and mathematics 

by solving typical mathematical tasks aimed only at acquire some skills in using a process 

solution. Because of this, it is very important to encourage so way of education which is 

linked to the solution of real life problems, which learns pupils transform reality in the 

language of mathematics, solve this mathematical task and finally interpret this solution in 

original real context. By means of solving tasks with real life context pupils receive an answer 

to their questions and become better prepared to use math in your life. We can say, they 

become mathematically literate. In the report of the international study named OECD PISA, 

which focused just on mathematical literacy, is written: "A major contribution to the teaching 

of mathematics are tasks, in which are solved problems our daily life through mathematics, or 

those, in which is mathematics used in other disciplines . We propose their inclusion in 

textbooks, because: before pupil is solving task with real life context, he learns interesting 

information ..., these tasks help to create a positive attitude of pupils towards mathematics, 

because of chance to see necessity of mathematics in daily life, they obtain feeling that 

mathematic can be useful in their future “(Kubáček et al., 2003). 

MATHEMATICAL LITERACY 

The OECD PISA study is focused on exploring mathematical literacy of 15
th
 years old 

pupils. This study is done in intervals of three year, whereby in frame of this study is spoken 

about three components of mathematical literacy: 

 situation or contexts in which the problems are located 

 mathematical content 

 competencies (ability) which must be activated to be able to do so interconnection 

real world with mathematics, which will lead to the solution of the problem 

((Kubáček et al, 2003). 

Definition of mathematical literacy has modified in this period. In study OECD PISA 

2003 (PISA SK 2003, 2004) is mathematical literacy defined as ability to use tools of 

mathematics in daily life and ability to use it for own necessity. In 2006, definition of 
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mathematical literacy reads as follows: ”Mathematical literacy is an individual’s ability to 

recognize and understand role of mathematics in the world, to make a reasonable evaluation, 

to use and deal with mathematics in ways, which correspond to needs of life of constructive, 

biased and reflective citizen.”  

Overall, we can say that mathematical literacy is focuses on ability of 15
th

 years old 

pupils use their mathematical knowledge to solve real life problems within the meaning of the 

study OECD PISA. 

Teacher named Martin Hope, which has 30 years of experience with teaching on primary 

and secondary school (Hope, 2007) says: ”Mathematical literacy means that an individual is 

able to discover, analyze, formulate and solve problems in real life environments. 

Mathematically literate people are informed citizens and intelligent consumers. They have the 

ability to interpret and analyze large amounts of information, by which they are daily 

inundated from newspapers, television, and also from the internet.".  

In accordance with all of these definitions we can say that mathematical literacy requires 

a certain amount of basic mathematical knowledge and skills (mathematical terminology, 

formulas, implementation certain operations and realization of certain procedures). However, 

the key is the ability to use mathematics in formulating, analyzing, interpreting and solving 

problems in contexts and situations of real life. It means to use mathematics for own needs. 

Given the above, can be an appropriate means of developing mathematical literacy in 

general, and thus also of randomness, just consider the role of the context of real life. Solving 

such tasks enables students to see the effect of chance in the real world and its understanding 

of the need for their own needs. 

AREA OF RANDOMNESS IN NATIONAL EDUCATION PROGRAMME 

Second grade of primary school is in the level of education according to ISCED included in 

ISCED 2 The educational content of mathematics is divided into five educational areas in 

ISCED 2:  
Numbers, Variables and Operations with Numbers  

Relations, Functions, Tables, Charts  

Geometry and Measurement  

Combinatorics, Probability, Statistics  

Logic, Reasoning, Proofs. 
Within this partition of curriculum we consider that the area of randomness is covered bz 

the educational area combinatorics, probability and statistics. 

However we cannot say about specifically curriculum in area of randomness of pupils of 

*th grade of primary school. The newest version of the law from 1.9.2011 does not included 

partition of curriculum in each grade of primary school.  So the partition of educational hours 

and educational content is the responsibility of the school. Therefore we present curriculum in 

the field of combinatorics, probability and statistics, as it is specified in the national education 

programme level ISCED2 currently. 

Solving of application tasks and tasks which develop specific mathematical thinking.  

- collection, organization and graphical representation of data 

- probability games, experiments and observations. Finding count of random events in 

experiments. Selection strategy. 

- solution of indirectly formulated tasks (context tasks) 

- propaedeutic of fractions and direct proportion 

Combiantorics in tasks  
- organization elements into the series (different systems of data listing)  
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- construct two-, three-, four figure numbers (elements) from the given set of figures 

(elements)  

- solving word (contextual) tasks with combinatorial drive – in different ways  

(continuous) 

- propaedeutic of statistics, probability and combinatorics (collection, organization and 

graphical representation of data)  

Combinatorics – solving tasks  

- tasks countertrade on creating groups of objects and their count out of various games 

area, sport and  various area of life (propaedeutic variations)  

- different ways of data listing (termless, to use the sum rule) 

- discovering possibilities and patterns   

- the product rule 

- tasks with conditions (propaedeutic basic models of combinatorics)  

- solving simple combinatorial problems (based on games and experiments) 

- solving combinatorial tasks by different methods (three diagram (three graph), 

preparation of tables, systematic possibilities listing). 

Probability, statistics (curriculum of 8
th

 grade of primary school originally) 

- probability games and experiments, 

- different tasks focuses on comparing chances of various events, numerical 

comparisons of chances, 

- planned data collection and systemization of simple and appropriate experiments, 

- view groups of data, creating graphs and charts. 

Statistics 

- statistical surveys, sorting, random selection 

- realization of simple statistical research projects, their processing, 

- tables, graphs and diagrams, their reading, interpretation and production,  

- switch from one type of representation to another. 

Due the fact that the textbook is the basic tool of education we present tasks which are 

included in the textbook of mathematics for 8
th
 grade of primary school in the next chapter.  

TASKS WHICH ARE INCLUDED IN THE TEXTBOOK NAMED MATHEMATIC 

FOR 8
TH

 GRADE OF PRIMARY SCHOOL AND FOR 3
RD

 GRADE OF GYMNASIUM 

WITH EIGHT –GRADE STUDY 1
ST

 AND 2
ND

 PART  

Tasks focused on area of combinatorics, probability and statistics are usually included in 

this textbook in so named rubrics, which have color-coded basis. These rubrics are not linked 

with main theme. Authors justify this by reason of this way pupils acquire curriculum better 

since they met them several times. However, this may have a negative impact, namely that 

teachers do not teach these tasks or because of irregularity, pupils may lose the continuity and 

coherence of concepts acquired knowledge. 

Tasks included in the first part 

The first part of this textbook contains four rubrics titled “Who has higher chance?”, 

which should be used as a propaedeutic of probability. According to the authors of the 

textbook: ”These tasks are not aimed to learn how to solve them. The discuss about solving 

and the progressive building of probability thinking are the most important things.” Tasks in 

those rubrics are focused on the comparison of chance / probability of winning the raffle and 

also on creating and designing their own way of toss one, two, three or five cards. Context of 
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tasks can be considered realistic because of connection with gambling. However, we would 

suggest completing a task with finding and discussing about unfairly toss. These rubrics are 

included in theme Numbers with a minus and above headings are included in the first section 

on the repetition of the previous year and the first part of the number with a minus and 

Dependencies and letters. 

In the unit of repeating from 8
th

 grade is also a rubric titled Checking the lemonade 

paradise. Pupils have to analyze the survey results. This results are results of supervision in 

one restaurant, which were focused on observance of the capacity of lemonade. 

Positive aspect of this task is realistic context, which can be very interesting for pupils. 

The term “representative sample” is used in the text of tasks but this term is not sufficiently 

explained. 

Expect for these rubrics, unit of repeating contains also separate unit called 

Combinatorics, which contains 19 tasks focused on the calculating combinations with 

different conditions.  However, point is that these tasks are usual and many of them have not 

real context. 

An interesting part of this textbook is the unit titled Diagrams, where pupils work with 

the results of various surveys and votes. According to results of these surveys pupils have to 

make pie graph, bar graph (vertical and horizontal) or read necessary data from a graph.  

Tasks included in the second part 

The second part of this textbook contains 3 different sets of rubrics whereby each of these 

series contains two rubrics. 

One of the sets is called Overweight and Obesity. Its first rubric is devoted to reading and 

complementing data in the table, which contains results of nationwide survey of Public Health 

Office. This rubric is included in the unit Circle and Disk. The second part of this section is 

devoted to verify the accuracy of data by own calculation, to the assessment and reasoning of 

the statement, which would follow from the data in the table. This rubric is included in the 

unit called Parallelism and Tetragons.  

Another set of rubrics is called Rainfall and Rainfall and Cactuses. First part of this set 

contains tasks which are devoted on reading from a line chart and also on reasoning pupil’s 

agreement or disagreement with the statement about data. The second part named Rainfall and 

Cactuses is based on the first part. It means pupils have to make their own line graph 

according to data placed in the text. These parts are included in the unit Circle and Disk and 

Rational Numbers.  

The last set of rubrics is called How many will be us?. Its context is focused on the 

natural decrease of population and natural rise in population. By solving these tasks pupil 

works with a table, graph and according to data looks on the statement. 

Except sets of rubrics the second part of this textbook contains separate unit devoted on 

chance and probability. This unit begin with situations, which are focused on understanding 

what the certain and impossible event are. But this unit is formulated as a building of intuitive 

conceptions of probability. This is followed by tasks focused on detection probability of 

winning in the ruffle, but anywhere in this unit is explained probability or calculating of 

probability. In the next part of this unit are solved tasks, which context is focused on a playing 

cube and a coin. These tasks are solved by experiment. Conclusion of this unit is devoted on 

tasks focused on gambling and decision making whether the game is fair or unfair game. 

An interesting fact is that the second part of this textbook does not contains the results of 

the tasks, which make it impossible to perform control function of textbook in our opinion. 

But, we can find these results on the Internet. 

Overall, we think that the unit, which is devoted on the experimentation with a playing 

cube and a coin, should be included in the curriculum before. It means, it should be included 
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in the content of textbook of 5
th

 grade of primary school for example. Namely, in the NEP 

(original version from 2008) is already in the 5
th
 grade of primary school says about 

probabilistic games, experiments, observations and detection of random events in 

experiments. We also consider that if pupils work with the concept of probability in the 8
th

 

grade of primary school, it will be difficult for them to move from the concept of certain and 

impossible event to determine whether is the game a fair or unfair game. We recommend that 

in the 8
th
 grade of primary school it should be worked with more difficult experiments, by 

which can be showed the concept of randomness in real life. So we are presenting new tasks, 

which context is inspired by humorous situation in real life.  

NEW TASKS 

 

Forgetfulness 

How many times did you happen, that you want to tell someone your telephone number, 

but you cannot remember it? Or, you cannot remember where did you put your mobile? 

Eventually, you forgot to take some important thing. There are an opposite situations also. In 

this situation you are able to say definition of Pythagoras Theorem without effort. More and 

more people forget. Therefore, it is important to train your memory. On the Internet we can 

find several ways how to train it. However, one of the ways to solve the problem of forgetting 

a thing is its replacement by another, equally "good". (Source: (modified) 

http://www.sme.sk/c/3786212/treningpamate.html)  

Exercise 1. Pretty awkward situation would happen if the referee of football match was  

”forgetfullnessman”. Namely, referee throw a coin to decide which teams will get the ball 

first before each match. How could be replaced a coin toss theoretically so as the decision was 

fair?  

Exercise 2. Janka is “forgetfullness woman” also. She forgets to take playing cube and 

she wants to play the game “Person do not worry”. Suggest suitable model, which can be used 

as a simulation of throwing with a playing cube. Describe it. 

Exercise 3. Referee of football match has 3 white balls and one red ball. Could be this set 

of balls used as a replacement of throwing coin.  

Exercise 4.  Could Janka replace the playing cube with 4 balls each of which has a 

different colour? 

 

Are “Murphy’s Laws” valid? 

Have you ever heard about so called “Murphy’s Laws”? 

“Murphy's Laws” cover a broad range of "cussedness" which can make your life miserable. 

They are named by American engineer Edmund A. Murphy. Their basic form is "what can go 

wrong, it will go wrong". Among so called "Murphy's Law" 

can be included situations such as: "All the day you have a 

mobile charged but then when you need call urgently the 

mobile will be discharged surely.", "After you do the need in 

a toilet, you will realize that there is missing toilet paper.", 

"Bread coated with butter fall to the ground always painted 

side down. "," If you have in one hand heavy bag, house keys 

will be always in the pocket reachable only with hand, in 

which you have bag." We will try to verify the latter's 

"Murphy's Law". 

 
http://www.demotivacia.sk/murphyho-zakon-3906.html 

 

http://www.demotivacia.sk/murphyho-zakon-3906.html
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Exercise 1. Suppose that you take the bag in your hand randomly and also you put your keys 

in some pocket randomly. Make with your classmates many experiments. Think over suitable 

number of experiments. Keep an account of results of experiments. What can you say about 

validity of this Murphy’s Law according to your data? (Source: 

http://nzmaths.co.nz/statistical-literacy-units-work) 

Exercise 2. How will be able to examine validity of this Murphy’s Law, if we do not have 

a bag and keys? Make a suggestion of model, which can be used as a simulation of situation 

in previous exercise (without using keys and bag). Describe it. 

Exercise 3. Find out whether Murphy’s Law can be valid theoretically. You are wearing pants 

with one pocket on the left and one pocket on the right. 

Exercise 4. Would change something about the validity of Murphy’s Law, when you will 

have one pocket on the left and two pockets on the right? 

CONCLUSION 

Area of randomness, it means combinatorics, probability and statistics, is not very 

popular area of mathematic. In the past, we think before the school reform was pass in year 

2008, this area was included at the end of school year many times. Consequently it this area 

was not learnt frequently. However, suitable formulated tasks aimed to this area have the 

prospect of becoming popular in eyes of pupils.  

Namely, well-known physicist A. Einstein said about combinatorial thinking: “It seems 

that essential features of productive thinking is combinatorial game.”. On the present 

combinatorial ideas are used of every area (transport, industry, economics, medicine but also 

law etc.). We are in contact with combinatorial problems in our life also and we are not 

conscious of it many times. We think about what to dress, what should to give for a breakfast 

etc. at the morning already. It means, we must every day consider different ways of choice 

“anything from anything”. We are finding and making decisions about the best solution of 

problem.  

We are in contact with terms of probability also. And it is so although these terms are 

very abstract for us. That is that randomness and random processes are part of our life. But, 

we make errors in our conclusions related to randomness. The most difficult problem is fact, 

that although the basic principles of randomness are deducted from logic of everyday life, 

many of them are in opposite with our intuition (Mlodinow, 2009). But especially the 

intuitions are used to use in process of making a decision. And it misleads us to incorrect 

beliefs and mistakes.  

Nowadays, we are also in contact with different statistical statements. For example 

advertising (“9 from 10 doctors recommend …”), news (“public opinion survey shows, that 

…”), various tables and charts in the hands of politicians who are trying to convince us of 

growth respectively decline in prices, inflation etc. or they support their arguments about the 

necessity of confirm of a law, various trends and phenomena in society (crime, rise in 

population, employment, prevalence of disease, the fruitfulness of treatment, ...). Also, 

experts and lawyers use statistical and numerical statements, when they want to support their 

arguments. But so information is used with a view to mislead us or wrest eventually confuse 

real data.   

Because of this, we consider that developing of mathematical literacy in area of 

randomness is important at primary school already. With gradual development of 

combinatorial thinking, forming of good intuitive understanding of the role of randomness in 

our lives and critical thinking about various statistical statements by solving tasks with a 

context from real life is possible to grow up mathematical literacy person, which can make a 

good decision in situations, which are affected by randomness.    
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Abstract 

In this paper we extend an existing approach to the field of active learning especially in geometry. We placed 

our work into a theoretical framework based on the constructivist approach to teaching. We focus on the use of 
manipulative activities as one possible way how to activate learning of geometry. For this purpose we choose the 

paper folding activities, which are inexpensive in terms of equipment and not demanding in terms of time and 

preparing. We combine this activity with dynamic environment of software GeoGebra. Paper folding leads 

students to explore geometry through hands-on activities and help to model geometric relationships. However it 

looks like a game for students, the latent learning is happening. In this article we discuss in detail two activities, 

which are aimed at equilateral triangle.  

Keywords 

manipulative activities, modeling of geometric relationships  

INTRODUCTION 

Like most fields of mathematics, geometry found its beginning due to a necessity to 

understand and predict phenomena in the natural world. Geometry provided a tool to help 

humans understand their surroundings long before generalized mathematical formulas were 

conceived (K. L. Lerner & B. Wilmoth, 2006). As well as helping with many things in 

everyday life, geometry teaches us the basic skill of logical thinking and reasoning. Due to 

this connection with real life should be be teaching of geometry focused more on 

manipulative activities. Static construction on the blackboard and rigid approach to teaching 

method, the essence of which is the direct transmissive serving of knowledge to students, does 

not facilitate the teaching of geometry. The use of manipulative activities could makes it 

easier to visualize the geometric relationships and thus it increases the opportunity for pupils' 

activities to their own building of a knowledge system. In this paper we deal with the 

inclusion of simple manipulative activities in teaching plane geometry. We focus on using 

inexpensive equipment such as paper and activities not demanding in terms of time and 

preparing. We combine these activities with experimentation in the dynamic enviroment of 

software GeoGebra.  

ACTIVE LEARNING GEOMETRY 

In the primary grades, mathematics instruction encourages students to focus on geometric 

features of two-dimensional shapes and three-dimensional figures. Instructional activities 

provide opportunities for students to manipulate, compare, sort, classify, compose, and 

decompose these geometric forms. These types of activities help students to identify and to 

informally describe some attributes and geometrical properties of two-dimensional shapes and 

three-dimensional figures. (Ministry of Education Ontario, 2008) This statement is true also 

accordance with Slovak school curriculum in mathematics. It is unfortunate that this trend 

will not continue in higher grades. Teaching process in higher grades (including the 

geometry) often emphasizes the visual and aural perception. This lead to the fact that students 

are often get into a role of passive recipients and not active managers of information. Even the 

use of ICT can lead to passive reception by the student. Thereby, the geometry gives us the 

platform to introduction of new knowledge using the constructivist approach to teaching and 
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to maximize student`s activity. The basic idea of this concept is to motivate students to 

actively do mathematics. It is based on fact that by actively dealing with the mathematical 

problems themselves, students gain experiences and insights and adjust their ideas and 

mathematical concepts which is all part of building new knowledge. Constructivist teachers 

believe strongly in the idea that students construct knowledge for themselves and they will not 

truly learn something until they spend a good deal of time asking questions and actively 

thinking about the topic. The job as a teacher is to provide context, motivation and guidance. 

(Bescherer, Spannagel & Müller, 2008) From a constructivist perspective it is easier for a 

student, under the appropriate arrangement of teaching, to act as an architect, to reveal the 

truth and construct new knowledge, than to learn ready-made knowledge without 

understanding its origin, meaning and interrelations (Davis, 1991). 

PAPER FOLDING IN GEOMETRY 

In order to activate learning geometry we focus on paper folding activities.  It is easy to 

see that origami has links with geometry. Creases and edges represent lines, intersecting 

creases and edges make angles, the intersections themselves represent points. Because of its 

manipulative and experiential nature, origami could become an effective context for the 

learning and teaching of geometry. (Haga, 2008) Paper folding leads students to explore 

geometry through hands-on activities. Students will identify and explore attributes of 

geometry shapes, figures and incorporate mathematical language while manipulating 

geometric models. Even though folding paper models of geometry shapes seem like a game, 

latent mathematical learning is happening during it. 

ACTIVITY 1 

Make an equilateral triangle from a paper circles without using any tool (no ruler or pencil 

…). Do not cut the paper. Create an equilateral triangle the highest value of the area . 

 

Equilateral triangles are equiangular, which means that all three internal angles are 

congruent to each other and are each 60°.Our first task is to fold an angle of 60° degree. We 

can use as an example an equilateral triangle that has edges of length a units.   We will focus  

on one half of it. From model of an equilateral triangle we move to any rectangle or square 

piece of paper. 

 
Fig. 1 

We ask studenst to work in a small groups and create some equilaterl triangle from paper 

circle. Each student from a group should fold another equilateral triangle from a paper circle. 

For example: 
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Fig. 2 

We ask them to predict which one has the largest area. After they make some predictions 

we move to environment of software GeoGebra in case to experimental verification of our 

assumption. (This is not a mathemathical proof.) 

 
Fig. 3 

We discuss the obtained results with students. As we can see the equilateral triangle with 

the highest possible value of the area is inscribed in the circle. Even the triangle of the largest 

area of all those inscribed in a given circle is equilateral (Dorie, H. 1965). 

 

How to fold this equilateral triangle? Prove that your solution is mathemathically correct. 

This task is not so easy as it could seem. It can take some time for students to find the 

solution. One possibility is shown below. 

First step 

Find the centre of the circle. Fold the circle in half, but do not make a full crease. Just make a 

short crease in the middle of the edge or make a short mark with one's fingernails (too many 

crease marks could be an obstacle to further process). Open and fold the diameter back on 

itself. Mark the centre.  

Second step 

Since the triangle has three sides, fold in three edges to the centre. (Fig. 3)  
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Fig. 4 

Now we have to  prove that this way we fold the equilateral triangle (see fig. 4). In the 

course of the proof we consider the relationship between median and perpendicular bisector of 

the same side. 

 
Fig. 5 

 Find other options how to fold an equilateral triangle from paper circle. 

There are several other options to fold an equilateral triangle from paper circle. We can use 

the relationship between  equilateral triangle and regular hexagon. We can also focus on 

angles at the centre and circumference of a circle subtended by same arc. 

   
Fig. 6 

From activity 1 we can move to the follow activity: 

ACTIVITY 2 

Make an equilateral triangle from a paper square without using any tool (no ruler or pencil 

…). Do not cut the paper. Try to predict when is the value of the area of the triangle the 

highest? 
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We will proceed as in the previous activity. At first students works in a small group with 

paper models. After they make some predictions we can move in the environment of software 

GeoGebra in the course of the experimental verification.  
 

 
  

 
 

 

Fig. 7 

The largest equilateral triangle which can be inscribed in a square is oriented at an angle 

of 15° degrees (Madachy 1979). We could move to problem to solve this using derivates and 

calculus (look Hull, T. 2006 ), but this is not the aim of this article. 

The process of folding the equilateral triangle of maximum size of square paper is shown 

bellow. Proof of this construction is based on figure 1. 

    

 
Fig. 8 

 

Although these activities are based on creating  models of the equilateral triangle, we also 

want to focus  on basic knowledge of plane geometry. Students need to have some 

fundamental knowledge of triangles as basic geometric shape. The aim of this activity is 
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therefore not only to manipulate with models, but mainly to discover and prove using a prior 

knowledge of geometry. By solving non-traditional task combine with manipulative activities 

students have the opportunity to deepen their knowledge and therefore better remember it. 

There are many options for further discovering inspired by this one activity for example: 

 

Follow–up activities: 

 Make a square of maximum size from paper circles without using any tool (no ruler or 

pencil …). 

 Build some models  of Platonic solid from paper circles, all of the same size without 

using any tool (no ruler or pencil …).   

 

CONCLUSION 

In this paper we have outlined the field of  constructivist approach to the teaching of 

mathematics. Application of activating teaching methods increases pupils' understanding of 

solving problems, attention,  also application of higher thought processes and  promotes their 

creativity. It encourages students to perceive learning as an activity undertaken by themselves, 

and raises the level of their motivation. In this paper we dealt with some manipulative 

activities, which were used as a means of active learning. Through these activities, students 

have the opportunity to construct their own knowledge of geometry, discover geometric 

relationships and model them, what finally leads to the abstraction and creation of knowledge. 
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Abstract 

The irrational number Golden ratio is an important mathematical constant. It can be found and it is used in 

various areas. Until recently the use of Golden ratio has been limited mainly to areas of art and architecture. 

Today a use has also been found in economics, especially in numerical optimization. This article describes the 

principle of finding a minimum of unimodal function using Golden ratio. 
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INTRODUCTION 

One of the most important principles in economics is the idea of optimization. In general 

we can say that almost every human activity is affected by the effort to make it as effective as 

possible. We try to travel the shortest route or buy the best product for the lowest price. The 

same principle applies to companies. Part of everyday decision-making of the company 

management is the effort to achieve the highest productivity or profit, the lowest 

manufacturing waste, minimize delays, achieve the most effective use of raw materials or 

workers time. Various activities and processes carried out by human beings can be described 

by a function, in economics called objective function. Optimization process is a search for 

lowest or the highest values of the objective function. It is necessary to find a value that is 

independent of variable (or variables) by which the given market subject maximizes or 

minimizes it objective function. 

From the mathematical point of view, when solving optimization problems it’s all about 

finding local extremes – local minimum or maximum of a function. In mathematically 

descriptive problems it does not really matter if we find the maximum or the minimum. It’s 

sufficient to keep in mind that    (    )       (     ) . Because of that only the 

minimizing process will be discussed. 

GOLDEN RATIO 

The Golden ratio (Golden number) is not as well known to the wide public as for 

example the Pi number. High school students are rarely teached about Golden ratio, as it is 

not included in the national education plans. Some of the students may encounter the Golden 

ratio in college, but  unfortunately the vast majority of them do not. Despite the fact that 

Golden ratio is an unfamiliar expression to the majority of population, we encounter it every 

day. Geometric shapes derived from this number are considered aesthetically appealing. Many 

of geometric proportions in the nature are derived from this number – the shapes of plants, 

shells of molluscs, crystal structures and we can find it even on the human body.  

The Golden ratio has most probably been mentioned in the Euclid files for the first time. 

Existing evidence states that the ancient civilizations were familiar with some occurrences of 

Golden ratio and have actively been applying it. As an example we can mention the pyramids 

or the statues of sculptor Feidias. We can also say that Golden ratio has been used by 

renaissance masters. Famous Leonardo da Vinci’s last supper is so grandiose because the 

author also applied Golden ratio while painting. Even Raphael’s Sistine Madonna can clearly 

be identified with the presence of Golden ratio. 

Modern discoveries have noticed the appearance of Golden ratio in various areas such as 

biology, chemistry physics or music theory and more. As an example we can find Golden 
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ratio application in the molecular structure of DNA, our genetic program, or in the sonnets of 

W. A. Mozart where scientists discovered that all of his sonnets are divided into two sections, 

exactly according to the Golden ratio. The first section is presentation of the motive and the 

second, the longer one, is the look at the motive from a different point of view. 

New opportunities are appearing for the use of Golden ratio - book composition, 

photography, pamphlets and Internet graphics. A use for Golden ratio has been found in 

economics as well - numerical solving of optimization problems, especially when searching 

for the minimum of unimodal function. 

Irrational number Golden ratio    is constructed as ratio of two parts of segment   , 

which is divided by point   in such a manner that the ratio of the length of segment |  |    

to its longer part |  |    is the same ratio as the ratio of the longer part of the segment 
|  |    to the shorter |  |     . This can be expressed as 

 

  
 

 
 

 

   
              

 

From where 

 
     

 
 

 

   
              

 

  
 

 
                               

After an additional reduction of the equation 

 

                      

The equation has a single positive solution – Golden ratio 

 

  
  √ 

 
                     

Golden ratio         can be expressed as a proportion 

 

        
 

     
              

ONE-DIMENSIONAL OPTIMIZATION 

In literature, optimization methods are divided to one-dimensional and multidimensional 

depending on the function and the extreme we are looking for. If the objective function only 

has one parameter then the function is unary and we speak of one-dimensional method. If the 

objective function has a higher arity we speak of  multidimensional optimization.    

One-dimensional optimization algorithms that will be discussed can be additionally 

divided depending on the use of derivate in the algorithm. Methods that do not use the 

derivate are called direct methods, while methods using the derivate are called indirect.   

The following methods of one-dimensional optimization are considered direct: 

 Dichotomy method or method of bisection. 

 Method using uniform distribution of points on interval 〈   〉 
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 Method using Fibonacci numbers 

 Method of Golden ratio 

All mentioned methods require that function      is unimodal on the interval 〈   〉 , 
which means that it should have only one local minimum on this interval, on the left of which 

the function is descending and on the right it is ascending. 

We can shortly describe the principle of direct numerical optimization algorithm for a 

one-dimensional case. We have stated that none of the one directional methods uses the 

derivate of objective function. They are all based on the selection of division points of an 

interval. Those define the values of objective function and then narrow down the interval 
〈   〉 to an interval, for example 〈     〉   in which he minimum is located, or the interval that 

does not contain minimum is dropped. All of the mentioned methods only differ in the way 

the division points are inserted into the interval 〈   〉.  The Dichotomy method inserts two 

division points       . 

Besides the values of      ,     there are two additional values       ,       available. 

The original interval 〈   〉  has been divided into three smaller intervals 
〈     〉 〈        〉 〈      〉. With the assumption of unimodal function we can decide in which 

of these intervals the minimum cannot be located. Therefore we have narrowed the former 

interval down from 〈   〉 to for example 〈     〉  The middle of this new interval,   , is the 

approximation of the minimum     . For the precision of the estimate the position of points 

        is essential. The size of the interval that we can remove and the error we make 

depends on the position of these points. The estimate of the error equals 

 

|       |  
   

 
              

 

It is not possible to determine the ideal position of the points, but it is possible to place 

the points close enough to it. The length of the removed interval that is crucial. It is possible 

to remove up to a half of the interval and therefore we speak of Dichotomy method or the 

method of bisection. The next method mentioned uniformly inserts   dividing points between 

the endpoints 〈   〉  dividing the interval to     smaller intervals. The method using 

Fibonacci numbers, the number of dividing points of the interval 〈   〉 matches the Fibonacci 

sequence. This method has a disadvantage - even if we can add more points, the previous 

division of the interval and corresponding calculation cannot be reused and the division of 

interval 〈   〉 must be recalculated. It is necessary to select the most suitable method for a 

particular problem in practice. Methods that are very effective for one type of problems may 

fail when used with a different type.  

METHOD OF GOLDEN RATIO 

The basic idea of this method is a consecutive selection of points, adapting to the current 

situation and using previously calculated points as basis for the following decisions. During 

the consecutive insertion of points a system of interlocking intervals    〈     〉 is created, 

which can be expressed as 〈   〉  〈     〉  〈     〉  〈     〉, i {      }. At the 

same time it retains the similarity of intervals    in Golden ratio - this means that the 

proportion of lengths of the whole segment to the longer segment is equal to the proportion of 

the longer segment to the shorter segment of the interval. 

We can describe the process of inserting the points. Add two points        that divide 

interval 〈   〉 into three parts. Where        equals: 

 

                                                           
 



  

390 

 

Value          , the value of Golden ratio. The name of the method originates from 

this. 

Next calculate the values      ,      . Thanks to the assumption of unimodal function 

we know that      ,        are smaller than               . One of the following options 

happens: 

 If               then the minimum lays in the narrowed interval 〈     〉 
 If                then the minimum lays in the narrowed interval 〈    〉  
The following step is obvious - considering the narrowed interval 〈     〉 (meaning the 

interval previously marked as 〈     〉 or 〈    〉) and insert dividing points       into it, the 

same way as in previous step. Calculate the values      ,      , narrow down the interval 

again and label it 〈     〉. 

 
Fig 1. Graphical representation of Golden ratio method 

The interval 〈     〉 is constantly gets smaller with every iteration. The exact value of the 

minimum      is approximated as a middle of the interval obtained by the last division. 

The deviation   equals 

 
  

 
                

 

where    is the width of the final interval. From this relationship we can identify the 

number of iterations required in order to achieve the given precision. 

Labelling the width of the original interval 〈   〉 as  , the width of the next interval will 

change  -times with each iteration. 

 

  |   |               
 

   |     |   |   |               
. 

. 

   |     |    |   |                       
 

 Inserting the expression   |   | into the relation 

 
  

 
                 

 
  |   |
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And after reduction we get 

 

  
  

  

|   |

   
               

 

The minimal number of steps necessary to achieve the given precision   is  . This 

number can be determined from the last relation. 

At the end we can solve a problem using this method: 

Using Golden ratio method find the minimum of the function              within 

the interval 〈   〉. Required precision is         
 

Solution: 

From the relation 

 

  
  

  

|   |

   
               

 

we determine that ten iterations are required in order to achieve the given precision. 

 

First iteration: 

Find points        using relation                ,                 

And calculate their function values 

 

                                                
 

                                                  
 

As            , narrow the interval 〈   〉  〈   〉  down to 〈     〉  〈    〉  
〈          〉. 

 

Second iteration: 

Find points       from interval 〈     〉 and calculate their function values. 

In the second iteration we already have the point              (it is the point    from 

the first iteration), calculate             and calculate            . 
 

                                                  
 

As             , narrow the interval 〈     〉  〈          〉 down to 〈     〉   
〈    〉  〈          〉. 

 

In last iteration narrow the interval down to 〈       〉  〈                 〉  The 

middle of the interval 〈       〉             approximates minimum point     . The 

value of the function in the point    is              . The real minimum function reaches 

in point           and its value is                  
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CONCLUSION 

The frequency of teaching the Golden ratio theory, in the past also referred as Divine 

section theory, has decreased nowadays. A variety of real-world structures follows this ratio 

and we can also find its use in several areas of conscious human activity. Therefore we 

believe such decrease is not reasonable and Golden ratio theory should be included in the 

national education plans for high (or even elementary) schools. 
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Abstract  

In this article we talk about the necessity of reading ability. The reading literacy is as important as in other 

subjects, as well as in mathematics. Article includes entry test and evaluate how students fared two parallel 

classes, one of which the students focus on solving these tasks for reading comprehension. These classes solve 

this test in mathematics lesson. We indicated the result of this research too.  We think that if a person is able to 

understand the reading of the text is able to correctly solve math problems and the correct reading is not 

necessary only in languages. The reading ability is necessary for our every day life too. So is important to start 
with this activity in elementary school. In this article we indicated some activities to improve you ability better 

understanding text. We think that it is necessary to train it as much as possible, because we need it all life. 

Keywords 

Reading ability. Reading literacy. Educational process. Maths problems.  

INTRODUCTION 

 According to Gavora (2008) understanding of the text, especially educational text, is an 

important condition for the students input to the curriculum. Learning is not meaningful and is 

not effective if it misses understanding. Reading ability is not only a tool for the learn 

curriculum, but also for understanding world. Without understanding person lives in 

ignorance, is helpless, it can be easily manipulated. Understanding of text (school and non-

school) plays an extraordinary role in the development of the child.  Text provides new 

information that makes him think, shaped his values and attitudes influence to the world. 

Today's modern society requires that graduates not only a lot of knowledge, but to be able 

to critically think, creatively solve problems arising from the work process, but also from real-

life situations. Recent graduate should be able to communicate effectively, work in teams. We 

can help to this by the development of reading ability. 

READING LITERACY 

Many teachers automatically associated concepts of reading literacy and reading ability 

with Slovak language. They feel that it is a curriculum subject of Slovak language and 

literature and that the development of these skills in students should care especially teachers 

of Slovak language. It is not true. There is a theory that reading ability is a typical sectional 

skill that students need in most subjects and we would develop this in most subjects 

(Húsková, 2012). For example logical thinking should be used and developed not only for 

mathematics, but we need the right to speak and write in Slovak language and so on. Do you 

feel that addicting reading ability skills in mathematics is wasting time? Remember that the 

goal is not to teach but to learn. If students do not properly understand the text in the 

textbook, their knowledge can not be deep enough. Teachers of mathematics are often witness 

of situations where a student can not solve word task. Student reads text again and again, but 

can not find what is given and what is actually detected. Therefore fails in the first stage of the 

solution, not associated with mathematic, but reading ability. 

CAUSES OF BAD READING 

A common cause of insufficient understanding of the text are terms that are in this text.  

These terms may be technical that are part of the curriculum of the subject (physics, 

mailto:name@domena.xx
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chemistry, biology, history ...). These terms may be concepts that students should be use in 

other subjects, but may also be foreign words or terms from ordinary language. Teachers can 

not always predict which terms are unfamiliar to students. Sometimes automatically assume 

that students know the meaning of words that are use in the media. However this can not be 

true. Students watch in TV other relations as teachers and the media use many terms without 

explaining them.  

Very helpful in better understanding the concept (and text) is questioning. You must train 

yours students that asking is an automatic part of reading any text. 

Proposed by Burjan (2011) one way how to increase ability of accurate reading is the 

following activities. These activities can be done with students on almost every subject: the 

challenge to continually monitor the media, press, internet, signs in public places etc. and look 

for text content related to your subject, in which they occur: 

• inaccurate formulations, 

• factual errors and nonsense, 

• ambiguous wording. 

 

When to start? The main objective of teaching reading in first level of primary school 

should be reading ability. Often it happens that a child reads the text correctly, reasonably 

fast, but if you have to answer questions about the text can not even say the name of the story. 

The process of learning to read goes through phases, which are reflected in the 

curriculum of the Slovak language and literature for primary education and in the educational 

standards of the Slovak language for the first primary education. "Education objectives are 

general and we have to be able to apply them in each grade. We must respect the individuality 

of students and age differences. The aim of reading is reading for pleasure. Practice of reading 

is the acquisition technology and quality of reading skills (Vavreková, 1997).  

       The main objective of reading instruction in the first year of primary school is to teach a 

child to read – it means the right technique of reading. At first children recognize the images 

with letters. Immediately after the identification of the isolated shape of letters children learn 

to combine letters into syllables and syllables into words. The child senses the text segments 

and so he does not know the content, because these reading is mechanical. At the end of the 

first year of primary school child should (Štátny vzdelávací program, 2009): 

 read words fluently with the right accent and correct pronunciation,  

 control loud reading short sentences,  

 understand them and correct intone,   

 answer questions which relate to the content of the text  

 add missing words in a sentence. 

In the second year we develop technology not only reading but also reading 

comprehension. Children should: 

 correctly read fluently and with understanding,  

 accent words correctly and prepositional connections,  

 intone phrases,  

 short sentences read silently,  

 reproduce sentences,  

 with the help of teachers they questions about the contents and  answer,  

 can tell aboutnthe text and their own experiences. 

In the third and fourth years focus:  

 on the aesthetics of loud reading and quiet reading,  

 fluently and with comprehension read adequate texts.  

 naturally intone,  
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 alone prepare questions and answer them,  

 reproduce text, 

 ability to talk about their experiences of the text. 

 

Positive attitude to lifelong learning is dependent on the level of language proficiency. 
Language is a tool of thinking, means of communication and also the emblem of national 

identity. In elementary school has been streamlining the curriculum, which created more 

space for information work, reading literacy, the ability argue and so on. 

Reading ability as a competence for lifelong learning must be developed on the principle of 

activities between subjects, because it affects a makes education and functional literacy of 

children. These students know (Štátny vzdelávací program, 2009) 

 recognizes the need for their autonomous learning as a means of self-realization of 

personal development, 

 reflect on their own process of learning and thinking in the acquisition and 

processing new knowledge and information and apply different learning strategies, 

 critically evaluate information, the creative process them and practically used them, 

 critically evaluate their progress, receive feedback and realizes its other 

development opportunities between subject. 

THE USE OF READING ABILITY IN THE EDUCATIONAL PROCESS 

At a elementary school in Bratislava, we submit the following test students. It is oriented 

to reading ability. We used this test in two parallel classes of the seventh grade. In one class, 

we actively addicted to reading ability (A), in the second class only sporadically (B). 

 

School: Elementary school in Bratislava 

Age group: 12 to 13 years (students of seventh class) 

Tools: Entering test, paper, pen 

Day:  17. 5. 2012 

Hour in schedule: 2 (for A and B class) 

Time: 20 minutes 

 

Layout of test:  

 

Trip to Paris 

Families Malinová, Janská and Nováková decided to go together on the trip to Paris. Travel 

agency offers flights from three different cities in Slovakia - Bratislava, Poprad, Košice in six 

different locations: the Czech Republic (Prague), France (Marseille), France (Paris), England 

(London), Germany (Munich), Germany (Berlin). 

 

1. What is the total number of flights offered by the travel agency to families? 

    a) 6         b) 12              c) 18              d) 24 

 

Families decided that sometimes from Tuesday to Sunday visited various sites. They wanted 

to go shopping together, but they must harmonized their plans. Family Malinová go see Eiffel 

tower on Wednesday, the Notre Dame on Thursday and on Friday have paid boat ride on the 

Seine. Family Janská go see Disneyland on Tuesday, the Eiffel Tower on Wednesday and on 

Saturday will want to go see the Louvre Museum. Family Nováková go see Eiffel Tower on 

Wednesday, Arc de Triomphe on Friday and on Saturday they want to go see Notre Dame. On 

Sunday morning, all three families go home. 
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2. Which two days to correspondent the condition that at least two families have a day off to 

spend on shopping? 

a) Sunday and Saturday 

b) Saturday and Friday 

c) Sunday and Thursday 

d) Tuesday and Thursday 

 

3. Will at least two families on this trip to meet in one place (in the same memory) at the same 

time? 

a) Yes, on Wednesday - the Eiffel Tower. 

b) Yes, on Friday-Disneyland. 

c) Yes, on Wednesday– Disneyland. 

d) Yes, on Friday - Eiffel Tower. 

 

Novák family (parents and two children) during a visit to Disneyland give  her hand to fifteen  

fairy-tale figures. Their son Mark during examinations missed four  fairy-tale figures  to shake 

hands, because he wanted to make the most photos his new camera, which got during the 

Christmas. All family members during the tour visited 17 attractions. In each attraction 

parents  made photo of their sons together. Then Marek photographed his parents together, 

except two attractions, because Marek forgot batteries in hotel. Marek made total 116 photos 

in Paris, except  except Disneyland trip. 

 

4. Top up by text: 

Marek made the tour of Paris ...................... photos. 

 

5. How many times do fairy-tales figures shake hands with Novak family? 

a) 30        b) 56            c) 60            d) 15 

 

(The right solution:  1.c)   2.d)   3.a)   4. 148   5.b)) 

 

Results of students: 

 

Result of students are shown in Fig. 1 and Fig.2 

 

 
 

Fig. 1 Result of class A 
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Fig. 2 Result of class B 

As above we used this test in two parallel classes of the seventh grade. In one class, we 

actively addicted to reading ability (A), in the second class only sporadically (B). How we can 

see, the class A was percentual better. If we consider students who were 4 and 5 correct 

answers for successful, so class A have 47,8 % success and class B have 30,4 % success. So 

we can say, that class A was most successful. This test was from mathematics and was 

oriented on cmbinatorics exercises. Only student, which understand of text and read carefully 

were able to solve correctly. Reading ability is necessary in mathematics lessons too.  

SUGGESTIONS FOR THE DEVELOPMENT OF READING ABILITY AT WORD 

TASKS 

Excellent opportunity to practice reading ability are word tasks, which students learn to 

solve in mathematics lessons. They are mini-stories describing any specific situation in which 

they are given known data, and the role of the student is to determine any other information 

that interests us. If a student does not understand the described situation and can not imagine 

this situation, so he has only a small chance to resolve the role. Therefore mathematics 

teachers should teach students not only how to deal with word tasks, but also how to 

understand them (before they begin to solve). How to do it? For example do the following 

activities with students: 

- Students should be able to repeat word task with their own words after reading the 

text. Heavier version: a student may use in their speaking another words that are used 

in the text of the original task. 

- Make sure the student understands all the concepts in word task. This is necessary not 

only for mathematical concepts, but also for the others. 

- Ask student to designate everything that is learned from the description of the 

situation, especially all the facts and figures that are given (that we know). 

- Ask student to said, what is our role to find out. 

According to Burjan (2011) these activities should be done before the student begins the 

solving of word task. Their goal is to make sure that the student understands word task. If 

student did not understand something, we can use abetted question.  
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CONCLUSION 

Reading literacy should be given to our schools much more attention than before. There 

are schools, where most teachers understand the importance of acquiring at least the basic 

knowledge and skills in the area of reading ability. There are unfortunately schools, in which 

some teachers do not realize the importance of this responsibility. They do not realize that 

without the implementation of literacy in the learning process we can not build a modern 

school 21st century. It has been stated by (Húsková, 2012) . We think, that it is true. After our 

research we found out that students of class A, where we trained reading ability, was most 

successful than students in class B, where use tests with reading ability only sometimes. There 

is the best evidence that correct reading with understanding of text is necessary not only in 

languages, but in other objects too.  
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Abstract 

This post says about the Fermi problems as quantitative physical tasks, which use qualitative analysis and 

estimation. In solving common tasks for physics lessons, the emphasis is on finding a formula to which the given 
values can be substituted. But this way is not helpful for developing the ability to analyse a problem among the 

students, and it also does not say much about understanding the physical phenomena. Fermi problems are 

characterized by the fact that the assignment is mostly without numerical values, and the principal investigator 

is the one who considers what is important in the task, then the values must be estimated, which requires 

previous knowledge. The aim of this paper is to characterize Fermi problems in physical way and bring 

experiences from summer school for PhD students, where just such tasks were solved by PhD and master 

students of the Department of Mathematics. Finally, we mention the pros and cons of using this method for 

teaching physics, which we acquired in consultation with participants of the summer school. 

Keywords 

Fermi problem, teaching method, qualitative strategy, problem solving 

INTRODUCTION 

The number of lessons per week for natural subjects is constantly declining. Accordingly, 

it decreases the extent prescribed by national education program. A direct consequence of 

these measures is that the number of students interested in physics continues to decline. The 

level of students’ knowledge is decreasing as well and thus the interest in education in 

technical fields decreases as well as their ability to manage such a study at a standard level. 

Therefore, it is necessary to find new ways of physics’ availability for students. An important 

prerequisite for the development of physical thinking is the ability to solve tasks by 

qualitative analysis, which focuses on understanding the physical context and their application 

to everyday life. However, there is a great emphasis on the mathematical model in the 

textbooks, so students learn mathematical solutions by heart and actually they do not the 

physical essence of the problem. In several studies (Uhden et al., 2012) (Taber, 2009) 

(Ploetzner, 1999) the authors say that the primary teaching of mathematics practices cannot 

guarantee the understanding of physical phenomena. It should begin with a qualitative 

understanding of the phenomena and then move to a mathematical (quantitative) expression. 

Our goal is to make students able to solve new, less common tasks, which require a 

qualitative analysis of the problem. Fermi problems are one of those types of quantitative 

tasks in which we require qualitative analysis of the physical problem.  

This type of tasks is named after the famous physicist Enrico Fermi, who had the ability 

to solve seemingly unsolvable tasks, not routine tasks. These tasks seemed unsolvable without 

additional information, or without the use of complicated procedures and formulas. Robinson 

(Robinson, 2008) uses for these problems title “back-of-envelope calculation”. Fermi 

problems could not be solved just by the calculation (by substituting into the formula), but it 

was necessary to understand the nature of the problem, divide the task into parts and by 

asking appropriately selected questions arrive to a solution, which is not an exact value, but an 

estimation. Enrico Fermi was not only a great experimental and theoretical physicist, but also 

a great teacher of physics. Baeyer in his publication (Baeyer, 2001) writes about the Fermi 

problems, such as the apparent puzzle. In contrast to the puzzle, Fermi problems cannot be 

verified by logical deduction, they are always approximate. They always require an 

understanding not mentioned in the instruction to the task. Fermi problems and ways, in 

mailto:michaela.reichelova@ukf.sk
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which they are addressed, are rare even in teaching mathematics, physics and also in everyday 

life. Błasiak (Błasiak, 2011) considers Fermi problems as very helpful from the didactical 

point of view, and as tasks that are similar to those encountered in everyday life. Their 

solution makes teaching process more interesting. 

CHARACTERISTIC OF FERMI PROBLEMS 

Classical Fermi problem, which is used to illustrate this type of task, is this: How many 

piano tuners are in Chicago? It is unlikely that anyone can immediately and accurately answer 

this question. The solution of this task is not standard, so the answer must be estimated. In 

Czech Republic, there is a contest about Fermi problems, but the success is not so big among 

the pupils. It is likely because the students are not confronted with such tasks at school, and 

are not accustomed to such problem solving. Holubová (Holubová, 2008) writes that the 

students place these tasks between problematic ones tasks, and tend to solve the tasks 

numerically tasks as accurately as possible. This fact is also confirmed by us through 

solutions made by summer school participants. 

As mentioned above, it is necessary to divide the tasks into parts, then by appropriately 

selected questions reach a solution of these parts, and then solve all tasks.  

A: How many pianos are in Chicago? 

1. What’s the population of Chicago? 

2. Does everyone of them have a piano? 

3. How many families live in Chicago? 

4. Does each family have a piano? 

5. How many families in Chicago do have a piano? 

B: How many pianos have been tuned by a piano tuner in one year? 

1. How often is piano tuned? 

2. How many pianos should be tuned in Chicago for a year? 

3. How many pianos are tuned by a piano tuner in one day? 

4. How many working days does a piano tuner have in a year? 

Result: When you divide the number of pianos, which are needed to be tuned, by the number 

of pianos, which a piano tuner tunes in one year, we get the sought solution. (Reichelová, 

2012) 

Ärlebäck (Ärlebäck, 2009) formulated five basic features of Fermi physical problems: 

1. Availability - this means that they are accessible to all students, student groups, 

also at several educational levels and at different levels of complexity. 

2. Connection with the real world - Fermi problems are realistic. 

3. The need to specify and structure the important information and relations – it 

means, the formulation of the problem is so open that the researcher cannot 

immediately connect the problem with an already known solving strategy, but he 

applies his experiences, ideas, structures, strategies and other cognitive skills to 

access the problem. The essence of Fermi problems is to properly expose the core 

of the problem and divide it into individual steps. By asking appropriate questions 

we come to the correct value. 

4. The need to make reasonable estimates - lack of numerical data. 

5. Support the forum - discussing the problem, the solution, and the estimates of 

physical quantities.  

For Fermi problems is typical that task can be solved in several ways, depending on the 

nature of the questions asked. Thus, if one is an order of magnitude is unknown, we can also 

start with different assumptions and gradually by asking more and more questions come to 

about the same searching value as someone who started with other assumptions. 
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EXPERIENCES FROM SUMMER SCHOOL FOR POSTGRADUATE STUDENTS 

Combining the activities of international project PRIMAS and project of A-Centrum FNS 

CPU in Nitra - Centre of innovative education, ITMS code: 26110230026, activity 2.4 Nitra 

young science, Summer school of post gradual study program and revelatory teaching 

summer school were held on 23.-30. June  2012 in Račkova Dolina. Among the participants, 

there were one foreign teacher, four lecturers from the Department of Mathematics, two PhD 

students from the Department of Physics, twelve PhD students from the Department of 

Mathematics and seven students of Master program of teaching mathematics, who attended 

this Summer school. 

 

 
Fig. 1 Summer school for PhD students in Račkova dolina 

 

During the summer school we had 1.5-hour block during which our goal was to 

familiarize PhD students and students with Fermi problems, and determine the form of the 

forum, what they believe are the pros and cons of using this method in teaching. Our time was 

divided into three parts. The first twenty minutes we focused on characterization of Fermi 

problems and showing the structure of solution. In the second part of the block, the 

participants were divided into four groups, which address the three Fermi problems. To solve 

the tasks they had 60 minutes. Since they were PhD students and students of the Department 

of Mathematics, we focused mainly on mathematical Fermi problems, where just simply 

physics was used. The last ten minutes we discussed the results of the particular tasks, ways 

of solving the tasks, and the advantages and disadvantages of the use of these the tasks in the 

classroom. Participants dealt with the following three Fermi problems: 

Task 1: If it is to fold the paper 50 times, what would by the thickness of that paper? Compare 

this with the Earth – Sun distance. 

Task 2: How big glacier would we have to melt, so we could supply Nitra city with drinking 

water during the year? 

Task 3: How many electrons are probably found in the human body? (me = 9,1x10
-31

kg ) 

When discussing solutions we have noticed that some groups placed great emphasis on 

accuracy, which was more important to them than the reflection on the result and given value 

itself. In Figure 2, there is a sample solution, where the group placed emphasis on accuracy 

and they found the value of the distance between Earth and the Sun on the internet (but this 

was not permitted). It's probably because they are used to solve the tasks numerically as 

accurately as possible, and therefore it seemed unnatural and wrong to them to get only an 

approximate result. In Figure 3 there is a sample solution, where investigator used his 

knowledge, he rounded the values, put greater emphasis on analysis and finally got a result 

that can be interpreted better.   
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Fig. 2 Sample solution of Fermi problem – emphasis on accuracy 

 

 
Fig. 3 Sample solution of Fermi problem – emphasis on analysis 
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DISCUSSION 

A frequent subject of Physics as a subject is that these things in this course will be never 

needed in life. But Fermi's method of problem solving leads to the ability of analysing a 

problem, and it may not be physical at all. We can deal with the same analysis in 

mathematics, in interpersonal relationships, but also we can apply it to environmental 

problems. It is a method of reducing the difficulty based on gradual formulation of a model, 

step by step. Most of the problems consist of many parts, but not every part of the problem 

depends directly on every other part. It is a weak chaining of the parts, so the problem can be 

gradually divided into smaller problems, which are solvable. In doing so, the overall structure 

of the problem is revealed, and is identical to the structure of the model. 

Participants of the Summer school had very positive attitude to Fermi problems, they 

liked this way of solving tasks, and they can imagine the use of it in their future teaching 

practice. In addition according to an interview with the participants, we summarized the pros 

and cons of this method. 

Advantages 

 should be used in classrooms with more students; 

 develops a sense of cooperation; 

 teacher is consultant - facilitator; 

 develops pupils' creativity; 

 develops the ability to ask the right questions, to structure the problems and to 

estimate the values. 

Disadvantages 

 time-consuming; 

 difficult lesson planning for teacher; 

 difficult evaluation of the performance of the pupils; 

 results are noticeable only after a long period. 

CONCLUSION 

Fermi's method of solution is not only important in solving physical tasks, but also the 

tasks of everyday life. According to their own estimates, their own assessment of the 

correctness of the result, their problem analysis, this method teaches the students to form their 

own opinions on various issues of everyday life and to defend their ideas. 

With the introduction of this method into the teaching process is important to understand 

that the results will be noticeable in a longer time. Robinson (Robinson. 2008) argues that 

even students, who get good grades in physics, have some problems with the solution of these 

tasks at the beginning. It is mainly related to the traditional way of solving the tasks, in which 

there was no need to think of the essence of the problem to a large extent, but it was all about 

finding the right formula, expressing the formula of the wanted variable and calculate the 

exact value. This means that the emphasis was on mathematical adjustments. But with Fermi 

problems their view of the solution must be changed. The students have to put emphasis on 

physics, physical phenomenon, which plays a role in the problem and also get used to the fact 

they need to make reasonable estimates – estimates that you have to be able to defend and 

justify. When they embraced this way of dealing with and changed their perspective on 

solving physical tasks, their success in solving the tasks should be increased.  
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Abstract 
In this paper we summarize several properties of tidal forces. We have shown that tidal forces are very weak on 

the surface of the planets, proportional to the density of the planet. The Newtonian and relativistic approach 

provides the same results for the tidal forces nearby a spherically symmetric body. We have shown that the 

magnitude of tidal force on horizon of the black hole is inversely proportional to the square of black hole’s mass.  

We emphasize that the disintegration of a comet by tidal forces can be considered within the solar system just in 

case if the comet nucleus is held together only by gravitational forces. 

Keywords 

tidal force, black hole, Roche limit, comet  

INTRODUCTION 

Due to science popularization literature (e.g. A Brief History of Time written by S. 

Hawking) it is a well-known phenomenon of spaghettification of astronaut free-falling body 

falling into a black hole. The author of this book mentions, that “in case enough massive 

black hole falling astronaut did not notice nothing.” This proposition is sometimes 

overlooked. For instance, in the textbook Discovering Universe manifestations of tidal forces 

are described using an example of a free-falling probe into a five solar mass black hole. The 

text says, that “close to event horizon the probe would be violently torn apart” (Comins, 

2008). However, there is not mentioned the fact, that near a supermassive black hole tidal 

forces are negligible. Mistaken intuition can lead simply to the idea that greater the mass of 

object the greater tidal forces. 

The aim of this paper is to present a quantitative formulation of the concept of tidal forces 

and to highlight some counterintuitive phenomena in rather extreme conditions.   

METHODS 

In the first step, we derive relations for the magnitude of the tidal forces (or tidal 

acceleration) within Newtonian gravitational field. Since we will in particular consider the 

tidal phenomena in extremely strong gravitational fields; we derive the expression for the size 

of tidal acceleration around a Schwarzschild black hole as well. We follow the procedure 

proposed by E. Taylor and J. Wheeler. We use the geometric system of units in relativistic 

formulae, where the speed of light     and the gravitational constant     (both are 

dimensionless quantities – see e.g. Taylor, Wheeler, 2000).  

In the second step, the obtained results are applied to several examples of cosmology. To 

get a better idea of the range of magnitudes of tidal forces some examples of objects in both 

our solar system and black holes are shown. We also mention another consequence of tidal 

forces, which is the possibility to divide a cosmic body to fragments as a consequence of tidal 

forces. In this context, we will also offer a simple interpretation of the Roche limit. 

RESULTS 

 

Tidal force in the Newtonian gravitational field 

Tidal forces are appearing in inhomogeneous gravitational fields. The magnitude of the 

gravitational force exerted on a test particle in a gravitational field nearby a spherically 
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symmetric body is given by Newton's inverse-square law of gravitation. We can express the 

difference of gravitational forces acting on this particle at two nearby spatial points with 

radial coordinates   and      in a first order by differential  

     |
   
  

|    (1) 

(Lambourne, 2010). Using Newton's law of gravitation we obtain 

       
  

  
    (2) 

 

where   is the mass of body and   is the mass of test particle. Then, the magnitude of tidal 

acceleration (force per unit mass) can be calculated from the formula 

          
 

  
    (3) 

where     . For astronaut with height        , in a flying spacecraft of 400 km above 

the Earth's surface we obtain very low value of               . 

 
Tab. 1 Tidal acceleration per unit of length at the surface of some solar system objects 

Object 
    

  
 

      

 
 

                  
                    

   
 

                  
                    

                                 

   
 

Moon                                         

Earth                                         

Jupiter                                          

Sun                                         

 

Appropriate way to get an idea of the magnitude of the tidal forces on the surface of any 

spherical space object is to express it as a function of the mean density   of the solar system 

object 

        
   

 
     (4) 

Tidal force in general relativity 

We begin the derivation of the formula for tidal acceleration with Schwarzschild metric 

      (  
  

 
)    

   

  
  

 

        (5) 

that describes properties of the space-time curved by a non-rotating black hole. Metric (5) is 

written in spherical coordinates in the equatorial plane. Here   is the coordinate radius 

(coordinate radius is a circumference   of a spherical symmetric shell divided by   , where 

the center of the shell is in the center of the (spherical symmetric) source of gravity, i.e. 

      ),    is a small angle between them in the spherical coordinate system and    is a 

short period between the events measured by a far-away observer. If the events are in causal 

connection, the meaning of    is the proper time period measured by a local observer 

observing these events at the same place.  
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We are using observers located at different points in the space with gravity. The gravity 

influences the measuring of the time and distances also (curved spacetime). The time passing 

between two nearby events for different observers is connected by the metric (5). If the above 

mentioned observers are in rest (with respect to both the source of gravity and a far-away 

inertial frame) this connection may be expressed by a simple formula valid for both of them. 

Assume an observer on a shell (shell observer) and a far-away observer. Let us have two 

causal events at the same place on the shell (         ). If    is a short period of time 

between the events (measured by the far-away observer), then 

         (  
  

 
)
   

    (6) 

is the time period between the events measured by the shell observer. While the observers are 

in rest (6) is valid for both of them. 

As the locally measured speed of light is (in geometric units)        for any observer, 

the same is true for the shell observer measuring the speed of light by using two events in 

their vicinity. Let      be the distance between the mentioned events (    ) and      is the 

appropriate period of time measured by this shell observer, while    and    are the 

appropriate values measured by the far-away observer. As the mentioned events are connected 

by a light signal      for all observers, by using the unity of the locally measured speed of 

light and (5) one get 

           (  
  

 
)
    

    (7) 

The formula (7) is valid for the shell observer and the far-away observer as well. 

Using the principle of extremal aging (see e.g. Taylor, Wheeler, 2000) we obtain from the 

metric (5) the relation for total energy    (per unit of mass in rest) for the particle freely 

falling in the gravitational field of a black hole. The formula has the form 

    
 

 
 (  

  

 
)
  

  
  (8) 

For the energy of a particle freely falling radially into a black hole from the rest in 

infinity the equation   ⁄    holds.  Using equations (5) and (8) we derive the formula for 

velocity of the freely falling particle into a black hole from the rest in infinity which reads  

   

  
  (  

  

 
) (

  

 
)

 

 

  (9) 

Formula (9) is written in far-away observer coordinates. The freely falling frame from 

rest in infinity is called rain frame. Raindrop frame is the part of the rain frame restricted to a 

small region of space-time in the vicinity of the freely falling observer. The raindrop frame is 

a local inertial frame (locally free of gravity). To obtain expression for radial velocity of free 

falling                   ⁄  measured by the raindrop observer, we express the speed of the 

raindrop observer (and its locally inertial frame) by using formulae (5) and (8) in mixed 

coordinates   a   

   

  
  (

  

 
)

 

 

  (10) 

 where    is nothing else that the proper time        measured in the raindrop frame. The only 

thing we have to do is express    using         For this purpose we utilize a shell observer in 

the vicinity of the raindrop observer. A rod of length      oriented in radial direction (which 
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is in rest on the shell) is passed by the raindrop observer with relative velocity     (from the 

viewpoint of the shell observer) and by using (6), (7) and (9) we obtain  

     
    
    

 (  
  

 
)
    

  
  (

  

 
)

 

 

  (11) 

The raindrop observer measures the length of the rod as         in its own (locally) inertial 

frame where the rod is moving with the same relative velocity      . Then according to 

special theory of relativity (considering the length contraction) is valid  

 

              
 

       (12) 

By using (7) we obtain the required connection between        and    in the form  

 

            (13) 

Notice that (13) is valid for the raindrop observer, but not for the far-away observer (recall the 

interpretation of the length contraction formula in the special theory of relativity). One can 

also show that for a free falling observer                         

Finally, using the derivative of expression (10) with respect to proper time   we obtain 

the acceleration of the rain observer in the mixed coordinates   and   (raindrop frame) 

       
   

   
 

 (
  

  
)

  

  

  
 

 

 

    
 

 

 
 

 

  

  
   

 

  
  (14) 

We express relative tidal acceleration in the rain frame as the differential of       with respect 

to far-away coordinate     

        
  

  
    (15) 

Due to the equivalence of distances           we can use last equation to obtain the 

difference in acceleration between two parts of freely falling body, which spatial separation is 

                                              .We can see that we get the same result as in 

the case of Newtonian approach. 

If we take into account that the value of the radius of the horizon is given by          
  , we can express the tidal acceleration for rain observer during crossing the horizon as 

                     (16) 

 

Gravity acceleration at the Earth’s surface is given (in geometric units) by  

        
 

      
             (17) 

We define the sufferable value of the gravitational field gradient as 

 |
      

  
|            (18) 

In other words, if the astronaut falls freely in the gravitational field with gradient value equal 

to |        ⁄ |          , his feet are pulled down with their weight on Earth and head is 
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in the contrary pulled up by its weight on Earth. In the case of stellar mass black hole 

(         ) the field gradient on the horizon (see equation (16)) is     times higher than 

considered value of |        ⁄ |. The process of spaghettification will kill the astronaut well 

before he crosses the event horizon. However, in the case of supermassive black hole 

(         ) the field gradient at the horizon would be about           , which means that 

a falling astronaut would not notice anything.  

 Tab. 2 Tidal acceleration gradient at horizon of black holes with various masses
* 

Black hole 
 

  
 

 

 
 

           ⁄

   
 

Primordial black hole (hypothetical)                         

Stellar black hole GRO J1655-40
 

                          

Milky Way’s central black hole                             

Central black hole in NGC 3842 galaxy                             
*On the issue of the supermassive black hole’s mass see (Ghez, 2008) and (McConnell, 2011).  
  

 

Roche limit 

Roche limit is a term used in astronomy and astrophysics, which represents “the 

minimum distance between a planet and satellite that holds itself together by its own gravity” 

(Seeds, 1990). If a satellite’s orbit brings it within its planet’s Roche limit, tidal forces will 

pull the satellite apart or rip it to parts.  

Using formula (2), we can simply derive expression for the Roche limit. Consider a 

spherically symmetric body with mass   (e.g. a planet’s mass) and its spherically symmetric 

satellite with mass   and a small mass   (mass point) on the surface of the satellite closest to 

the planet. If we take into account that motion of the satellite in circular orbit is a free fall in 

the gravitational field of the planet, we can accept that the satellite does not affect the 

resulting force on the small mass. On the mass point acts the gravitational force              of 

the satellite and the tidal force        . The magnitude of force              is given by 

               
  

          
  

 
(19) 

 

where            is the satellite orbit radius. The magnitude of tidal force         is given by 

           
  

  
            (20) 

where and            is the satellite radius. The Roche limit is the value of the radius of 

satellite’s orbit, for which the magnitude of gravitational force              equals the 

magnitude of tidal force          

                       (21) 

from where we get the formula for the Roche limit by using (2) 

                   ( 
 

 
)

 

 

  (22) 

If we don’t want the radius of the satellite to appear in the expression for the Roche limit, then 

we rewrite it in terms of densities 
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          ( 
  

  
)

 

 
  (23) 

where   is the density of planet and    density of satellite (Lang, 2011). 

DISCUSSION 
In March 1993 the debris from a comet Shoenmaker-Levy 9 was observed (it was named 

by its discoverers Gene and Carolyn Shoemaker and David Levy). Calculations showed that 

on July 7, 1992 the comet nucleus passed so close to Jupiter (at distance of approximately 

0,38 Jupiter radii above the cloud tops - within Jupiter’s Roche limit) that the planet’s 

gravitational tidal force ripped it into at least 21 pieces (Williams, 2004). The pieces 

continued to orbit Jupiter with a period of approximately 2 years, and an apo-Jove of about 50 

million km. Due to gravitational forces from the Sun which changed the orbits slightly, on the 

next approach to Jupiter the pieces impacted the planet. The first piece impacted Jupiter on 

July 16, 1994 and the last on July 22, 1994 (Williams, 2004). 

 

 

 
Fig. 1 A NASA Hubble Space Telescope image of comet P/Shoemaker-Levy 9, taken on May 17, 

1994, with the Wide Field Planetary Camera 2  in wide field mode (Credit: NASA, ESA, and H. 

Weaver and E. Smith ).  
 

 

Further examples of comets which are considered to have split by tidal interactions are: 

The Great September Comet (1882 R1), comet Ikeya-Seki (1965 S1), Periodic comet 

16P/Brooks 2 (Yeomans, 2002). However, it should be remembered, that for many of broken 

comets, the mechanisms of disintegration is unknown. For the 90% of split comets that have 

broken apart without tidal influences, there is no obvious mechanism for the breakup but the 

effects of rotation and thermal stresses may be contributors (Yeomans, 2002). 

Fact that the formula for the magnitude of the tidal acceleration is the same for 

Newtonian and the relativistic approach, justifies the use of it (with the appropriate comment 

of the teacher) also for the cases of black holes, although within the grammar school it is 

possible to derive only the above mentioned formula in framework of Newtonian mechanics. 

During the explaination of the phenomenon of the spaghettification should be emphasized 

that the magnitude of the tidal forces exerted on a freely falling body from rest in infinity is 

inversely proportional to the square of the mass of the black hole. Otherwise, it may induce 

the misconception that the greater mass of the black hole the greater the tidal forces. The 

expression of the magnitude of the tidal forces from the black hole’s mass can also be used in 

the explanation of the Hawking radiation, since the mechanism of the tidal forces is essential 

for it. 
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CONCLUSION 

In this paper we have tried to summarize the essential properties of tidal forces. On the 

surface of planets tidal forces are very small, proportional to the density of the planet. We 

have shown that the Newtonian and relativistic approach provides the same results for the 

tidal forces around a spherically symmetric body. We have shown counterintuitive relation 

between the magnitude of tidal force and the black hole’s mass which states that the 

magnitude of this force is inversely proportional to the square of black hole’s mass. 

We have emphasized that in the interpretation of the disintegration of a comet by tidal 

forces, it is necessary to take into account the tidal forces around the planets (perhaps even 

around the Sun). These forces are very weak and  it should considered within the solar system 

just in cases if the comet nucleus is held together only by gravitational forces. 
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Abstract 

In the article the author deals with an improvement on the motivation and curiosity of learners throughout 

experimental tasks in terms of optional activities concerning physics. The activities are focused on the influence 

of electric and magnetic fields which are produced by a high flow of electricity on the abiotic factors of 

ecosystem. The author also describes the task development from gathering samples, a detailed analysis, 

a process of preparing projects up to the demonstration of the results which were investigated by the learners.   
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INTRODUCTION 

Recently, there have been a few changes in the teaching process which were brought by 

the new school reform. For instance, the reduction of some school subject´s lessons caused 

that there has been a possibility to attend so called the interest group. The main goal of this 

group is to encourage learners´ field of education which they like most as well as they are 

keen to explore and examine. It means that the learners can choose from a wide spectrum of 

activities which are offered by a school. Nowadays, most students are about to attend 

information and communication technologies as well as foreign languages whereas the natural 

sciences such as mathematics and physics are no anymore interesting subjects for our 

students. Despite the fact that physics is perhaps the most beautiful science which may 

interpret all phenomena on the Earth and in the universe, the main issue is that this subject is 

very often decribed to the learners as a theory meaning that they cannot absorbe a huge 

amount of information. It just does not make sense to them. Therefore, the interest group 

concerning physics should be more practical where the learners might apply all the theoretical 

information into practice. Moreover, these experiments would help the students to gain more 

information which might be useful for them in the future.  

 

TOPICS OF THE EXPERIMENTAL TASKS FOR THE INTEREST GROUP  

One of the topics of the experimental tasks could be the field focused on the influence of 

electric and magnetic fields which are produced by a high flow of electricity on the abiotic 

factors of ecosystem. Therefore, we have decided to put into practice “pre-research“ at 

primary school in Kračúnovce, district Svidník, including 50 students - 9th graders who were 

asked whether or not they would like to be a part of this issue. The results demonstates that 

many students would join such a research because they found it very interesting and more 

demanding than just a theory. There is also a graph which shows us the result of our 

questionnaire: 

 

Item 14 

If you ever had a chance to conduct a research concerning the influence of electric and 

magnetic field which are produced by a high flow of electricity on the ecosystem, would you 

join such a group?  

      a) yes 

      b) no 
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Fig. 1  The learners´ interest to be a part of this research 

 

 We are sure that the students who have chosen the answer “I do not know“ have already 

had an opportunity to conduct such a research, they would definitely choose more positive 

answer than they did before. 

As we can see, the research, which we would conduct in the interest group, focused on 

the influence of electric and magnetic fields which are produced by a high flow of electricity 

on the abiotic factors of ecosystem would be a great choice in order to improve self-

actualisation and motivation of our learners to learn something new. It is essential to point out 

that sample gathering would realise outside the classroom, to be more specific – in the place 

where is a high flow of electricity. Therefore, we think that being outside the classroom 

means a good motivation for the learners because they might be able to act as a scientist and 

to see the whole process of acquisition of samples, through analysis up to the results of the 

research.  

In order to conduct a research like this, the learners should have known at least the very 

basic knowledge about electromagnetical phenomenon. It is also necessary that the interest 

group is attended by the 9th graders, since the school curriculum was written for one kind of 

level meaning that learners have already heard about the research issue.   

In terms of an injury, the learners would be familiarize with a provision technique of first 

aid if there was person who had been injured by electricity. In addition to this, the interest 

group would be familiarized with a safety principle and instructions on how to work close to 

the high flow of electricity. In order to keep the students and electric framework safe near the 

high flow of electricity, there is so called safety field which states in the law number 656/2004 

of statute-book. This kind of field can be defined as a place that is very close to the electric 

framework which is determined to keep work under a safe conditions as well as to keep 

human being and belonging in protection.    

To work on the ground where there is an electric wiring over 220 up to 400 kilovolt, a 

safety zone is 25 metres from the right and left side of conductor. Therefore, we would like to 

realize the experimental tasks within this area because this electric framework is the most 

accessible for us.  

When talking about the protection of the learners, they would definitely be familiarise 

with safety principles while working with a high flow of electricity.  
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To conduct this kind of research we have decided to choose about six tasks in which we 

would monitor changing parameters such as height, weight, quantity, and other things in 

vegetative and animal samples which are influenced by the intensity of electric and magnetic 

field induction. The result of measurement would be assessed by special measurable gadgets 

(AC Electric Field Meter, ME3830B) but the assessment could be measured only once. The 

whole monitoring of the samples would be worked out by the learners, whereas the 

measurement of the intensity of electric and magnetic field induction would be measured by 

the teacher, or the headmaster of the interest group respectively in order to reduce a risk of 

injury.   

In the first task, the learners should find out whether or not there will be some changes in 

the length of the plants which grow near a high flow of electricity. The main part of this task 

is to collect a hundred parts of the plants from one category and to take them to the plastic 

bags with the lenght of every 50 metres up to the 200 metres from the high flow of electricity.  

In the second task, the learners should find out the weight of plant which would be 

measured as the plants in the first task. Gathering samples would be the way that these 

samples are cut very close to Earth in the area of 50x50 centimetres and then they are put to 

the plastic bags which are marked by the length from a high flow of electricity. 

The third task is similar to the first one where the learners collect a hundred of plants of 

the one kind. It just differs from the first one because our learners would not measure the 

height but they would measure a number of outgrowth of the plants.    

In the fourth task, the learners would measure a number of mice holes within specific 

distances.  

In the fifth task, the learners should catch as many insects as they can with the help of 

entomological net and then they would put them into glasses which are marked by specific 

distances.  

In the last task, the learners would need to dig three holes 50x50x50 centimetres, to crush 

the clay and to put the worms into the plastic bags. After gathering the samples, the learners 

would go back to the school laboratory in which the research could be undertaken.   

 

ANALYSIS OF THE SAMPLES 

The analysis of the samples is very simple which means that the learners will do it 

without any trouble. When analysing the first task, the learners would measure the length of 

the plants with the help of ruler. Then they would measure the average lenght of the plants 

within every single distance we have already mentioned. The result of this task would be put 

into the result sheet which was prepared by the learners themselves. This process of taking 

measurement would be done again but the learners should be aware of what kind of task it is. 

The analysis of the second task is focused on the weight of the plants. In order to be as 

precise as possible, the learners should use scale that is accurate. In the third task, the learners 

need to calculate the outgrowth of the plants from every single one (there is a hundred of 

plants) and to be aware of the distance of a high flow of electricity. The analysis of the fourth 

task is done outside the classroom, right in the nature where the learners try to calculate the 

number of mice holes in every single metres from a high flow of electricity. It means that they 

would count from 100 metres distance the holes that are visible to them. By the analysis of the 

fifth task, the learners would examine the number of insects from the samples. The analysis of 

the sixth task demonstrates the number of little insects which the learners would catch by 

entomological net within specific distances from a high flow of electricity. After analysing all 

of these tasks, the learners would compose the projects which belong to the most progressive 

and most effective teaching tools nowadays. 
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STUDENTS´ PREPARATION OF THE PROJECTS 

The project represents a plan which should be put into paper as a research (Průcha et al., 

1995). According to Valovičová and col. (2012 s. 12) it comes from the logic of real life 

situation as well as contributes to the individualisation of teaching process and enables to 

differentiate things. The learners learn how to collect, solve problems and improve creativity. 

Zelina (2000) states that solving the projects themselves encourage learners to be more 

curious, to see things from a different angle, to discover something while they are feeling 

a kind of an adventure from their perception which creates a positive relationship with 

learning itself. 

 

Turek (2005) presents the following types of the projects as follows: 

 Students´ spontaneous projects  – the projects created by the students themselves,   

 Artificial projects – prepared by the teachers, 

 Composite projects – the projects created by the teamwork of students and teachers. 

The division of projects according to its aim (Zelina, 2000): 

 Trained  – are focused on mastering specific skills (e.g. work with PC, GIS, and so 

on), 

 assessed – are focused on investigation and assessment of a concrete issue,  

 problematic – the main theme is a certain problem which need to be solved by the 

students,  

 constructive (creative) – are focused on constructive and creative tasks. 

 

One of the reasons to have used the projects in the classroom is to offer the learners new 

manners of gaining knowledge in an interesting and receptive way. To have included projects 

in the interest group means more motivation and encouragement for the learners because it 

actually helps them to figure out certain problems (Šebeň, Burger, 2008).  

The implementation of projects also brings another advantages such as a development of 

critical thinking which could serve the learners better and quicker management of an 

unknown situation. When investigating a certain issue, students may work individually or in 

groups where they support each other, communicate, and learn how to bring up the opinion as 

well as to respect one and another. They also have a possibility to integrate their knowledge 

into practice and to gain experience that they could benefit from in the future while landing 

a good job. Students learn how to organize their work, ideas, and to be able to be responsible 

for their own decisions which may help them in terms of their own self-actualisation. Creating 

such a project can be a fascinating experience for the learners who should do this task in 

a funny way and therefore they will learn new thing with the feeling of being excited.  

Therefore, we have concluded that it would be much better to take an advantage of these 

projects in and outside the classroom. All of the tasks would be divided among students who 

had participated in the research and each group should work on individiual task. While 

solving the tasks, the learners should have been familiarised with some theoretical knowledge 

not only from physics but also from science subjects such as ecology and biology. When 

gaining certain statistics, the learners would need to demostrate the results of the tasks in front 

of everybody in the interest group. Based on these results, the others could imagine a picture 

of this specific task. Considering that the parameters (height, weight, number and others) were 

changing according to the distance from a high flow of electricity, it is possible to depict the 

results of the research in graphs and diagrams. On the horizontal axis (x) of a graph, the 

learners would mark the distance from the high flow of electricity and on the vertical axis (y), 

they would mark the parameters of the samples with a certain unit. With the help of the graph, 

students are able to find the influence of physical quantity in terms of intenzity of electric and 
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magnetic field induction which means that they can affect the life of plants and animals close 

to the high flow of electricity.  

 

THE PROJECTS´ DEMONSTRATION IN FRONT OF OTHER MEMEMBERS OF 

THE GROUP 

In the final stage of the research, the learners would demonstrate the results of 

investigation. The group of 4-6 students, which had been working on just one task, would 

create a project in order to analyze important facts about the samples they had collected. 

Every single group would be given a time to put together the parts of the task. Then they 

would demonstrate significant items in front of the others. If we take into account information 

and communication technologies, the learners could use a number of programs so that they 

can make the presentation effective. These programmes offer various slides in order to make 

the presentation to be impressive and they might use a sort of tables, graphs, videos, and so 

on. All of these programmes are available for the students when creating a presentation.   

The whole presentation demonstrated in front of the others would be the final stage of 

learners´ hard work in the interest group. Each demonstration would be presented only by one 

student of the group. When talking about presentation, every student should demonstrate the 

theoretical facts they had learnt and he would also present the table of the task´s result in 

which they had measured an intensity of electric and magnetic field induction in several 

distances from a high flow of electricity as well as assessment of investigative parameters 

(height, weight, number, and so on) in terms of plants or animal samples of the mentioned 

fields. Except these information, the student should mention the results of an analysis which 

would show the changing progress of all the facts taken into account. At the end of 

presentation the student would express an outcome whether an electric and magnetic field 

which is created by a high flow of electricity on the abiotic factors of ecosystem was 

indicative or not.  

The whole progress of the activity would probably last for 6 months. It means that each 

group would have one month for the development of the task. Therefore, we think an accurate 

time to conduct such a research would be from spring to autumn. We are also convinced that 

these tasks would encourage the learners to learn easier as well as there is a hope that attitude 

towards physics and the nature too will change in the near future.  

 

CONCLUSION: 

Physical experiments are one of the tools which might motivate learners to learn this 

subject in an atractive way. These projects could create a positive relationship to physics since 

it is not very popular subject among students. Our main aim is to offer new themes for the 

interest group and to encourage learners to be self-reliant in the activities. The mentioned 

experimental tasks would propose the learners possibility to experience a process from 

gathering samples throughout analysis up to the finding relevant conclusions realized by the 

research. To reveal harmful effects of electric and magnetic fields on the abiotic factors of 

ecosystem close to the high flow of electricity enables students to be aware of spoiling the 

nature not only in the field they had investigated but also in other fields. Therefore, it is 

essential for the learners to improve the relationship to the nature so that they can take an 

advantage of all information they will have at their disposal.    

The final goal of this paper is to arouse students´ interest in physics as well as to improve 

its perception among the students who have known this subject as dull and boring lesson.  
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Abstract 
The contribution is focused on determination of the logarithmic decrement in samples with a non-ideal geometry 

with circular cross-section. Flexural vibrations of such samples give two frequencies of the fundamental flexural 

mode with very close values. The non-ideal geometry can be due to, for example, sintering, where uneven 

shrinkage takes place. A consequence of this is the formation of beats. In this case, classical methods for the 

determination of the logarithmic decrement may fail. This fact is not implemented in commercial apparatuses for 

the damping measurement. The model of damped vibrations with two frequencies is taken into account and an 

experimentally obtained frequency spectrum is analyzed by the fast Fourier transform (FFT). A new method for 
the determination of the logarithmic decrement is presented and compared with other methods.  

 
Keywords 

Logarithmic decrement. Impulse excitation technique. Fast Fourier transform.  

INTRODUCTION 

Inelastic properties of materials connected with dissipation of energy of vibrations can be 

described via quantities like the damping coefficient , quality factor Q, logarithmic 

decrement , and exponential decay rate  (Inman, et al., 2008). The internal friction, or 

damping, influences the flexural vibrations of beams (Kuzmenko, 1963; Gonda, 1977; 

Capsoni, 2013). These material parameters are interconnected through the relationships 
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where T is the period of vibration. Due to Eq. (1), it is sufficient to measure only one of these 

four quantities. In this paper we use the logarithmic decrement δ for quantification inelastic 

properties of materials. The logarithmic decrement is the natural logarithm of two successive 

amplitudes of vibration, 
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In practice, it is most common to determine  from the exponential decay of the amplitude of 

vibration (Favstov, 1960). The time dependence of the amplitude of vibration after excitation 

is given by the expression 
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,teA   (3) 

 

where t is the time. The parameter  is obtained by fitting points of the local maxima of the 

measured signal. Using Eq. (1b), we can determine . This method is suitable if the decay of 

the amplitude has a profile as the one shown in Fig. 1, i.e., when the damping is relatively 

weak (Riviere, 2003). Such a behavior is assumed in commercially available systems for the 

damping measurement.  

 

 
Fig. 1 Recorded evolution of vibrations after excitation and the determination of the decay 

ratio  (here it  is equal to  9.139) 
 

Another method of determination of  is to use the half-width of the resonant peak. The 

logarithmic decrement in this case is given as (Inman, et al., 2008) 
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where fl and fr are explained in Fig. 2. 

 
Fig. 2 Determination of the internal friction from the half-width of the resonant peak 

 



  

429 
 

Some others methods exist for determination of damping characteristics  

Formation of beats 

In experiment, after mechanical excitation of vibrations one may often observe the 

formation of beats. It seems as if the sample vibrates via two flexural vibrations of the 

fundamental mode. This phenomenon occurs mainly for a sample with a circular cross-

section. The amplitude of both frequencies varies in dependence on the rotation of the sample 

around its longitudinal axis. In our analysis we shall assume that there are two planes of 

vibrations in which the sample vibrates at two close frequencies. Some examples are depicted 

in Fig. 3.  

The determination of the logarithmic decrement via the exponential decay of the 

amplitude is inaccurate in this case (Nakutis, 2011). The determination of the logarithmic 

decrement from the half-width of the resonant peak can be also problematic because the two 

adjacent peaks overlay. Sometimes it is also impossible to recognize the two frequencies 

when they are very close or when the peaks are wide. The frequency of beats is equal to the 

difference between the frequencies of these peaks. The method for the estimation of the 

logarithmic decrement from the amplitude of the beats is presented in the work (Nakutis, 

2011). Below we suggest an alternative method for the determination of the logarithmic 

decrement. 

 
Fig. 3 Examples of beats formation by the impulse excitation technique. Gray lines represent 

the fit of the local maxima to the input signal. Poor agreement is observed. 

Model data 

We will use the model data for analyzing the accuracy of a different approach for the 

determination of the logarithmic decrement. According to experimental experience we assume 

that the model data have the form 

 

),2sin()exp()2sin()exp()( 222111 tftfAtftfAts    (5) 

 

where is A1 is the amplitude of vibrations in the first plane, A2 is the amplitude of vibrations in 

the second plane, f1 is the frequency of vibrations in the first plane and f2 is the frequency of 

vibrations in the second plane. This model represents the sum of two underdamped vibrations 

with the same damping (Gatti, 1999; Nakutis, 2011). 
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Determination of the logarithmic decrement using the beat fitting method (BFM) 

In this section we present an alternative method for the determination of the logarithmic 

decrement. This method is particularly suitable for the samples vibrating on two close 

frequencies of the fundamental flexure mode, which leads to the formation of beats. The BFM 

is based on fitting beats that are formed in a measured signal. As a fitting model, we shall 

consider Eq. (5). In practice, if we obtain a signal from an experiment (the left-hand side of 

Eq. (5)) in which beats are observed, we apply the FFT for the spectral analysis to obtain the 

two close frequencies. Then Eq. (5) is used to determine the three parameters A1, A2, and . 

Equation (5) suggests that at time t = 0, two sinusoidal signals are in phase, so we need to 

pinpoint such a point. We could expect that this happens at a point of a local maximum of 

beats. This is true only if no damping is present. A damping shifts the local maximum of 

beats, as is shown in Fig. 4. 

 
Fig. 4 Shift of local maxima of beats by an increase of the logarithmic decrement. The model 

data used: f1 = 1000 Hz, f2 = 1005 Hz, A1 = 1 and A2 = 1. 
 

From Fig. 5 we observe that local minima stay at the same place, opposite to local maxima of 

the beats. This we may employ to locate the points where the sinusoidal signals are in phase, 

i.e., when they lie in the middle between two local minima. Near this point we find the point 

where the amplitude is equal to zero, and we assign a time t = 0 to this point, in agreement 

with Eq. (5). 

We can decrease the number of the fitted parameters if we consider the relationship 

between the amplitude of frequencies in Eq. (5) and their response in the frequency spectrum, 
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where B1 (B2) is the amplitude of the frequency f1 (f2) in the frequency spectrum (see Fig. 

5). Relation (6) is an empirically determined approximate relation obtained from our analysis 

of the model data (the amplitude in the frequency spectrum decreases with frequency). In an 

input signal for the amplitude of beat, C,  the relationship 
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holds. The variables B1, B2, f1, f2, and C are known, so by solving the system of two equations 

with two unknown variables we obtain A1 and A2. Only the parameter  is necessary to 

determine by fitting the input signal, using Eq. (5).   

 

 
Fig. 5 In the model data we used A1 equal to A2, but the amplitudes B1 and B2 in the 

frequency spectrum are taken unequal. The time t = 0 is shift to the point in the middle 

between the nodal points of the beats  

COMPARISON OF DIFFERENT METHODS FOR THE DETERMINATION OF THE 

LOGARITHMIC DECREMENT 
Three methods (the exponential decay, half-width of the resonant peak, and beat fitting 

methods) were applied, using the data given by Eq. (5), to assess the possibility of their 

usefulness for the determination of the damping characteristics, in particular, the logarithmic  

decrement. We chose the parameters of the model data as f1 = 1000 Hz, A1 = 1, and  = 0.01. 

The frequency f2 and amplitude A2 varied, and the deviation from the expected value of the 

logarithmic decrement, i.e.  = 0.01, was examined. In Figs. 6-8 we depict the errors in the 

determination of  by the three methods as a function of the frequency f2 for tree values of the 

amplitude A2. 

 
Fig. 6 Inaccuracy in the determination of the logarithmic decrement for A2 = 1, f1 = 1000 Hz 

and  = 0.01. 
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Fig. 7 Inaccuracy in the determination of the logarithmic decrement for A2 = 0.5, f1 = 1000 

Hz and  = 0.01. 

 

 
Fig. 8 Inaccuracy in the determination of the logarithmic decrement for A2 = 0.1, f1 = 1000 

Hz and  = 0.01. 

 

The determination of the logarithmic decrement using the fitting of the beats is 

impossible if we are not able to recognize the close frequencies on the spectrum or if it is not 

possible to find the nodal points of the beats. From Fig. 8 we observe that this occurs mainly 

if the amplitude of the second frequency is very low (A2 < 0.1A1). The method of fitting beats 

is very useful if the amplitudes of the two vibrations are relatively high and their difference is 

low (see Figs. 6 and 7). The method of the half-width of the resonant peak is more accurate 

than the other two methods if one amplitude of the vibrations is small and the two frequencies 

are not very close to each other (see Fig. 8). If the frequency difference is high enough, both 

the exponential decay method  and the half-width method are suitable.  

CONCLUSION 
Based on model data we showed that the determination of the logarithmic decrement can 

be problematic if a cylindrical sample oscillates at two near frequencies. The main 

complication is the formation of beats, which causes problems, namely, the determination of 

the logarithmic decrement from the exponential decay of the amplitude. The presented 
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approach based on fitting a signal with beats seems to be useful. Namely, it provides good 

results if the two frequencies are very close. This method requires that the ratio of the 

amplitudes is more than 0.1. The method of the half-width of the resonant peak is also very 

useful, but only in the case if the frequencies are not very close to each other. The mostly used 

method of exponential decay is good if the frequency of bets is large (above 15 Hz) or the 

sample does not oscillate at two close frequencies. 

In this analysis we used model data without noise, so the influence of noise is not 

included in our results. As a base frequency we chose 1000 Hz. A wider frequency spectrum 

shout be explored if more general conclusions are to be made.  
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Abstract 
We deal with the study of thermophysical properties (thermal conductivity, thermal diffusivity and volumetric 

heat capacity) of soil independence on the size of soil grains. These properties were measured with the device 

Isomet 2114 with an additional needle probe. Six measurements were performed in total, while the granularity of 

soil samples was reduced. The result is the dependence of thermophysical properties on the size of soil grains. 

The thermal conductivity increases with reducing the granularity of soil, implying a better thermal transfer when 

reducing the volume of the air in the sample. For the size of grains lower than 0.5 mm, the studied soil 

properties decrease, which is contrary to our assumption. 

Keywords 

thermal conductivity, volumetric heat capacity, thermal diffusivity, soil 

INTRODUCTION 

The thermal conductivity of the soil depends on the mineralogical composition, texture, 

and structure of the soil, but mostly on its moisture. If the moisture is too low, the heat is 

transferred through spot contacts of conductive elements and the air works as a heat isolator. 

As soon as the aquatic films are created, rapid growth of contact areas appears and the rate of 

the thermal conductivity increases with moisture. As the moisture increases, these contact 

areas grow slowly and at a high moisture the rise of the thermal conductivity is caused only 

by the reduction of the air capacity (Kutílek et al., 1993). 

The study of the thermal conductivity and volumetric heat capacity in dependence on the 

moisture and granularity was already observed (Usowics et al., 2013; Ju et al., 2011; De Vries 

et al., 1963; Hadas, 1977; Molindo et al., 2007). It was found out that the thermal conductivity 

increased with moisture and that the thermal conductivity was even higher if the soil 

granularity decreased.  

The determination of thermal soil properties, like the thermal conductivity, the volumetric 

heat capacity, or the thermal diffusivity, is important for the application in agriculture, 

engineering, and geology. Some studies (Ochsner at al., 2001) showed that the rates of soil 

thermal properties are dependent mostly on the volume share of the air in the sample.  

Thermal conductivity of the soil is a crucial factor for the draft of thermal pump system. 

Thermal pumps are a technology which we can use to heat or to condition our houses in an 

effective and ecological way. Knowledge of the rates of the thermal conductivity is necessary 

for the analysis and finding of the initial investment, energy saving, and operating power of 

the system. That is the reason why many works deal with the topic of measuring soil thermal 

conductivity (Jia at al., 2012; Banjac et al., 2012). 

The aim of this work was to determine the dependences of thermal conductivity, thermal 

diffusivity, and volumetric heat capacity in dependence on the size of soil grains.  

MATERIAL AND METHODS 

The soil sample of 1.81 kg has been taken in the locality of Nitra – Chrenová and drained 

in the laboratory furnace before the measurement. After this preparation, we measured the 

thermal diffusivity, thermal conductivity, and volumetric heat capacity, using the device 
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Isomet 2114 (Applied Precision s.r.o.), see Fig.1. After determining there three quantities, we 

made the sieve analyses of the examined soil (see Tab. 1) with an analytical sieve shaker 

Retsch AS 200 (see Fig. 2). Subsequently, we grinded the coarsest grains in the planetary ball 

mill Retsch PM 100 (see Fig. 3), homogenized the sample by shuffling and measured the 

studied thermophysical properties. We repeated this procedure for several times, so that we 

got the dependence of the thermal conductivity, thermal diffusivity, and volumetric heat 

capacity on the size of soil grains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 The device Isomet 2114 with needle probe 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 The analytical sieve shaker Retsch AS 200 
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Fig. 3 The planetary ball mill Retsch PM 100. 

 

RESULTS AND DISCUSSION 
 

Tab. 1 Sieve analysis of the examined soil from Nitra – Chrenová. 
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5, 2.5) 25.86 % 
     

2.5,1.25) 34.09 % 45.73 % 
    

1.25,1) 8.60 % 10.22 % 12.89 % 
   

1, 0.5) 16.12 % 19.88 % 28.91 % 32.78 % 
  

0.5, 0.2) 8.31 % 11.42 % 22.72 % 26.60 % 35.85 % 
 

0.2, 0.1) 2.14 % 3.74 % 8.54 % 9.71 % 18.01 % 42.50 % 

lower than 0.1 4.88 % 9.01 % 26.94 % 30.91 % 46.14 % 57.50 % 

 

 

In Tab. 1 we provide the sieve analysis of the sample after separate measurements. The 

first measurement means that the soil granularity is less than 5 mm. The second less than 2.5 

mm, the third less than 1.25 mm, the fourth less than 1 mm, the fifth less than 0.5 mm, and the 

sixth less than 0.2 mm. We give the results on the soil thermophysical properties in Tab. 2, 

where the rates are given by the average of three independent measurements. From these rates 

the dependences were created, where the horizontal axis in Figs.4 – 6 represents the number 

of the measurement. 
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Tab. 2 The studied thermophysical properties of the soil by its granularity. 

 
λ / W∙m

–1
∙K

–1
 cρ / J∙m

–3
∙K

–1
 a / m

2
∙s

–1
 t / °C 

Measurement 1 0.20 ± 0.01 1.4410
6
± 9.7010

3
 1.4010

-7
±8.9610

-9
 26.84 ± 0.23 

Measurement 2 0.21 ± 0.01 1.4510
6
± 3.5110

3
 1.4910

-7
± 8.5410

-9
 26.58± 0.20 

Measurement 3 0.22 ± 0.01 1.4510
6
± 5.9610

3
 1.5410

-7
± 4.5310

-9
 26.62± 0.51 

Measurement 4 0.27 ± 0.02 1.0110
6
± 7.2810

4
 2.6910

-7
± 2.1310

-8
 25.25± 0.16 

Measurement 5 0.22 ± 0.01 0.7210
6
± 1.3510

5
 3.1410

-7
± 6.1710

-8
 25.61± 0.04 

Measurement 6 0.20 ± 0.02 0.8010
6
± 1.1610

5
 2.5710

-7
± 1.1310

-8
 27.75±0.40 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
Fig. 4 The dependence of the thermal conductivity on the soil granularity. 

 

In Fig. 4 we show the dependence of the thermal conductivity on the soil granularity of 

the sample. We observed an increase of the thermal conductivity when reducing the 

granularity. Thus, a better thermal transfer occurs when reducing the volume of the air in the 

sample. From the size of grains lower than 0.5 mm, the soil properties decrease, which is 

contrary to our assumption. 

The results of the volume heat capacity (see Fig. 5) show no change for the first three 

measurements (when the sample contains grains bigger than 1 mm), but then the studied 

quantities decrease abruptly. 

The results from the thermal diffusivity measurement are shown in Fig. 6. We may 

observe that the diffusivity grows for the first five measurements. However, it decreases for 

the last measurement. We assumed the temperature equalization of the sample will be faster 

when reducing the volume of the air in the sample. This assumption has been confirmed, 

except for the last measurement.  
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Fig. 5 The dependence of the volumetric heat capacity on the soil granularity. 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 6 The dependence of the thermal diffusivity on the soil granularity 

CONCLUSION 

The aim of this work was to determine selected thermophysical properties of a soil using 

the device Isomet in dependence on the granularity of the studied soil. We determined the 

changes of the thermophysical properties of the soil which were probably related to a 

reduction of the air volume in the sample. As for the measurement uncertainty, they could be 

caused by the contact effects between the pin measuring probe and the sample and by thermal 

losses in the sample. To fully confirm the presented results, more measurements of the studied 

soil need to be accomplished. 
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Abstract 

Systems with negative temperatures are known at present.  It does not violate the thermodynamic laws but we 

must understand what the thermodynamic temperature is and what the Third thermodynamic law tells us about 

it.  They are obtained not by cooling the systems but by heating. We should not imagine a negative temperature 

as the one that drops below the value 0 K. In fact, any negative temperature is higher than every positive 

temperature, even infinite. A negative temperature is possible under special conditions. The scientists created a 

negative temperature state by tailoring the Bose−Hubbard Hamiltonian of an attractively interacting ensemble 
of ultracold bosons. They obtained a negative temperature of minus a few billionths of a Kelvin.  The results 

have a wide range of consequences. We could be able to create heat engines such as combustion engines with an 

efficiency of more than 100%. These scientific results could be interesting for cosmology. The behavior of 

particles at a negative temperature exhibits to so-called dark energy. 
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INTRODUCTION 

Some people use the notion of temperature in a very informal way. They know that 

heating increases the temperature, while cooling decreases it. This basic picture may be 

incorrect in some extreme cases. To show this, it is necessary to give a precise meaning to the 

quantity called the temperature. In particular, consider the Third thermodynamic law. It says 

that the thermodynamic temperature 0 K is not available. Does it mean that we cannot 

consider negative thermodynamic temperatures? The answer is that we can. It can be shown 

that there is no conflict (Braun et al., 2013), (LMU Munich, 2013), (Schneider and Bloch, 

2013). However, we must understand what the thermodynamic temperature is and what the 

Third thermodynamic law tells us about it.  

Surprisingly, the temperature is not a quantity that can be easily explained, although we 

are acquainted with it from everyday life. In fact, it is a somewhat complicated and 

sophisticated quantity.  We could define it in several ways. Systems with negative 

temperatures are known at present, but they are obtained, rather oddly, not by cooling the 

systems but by heating them, i.e., via an energy supply. Physicists were able to create 

controlled atomic systems isolated from the surrounding to simulate negative temperatures. 

They cooled the system’s atoms to a very low temperature (about 10
−9

 K) when the atoms 

almost stopped moving and their energy was very low. These atoms were located between 

potential holes and the maxima of these holes. Affecting their positions, the atoms could get 

to a potential maximum where their energy was maximal. Evaluating their temperature, it was 

concluded that it was negative (Braun et al., 2013), (LMU Munich, 2013), (Schneider and 

Bloch, 2013). 

 

TEMPERATURE 

There are two approaches to introduce the thermodynamic temperature: thermodynamic 

and statistical physical one. We shall consider the latter approach in the following. 
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Fig. 1 Sketch of the entropy as a function of the internal energy in the canonical ensemble 

possessing both lower (Emin) and upper (Emax) energy bounds. Insets: sample occupation 

distributions of single−particle states for positive, infinite, and negative temperature, 

assuming a weakly interacting ensemble (Braun et. al., 2013). 

 

Consider the relation 

         
     

  
, 

for the probability P(σ) of microstates of particles at different energies, E(σ) is a total energy 

of particles, c is a constant, and k is the Bolzmann constant. The parameter T is the 

temperature (Reif, 1965), (Henri J.F. Jansen, 2008), (Statistical Interpretation, 2013). In Fig. 1 

there are three dependences of the numbers of particles on the energy at a constant 

temperature. The slope of curve shows positive or negative temperature. We should not 

imagine a negative temperature as the one that drops below the value 0 K. In fact, any 

negative temperature is higher than every positive temperature, even infinite. So, we do not 

get a negative temperature by cooling but by heating. The system at a negative temperature is 

hotter than the system at positive temperature. 

We can to evaluate a negative temperature. The entropy S(E) is defined as 

              
where Γ(E) is the number of microstates of a system at the same energy (Reif, 1965), (Henri 

J.F. Jansen, 2008), (Statistical Interpretation, 2013). Consider two interacting systems to be 

isolated from the surrounding. They achieve equilibrium in a state when the total entropy is 

maximal. It is given as (Statistical Interpretation, 2013), (Atkins, 2010). 
 

 

      

   
 

 

 

      

     
  

We see we could define some property. We know this property from thermodynamics. It is a 

temperature T: 
 

 

     

  
   

 

  
  

If E<0, the function S(E) is increasing, then 
  

  
   and T is positive. If E>0, this function is 

decreasing, then 
  

  
   and T is negative (see Fig. 1) (Statistical Interpretation, 2013), 

(Atkins, 2010). 

The common systems cannot achieve negative temperatures because adding energy always 

increases their entropy. A negative temperature is only microscopic phenomenon (Atkins, 

2010). 
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ABOUT EXPERIMENTS AND RESULTS 

It is commonly known that the thermodynamic temperature is positive. A negative 

temperature is possible under special conditions when the states with higher energies are more 

occupied than the states with low energies. The scientists from Ludwig Maximilians 

University in Munich and Max Planck Institut in Garching (in Germany) were able to prepare 

a negative temperature state for motional degrees of freedom (Braun et al., 2013). They 

created it by tailoring the Bose−Hubbard Hamiltonian of an attractively interacting ensemble 

of ultracold bosons. It is stable against collapse for arbitrary atom numbers. 

We can illustrate a negative absolute temperature with rolling spheres in a hilly landscape 

(Schneider and Bloch, 2013). The valleys represent low potential energies and the hills high 

potential energies (see Fig. 2).  The faster the spheres move, the higher their kinetic energy is.  

If one starts at positive temperatures and increases the total energy of the spheres by heating 

them up, the spheres will increasingly spread into regions of high energy. If it were possible 

to heat the spheres to infinite temperature, there would be an equal probability of finding them 

at any point in the landscape. If one could add more energy and thereby heat the spheres 

further, they would gather at high−energy states and would be even hotter than at infinite 

temperature (Schneider and Bloch, 2013), (Next big future, 2013). The Boltzmann 

distribution would be inverted (see Fig. 1).The result would be a negative temperature.  

 

 
Fig. 2 The thermal distribution illustrated with spheres that are distributed on a hilly 

landscape (Schneider and Bloch, 2013). 

 

As we know, if the spheres are located on top of a hill (at a maximum of the potential 

energy), they will usually roll down and their potential energy will be converted into their 

kinetic energy. However, if the spheres are at a negative temperature, their kinetic energy will 

already be so large that it cannot increase further. Therefore, the spheres cannot convert their 

potential energy into the kinetic energy. Consequently, they cannot roll down at all and they 

will stay on top of the hill. It can be shown that the system is stable over some time (LMU 

Munich, 2013), (Schneider and Bloch, 2013). 

Scientists in a set of experiments first cooled several hundreds of thousands of atoms in a 

vacuum chamber to a positive temperature of a few billionths of a Kelvin. They captured 

them in optical traps made of laser beams. The atoms were thermally insulated from the 

environment. The laser beams created the so-called optical lattice in which the atoms were 

arranged regularly at lattice sites. In this lattice the atoms can move from site to site via the 
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tunnel effect. Their kinetic energy has an upper limit and therefore possesses the required 

upper energy limit. However, the temperature is related not to the kinetic energy but to the 

total energy of the particles. In this case it includes the interaction, i.e., the potential energy. 

The system of the Munich and Garching scientists sets a limit to both of these. The physicists 

then took the atoms to this upper boundary of the total energy, thus obtaining a negative 

temperature of minus a few billionths of a Kelvin (LMU Munich, 2013), (Schneider and 

Bloch, 2013). 

They created a negative temperature and exhibit coherence over several lattice sites with 

coherence lifetimes exceeding 600 ms. Its quasi−momentum distribution can be reproduced 

by Bose−Einstein statistics at a negative temperature (Braun et al., 2013). 

 

APPLICATIONS 

These results have a wide range of consequences. We could be able to create heat engines 

such as combustion engines with an efficiency of more than 100%. This does not violate the 

law of energy conservation. Indeed, such an engine could not only absorb energy from a 

hotter medium and thus perform work infinitely, but also from a cooler medium. However, a 

cooler medium (at a negative temperature) is really hotter than anything at positive 

temperatures (Braun et al., 2013), (Schneider and Bloch, 2013), (Ramsey, 1956). 

If we consider positive temperatures, a colder medium is absorbing a portion of the 

energy of a hot medium and thereby limits the efficiency. If we have a hot medium at a 

negative temperature, it is possible to absorb energy from both media simultaneously. 

Therefore, the work performed by the engine is greater than the energy taken from the hotter 

medium alone. This efficiency is over 100% (Schneider and Bloch, 2013). 

These scientific results could be interesting for cosmology. The thermodynamic behavior 

of particles at a negative temperature exhibits to so-called dark energy. Although the cosmos 

should contract because of the gravitational attraction between all masses, there is the elusive 

force that accelerates the expansion of the universe. This force could be related by the dark 

energy. The experiment in the atomic cloud in the Munich laboratory relies upon the fact that 

the atoms in the gas do not repel each other as in a usual gas, but instead interact attractively 

(Braun et al., 2013), (Science 2.0, 2013). It gives rise to a negative pressure, but the gas does 

not collapse. The same is expected for the universe under the effect of gravity. But this does 

not happen due to its negative temperature. This behavior makes proponents of the dark 

energy hypothesis satisfied. The gas does not collapse just like the universe (Braun et al., 

2013), (Schneider and Bloch, 2013), (Science 2.0, 2013). 

One explanation for the dark energy was that it was a property of space. Albert Einstein 

was the first person to realize that an empty space is not nothing. One version of Einstein’s 

gravity theory contains a cosmological constant. It yields a prediction that an empty space can 

possess its own energy. As more space comes into existence, more of the energy of space 

would appear. This form of energy would cause the Universe to expand faster. Unfortunately, 

no one understands why the cosmological constant should even be there, and why it would 

have exactly the right value to cause the observed acceleration of the Universe (Nasa, 

2013). Researching on negative temperatures might help to solve these problems.  

 

CONCLUSIONS 

Scientists observed a negative temperature in an experiment. This temperature enhances 

the parameter space accessible for quantum simulations in optical lattices. They enabled the 

study of new body−systems whenever the bands are not symmetric with respect to the 

inversion of the kinetic energy. 

The negative temperatures imply negative pressures and open up new parameter regimes 

for cold atoms. They lead to counterintuitive effects, such as Carnot engines with and 

http://hubblesite.org/newscenter/archive/releases/2009/08/
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efficiency exceeding 100 %. The behavior of particles at a negative temperature exhibits to 

so-called dark energy, as well. It does not violate the thermodynamic laws. 
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Abstract 

The paper deals with the existence of misconceptions and the need for their elimination. It discusses the 

possibilities to emerge while highlights the test method. It defines tests which can be used for diagnosing the 

misconceptions and points out the well-known type, the FCI test. It also introduces the proposed test for 

diagnosing the misconceptions with regard to the term density in physics at the primary school while also 

presents the results of testing in practice. 
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INTRODUCTION  

Nowadays, considerable attention is paid not only to the new teaching methods but also 

to so called misconceptions. This type of information is often misunderstood and therefore 

distorts the view on how the world around us functions. 

Misconceptions arise due to incorrect understanding, or misunderstanding of the 

curriculum that occurs while the student is in symbiosis with the new curriculum, whereas 

one part of the knowledge is acquired completely, the other part of new knowledge is 

interconnected with the original preconception when so-called “strange hybrid” emerges. 

(Kubiatko, 2007). 

This causes the emergence of misconceptions which are very difficult to recognize and 

eliminate. 

The paper is to show the existence of misconceptions, the possibility of their diagnosis 

and the results of pilot testing. 

DIAGNOSIS AND METHODS 

The diagnosing of misconceptions is difficult and tedious work. It requires not only 

overview of a teacher but also willingness of students to change their attitude towards the 

world and the way of thinking.  

Some misconceptions dwell in us until adulthood. They are not successfully revealed and, 

therefore, eliminated even during studies at a high school or a university (Bystrianska, 

2012b). 

Several methods for the diagnostic purposes can be used such as painting (small 

children), dialogue, various project techniques and also diagnostic tests. 

TESTS – THE DIAGNOSTIC MEANS 

Tests, whether didactic or diagnostic, are a method which can be used to detect 

misconceptions among pupils. There are different types of tests, standardized, non-

standardized, tests with open questions or multiple choice tasks. One of the examples to detect 

misconceptions is two-level tests. These tests have tasks which are not easily evaluated and 

are “broad“. The pupil must first choose the correct answer from offered options and then 

justify his/her answer – choice (Treagust, 1988). 

mailto:maria.bystrianska@ukf.
mailto:pcernansky@ukf.sk
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EXAMPLES OF MISCONCEPTIONS AND TESTING – FCI TEST TYPE 
Currently new misconceptions exists, therefore, there is a need to separate them. We will 

deal with misconceptions that arise in physics, particularly with the physical term of 

“density”. As mentioned earlier, tests to test misconceptions (diagnosis and elimination) are 

used in physics. Probably the most well-known is the FCI test (Force Concept Inventory) 

which dealt with force and mechanical motion (Bystrianska, 2012a). 

FCI   TEST 

The FCI test (Force Concept Invetory) belong to so-called conceptual tests category. The 

first FCI test originated in the 80-tieth of the 20
th 

century. Mainly Ibrahim Hallon and David 

Hestenes partook in their creation. Conceptual tests are specific in their focus on a particular 

matter (particular issue) and not only on aimless memorizing of knowledge. The advantage of 

such tests is that they can easily and quickly be evaluated and thus more students can be 

tested. The tests are not time consuming and can be used in all types of schools (elementary, 

secondary, universities) (Hestenes, 1992), (Hestenes, 1995).  

These are classic tests with multiple choice questions where there is only one answer 

correct and other responses are so-called “distractors” which cause the most frequent 

misconceptions of pupils. These misconceptions were obtained by the authors in their own 

research which lasted several years where thousands of pupils were involved. Therefore they 

belong to the most reliable tests. 

AN EXAMPLE OF CONCEPTUAL TEST 

There are many related preconceptions and misconceptions within the concept of density. 

We focused on the two most frequent. The first misconception is associated with the idea that 

all liquids are mixed together. The second deals with the idea that the liquid that is poured 

into a glass will stay on its bottom. 

To diagnose these misconceptions, we have constructed a test in which we focused on 

these two problems in more variations and versions. The part of the test that deals with the 

above mentioned misconceptions consists of four questions. The questions are either multiple-

choice or open ones. 

 

Test sample 

1. There is 1 dl of water and 0.5 dl of oil in the glasses. If we pour liquids into a single 

glass, the liquids arrange in a way as shown in Fig. 1. What will happen when we pour 0.5 dl 

of water and 1 dl of oil into a single glass? 

 

a. The water will be at the top and the oil on the 

bottom of the glass. 

b. The water will be on the bottom and the oil at 

the top of the glass. 

c. The liquids will mix together and it will be 

impossible to determine the borderline 

between them. 

d. Drops of the oil will float in the water. 

e. Drops of the water will float in the oil. 

 

 

water 

oil 
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Draw the right answer to the picture. 

 

 

2. We have two glasses. In the first, there is water, in the other, there is tea. We will pour 

the liquids into a single glass. What will happen to the drinks in the one glass? 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

 

3.   There is water in a glass. We slowly pour oil into the glass. What will happen to the 

liquids in the glass?  

 

a. They will mix together. 

b. Nothing will happen. 

c. The water drops to the bottom of the glass and the oil will move up to the top. 

d. The oil drops to the bottom of the glass and the water will rise to the top. 

 

 

4. We very slowly poured water into a glass with 

syrup. What happened to the syrup and water in the 

glass? 

. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TESTING 

The entire test, in which we wanted to diagnose misconceptions, connected with density, 

consisted of theoretical, practical, multiple choice and open-task questions. 

The test has been verified in practice, while the testing itself was conducted with primary 

school pupils. The sample consisted of 106 pupils, grades 7 through 9. 

The tests have been evaluated in percentage to see the differences in pupils‘ thinking 

more clearly. 

 

TESTS EVALUATION 

We will show only two questions as sample tests evaluation. The first example was as 

follows: There is 1 dl of water and 0.5 dl of oil in the glasses. If we pour liquids into a single 

glass, the liquids arrange in a way as shown in Fig. 1. The question itself was: What will 

happen when we pour 0.5 dl of water and 1 dl of oil into a single glass? 

a. The water will be at the top and the oil on the bottom of the glass. 

b. The water will be on the bottom and the oil at the top of the glass. 

c. The liquids will mix together and it will be impossible to determine the borderline 

between them. 

d. Drops of the oil will float in the water. 

e. Drops of the water will float in the oil. 

The right answer to this question was option B. Percentage ratio of answers to this 

question can be seen in Figure 1, where 78% of answers were incorrect (option A, C, D and 

E). 

 
Fig. 4 Percentage of responses to question 1 
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The result of this question indicates that the majority of pupils do not speculate about the 

different characteristics and different behavior of these liquids. Pupils took into account only 

the quantity (volume) of given liquids. 

The second question was similar to the first one. The difference was just that we did not 

provide the volume ratios, thus eliminating the option that the pupils would decide by the 

quantity of liquids. 

The question was: 

There is water in a glass. We slowly pour oil into the glass. What will happen to the liquids in 

the glass?  

a. They will mix together. 

b. Nothing will happen. 

c. The water drops to the bottom of the glass and the oil will move up to the top. 

d. The oil drops to the bottom of the glass and the water will rise to the top. 

The right answer to this question was option C. We can say that there is a great deal 

of misconception related to the term density because the number of incorrect answers from 

pupils was striking.  

Fig.  5 Percentage of responses to question 3 

To sum up the test results, the overall success rate of the test was 54.8 % (58 pupils). 

Only 18 pupils answered all the questions correctly. Misconception was traced among 45.2% 

of the pupils. 

At a closer look at responses of the pupils, who were detected with misconception, 18% 

of the pupils answered 3 questions incorrectly which may suggest that these pupils have 

misconception in regard with the term of density. 32% of the pupils answered half of the test 

questions correctly. Remaining 10% of respondents were wrong in one question only, which 

suggests that these pupils may or may not have misconceptions (incorrect answer could have 

been caused by inattention). 
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CONCLUSION 
We know that not all information we receive is correct. This leads to misconceptions that 

should be diagnosed and eliminated. 

We have produced a test, which is designed to diagnose misconceptions. In the test, we 

were looking into two problems related to the term density. The questions in the test were 

constructed in such a way that on the basis of the answers of the pupils we were able to 

determine whether primary school pupils have correct perception with regard to the term of 

density or not. We have verified this test in practice and based on the results of testing, we can 

say that there are misconceptions associated with the term density by primary school pupils. 
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Abstract 

This article focuses on one of the research methods, which uses the eye tracking device for the observation. This 

device is used in various fields of research; we specifically monitored the results in educational research, mainly 

the use of illustrations in scientific texts. For some time, we engaged in examining the use of illustrations as a 
source of information in the scientific texts, particularly the physics ones. Researches carried by the eye tracker 

support our theory of using illustrations as an explanatory tool in many ways. In this article we decided to 

search for the links between researches that were carried out and our theory. At the end we formulate 

suggestions for further testing, which would deepen our research. 
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Illustrations. Textbook. Eye tracking. Picture. Attention. 

INTRODUCTION 

Using the eye tracking device has already been used in a number of studies that examined 

not only the pictures themselves, but also their position in relation to the text, most often 

placed on the websites etc. However, these studies were commercially oriented and it would 

be a mistake to believe that the image in general can cover the whole range of different types 

of pictures. For didactic purposes it is necessary to examine specific types of educational 

illustrations, diagrams, graphs, and the like in a specific environment of graphic processing of 

the textbook. We incline to classification of illustrations as it is provided by Tokár. In the 

traditional sense book illustrations can be divided into two groups, scientific and artistic ones. 

Scientific illustrations are such displaying and illustrating signs that are bind on a substantive 

text (scientific, educational) in a factual way: they rigorously reproduce it, objectively and 

graphically explain, document, or complement it, enhance its content and expand its 

referential function or model the reality (Tokár, 2002). We deal with the scientific illustrations 

in details, as we include the illustrations in textbooks of physics into this group.  

In the previous survey (Adamíková et al., 2011) we focused on the physics textbooks 

issued in Slovakia or in the Czech Republic in different time periods. Most of them contained 

only a small number of images and the majority was highly simplified, schematic. We 

presume that teams compiling textbooks did not take illustrations and their visual aspect into 

consideration and did not apply their educational potential. In contrast, some studies show the 

importance of images, their location and labelling (e.g. Mayer et al., 1995). 

Our goal is to propose such tests that would be specifically targeted on different types of 

images in demanding physics text. For this purpose, we regard the eye tracking device as a 

very suitable method. Test results should not only confirm or refute the level of students’ 

interest in illustrated text, but also compare their results in a subsequent knowledge test. The 

method of eye tracking would help us determine the time of being focused on pictures and 

text structure. This device would allow us to draw comparison between the eye fixation on the 

text alone, the text with schemas and finally the illustrated text. 

In the past, the aesthetic aspect of illustrations in textbooks and educational texts were 

often neglected, what actually resulted in a lower attractiveness to students and thus less 

chance that such an educational material would be used frequently. The other extreme is to 
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attract the reader’s attention by overly eye-catching images without any deeper content. In the 

learning materials illustrations fulfil more functions, which must be satisfied in order to reach 

optimal results. „In a related review, Peeck (1993) lists a number of reasons why pictures 

should facilitate learning, including increasing motivation, focusing attention, depth of 

processing, clarification of text content, dual-coding theory, distinctive encoding, decreasing 

interference/decay, processing support for the type of information typically extracted from a 

specific type of text (e.g., Waddill et al., 1988; Waddill and McDaniel, 1992), and serving as 

mental models (e.g., Glenberg and Langston, 1992; Gyselinck and Tardieu, 1994).“ (Carney, 

Levin, 2002). 

It is not possible to take all the pictures in textbooks as a uniform instrument. According 

to the function they fulfil in the text and according to recipient they are meant for, as well as 

according to the form of displaying we distinguish at least three basic types of pictures: 

illustrations, graphs and photographs (see Adamíková, Zelenický, 2013). Therefore, we 

presume that the subject of the investigation should not be just illustrations in general, but 

rather different types of images and their effectiveness in various situations should become 

the subject of research.  

In any case, several studies conducted with the eye tracker directly or indirectly support 

our view that the illustrations are an important and inseparable part of physics textbooks. 

Since the pupils come to secondary school with different levels of knowledge from 

elementary school, we do not claim that at this level of knowledge the illustrations are no 

longer needed, and students are fully able to cope with specialized texts, which they are able 

to understand. By incorporating the correct illustrations in physics textbooks, there is a chance 

to facilitate the understanding of subject matter to less prepared students. 

 

History of the Eye Tracking 

We assume Emile Javal to be a founder of the eye tracking research method, even though 

the originality of this idea is controversial, in any case, he was the first who published it in 

1879. He realized that during reading the eye frequently stopped in some position. It was in 

1879. He exerted several observations of eye movements (Scherffig, 2005). 

Eye tracking beginnings were difficult and technically imperfect. In the first simple 

experiments the subject was observed by an observer (Scherffig, 2005), later, the devices, 

which were not practical at all, were invented and thanks to their location on the head of an 

examined person they also were distracting and thus could influence the results of research 

(Manhartsberger and Zellhofer, 2005). 

Present time and technological development bring us the possibility of using the eye 

tracker, which actually is a non-invasive device, which does not distract the studied object. In 

practice, you probably would not recognize it from the ordinary computer, but it is equipped 

with a special infrared camera that records not only the eye movements, but also the time of 

fixing eyes on some spot. Eye tracking is a non-invasive method that can measure many 

important parameters of brain activity in solving various educational issues. It is possible to 

identify the examined person’s eye fixation and the fixation time, saccadic speed and reaction 

of eyes to the stimulus (Błasiak et al., 2013). 

When using the eye tracker in research, there are two essential terms, fixation and 

saccades. Fixation, as its name says, represents the points on which the sight is stopped, 

usually for no longer than half a second (Manhartsberger and Zellhofer, 2005). Eye tracking 

device records the order of these points. The fixated object is identified by the fixation 

(Manhartsberger and Zellhofer, 2005). Saccades are transitions, or rather jumps between these 

points. 

 

 



  

453 
 

The Results of Research Made in Krakow 

In July 2012, the Department of Physics at the Pedagogical University in Krakow under 

the guidance of Prof. Błasiak conducted an experiment that was aimed at finding strategies 

students choose in order to solve various difficult physical tasks. A group of 35 randomly 

selected pupils from the grammar school in Krakow were subjected to the study.  Pupils were 

expected to solve six tasks while they were being monitored by eye tracking device made by 

the company of Tobi, model T 60. Particularly the second experiment realized by this group 

caught our attention as the pupils with the best and worst marks were singled out of the 

sample. The eye tracker device scanned the eye stops on different parts of the instructions for 

the task. In the Figure 1 from this study we can see the heat maps (heat spots), which means a 

colour scale representing the pupils’ eyes activities in solving the tasks (squares represent the 

response selected by pupils) (Błasiak, 2013). 

 

 
Fig. 1 – Heat maps indicating the fixation time of eyes and squares mark the responses of 

students (Błasiak, 2013) 

 

 

The analysis proved that better students spent about twice longer time on the instructions 

for the task than the students with worse marks (Błasiak, 2013). We put it into the context of 

other trials aimed at pictures, which showed that students with better results concentrate more 

on the text than on the pictures (e.g.  Hannus and Hyönä, 1999). Similar results can be 

observed also in other demonstrations of eye tracker testing, which are focused on 

understanding the functioning of the patent key. For us the substantial information from this 

test is the comparison between people with higher and lower technical education (Figure 2). 

As it turned out people with lower technical education were, though chaotic, but even more 

focused on the pictures than on the text description. It can be assumed that they strived to get 

more information from the images. Black dots on the pictures are fixations and the links 

between them are saccades. 
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Fig. 2 – Eye fixation of participant with high and low technical knowledge (Graesser et al., 2005) 

 

 

The results of these studies bring us to another consideration. It is possible that more 

experienced recipients do not have to focus their attention on the image, because they can 

receive the necessary information from a single glimpse. This possibility could be examined 

by comparing fixation times on the image and directed questions aimed at the content of the 

image.  

Testing of Prof. Błasiak and his colleagues was not focused on comparing images and 

texts, as it dealt with a compact task in which pictures took part. And thus the pupils had to 

notice both components to solve the task. However, it gave us a good view of how one 

responds in solving physical tasks, in which the images are used. 

 

Text–Picture Integration 

It is not our purpose to say that physical textbooks should look like children’s colouring 

books. The text and illustrations must be in balance and we believe that in educational 

material the illustrations have to meet the basic principles of illustration. Children’s formation 

of concept should be based on their sensory perception. In pedagogy the principle of clearness 

reflects this requirement. This means that even illustration alone allows an individual to 

obtain sufficient knowledge about the displayed objects and phenomena. Illustration has the 

added advantage of displaying facts, which are perceived in interaction with a text 

component, complement each other and thereby creating concepts is more effective (Tokár, 

2002).  

The indisputable advantage of illustration is their ability to attract the attention of the 

reader. In order to receive some information from either the text or image, the recipient has to 

focus their attention on a given object. This phenomenon is also well observable with the eye 

tracking device (Slykhuis et al., 2005). 

 

Possible Disadvantages 

Among others, it gives a picture of the preferences of an investigated subject without 

influencing the results by misleading or random responses, which occur very often especially 

when adolescents participate in research. Obviously, the eye tracking as a research method is 

not infallible and some possible derogation should be counted. 

This problem can be minimized by using another research method, which will 

complement the original testing, such as retrospective comprehension tests or think aloud 

protocols (Hyöna, 2009). 
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CONCLUSION 

As we have proven, several trials using the eye tracker confirm the role of illustration as 

an important component in the educational documents, and thus in the textbooks. Some 

studies suggest that ordering and labelling images is essential to increase the efficiency of 

learning and perception of information. We believe that different types of images should be 

subject of the further research concerning their impact on a human, the extent to which the 

human is able to decode them, or whether they facilitate understanding of the demanding 

scientific texts. Based on previous results in this area, possible significant differences between 

students with better and worse study results shall be taken into consideration. This article 

should provide the theoretical base for the planned testing we would like to implement and 

other proposals on subjects for further testing in the field of illustration in the educational 

materials. 
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Abstract: 

In this paper we discuss the role of certain features observed in physical tasks used to measure the knowledge 

growth. The model we used was the model of knowledge growth by repetition. We present several experiments 

aimed at measuring of physical tasks difficulty. By the analysis of these experimental results we will attempt to 

describe the influence of both the number and nature of the features on the progress of individual learning 

curves. Our research confirm the change of learning curve caused by the change of the number of observed 

features during the experiment, the shape of the learning curve in the case of increasing number of features in 

tasks, and evaluation of learning curves of tasks, where more features simultaneously were observed. 

Keywords 

Learning curve, model of learning, didactic experiments. 

INTRODUCTION 

The purpose of learning in a human mental preparation is to change the behavior. For 

students are more popular games than concentrated learning. On the analysis of reason, why 

it’s so, we could spend a lot of time. But the basic questions are related to elements of game, 

the implementation of which into the learning process we can change the approach to student 

learning. 

Chris Crawford defines a game as an interactive, purposeful, social activity (Crawford, 

2003). A study published in New York Times, claims that the goal of the game is not a 

physical training but mental preparation for obstacles a person's life can encounter, because 

the game develops certain specific parts of the brain (Henig, 2008). The above mentioned 

obstacles can be overcome by learning as well, but this is not so entertaining form. In this case 

it is an equifinality (opinion that the same objective can be achieved in different ways). A 

significant difference between learning and play is the fact that the game provides certain 

form of immediate reward. 

In the first half of the 20th century Abraham Maslow compiled a hierarchy of human 

needs (Maslow, 1954), which motivate people to action. After filling the biological needs 

individuals focus on meeting secondary and higher needs (just like needs for 

success)(Hejdenberg, 2005). It is very difficult to obtain these needs in a learning process, 

when the student doesn’t see how education helps to improve his quality of life, and he hasn’t 

a clear idea of what is important to him. We know from experience that the student will study 

the necessary skills and competence to carry out specific work activity that uses it. However, 

he does not have this experience in his age. Therefore, he does not feel the need to meet these 

needs immediately, but after a large period of time, thereby losing his motivation to pursue 

studies. 

The game has clear targets and provides immediate, easily obtainable and understandable 

reward, not only at the end of the game, but also in its course (obtaining points, rank, or 

abilities). This is the element, which often binds a student to the game. This is the feature that 

can make learning more attractive. We are not talking now about learning game, but the 

immediate feedback in learning. 
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When student solve a physical problem, it is very important that he knows, that the steps 

what he has done are correct or incorrect in the process of solution. It is very important to 

evaluate result of student’s activity (preferably positively) and, in such a way, he could 

achieve self-confidence and motivation for further activities. 

Numerous experiments were realized, demonstrating the relationship between success 

solution of the physical tasks and the number of repetitions. 

This percentage (relative success) increased in case when were no change of level of 

difficulty of solved physical problems. Students receive immediate feedback that rewards the 

right solution and it does not award the wrong one (after the solution in feedback it has to be 

immediately explained how the task is properly handled). This dependence can be described 

by curve of knowledge growth (represented by the relative success of student’s solutions) on 

the number of repetitions. Mathematically, the curve can be interpreted on the basis of a 

model of the knowledge growth by the number of repetitions. The model that we use in the 

experiments is the model of knowledge growth by repetition, built on theory of ENKI 

(Efficacy Norm of Knowledge Increase), which is described in detail in (Lacsný, 2005). 

 
Fig. 1 Dependence of the curve of knowledge growth on the number of autonomous units, 

needed during the problem solving process. There are a numbers of repetitions (here signed ν) 

on horizontal axis and the probability         of the   of autonomous structures completion 

in   repetitions on vertical axis (from: Lacsný, 2005). 

 

Discussed model shows also the dependence of dynamics of the knowledge growth on the 

number of autonomous units. The probability         of the    autonomous structures 

completion in   repetitions is then 

                   

where       is the probability that one autonomous structure will be complete by one 

repeating. The neurological structures, but also the whole learned structures are characterized 

by autonomous entities that interact and interconnect. As stated by B. Lacsný in (Lacsný, 

2005): "Under autonomous units we understand structures, which could be fully developed to 

handle the mental operation." The parameter   is interpreted as      , where   can be 
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interpreted as "efficiency" with whom the student is able to learn the curriculum, or otherwise 

as “modesty” of subject matter (Lacsný, 2005). Illustration of the course is shown in Fig. 1. 
The exponential nature of the curves was confirmed in the research conducted on 

hundreds of respondents by D. I. Nurminsky (Błasiak, 1996). Curve mathematically 

expressed by this model corresponds to the course and shape of the result of performed 

research. This model is able to interpret correctly the increase of knowledge (Fig. 2) in the 

case of less complex cognitive processes, e.g., it can interpret model based on Hebbian rules 

described in (Hassan, 2009). On the other hand, ENKI model can interpret also more complex 

cognitive processes just like model built by Gamble described in (Błasiak, 1996) and 

(Gamble, 1986), as it is mentioned in (Benko, 2012). It is an ENKI model, which uses the 

number of repetitions as independent variable. Other models are based on the increase of 

knowledge depended on time. We note that the model’s assumption is the necessity of 

repetitions implemented in certain time windows, the length of which may vary in reasonable 

intervals. 

 

 

Fig. 2 Fitted experimental results in case of more complex cognitive processes. There is plot 

of experimental data situated in the top left corner, the top right is a fitting curve by model of 

growth of knowledge by repetition build on theory of ENKI, bottom left is the fitting curve 

according to the Gamble model and bottom right is the fitting curve according to Hebbian 

rule. There is number of repetitions on horizontal axis and there is relative solutions success 

of pupils on vertical axis in each fitted plot. 

 

In 2005 two of the authors (B.L. and A.T.) worked out a model (Lacsný, 2005) based on 

the latest discoveries in micro genetics presented by Fields in Scientific American (Fields, 

2005). In the model (Lacsný, 2005), based on the discoveries, any knowledge is represented 

as a structure in the neural network of a person. The structure may be individual for any 

person and is build up by establishing neural synapses in a random process described in detail 

by Fields. In this learning model with random processes (as opposed to common learning 

models) it is not the time spent with the learning process, but the number of repetition in the 

learning process that plays the central role. In this learning model with repetition the author 
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worked out an efficient norm (ENKI) for measuring the difficulty of the task to be learned  

(Lacsný, 2005). ENKI
1
 is an acronym for Efficacy Norm of Knowledge Increase and it is also 

used as the name of the model. In addition, the author identifies the crucial role of instant 

feedback in the learning process as a consequence of establishing processes on the level of 

micro genetics described in (Fields 2005).  

We make comparison of success in describing learning processes of certain well-known 

models and ENKI in the next section. The comparison is not exhaustive from the view point 

of mathematical statistics but gives a good insight into the  possibilities of ENKI. We also 

present a brief description of the main tools of ENKI. 

The role of the instant feedback applied during the learning process tested with ENKI is 

described in the following (past) section. ENKI's analytical tools recognize changes in the 

level of difficulty of tasks used in testing. The difficulty depends on the level of knowledge of 

persons tested and in this sense ENKI recognizes changes in the level of knowledge of tested 

persons too. 

THE ROLE OF CERTAIN OBSERVED FEATURES IN ENKI TESTING 

Feedback allows detection of an error in pupil´s solutions. Experiment realized on 

primary school pupils can demonstrate the importance of this feedback. Two groups of pupils 

(of the same age) were tested using tasks of “serial and parallel connection of resistors” topic. 

It was given a feedback to the control group (N=58). Feedback noted the correctness of task 

solution in the form of short answers (correct solution / incorrect solution). It was given an 

extended feedback to experimental group (N=52). This feedback has presented correctness of 

task solution with a detailed explanation of the correct procedure for solving tasks. We have 

shown that the experimental group reached increase of learning curve, but there was no 

learning curve in the control group data (Fig. 3). Parameters, which describe learning process 

in learning curve, have reached negative values. This points at the fact that learning curve 

can´t be graphically represented with real coordinates (Benko, Rosiek, Teleki 2012). 

We can subjectively decide if the difficulty of physical tasks changes. In this paper we 

establish that the term "unchanged difficulty" means single structure tasks which perform a 

constant number of observed features (or new features). The observed feature is a 

comprehensive knowledge base unit which the subject of the content of solved tasks. It will 

increase the relative percentage in the case of repeating task solutions containing one 

observed feature. The shape of increasing curve may be determined by the complexity of the 

cognitive processes used in task solution. 

It was empirically found that as a new feature can be regarded, e.g., the introduction of 

entering rational numbers as values of physical quantities. It is a change which results in a 

loss of success in elementary school experiments. The reason is the restructured knowledge 

systems which had to re-consider. 

If a new task requires the use of more complex cognitive process in terms of Bloom's 

taxonomy, there are restructured neural networks in the brain, and the knowledge (in terms of 

Piaget's theory) must consolidate the newly created structure (Fig. 4). This fact has been 

verified by several experiments realized on university students (N=863). Their goal was to 

solve several similarly focused and structured tasks (mechanical energy topic) and 

consequently several tasks where they had to use additional knowledge (mechanical 

momentum). Learning curve fell sharply when there were changes in the tasks. Afterwards 

learning curve increased again, but in altered form of shape. 

                                                        
1 Enki [ɛŋki] is a god in Sumerian mythology, later known as Ea in Akkadian and Babylonian mythology. 

He was originally the patron god of the city of Eridu, but later the influence of his cult spread throughout 

Mesopotamia and to the Canaanites, Hittites and Hurrians. He was the deity of intelligence and creation, too. 
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Fig. 3  Curves of knowledge growth in group with immediate feedback (marked x) and without 

feedback (marked with dots). Number of repetitions is on horizontal axis and relative success of pupils 

is on vertical axis. 
 

The experiments realized at Constantine the Philosopher University were aimed on 

knowledge growth by repeating several tasks of capacitors composing topic (N=12). Two 

independent features were observed (Fig. 5). We ensured that these two features were 

observed independently using the so called cascade evaluation method. Its principle is that 

each task is divided into parts that are evaluated separately. In our case, each task consisted of 

two parts. In the first part of the task the level of understanding cognitive process feature was 

observed and in the other part the level of application cognitive process feature was observed. 

Tasks were in the total set on an analytical level of cognitive process. Every solution 

attempt was followed by an explanation and presentation of correct solution. Another part of 

the task was thus solved on the bases of correct previous result. This allowed the evaluation of 

the second feature independently from the first one because the error is not transmitted. It has 

shown an increase of learning curve with shape of lower cognitive processes by evaluation of 

features individually. Every shown curve demonstrates the used cognitive process (Fig. 5 – 

curve A and B). General evaluation of the tasks (whether the task was solved correctly) 

pointed out that increase of learning in this case of cognitive processing is different, and the 

curve of knowledge growth has a different shape. This corresponds to the assumption of the 

model defined in (Benko, 2011). Such a curve (Fig. 5 – curve C) corresponds to solving 

problems with the use of higher cognitive processes. 
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Fig. 4 Continuous learning curve. First part (curve A) is learning curve in test with one 

observed feature on the level of understanding cognitive process. Other part (curve B) is 

learning curve in test with two observed features (one of them just learnt). 

 
Fig. 5 Evaluation using a cascade method. Curves A and B are learning curves of separately 

evaluated features and curve C represents learning curve of observed features evaluated 

together. 

 

It is difficult to motivate for the student who has to deal with physical tasks of increased 

difficulty. Especially when there is no possibility to imprint newly learned features. In the 

case when a change of difficulty appears sooner than student could established the knowledge 

and fully understand the learned feature in form of knowledge system restructuring, he is 
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unable to include knowledge in this system properly and to consolidate a new structure. This 

was verified in experiments realized at CPU in Nitra (N=12). 

In figure 6 we show how can an incorrect choice of tasks impact the consolidation of the 

percentage of knowledge. Even a small variation of orientation of tasks leads to confusion of 

student and to misuse or non-complex inclusion of features in the knowledge structure. In 

these experiments there was no repeated assignment of tasks, but in each task student had to 

solve a new type of problem. In the test group the percentage decreased even though each task 

was followed by a feedback with the presentation of correct solution. Tasks covered a more 

complex knowledge and they were not repeated. Such testing cannot be described by our 

model of ENKI, because there are no re-engaging structures and there are probably also 

changes in the number of autonomous units. As shown in Fig. 6 even though tasks serve for 

repeating the knowledge and fixating of features in learning process, in test group there were 

no learning curve anyway – knowledge of students was not consolidated. 

 
Fig. 6 Decreasing curve of learning success because of increasing number of observed 

features during the repetition in test tasks. 

CONCLUSION 

The ENKI model based on random processes in the neural network through the learning 

processes (were, indeed, the repetition plays crucial role) describes the learning process very 

well in comparison with the well-known Gamble’s model and Hebbian rule. 

Presented experiments have shown also that for the determination of the curve of 

knowledge growth by repetition it is crucial to take into account the number of observed 

features. Learning curve is different in case of one or more observed features, although the 

individual difficulty of the features may be the same. Learning curve varies by introducing a 

new observed feature in the testing and the introduction of several features in the tasks may 

significantly affect not only the learning curve but the efficiency of the teaching process in 

general. 
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Abstract 

Authors measured the temperature coefficient of resistance of the plane source (sensor) used in the Extended 

Dynamic Plane Source method in the range 20 – 40°C. The sensor is known as Gustafsson probe and is widely 
used among many transient methods as a heat source and also as a temperature sensor. Calibration of the 

sensor consists of measuring its temperature-dependent resistivity using least-squares estimation. The measured 

values of TCR were in the range (5,11 – 4,49)×10-3 K-1 for disc-shaped sensor and (5,00 – 4.57)×10-3 K-1 for 

square-shaped sensor. These values are in good agreement with references. 

Keywords 

Temperature Coefficient of Resistance. EDPS Method. Plane Source. Single-Probe Method. 

INTRODUCTION 

Transient methods for measuring thermophysical parameters of materials are based on 

generation of a dynamic temperature field inside the sample. By measuring the temperature 

development at a certain “place” inside the sample one can calculate various thermophysical 

parameters (thermal conductivity, thermal diffusivity, specific heat capacity) – depending on 

the method. 

Principle of the most transient methods is as follows: At the beginning of the experiment 

the whole system is in equilibrium (equal, steady temperature). Then some portion of the 

sample is exposed to a form of heat pulse. Temperature development at a certain spot is 

theoretically derived from the heat equation and corresponding initial and boundary 

conditions (ideal model). Solution is then compared (fitted) to the measured data. Best fit 

usually provides the “most correct” values of thermophysical parameters. Any deviation 

between the model and the experiment must be examined and considered during the 

evaluation. (Kubičár and Boháč, 1999). 

Single-probe transient methods are a group of methods in which the heat source serves 

simultaneously as a resistance thermometer. Electric current flowing through the resistive part 

of the sensor produces Joule’s heat which dissipates into the sample. At the same time, 

temperature of the heat source can be determined from the well-known dependence 

        [         ]  (1)  

where      is the resistance of the sensor,   the temperature,    the initial temperature,    

the initial resistance (at   ) and   is the temperature coefficient of resistance (TCR). Precise 

calibration of the sensor is necessary for obtaining reliable measurements (Malinarič, 2009). 

Typical single-probe methods are hot wire (resistance modification), TPS (Transient 

Plane Source) (Gustafsson, 1991) or the recent MTPS (Modified Transient Plane Source) 

method (Mathis and Chandler, 2004). 

The EDPS (Extended Dynamic Plane Source) method is a single-probe method develo-

ped by Karawacki et al. (1992) and later improved by Malinarič and Dieška (2009). It uses the 

so-called plane source that generates a one-dimensional heat flow into a finite sample. 

Method is suitable for materials with thermal conductivity less than            . 
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The scheme of the method is shown on fig. 1. Plane source is clamped between two 

identical samples with the same cross-sectional area as the source. In general, sensor (resp. 

sample) could be of any geometrical shape although the lateral circumference of the sample 

should be minimized in order to suppress heat losses. 

 

 
 

Fig. 1 Arrangement of the heat source, samples and heat sinks in the EDPS method 

 

Plane source generates a constant heating power (in the form of step-wise function) that 

dissipates into the sample. On the rear side the sample is in contact with a very good heat-

conductive material (heat sink) which provides an isothermal boundary condition for the 

experiment. Temperature response of the system is measured by the sensor and compared to 

the model function (Malinarič and Dieška, 2009) 
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where   is the thermal conductivity,   thermal diffusivity,   is the power per unit area dissi-

pated by the plane source (heat flux),   is time,   represents the heat sink imperfection and   is 

the sample thickness.    is a constant attributed to the thermal contact between plane source 

and the sample. Function 

          
 

√ 
    

          (3)  

is the integral of complementary error function         (Carslaw and Jaeger, 1959).  

Thermal properties     can be calculated from the measured data using fitting procedure, 

f.e. least squares estimation (LSE). 

Temperature of the sensor can be converted into resistance using equation (1). Then 

        {     
 

 
      }  (4)  

where    is a nuisance parameter connected to the constant   . Temperature increase of the 

plane source during the experiment is only of a few degrees of Celsius. 

Heat sink 

Heat source (PS disc) 
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Fig. 2 Planar source modifications 

a) Gustafsson probe (spiral strips), b) Zigzag design (disc and square) 

 

Sensor (Fig. 2) is made of       thick nickel foil covered on both sides with       

thick layers of kapton. Picture on the left shows the original design of the sensor. Bifilar spiral 

strips were used as an approximation of concentric ring sources in the TPS method 

(Gustafsson, 1991, ISO, 2008). However, in the EDPS method we do not consider ring 

sources but homogeneous plane source. A zigzag design (Fig. 2b) has been developed by 

Transient Measurement Systems. These sensors contain thinner spaces between the strips.  

Non-ideal profile of the plane source and other inhomogeneities, such as finite heat 

capacity or non-ideal thermal contact between plane source and the sample are a source of 

deviations of experimental points from the model function at the beginning of the experiment. 

These deviated points need to be omitted during the fitting procedure. For this purpose a 

difference analysis and sensitivity coefficient analysis has been developed (Malinarič, 2004). 

A simplest way for measuring the TCR of the sensor is to use the relation (1). Then 

   
    

        
  (5)  

The resistances at two different temperatures are measured. We assume that   doesn’t change 

over the temperature interval. 

However,   does change with temperature as Suleiman et al. have prooved (Suleiman et 

al., 1996). They measured the resistance of nickel sensor over a wide range of temperatures 

(35 – 300 K) and fitted their measured data to a fourth-order polynomial 

                        (6)  

The value of TCR was then calculated from the slope of the curve 

      
 

    

     

  
  (7)  

Since the EDPS method is designed for measuring at room temperatures, the value of   is 

only required for a small temperature range (20 – 40 °C). As Malinarič and Dieška have 

proved, a second-order polynomial is sufficient for such case (Malinarič and Dieška, 2009). 

EXPERIMENT 

The scheme of our apparatus is shown on fig. 3. A Pt100 thermometer is attached to the 

sensor, inserted into an aluminium sheet block and separated from the surroundings by cotton. 

Whole block is then poured into the water. Temperature of the water is regulated by heating 

resistors (placed inside a sand-filled bank) and a small propeller – to ensure the temperature 

homogeneity of the bath. 

The thermometer is connected to the Keithley 2001 Multimeter via 4-wire setup. Multi-

meter measures the temperature directly. Conversion of resistance to temperature is made 

a) b) 
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internally (default Pt100 polynomial). Temperature inside the aluminium block is considered 

stabilized if it does not change for at least two minutes. 

Resistance of the sensor is measured directly by Keithley 2602A Sourcemeter via 4-wire 

connection using small DC current (90 mA). 

 

 
 

Fig. 3 Apparatus for measuring the TCR of the plane source 

RESULTS AND DISCUSSION 

Temperature dependence of resistance of two planar sensors has been measured: A disc 

with radius       (Fig. 4) and a squared sensor with         (Fig. 5). 

Data were fitted with a second-order polynomial 

               (8)  

using least-squares nonlinear regression. Correlation coefficient   was very close to 1 in both 

cases. TCR was calculated using equation (7), hence 

      
      

        
 (9)  

with constants  ,  ,   obtained from the regression (8). 

 
Fig. 4 Temperature dependence of resistance of disc sensor.  

(o) experimental points, (–) regression line 
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Fig. 5 Temperature dependence of resistance of square sensor.  

(o) experimental points, (–) regression line 

 
Calculated values of TCR are shown on fig. 6. Our results are marked by circles and 

squares while reference values are given by solid (dashed) lines (Malinarič and Dieška, 2009) 

and diamond marks (Karawacki et al., 1996). 

 
Fig. 6 Calculated TCR. (o) disc sensor, (□) square sensor, (–) Malinarič and Dieška (2009) 

with (--) showing the expanded uncertainty, ( ) Karawacki et al. (1996) – extrapolated values 

 

 Our results are in good agreement with Malinarič and Dieška (2009), especially 

around 25 °C, where all values overlap. In addition, Malinarič and Dieška estimated the 

standard uncertainty      of their measurements. Dashed lines on fig. 6 show their expanded 

uncer-tainty      , encompassing 95% of values given by the Gaussian distribution. 

On the other hand, Karawacki et al. (1996) measured their sensor over wide range of 

temperatures, from 50 to 300 K. Values on fig. 6 are therefore extrapolated. The positive shift 

and the difference in the trend of values are probably caused by the extrapolation itself, but 

can also result from the difference in material of the sensor. 

CONCLUSION 

Authors succesfully measured the TCR of two plane sources (sensors) used in the EDPS 

method. Our results are in good agreement with Malinarič and Dieška (2009), especially at 

25 °C, where the TCR of both sensors have the value             . Relative differences 

between  (20 °C) and  (30 °C) (variations of room temperature) were 4% for disc-shaped 

sensor and 3% for square-shaped sensor. These “instabilities” are comparable to those 

measured by Malinarič and Dieška (2009). Comparison with values given by Karawacki et al. 

(1996) is still debatable. 
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Abstract 
The presented paper deals with a proposal of an e-learning system for language learning. An e-learning system 

in this paper is viewed as an expert system working under uncertainty. Input information about knowledge of the 

student is acquired on the basis of didactic tests assessing student’s language level, questionnaires gathering 

information about student’s learning style, study prerequisites, etc., which is stored into a database and used for 

adaptation of content and learning style (topics, composition and form of the proposed study materials, etc.). 

Adaptation and automated passing are achieved by dividing the process of studying into four basic processes – 

(M1) acquisition, completion and evaluation of the input information about the student; (M2) definition of 

language learning objectives and admissible solutions for their achieving; (M3) modelling the progress of 

individual proposed solutions; (M4) approving one of the proposed solution as the best variant to achieve the 

learning objectives. The decision-making process, which is in the main focus of the paper, making the choice of 

further progress is dealt with by an expert system using IF-THEN rules expressing expert knowledge with 

language education. 
 

Key words 
Adaptive education. English language. E-learning system. LMS. Language learning. 

CURRENT SYSTEMS 

E-learning is a relatively new form of distant studies, despite its basic similarity to the 

present form. E-learning has opened new possibilities both for teachers and students, bringing 

a wide range of benefits – monitoring, managing, communicating and influencing the student 

in their progress through the course. Such new possibilities, however, bring along various 

problems, insufficiencies, thus a topic for further research. To solve the issues of e-learning 

means to focus on the following issues: 

1. pedagogical: 

- teaching style of a teacher,  

- learning style of a student, 

- content of the learning materials, 

- sequencing of the learning materials. 

2. technical, information: 

- place and time for learning (internet access, remote access), 

- technical means (together with computer literacy of students), 

- technical limits of individual learning management systems (LMSs) restricting 

tutor’s effort to set the suitable style for the students, 

3. adaptivity.  

 

With respect to modern research works (Brown, 2009), (Ciloglugil, 2010), (Dag, 2009) or 

(Despotovic-Zrakic, 2012) on the necessity of adaptation, education, thus e-learning as well, 

should comply with the conditions of all teaching and learning styles in combination with 

technological and information readiness. Taking into consideration all the possible 

combinations (primarily the pedagogical ones), it could seem hardly possible. Does the issue 

lie in pedagogy or informatics? If the learning styles are defined (Coffield, 2004), (Kolb, 

1984), (Mumford, 2006), (Mills, 2002), (Felder 1988), (Felder, 2007) or (Leite, 2009) and 

didactic test can reveal the composition of our students, thus we know which methods, 

exercises, etc. are suitable for the given group – in fact, there should not be any problem to 

adapt the education to the student. This area is not limited, on the contrary, it offers the 
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teacher a wide choice (which can lead, on the other hand, to such a number of variants that it 

would not be possible to implement them in face-to-face nor electronic learning). Let’s have a 

closer look at a situation when it is necessary to use an e-learning form. We have to combine 

all of the above-mentioned facts with the informatics point of view. 

MODERN LMS – ADAPTIVE AND FOR LANGAUGES 

The turn of the first decade of the 21
st
 century witnessed a steep increase in the number of 

organisations and users using LMSs (Davis, 2009), (Moodle.org, 2012). The wide offer can 

be divided into two basic types: commercial and open source. Their representatives can be 

e.g. Blackboard (commercial) and Moodle (open source) (Davis, 2009). A comparison of 

these two LMS systems (Priyanto, 2009) shows that they have similar characteristics with 

more or less the same functionalities and that both of them can be used for e-learning. 

However, there are two issues to answer: “Are present LMSs adaptive?” “Do LMSs enable a 

full-featured (adaptive or not) education of all subjects?” in comparison with face-to-face 

education.  

To answer the first question, of course, we can claim that current LMSs provide adaptive 

elements in conditional advances. The tutor can condition proceeding to further steps by 

completing or partial completing of the previous ones. However this is not a concept of 

adaptivity that we would call “adaptivity” (see below). 

(Rudak, 2012) has introduced term susceptibility to e-teaching. A subject which is 

susceptible to e-teaching does not lose any of the features characteristic of face-to-face 

lessons. A typical subject can be mathematics or history. Lack of instant response, interaction 

and asynchronicity of communication does not cause any problems in those subjects. The 

tutor can state that e-learning is an effective tool fully substituting for face-to-face education. 

However, this is not valid for languages. Of course, if the teacher is passive and prefers a 

style using classical methods (primarily drilling), the output of students will also be rather 

passive knowledge and skills. The situation will be the same in the case of e-learning if the 

teacher uses methods according to his style, and the present e-learning form will fully satisfy 

the needs of this teacher – even here the tutor can say that e-learning is an effective tool fully 

substituting face-to-face education. On the other hand, a teacher preferring a teaching style 

primarily using complex teaching methods (Švec, 2003), which leads students to use all 

language means in a combination, and whose style is closer to students with respect to its 

more practical usage will have to cope with the limited possibilities of e-learning systems that 

do not enable a full range of mediation. For example, this limitation applies to cooperative 

education, brainstorming, or learning in life situations. As this trend toward complex teaching 

methods becomes prevalent and recognised, it is necessary to carry out a detailed research in 

the areas which are currently omitted from the e-learning environment by virtue of system 

limitations. It primarily involves cooperative learning, brainstorming, learning from life 

situations. As such a trend has become the preferred in the past few years, it is necessary to 

have a deeper insight into the areas that must be omitted in the e-learning form, or used only 

to a limited extent. These areas mainly include productive skills (spoken expression, listening, 

reading). The reasons are obvious: ineffectiveness of the time spent (e.g. conversation over 

communication applications such as Skype limits the number of participants). In case the 

communication were possible, e-learning would lose one of its biggest advantage, that of 

individual study at any time (necessity to “study” at the defined time). Asynchronicity does 

not offer a possibility of instant correction, the mistake (in spelling, grammar, pronunciation, 

etc.) can become rooted and difficult to get rid of. 

If we focus on the area of language learning more closely, we will find out that, despite being 

able to use some of those theories, as some authors (El-Hmoudová, 2012) and (Juříčková, 

2012) have already done, research in this area is not that extensive.  
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The question is whether this approach is sufficient for the e-learning system to be called 

adaptive. Classifying students according to their LSs does not secure that each of them will 

have a personalised approach, and if yes, this could requires from the teacher an extreme 

effort to create personalise plans. Adaptivity should be grasped as accommodating to a set of 

factors entering and influencing the learning process, primarily in a form of automated 

system. This issue should be solved by the proposed model of intelligent system for language 

learning. 

MODEL OF ADAPTIVE LEARNING 

The model which is in focus of this paper stems from a model presented in (Klimeš, 2011). 

In general, adaptive e-learning system can be characterized as decision-making, planning, 

coordinating and communicating, consisting in collecting, storing, evaluating, and classifying 

information. The purpose of the mentioned functionalities is to replace human factor by an 

automated system while using adaptive features. In order that a system could replace, 

substitute or “support” a human in any of the above-mentioned activities, it must be able to 

communicate with the human and offer such tools that will directly support the activities.  

Other important characteristics include: 

- possibility to use heuristics for solutions (hand in hand with formally expressed 

knowledge); 

- ability to provide explanations for currently made decisions and used knowledge; 

- possibility to easily integrate new knowledge increments into an already existing 

system. 

A decision-making process can be viewed as an organic unity of three phases: 

- information (collecting information); 

- planning (assessing alternatives); 

- selecting (choice of a suitable variant). 

In order to be able to identify the structure of a decision-making process, and thus to 

create prerequisites for finding effective procedures for its algorithmization, we have to deal 

with decision-making processes from a wider point of view, primarily from a methodological 

point of view. 

One of the characteristic features of decision-making processes is the fact that they often 

work with uncertain and non-metric information, which often stems from the fact that the 

input values of these processes are provided by a human on the basis of their estimations, 

experience, opinions, etc. 

Inaccuracy, insufficient definition of these processes respectively, also has its own 

structure, which enables to use appropriate tools for work with a given type of 

incompleteness. When analysing inaccuracies occurring when solving a given decision-

making process, it is frequently found out that the given inaccuracy is also insufficient 

information, thus its cause can lie in student’s “inability” to define their knowledge, i.e. what 

they know or not. However, testing itself cannot reveal all information on student’s 

knowledge. Insufficiency is basically represented by describing knowledge in all areas of the 

language in one test – e.g. if a student can use the present continuous tense in two out of its 

several possible ways of using, does it mean that the student knows the tense or not, or only 

partially? The second type of insufficient information is using natural language which enters 

the decision-making process with a human and which describes the decision-making process 

itself and its functioning. The insufficiency consists in the fact that the human is forced to use 

a finite set of words in a finite time to describe an infinite range of possible situations. Such 

fact necessarily results in a situation when most of verbal utterances have more or less wide 

range of their meaning. These uncertainties of the word semantic field are caused by both 

semantic synonymies of words and primarily certain blurriness (fogginess, fuzziness) of the 
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meaning of the key words. This blurriness then becomes the ultimate cause why classical 

mathematics and exact sciences were not able to adequately cope with linguistically-defined 

situations. The situation has changed in the last decade when a so-called fuzzy mathematics 

was established, which enables to effectively work with such verbally described situations. 

Such tools like LFLC in (Habiballa, 2003) can be used for processing such indefinite 

information, (see Walek, 2012). 

 

Despite the fact that the process contains a whole range of uncertainties, its structure can 

be fairly easily defined. What’s more, elements of a decision-making process can be divided 

into the following groups: 

- set of student’s input knowledge, 

- set of all (admissible) objectives describing output student’s knowledge, 

-  set of all admissible solutions to achieve the given objectives, 

- set of all levels of existence (probabilities) of steps to achieve al admissible 

objectives, 

- set of all evaluations of the given solution, 

- time interval. 

The decision-making process is represented by various depicting between these sets. It 

primarily concern the following processes: 

 (M1) acquisition, completion and evaluation of the input information about the 

student, i.e. selecting information which is relevant for language learning; 

 (M2) definition of language learning objectives and admissible solutions for their 

achieving, i.e. formulating objectives of the language learning based on the description 

of the given situation and formulating admissible solutions; 

 (M3) modelling the progress of individual proposed solutions – each admissible 

solution is assigned a set of situations and their time sequence which arises from the 

given solution; 

 (M4) approving one of the proposed solution as the best variant to achieve the learning 

objectives based on the effects of the admissible solutions. 

The whole decision-making process is created by a gradual composition of individual 

processes, as depicted in Figure 1. 

Fig. 1 – Decision-making process 

Input information entering the decision-making process for the best studying variant can be 

divided into the following groups (the division is not finite): 

- result of a didactic test according to the number of answered questions, 
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- evaluation of the didactic test according to the categories of grammatical sections, 

- time needed for completing the test, 

- finding out student’s learning style 

- ... 

 

The input information is crucial for further decision-making processes (M2-M4). Correct 

setting of the first process (M1) lays the highest importance on the knowledge base and fuzzy 

rules which will be used in this phase. Process (M1) will then have to be studied from the 

point of view of learning styles, i.e. selecting the most suitable theory out of the wide range of 

modern theories in this filed. Secondly, structuring the didactic test will also play a vital role 

in assessing student’s level. Tutors can be inspired computer-based learning, where there 

already are several forms in use – let’s mention Cambridge ESOL or TOEFL. 

  

The output of the whole system should be a set of all possible solutions represented by e.g. 

the following features: 

- Suitability of the next step in language learning expressed by: 

o real content of the lesson, 

o time requirements, 

o ... 

- Recommendation to get supplementary information from other sources designed 

for language learning. 

 

While making decisions, the adaptive system will use expert knowledge structured into the 

following areas: 

- minimum and “ideal” knowledge in individual steps of learning, 

- time interval necessary to achieve the output knowledge from the level of minimum 

input knowledge, 

- time available for the studies, 

- ... 

CONCLUSION 

Currently, the ubiquitous necessity of language competence requires a modern tool to 

satisfy the needs of quickly growing community of students and tutors using the e-learning 

form of studies. Current form of this tool has its advantages, but still has to cope with 

numerous limitations, which does not make it the most effective, but rather a rigid, static 

system. Research dealing with only the pedagogical side of the issue (e.g. learning styles) will 

not have a chance to “modernise” if adapted to the LMS environment. The environment then 

will not have any reason to develop. On the contrary, LMSs should adapt to the specificity of 

(language) learning from its technological point of view. 

Agreeing with (Dorca, 2013), the future model of an e-learning system for language 

learning stemming from current models should be based on an expert system, which should 

act as an analyst of input information and suggest further progress in order to achieve the 

desired objective(s). It will be primarily done by using the input information for suitable 

adaptation of learning objects into a personalised study plan and last but not least in the area 

of selecting the best solution, and its subsequent modification if necessary, including the base 

of rules. 

The model will be in the centre of the author’s focus on language learning using e-

learning. Namely, the author will focus on selecting appropriate learning style categorisation 

and structuring the didactic test in process M1, identifying learning objects and assigning 

them to the corresponding learning style in process M2, sequencing of the learning objects in 
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corresponding time interval with respect to the desired objectives in process M3. The model 

will be supplied with a suitable formal description and definition of all its individual parts 

entering the process. It will be necessary to create knowledge bases used by the adaptive 

system in individual steps. 
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Abstract 
Currently there is an increasing interest in computer and network data analysis. The most important innovation 

in educational systems is web-based education. It is reason why the objective of this work is the introduction of 

e-course titled Computer Data Analysis that will be used as a part of the same-named subject at the Department 

of Informatics at the FPV UKF. The next objective is demonstration of the ability to analyze student work in this 

course. The purpose of the work is also survey of methods on the basis of which author is planning to improve 

efficiency of the already created course. Then author will describe these methods. Based on the rules and 

consequences, it can help to optimize other electronic courses. Many of the current web-based courses are based 

on static learning materials. The e-course Computer Data Analysis will include adaptive and intelligent learning 

environment. Because building on the knowledge about the students' work, there will be a possibility to create 

activities that students use more frequently and increase their interest. It will also be clearly determined which 

modules are necessary and which are unnecessary or are not very frequently used. This paper is a survey of 

stages of the analysis. Stages are Data preparation, Session identification and Usage analysis. Author will apply 
these stages to the learning of Computer Data Analysis. The results obtained through those methods will help to 

improve efficiency of the electronic course.  

 

Keywords 

Educational data mining. Electronic course. Computer Data Analysis. Virtual learning enviroment  

INTRODUCTION 

Distance education is very popular in recent years of the development of science, 

technology and various forms of ICT application into education. We can see many benefits 

mainly at university level of education. At FPV UKF, distance education is supported by 

using courses in LMS Moodle system. The advantage for part-time students is that this way of 

study is not so time-consuming. For full-time students, the course is a suitable supplement to 

lectures and seminars. It is kind of a storage place for materials from lectures and seminars, 

but it is possible for students to be active in many various ways. Therefore, the distance 

education can become an effective form of learning in the future. 

The aim of our work is to create a course Computer Data Analysis for full-time and part-

time students of Applied Informatics and Mathematical and information methods in 

economics, and to describe the analytical methods, which we use in analyzing students’ work 

with the course. Analysis of the students’ behavior in the virtual environment of e-course and 

its results will help us to better understand the usage of the course by students. It will also 

provide knowledge which can be used for further optimization of Computer Data Analysis 

course, or other mathematical courses generally designed for non-mathematical fields. 

E-COURSE COMPUTER DATA ANALYSIS  

The course titled Computer Data Analysis was created for the purpose of teaching the 

same-named subject, and on the basis of previous course, which was accompanied by several 

activating tasks with an effort to use the highest number of additional modules. Based on 

these options, which will be available for students in the course, we expect more accurate 

results of the analysis of activities. Analysis of activities says about which particular activities 

and in what form are effective in order to use them. Some methods for the analysis of 

students’ work are described in this article below. 
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E-course Computer data analysis is designed for students of informatics and mathematics. 

The aim is to familiarize students with computer data analysis and with options of how to 

apply selected analytical methods in informatics practice. Students are explained the selected 

analytical methods by application of solving specific problems.  

Parts of the e-course Computer Data Analysis are also case studies that are focused on 

evaluation of information technologies and information systems. To be more specific, they 

mediate the methodology of evaluation of protocols, user interfaces, systems and processes. 

The course syllabus will be designed for university education portal, which uses LMS 

Moodle system for managing the distance education. It will not require any special knowledge 

of IT, so we do not expect any problems related to using of the course. 

The introductory part of the course Computer Data Analysis contains basic information 

about the subject, its characteristic, conditions for passing the subject, and recommended 

literature. The course will also consist of 3 basic theoretical thematic units: 

 Data mining 

 Exploratory analysis 

 Inferential analysis 

The objective of the first topic titled Data mining is familiarizing the students with 

measurements, research plans, data sources and knowledge discovery. Exploratory analysis 

discusses the multitude and descriptive characteristics, data visualization, analysis of residual 

values, data transformation, and multidimensional exploration techniques. The third topic 

Inferential analysis includes the probability as the theoretical basis of inferential analysis, 

parameter estimation, hypothesis testing, parametric / nonparametric tests, dependent / 

independent samples and univariate / multiple / multivariate analysis. 

Practical issues follow after theoretical topics. The course contains 7 themes that are 

focused on solving practical problems:  

 Descriptive statistics 

 Tests of distribution 

 Tests of dispersion and their nonparametric alternatives, 

 Tests of median and their nonparametric alternatives 

 Relation between variables 

 Basic statistical methods in the STATISTICA system 

 Evaluation of data preparation for web log mining: A case study.  

Each thematic unit includes brief information about what the student learns from lectures 

or seminars and in addition, further modules titled: 

 Resources (learning materials in the first three theoretical issues) 

 Book (theoretical study materials in the form of an LMS system book in topics 

focused on solving practical problems) 

 Page (solved examples) 

 Forum (space for communication among the students and the lecturer, and the 

students themselves) 

 Glossary (explanation of foreign terms related to topics) 

 Feedback (anonymous questionnaire) 

 Quiz (verification of acquired knowledge in the form of test questions followed 

by a feedback of student‘s success) 

In the following charts, there is also an activity titled Course, which is the main page of 

the course itself. 
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DATA SOURCE AND DATA PREPARATION 

Source data are obtained from a database. Obtaining data from a database is allowed by a 

recording function of LMS Moodle log file. Selected data stored in the log file inform us 

about the usage of particular activity by particular user in a given time. It will be the 

information about user‘s ID (under which the user is logged into the system), IP address (the 

page from which the user accesses), time and date, about the visited part of the course (which 

module was opened and also in which thematic unit) and so on. 

By analyzing the log file, we will better understand the behavior of students in an 

electronic learning environment. Therefore, it will be necessary to make certain adjustments 

(Munk, Vrábelová and Kapusta, 2010): 

 

1.) Data cleaning, data transformation, data integration. 

2.) Identification of sessions, where the session may be defined as a sequence of the 

steps that lead to completing the specific task (Spiliopoulos and Faulstich, 1999) 

or as a sequence of the steps, that lead to meeting the concrete target (Chen, Park 

and Yu, 1996). The simplest method is if we consider the series of clicks in a 

defined period of time (Berendt and Spiliopoulos, 2000).  

3.) The reconstruction of activities of a web visitor. Taucher and Greenberg 

(Taucher and Greenberg, 1997) proved that more than 50% of accesses to web 

are via backward path. Here comes the problem with the cache of the browser. 

By the backward path, a query for web server is not running, thus there does not 

exist a record in the log file. The solution to this problem is path filling. With 

path filling we add these missing rows into the log file (Cooley, Mobasher and 

Srivastava, 1999).  

The final step is applied in the process of data pre-processing. In the case of e-course, we 

will not provide the path, because the course page itself includes navigation, so-called 

breadcrumbs. The students use breadcrumbs how to return on the course page much more and 

the percentage of usage the "Back" button is negligible (Munk and Drlík, 2011). 

SESSION IDENTIFICATION 

A "session" is a word for course attendance by one user. At present, there is some 

arithmetic approach for session identification – Hvist, where the user’s access time to the 

whole website will be given an upper limit, usually 30 min, Hpage where the users’s access 

time on one page will be given an upper limit, usually 10 min, and Href which is classified 

according to the user’s access history and reference pages (Fang and Huang, 2010). 

For session identification, we use a Session Timeout Threshold (STT) (Munk and Drlík, 

2011). Other common methods are identification based upon Access Time Threshold and 

session reconstruction (Fang and Huang, 2010). The aim of session identification is to divide 

accesses of every user into separate sets.  

The STT method divides the session into smaller ones when it finds accesses to the web 

page from the same source with a higher interleave than the set time period – time window. 

The appropriate size of the time window evolves the quality and quantity of behaviour 

patterns found. We estimate the value of time windows based upon the duration of the visit - 

Length variable. We calculate the Median, quartile range and non-outlier range of the Length 

variable (Fig. 1 (a)) (Munk et al., 2013). 
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Fig. 1. (a) Box plot: median/quartile range/non-outlier range of the Length (b) Cumulative frequencies 
of Length variable (Munk et al., 2013) 

 
 

The range of values is created between the last value QIII+1,5Q and the final value of 

length QI-1,5Q. The values outside this range are considered as outliers. 

 
 

Tab. 1 Descriptive characteristics of variable Length (Munk et al., 2013) 
 Mean Median Minimum Maximum QI QIII QIII+1,5Q Q 

Length 

(sec.) 

107.17 16.00 1.00 3600.00 7.00 52.00 119.50 45.00 

 

 

Our aim will be to determine the upper limit of the range of values. Values greater than 

the value QIII + 1,5Q (in example 119 seconds) are considered as outliers. Therefore, the 

number 119 will be the size of the time window. If the time between any accesses from one 

user is greater than this value, the new session starts. 

USAGE ANALYSIS OF COURSE ACTIVITIES 

We will use association rules to analyze the student work in the e-course created by us. 

For better illustration, we will visualize them by using graphs like in the picture (Fig. 2). In 

Fig. 2 (a), there are not analyzed sequences, but only transactions. It means that analysis of 

transactions does not consider the time. Size of the node (Fig. 2 (a) Web graph) in various 

activities determines the support of the activity. The thickness of the line that connects the 

individual activities is the visualization of the rule support. It says, how likely a given pair of 

activities is located in one session. Lift is shown through brightness of the line. Lift of a rule 

shows how many times the given pair of activities occurs in one session in contrast with their 

occurrence separately. If the value of the lift is greater than 1, the given pair of activities 

occurred more often together in one session in a set of visited pages. Furthermore, the graph 

(Fig. 2 (b) Rule graph) visualizes also the reliability of association rules. The reliability 

depends on the orientation of the rule, because it is a conditional probability of the conclusion 

occurrence in the terms of a condition of assumption occurrence in a set of visited pages 

(Kuna and Reichel, 2013). 
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Fig. 2 Visualization of the found rules: (a) Web graph; (b) Rule graph 

 
Graphs are only the visualization of obtained data. They help us to discover the rules, 

which we would not see using just tabulated values. In the example (Fig. 2 (a)), it is visible 

that the list of three activities Page, Book, Source appear together (in pairs) more often than 

separately. Extraction of tables would be much more difficult. On this basis, we can conclude 

that the students in one session use more than one source of a teaching material in the course. 

Further analysis and consequences will depend mainly on tabulated values (Tab. 2, Tab. 3) 

obtained from the processed log file. Significant rules that can be found in these data will be 

further analyzed and we will try to find solutions for their more efficient use. 

 
 

Tab. 2. Table of association rules (frequency, support) 

Frequent item sets Number of items Frequency Support (%) 

(  course  ) 1 2294,000 65,30031 

(  book  ) 1 751,000 21,37774 

(  quiz  ) 1 680,000 19,35668 

(  resource  ) 1 592,000 16,85169 

(  assignment  ) 1 569,000 16,19698 

(  page  ) 1 502,000 14,28978 

(  forum  ) 1 220,000 6,26245 

(  course,  book  ) 2 397,000 11,30088 

(  course,  resource  ) 2 379,000 10,78850 

(  course,  page  ) 2 356,000 10,13379 

(  course,  quiz  ) 2 355,000 10,10532 

(  course,  assignment  ) 2 257,000 7,31568 

(  page,  book  ) 2 222,000 6,31939 

(  resource,  page  ) 2 182,000 5,18076 

(  resource,  book  ) 2 178,000 5,06689 
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Tab. 3. Table of association rules (support, confidence, lift) 

Body ==> Head Support (%) Confidence (%) Lift 

Page ==>  resource  5,18076 36,25498 2,151415 

 resource  ==> page 5,18076 30,74324 2,151415 

Book ==> page 6,31939 29,56059 2,068652 

Page ==> book 6,31939 44,22311 2,068652 

Book ==>  resource  5,06689 23,70173 1,406490 

 resource  ==> book 5,06689 30,06757 1,406490 

Page ==> course 10,13379 70,91633 1,086003 

Course ==> page 10,13379 15,51874 1,086003 

 resource  ==> course 10,78850 64,02027 0,980398 

Course ==>  resource  10,78850 16,52136 0,980398 

Book ==> course 11,30088 52,86285 0,809534 

Course ==> book 11,30088 17,30602 0,809534 

Quiz ==> course 10,10532 52,20588 0,799474 

Course ==> quiz 10,10532 15,47515 0,799474 

assignment  ==> course 7,31568 45,16696 0,691681 

Course ==> assignment  7,31568 11,20314 0,691681 

USAGE ANALYSIS OF COURSE PAGES 

Other analytical methods are based on an examination of sequential rules. We can 

observe the order in which students opened each section of the course. The table below 

(Tab. 4) there is a column Body (page that the user was shown) and Head (page that a user 

opened after the page Body). Such sequence rules may have 2, 3, 4 or more items. Each 

sequence rule is assigned a support (the probability that sequence of opening pages appeared 

in one session) and confidence (conditional probability of the conclusion occurrence). From 

the data on the size of the support and confidence we further deduce the sequential rules. 

 
Tab. 4. Table of extracted sequential rules (support, confidence) 

Body (Antecedent) ==> Head (Sukcedent) Support (%) Confidence (%) 

(course1) ==> (course2) 2,07800 97,33333 

(course3) ==> (course2) 1,42328 69,44444 

(course5) ==> (course4) 2,96043 66,66667 

(course5) ==> (course2) 1,70794 38,46154 

(course6) ==> (course7) 1,25249 36,06557 

(course8) ==> (course9) 1,02477 32,43243 

(course10) ==> (course2) 1,76487 31,00000 

CONCLUSION 

In this paper we described the basic division of the course and methods of analysis. This 

analysis will take place after one semester at the Department of Informatics at FPV UKF in 

Nitra. 

The course Computer Data Analysis is created and will be adjusted on the basis of works 

devoted to an analysis of rules of sequential character, and also of the rules which does not 

consider the time. This course will be used in teaching practice on Computer Data Analysis 

lessons. Based on information gained from course, there will be drawn the conclusions about 
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patterns of using the course by students. Based on this, we will further optimize the course to 

enhance the effectiveness of ICT-supported learning process. The results, association rules 

and methods, which increase the efficiency of the use of e-course in LMS Moodle, will be 

further published and they also help to make improvements of other courses in mathematics 

for non-mathematics in the sense of larger approaching to the needs of the students. 
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Abstract 

The paper deals with the inquiry based style of learning as applied to traditional and open geometry problems 

by means of dynamic geometry software. The so called what-if strategy (i.e. exploring what happens if the 
formulation of the original problem varies) is demonstrated in the context of a well know problem from the 

geometry textbook – to find  the locus of the midpoints of the segments joining a fixed point within a circle with 

the points of that circle. After making a dynamic construction for the locus the students are offered additional 

tools in support of the rigorous proof. The exploration game continues with varying the initial conditions of the 

problem (e.g. replacing the circle by other figures and the midpoint with a point dividing the segment in a fixed 

ratio). Then the well known problem of finding the locus of the centers of the equilateral triangles inscribed in 

an equilateral triangle is considered together with its ambitious generalization, viz. to find the locus of the 

centers of the regular m-gons inscribed in a regular n-gon (m n). The process of generalization leading to 

open problems is considered together with the construction of appropriate dynamic tools for explorations. It is 

the very process rather than the description of the results which is of primary interest since it illustrates how the 

atmosphere around the working mathematicians could be transferred into a class setting. The expectation is that 
some teachers and students would gain motivation in attacking the considered open problems themselves. 

Keywords 

Inquiry based learning, dynamic geometry software, loci related problems, what-if strategy 

INTRODUCTION 

Many interesting geometric problems deal with finding a locus ─ the set of points 

satisfying a particular condition. The traditional problems on loci are limited to finding simple 

curves. Language based computers environments allow for much more sophisticated 

explorations (Sendov, Sendova, 1995). While the computer language offers a vast spectrum of 

expressive means, enabling the user to enlighten the finest details of his thought, it is often 

found to be a great obstacle for the math teachers. Thus, the inquiry based learning in 

mathematics has been recently promoted within a number of European educational projects 

(DALEST, Meeting in Mathematics, Math2Earth, InnoMathEd, Fibonacci, DynaMAT) by 

means of dynamic geometry software offering direct manipulation of geometric objects  

(Christou et al., 2007, Georgiev et al., 2008, Bianco and Ulm, 2010, Baptist and Raab, 2013, 

Andersen et al., 2010). 

In this paper we shall demonstrate how the inquiry based style of learning could be 

applied in the context of traditional and open geometry problems.  

LOOKING AT THE CLASSICS WITH A DYNAMIC EYE  

A very important component of the inqury-based mathematics learning is the what-if 

strategy, i.e. to explore what will happen if we vary the formulation of the original problem. 

Let us illustrate this strategy in the context of a well know problem from the geometry 

textbooks: 

A traditional geometry problem: What is the locus of the midpoints M of the segments 

joining a fixed point P within a circle with the points of that circle? 

mailto:toni.chehlarova@gmail.com
mailto:jenny@math.bas.bg
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To solve this problem by means of dynamic geometry software (say GeoGebra) the 

students study the behaviour of the midpoint under question while moving the endpoint of the 

segment on the circle along it (Fig. 1a): 

(a)       (b)  (c) 
Fig. 1 The first steps of the exploration 

They could strengthen their conjectures about the shape of locus by following the the 

trace of the midpoint‘s path (possibly with the segment) (Fig. 1b) and finaly chek 

experimentally their conjectures by constructing the locus of the midpoint by the inbuilt tool 

(Fig. 1c).  

The game is not over, however. It is time to ask some What-if questions, e.g. What if M is 

not the midpoint, but divides the segment at a fixed ratio? What if P is outside of the circle?. 

The typical conjecture of the students is that in this case the locus would look like a more 

general curve of a second degree, e.g. an ellipse. The teacher guides the explorations by 

suggesting to make the ratio a variable e in which M is dividing the segment (i.e. to create a 

slider in our case) (Fig. 2a and 2b): 

(a) (b) (c) 
Fig. 2 Changing the ratio of the division 

The students are genuinely surprised to find that the locus remains a circle. A further idea 

arises ─ to explore the situation when the point P is outside of the circle (Fig. 2c) ─ a circular 

shape once again! Then a new idea is suggested bringing an interesting effect ─ to trace the 

segment for a point outside the circle:  

 
Fig. 3 Changing the position of point P 

Now is the time for the teacher to raise students‘ suspition - could they be absolutely sure that 

M describes a circle? Couldn’t it be in fact an ellipse which is very close to a circle… 



  

489 
 

One way to verify their conjecture (still experimentally) is to construct 3 points (H, I, J) 

on the locus, pass a circle through them and check if this circle concides with the locus. 

Another way which could help them prove the conjecture rigorously is to observe some 

interesting properties of the construction enriched with some auxiliary elements (Fig.4): 

 
Fig. 4 Auxiliary construction in support of the rigorous proof 

It is easy for the students to see that that the center K of the locus keeps its coordinates 

the same. In addition the segments KJ, KI and KH have equal legth which shows 

experimentally (but with a greater degree of conviction) that the locus is a circle. 

Furthermore, they would notice that K is the midpoint of the segment PO, where O is the 

center of the original circle. Now they are ready to prove rigorously that the locus is a circle 

with a center the midpoint K of the segment PO and a radius ─ half of the radius of the given 

circle. 

The exploration game can continue with replacing the circle by a square, a triangle, an 

arbitrary regular polygon, a curve of their own choice.  

If the students have studied dilation (in the Bulgarian curriculum it is introduced a year 

after the first occurrence of loci) they could use it to solve the problems but it is very 

appropriate for them to get used to generalizing their findings. Applying the What-if strategy 

could cultivate an exploratory spirit in mathematics classes - the students are encouraged to 

explore interesting partial cases, to generalize relatively simple problems in various 

directions, and even to attack and generalize challenging problems of Olympic level 

(Atanasova, 2011). 

FROM A WELL KNOWN PROBLEM TO AN OPEN ONE 

Here we demonstrate a process which is typical for the working mathematicians – we 

generalise a well-known problem, then we attack it with tools we believe are the most 

appropriate for the purpose (in our case with dynamic constructions we have specially 

designed in a step-by-step refinement and enrichment spirit). We systemize our 

explorations and reflect on the ideas we get. It is the very process that will be of our 

primary interest rather than the description of the results. In addition, we expect some 

teachers and students to get motivated in attacking some of the open problems themselves.  

A well-known problem: 

Find the locus of the centers of the equilateral triangles inscribed in an equilateral triangle. 

An ambitions generalization of this problem could be formulated as follows.  

An ambitious generalization: 

Find the locus of the centers of the regular m-gons inscribed in a regular n-gon, m n. 

Further below we shall write (m;n) to denote the construction of a regular m-gon 

inscribed in a regular n-gon. Note that we are not even sure for which m and n  the (m;n) 

file:///C:/Documents_jenny/Downloads/Loci_1f/gmt_mnogoag.html
file:///C:/Documents_jenny/Downloads/Loci_1f/gmt_mnogoag.html
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constructions are possible. Let us start our attack with a more modest problem, dealing with 

the case (3;n) for n = 3, 4, … 

The first attack – the (3;n) case: 

Find the locus of the centers of the equilateral triangles inscribed in a regular n-gon. 

A primitive (hand-made) dynamic model  

We construct an equilateral triangle two of whose vertices are on the n-gon and move the 

third one so as to get an inscribed triangle. To get the flavor of the dynamic construction to be 

then generalized it is natural to start with the simplest case (n=3), and proceed in what could 

be called a hand-made model (Fig.5): 

 We select two arbitrary points M and N on different sides of the given (the blue) triangle. 

 Then we construct an equilateral (red) triangle with a side MN.  

 Next we move N (keeping M at irs current position) so that the red triangle becomes 

inscribed in the blue one. The center of the red triangle is a point of the locus sought. 

 Now we repeat the above proces for a new position of M. 

 

Fig. 5 The hand made (3;3) and (3;4) dynamic models 

Thus, using consecutive positions of point M we get an approximate idea about the locus 

─ in the (3;3) case the centers seem to coincide (or are at least close enough)… If we apply a 

similar procedure for the (3;4) case the centers appear to be on a square. But inscribing the 

triangle by hand is a time-consuming method (still better than constructing on a paper and 

considering just one possibly misleading case due to imprecision (Pehova, 2011). 

To automize the construction let us take a better look at the (3;3) construction. It is 

natural to conjecture that in this case the locus is a single point coinciding with the center of 

the given triangle (Fig.6). 

                
Fig. 6 The (3;3) dynamic construction 

The congruence of the triangles AMG" and BG'M implies AM=BG'. Therefore, we can 

use in this particular case a dynamic construction based on the congruence.  

An automized dynamic model for (3;n) constructions 

There are various methods of creating automized models for the (3;3) constructions. Here 

is one of them: 

 We construct a point M on the contour of a regular 3-gon`(the triangle ABC) 

file:///C:/Documents_jenny/Downloads/loci2/izsledvaneTRI.html
file:///C:/Documents_jenny/Downloads/loci2/izsledvane1.html
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 We construct the image G' of M under a rotation of 120
ο
 about the center of ABC 

 We construct the image G'' of G' under a rotation of 120
ο
 about the center of ABC 

 We connect the points M, G' and G'' in a triangle. 

For n>3 we can proceed as follows: 

 We construct a point M on the contour of a regular n-gon.  

 Then we construct the image of the n-gon under a rotation ρ of 60
ο
 about M.  

 We construct their interestion point F. (It will be another vertex of the equilateral 

triangle whose first vertex is M, and which is inscribed in the n-gon.) 

 Then we construct the thrid vertex as the pre-image F' of F. 

 We connect M, F' and F to get the equilateral triangle inscribed in the n-gon. 

 
Fig. 7 Constructing a (3;5) dynamic model  

Here are some snap-shots of the trace the triangle’s center in the (3;4) construction leaves 

during the movement of the inscribed triangle: 

 
Fig. 8 The (3;4) dynamic construction 

When we move the red point (M) until the next vertex of the triangle coincides with a 

vertex of the square (i.e. takes its initial position) we observe the trace becoming a shape 

which looks as a half of square. By analogy, when moving the point M along the rest of the 

sides of the square the center of the triangle will leave a trace which completes a square-like 

shape and after which it will start repeating the trace (three times). If the considered locus of 

the (3;4) construction is a square indeed could we conjecture that the corresponding locus of 

the (3;5) construction would be a regular pentagon? In the latter case it is sufficient to observe 

the effect of the movement of the red point on a part of the pentagon only. 

 
Fig. 9 The (3;5) dynamic construction 

A-a-ah! Still 5 sides but it does not look like a pentagon – rather like a pentagram! Then 

what we suspected to be a square could be considered maybe as a „4-side star“... 

Again, the center of the triangle describes the locus three times while the red point makes 

a full round along the original pentagon. 

In the (3;6) case the locus appears to be a single point: 

file:///C:/Documents_jenny/Downloads/loci2/vp_35.html
file:///C:/Documents_jenny/Downloads/loci2/vp_35.html
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Fig. 10 The (3;6) dynamic construction 

Such was the locus in the (3;3) case. By analogy we could conjecture that the same would 

hold for (3;9), and more general – for (3;3k). We could make separate construction for the 

(m;km). 

Further explorations providing insight 

The (m; km) model
 

 
 

Fig. 11 The (m;km) dynamic constructions
 

The (m;km) constructions could be also achieved by analogy of the methods in Fig.6. 

The general conjecture we could draw after exploring the (m;km) model is that for every point 

G on the n-gon (n=km) there exists an inscribed m-gon with a vertex G and the locus under 

consideration is a single point coinciding with the center of the n-gon. 

Let us continue our explorations with the (3;n) model. In the case of (3;7) for instance we 

are expecting a star with its generating module emerging when going along one of the 

heptagon’s sides. Indeed (Fig. 12)! 

  
Fig. 12 The (3;7) dynamic model 

Exploring further the (3;n) model leads us to the conjecture that it is possible to inscribe 

an equilateral triangle in every regular n-gon, i.e. (3;n) is always a possible construction. 

It is interesting to see what is the situation in the case of the (4;n) model (Fig. 13). 

         
Fig. 13 The (4;5), (4;6) and (4;7) dynamic models 

file:///C:/Documents_jenny/Downloads/loci2/vp_35.html
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For a number of specific cases for 4m  , it is easy to make the conjecture that the 

construction is not always possible. In some cases additional means are needed for the 

inquiry. For example, in the (5;6) model it appears at first glance that the fifth vertex is on the 

hexagon (Fig.14 a). But a more careful exploration (Fig. 14 b and 14 c) shows that this is not 

so. 

          
      

 
Fig. 14 The (5;6) dynamic model 

At this point it is a good idea to stop and take a look around – what is known in relation 

to our explorations? We entered the magic phrase a regular m-gon inscribed in a regular n-

gon and here it appeared (Dilworth, Mane, 2010)! Almost the same title and the same 

denotation showing how natural it is in its simplicity and conciseness when exploring various 

cases and describing the conjectures and results. Dilworth and Mane present there the 

necessary and sufficient conditions on m and n for inscribing a regular m-gon in a regular n-

gon. It is interesting to note that naively (their own phrasing) they expected this problem to be 

solved in the time of Euclid, but it seems to be not completely solved. 

Here is what Dilworth and Mane prove in (Dilworth and Mane, 2010) by means of 

complex numbers: 

Theorem. Suppose that m, n ≥ 3. A regular m-gon can be inscribed in a regular n-gon 

if and only if one of the following mutually exclusive conditions is satisfied: 

(a) m = 3; 

(b) m = 4; 

(c) m ≥ 5 and m divides n; 

(d) m ≥ 6 is even and n is an odd multiple of m/2. (Note that this includes the case n = 

m/2.) 

In (c) and (d) the polygons are necessarily concentric and in (d) they share a common 

axis of symmetry. In case (d) we insist that n be an odd multiple of m/2 because if n is an 

even multiple of m/2, then n is a multiple of m, which is already covered in case (c). 

Thus it follows from the Theorem that the locus we are interested is a single point in the 

cases (c) and (d). The last examples of our explorations belong to (d).  

Had we seen this article before attacking it with dynamic means we would feel very 

reluctant to offer it to students (even if they were very motivated to explore new mathematical 

territories). However, the explorations themselves harnessed mathematical skills accessible to 

students knowing about geometric transformations. Furthermore, the patterns and the 

relationships observed during these explorations gave rise to other interesting questions. 

What really matters for us in relation to this problem is not even the solution itself but the 

whole process of creating a good platform for explorations, enhancing our intuition and 

understanding about some patterns among the constructions, designing a more systematic 

approach of explorations, realizing that not all combinations of inscribing a regular m-gon in a 

regular n-gon are possible, and finally – the belief in teachers’ ability to promote the inquiry-

based learning of mathematics. In a nut shell, to illustrate the „grook“ (Grooks, 2013) of the 

great Danish mathematician, architect and poet Piet Hein: Problems worthy of attack, prove 

their worth by hitting back. 
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Abstract 

The paper deals with integrating the study of art and mathematics by exploring the balance and the logical 

emphasis of paintings by means of dynamic geometry constructions developed in mathematics classes. A 

dynamic scenario developed and experimented in the context of the DynaMAT Comenius project is discussed as 

an illustration of how students could be encouraged to apply their mathematical knowledge for gaining a deeper 

insight in art compositions. Several methods suggested by art specialists are considered (e.g. rabatment, the rule 

of thirds, the golden section) together with appropriate dynamic geometry implementations. Ideas for further 

activities with students formulated in terms of long-term projects are offered. Although the considered scenario 

is still in its early phase of experimentation (mainly at teacher training courses) the first impressions are shared 

as being promising – the teachers become aware that they could attract more students to mathematics when 

showing its application in various contexts. The experience gained by the authors on a broader scale ─ in the 

context of visual modeling,  is reported  to have contributed to building new strategies in teacher education, 
which could prepare teachers for their changing role of partners in a creative process. 

Keywords 

dynamic geometry software, art, rabatment 

INTRODUCTION 

Seeing is not as simple as it looks 

Ad Reinhardt 

Many artists claim that they could explain nothing about their works, that their paintings 

came upon them by inspiration. The founder of the abstract art however, expresses in his book 

(Kandinsky, 2011) his theory of painting and sums up ideas that influenced his 

contemporaries. Kandinsky makes the brave prediction that we are fast approaching the time 

of reasoned and conscious composition, when the painter will be proud to declare his work 

constructive. 

To motivate better the study of geometry for students with interests in art we could reveal 

for them the strong relation between the esthetics of artistic compositions and some geometric 

principles. When reading the works of art critics we come across notions such as harmony, 

style, rhythm, balance (not necessarily the better defined rules, symmetry, geometry). Perhaps 

they think that if revealed the rules behind a balance composition would trivialize the art. To 

us, revealing certain patterns and rules would in contrast raise the level of appreciation of an 

observer. The modern fine art tries to speak about things which will be seen, that is why its 

language is not understandable for many. But this language could be better learned if we try to 

study it together with the language of geometry. 

VISUAL MODELING 

Exploring the properties of geometric shapes in a computer environment has proven to be 

more exciting for students of different age if made part of a visual modeling of some works of 

art (Sendova and Girkovska, 2005, Nikolova et al, 2011). By building computer models of a 

given painting the students can gain deeper insight in its structure and motivation to elaborate 

their knowledge in mathematics and informatics.  

mailto:jenny@math.bas.bg
mailto:toni.chehlarova@gmail.com


  

496 
 

When analyzing an abstract painting from mathematical point of view it is interesting to 

discuss its basic elements and to classify them. From an artistic point of view, though, the 

problem is not only to understand the elements of a composition, but also to understand its 

balance. In pre-service and in-service teacher training courses on using language-based 

computer environments for education we used a specially designed Logo microworld 

(Sendova, 2001) in which it was easy to experiment with figures of various sizes, colors and 

degrees of complexity, i.e. to verify different definitions of balance. In addition, the 

participants in the courses could play with Kandinsky’s ideas concerning the relation between 

geometric shape and color and study the effect of both components in various combinations. 

We could qualify the following factors as the most relevant ones in the study of an 

abstract painting: 

 The character of the objects and their composition in terms of clustering, overlapping, 

isolation, balance, relationship between size, shape and color 

 Main categories of the objects 

 Establishing hierarchy related to the distance of the center, the size, the color, etc. 

 Functional associations (which objects occur in combination in the work of a given 

author). 

The visual modeling could be used not only to study a specific painting, or a specific 

artist, or more general – the style of a certain artistic movement, but also to bring possibly 

new creative ideas. Thus, products of the visual modeling should be judged with respect not 

only to the closeness between the original and the generated works but also to their potential 

to generate works bringing the spirit of the original together with new, unexpected ideas – a 

potential that depends on the user, of course. After leaving the frames of the strict imitation 

some of the future teachers were inspired by new combinations of forms and colors and got 

new insight, which in turn led to new formalization. 

These visual modeling activities were carried out by means of programming which might 

create certain psychological problems among the typical mathematics teachers. Still combing 

art with geometry seems a very natural way of motivating the students to enhance their 

understanding in both fields. Some inspirational sources for integrating mathematics and art 

include (Ghyka, 1946, Livio, 2002, Hemneway, 2005, Olsedn, 2006, Skinner, 2009). More 

recent developments offer various dynamic geometry constructions as tools for analyzing 

works of art and appreciating the esthetics of well known paintings (Sánchez, 2013). The 

ideas presented below are based on a dynamic scenario (Sendova and Chehlarova, 2011) 

developed and experimented in the context of the DynaMAT Comenius project 

(http://www.dynamatadmin.oriw.eu) with the intention to encourage students in applying their 

mathematical knowledge for gaining a deeper insight in art compositions. 

CREATING DYNAMIC CONSTRUCTIONS OF COMPOSITION TOOLS  

The dynamic scenario deals with several relatively simple geometric constructions which 

have proved useful in creating and studying the balance of the fine-art compositions. After 

describing them we present their implementation in a dynamic software environment 

(GeoGebra in our case) so as to illustrate how they could be applied to exploring various 

paintings (classical and more modern alike). A further step offered to the students is to apply 

their newly gained art-evaluation competencies in the context of taking and editing 

photographs.  

 

RABATMENT 

The first (relatively less known) compositional method we introduce is rabatment which 

has been broadly used in the 19th century. This method is applicable to paintings in 

rectangular shape. It consists of taking the shorter side of a rectangle and placing it against the 

http://www.dynamatadmin.oriw.eu/upload_pdf/20121022_160507__0.pdf
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longer side (rotating the shorter side along the corner), creating points along the edge that can 

be connected directly across the canvas as well as a diagonal from these points to the corners. 

In a rectangle whose longer side is horizontal, there is one implied square for the left side and 

one for the right; for a rectangle with a vertical longer side, there are upper and lower squares. 

In traditions in which people read left to right, the attention is mainly focused inside the left-

hand rabatment, or on the line it forms at the right-hand side of the image (Fig. 1). 

 
Fig. 1 The left rabatment and its appearance in the Monet’s painting Red Poppy-field 

To achieve a more powerful composition one could add the diagonals of the rectangle and the 

two squares. Here is how the rabatment applied to the painting A Sunday Reading in a Village 

School of Bogdanov-Belsky looks like (Fig. 2). 

 
Fig. 2 The rabatment as applied to a Bogdanov-Belsky painting  

More information about the rabatment method can be found at 

http://emptyeasel.com/2009/01/27/how-to-use-rabatment-in-your-compositions/ (Mize, 2013).  

To enable the analysis of paintings of any rectangular shape it is convenient to have a 

universal rabatment tool. It could be created as a dynamic geometrical construction which 

means a construction which saves its main properties under movement of some of its objects 

defined as independent. The rabatment construction is introduced in our dynamic scenario by 

means of GeoGebra as follows. 

 

CREATING A DYNAMIC RABATMENT TOOL  

We start with constructing a dynamic rectangle. If the students are novices to using the 

software they should be encouraged to suggest and try out various ways of constructing a 

rectangle and discuss which of their constructions are in fact dynamic ones. After the 

discussion we could consider the following construction as appropriate for our purpose. 

We construct one of the corners of the rectangle as an independent object – point A, and 

two variables (sliders) for its base a and height b specifying the range of their values. Next we 

construct point B - the opposite corner of the diagonal through A as a point whose coordinates 

depend on the coordinates of A, a and b). Then we construct lines through A and B parallel to 

http://emptyeasel.com/2009/01/27/how-to-use-rabatment-in-your-compositions/
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the coordinate axes. The remaining two vertices of the rectangle could be obtained as 

intersection points of these lines. Then we connect the four points to get a rectangle (which is 

dynamic with respect to the size of its sides but always with a horizontal base, the normal 

position of a painting’s frame).  

Let b a . Now we construct circles with centers the four vertices of the rectangle and a 

radius b – the length of the shorter side of the rectangle. We find the intersection points of the 

four circles with a side of the rectangle and construct two of the rabatment segments. Then we 

complete the construction with the diagonals. 

What is left is to construct the square in the center which appears when 2b a b  . We 

hide the auxiliary objects (the lines and the circles) and we explore the construction for 

various values of a and b. 

Similarly, we make a workable construction for a rectangle with a shorter base. 

It is worth mentioning here that a good educational quality of GeoGebra is the 

opportunity for the users to enrich the toolkit with their own tools. This facilitates the 

implementation of our rabatment tool, viz. we show to the students how to make the 

rabatment construction a part of the toolbar. For the purpose a suitable name, an icon and the 

inputs of the construction (a point and two numbers in our case) should be specified. 

In our scenario we have considered in fact two constructions appropriate for a rabatment 

tool, the second one having as inputs the ends of one of the rectangles diagonals. Thus the 

students could create and use two rabatment buttons in the same GeoGebra file (named 

RabatmanPNN and RabatmanPP after the necessary inputs for the respective construction). 

As a further step in our scenario we show how images could be studied by means of the 

composition tools being created, i.e. how to display and how to resize (if necessary) the 

inserted image by preserving its proportions. Now the ground for explorations is set – the 

students could use the rabatment button, place the rabatment construction on the image and 

look for interesting properties of the composition of a specific painting (Fig.3).  

 
Fig. 3 Inserting the painting Prayer by Maystora and applying the Rabatment button to it 

Depending on the emphasis the teacher would like to make, s/he could encourage the 

students to continue with exploring the created dynamic tool with other paintings and to 

formulate their findings. Alternatively s/he could enhance their mathematics skills of 

implementing other composition tools. Here is what we have suggested further in our 

scenario. 

 

THE RULE OF THIRDS 

The rule of thirds is a simple method that can be used not only as a tool for exploring the 

paintings of famous artists but also to enhance and improve our own compositions (when we 

draw or take pictures). In the diagram below, a rectangle has been divided horizontally and 

vertically by four lines. The rule of thirds states that the points of interest for any rectangle are 

determined by those lines. The intersections of the lines are considered by some specialists 

(Maze, 2013) to be power points (the black dots in Fig. 4). 
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Fig. 4 The rule of thirds and the power points 

Here is the rule of thirds in action (in horisontal version and in vertical one): 

  
Fig. 5 The rule of thirds applied to Maystora’s Prayer, to Leonardo’s Lady with an Ermine, and to 

Manet’s Monet painting in his floating studio 

For the students it is of essential importance to use the rule of thirds not only when 

studying famous paintings but also when taking (or editing) photographs of a scenery (Fig. 6). 

        
Fig. 6 The rule of thirds in photography 

The teachers could create a list of tasks for the students taking into account their interests 

and mathematics background. Some examples of tasks we have offered in our dynamic 

scenario deal with  

 Making several digital pictures of a scenery by applying the rule of thirds in just one 

of them and explain which version seems  to be the most balanced one 

 Creating Thirds buttons (a vertical and a horizontal versions) 

 Exploring some classical and some modern paintings by various composition buttons. 

In addition to using some classical composition tools the mathematics teachers could 

suggest geometric constructions of their own, possibly jointly with the art teachers. Here is an 

example from our scenario. 

 

THE CENTRAL RHOMBUS 

The logical emphasis of a painting is often located in a rhombus with vertices the 

midpoints of the sides of the rectangle: 
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Fig. 7 The central rhombus applied to Maystora’s The Girl with the Dahlias, and to 

Mrkvička’s Ruchenitsa. 

To make a dynamic construction and turn it into a rhombus button in GeoGebra for 

exploring images is another activity offered to the students. 

Of course, the most popular notion combining art and mathematics is the golden section. 

 

A DYNAMIC GOLDEN SECTION CONSTURCTION 

The most famous mathematical composition tool, though, is the Golden Section (also 

known as the Golden Mean or the Golden Ratio) defined as the point at which a segment can 

be divided in two parts a and b, so that a/a+b = b/a. We introduce the notion of a golden 

rectangle as a rectangle whose side lengths are in the golden ratio. The golden ratio is often 

depicted as a single large rectangle formed by a square and another rectangle. What is unique 

about this is that we can repeat the sequence infinitely within each section. If in addition we 

draw an arc of 90º in the consecutive squares we get the so called golden spiral (Fig. 8). 

 
Fig. 8 A sequence of golden rectangles and the golden spiral applied to The Dance by Matisse 

We give in our scenario the following algorithm for constructing a dynamic golden spiral  

 Construct a unit square (blue). 

 Draw a segment from the midpoint of one side to an opposite corner. 

 Use that segment as the radius of an arc that defines the longer dimension of the 

rectangle (Fig. 9). 

 Construct an arc of 90
º
 in each square so as to get a golden spiral: 

 
Fig. 9 Constructing a dynamic golden rectangle 

Then we suggest to students to construct GeoGebra buttons based on the golden ratio and 

to explore various paintings with all the composition tools they have created. 

http://en.wikipedia.org/wiki/Ivan_Mrkvi%C4%8Dka
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It is very important to extend these activities by assigning long-term projects to the 

students. Here are some examples of dynamic mini-projects included in the scenario: 

 Take a picture of a scenery in two ways so that they reflect specific goals. Explore the 

result by means of dynamic constructions and edit the pictures correspondingly by 

cutting out. 

 Arrange for a picture in two ways (according to two composition methods): 6 persons 

at a birthday party sitting around a round table; a class of 24 pupils and their 

teacher; flowers and fruits; perfumes and an advertisement. Explore the result with 

dynamic constructions and make corrections if necessary. 

 Make an advertisement in two ways of: your school; your hobby; natural juices; an 

old town. Explore the result with dynamic constructions and make corrections if 

necessary. 

 Make in two ways a design of an invitation cart for: a fest of mathematics (physics, 

music, the flowers, athletics); a ball with masques; a birthday party. Explore the result 

with dynamic constructions and make corrections if necessary. 

 Explore the rotational dynamic constructions by means of the sliders so as to create 

models similar to the pictures of rotational objects (Fig. 10). 

  
Fig. 10 Rotational dynamic construction 

 Create models of objects around you based on rotational symmetry (wood carved 

ceilings, embroidered table clothes, etc.) 

CONCLUSIONS 

Our overall experience in educating students and teachers alike shows that the integration 

of the learning and creative processes by means of visual modeling could contribute to a new 

learning style in mathematics education. Such type of activities sensitizes students to looking 

at not only the art but also at the world around them in a more meaningful way. 

Although the considered scenario is still in its early phase of experimentation (mainly at 

teacher training courses) the first impressions are promising – the teachers become aware that 

they could attract more students to mathematics when showing its application in various 

contexts (often unexpected for them as art is). 

A famous quote by the american poet Robert Frost reads: Writing free verse is like 

playing tennis with the net down. We could extend this quote to art in general. But an 

important point we make to the teachers is that every rule can and should be broken for 

artistic effect, from time to time. This should be done however not because we don’t know the 

rules but rather when we are looking for new ideas. This is for example how some stunning 

photographs are made. 

The experience gained leads us naturally to building new strategies in teacher education, 

which could prepare teachers for their changing role of partners in a creative process. 
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Abstract 

In this paper we want to demonstrate a case study showing how fieldwork can be used as a teaching method. We 

will provide a definition of this teaching method, explain its advantages and disadvantages, describe the 
background and the setting of the case study, and report about the evaluation results. Fieldwork is rarely used in 

several school systems, both for legal and practical reasons. Yet it can increase students’ motivation, 

particularly in mathematics, as students can experience first-hand “what can mathematics be used for?” We will 

present a teaching unit using GPS as a tool to construct or measure geometric figures in the field, i.e. outside the 

classroom. This gives students an opportunity to learn about geometric figures not only in an abstract setting, 

but as shapes used in the real world. The questionnaires and interviews that we conducted show that this 

teaching unit improved students’ motivation to find out more about real-life uses of mathematics, as well as the 

possibility of increasing students’ attitudes towards learning mathematics by providing possible applications. 

Keywords 

Fieldwork. Real-life tasks. Electronic media as tools for learning  

DEFINITION AND INTRODUCTION 

By fieldwork we mean work of students outside the classroom. It may involve work in 

the school grounds or further afield. It can vary in duration – part of a lesson, a half day, or 

longer. It involves live collection of primary data by means of observation, experiment or 

survey (Ulovec et al., 2007). In this way, students can experience familiar and unfamiliar 

phenomena beyond the normal confines of the classroom (Dillon et al., 2005). 

However, fieldwork is not frequently used in many classrooms. This might be because of 

practical reasons, because of legal hassles, or simply because of a lack of teaching materials 

with proper suggestions. As for the practical reasons, some tips and hints can be found in 

Simperler (2012). As for the legal hassles, it might be true that using fieldwork requires some 

form-filling, parents to be contacted etc. But this is also true for other out-of-school activities, 

e.g. ski courses, swimming weeks, excursions etc., and so should not prevent one from using 

this method. As for the lack of teaching materials, this is the main reason for writing this 

paper. We developed a number of out-of-classroom activities in an EU-funded project called 

DynaMAT. One of the materials is presented here, together with an evaluation in the form of 

questionnaires and interviews, to serve as a case study about the usefulness of this teaching 

method. 

ADVANTAGES AND DISADVANTAGES OF FIELDWORK 

Several authors have already dealt with this issue, and a number of advantages and 

disadvantages have been listed in the literature. The following table presents a summary of 

this work (cf. Sauerborn and Brühne, 2009): 

 
Tab. 1 Advantages and disadvantages of fieldwork as a teaching method 

Advantages Disadvantages 

Action-oriented Difficult with large number of students 

Reality-related Organisational effort 

Physical activities Risks of injury 

Self-responsible learning Difficult assessment 
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New method for most students Students not used to this activity 

Addresses several cognitive learning levels Hard for students to concentrate 

Often interdisciplinary Hard to place in curriculum 

 

In a 1999-study of the University of Regensburg about out-of-classroom learning 

activities, the most frequently named disadvantage was “costs” (53.3%), closely followed by 

“time pressure by curriculum” (51.7%). In our own study (see below), costs were not an issue 

to teachers, as most activities took place either on the school grounds or in walking distance 

of the school. Time pressure by curriculum was the most frequently named reason (65.7%), 

followed by fear of disciplinary issues (37.1%), and organisational effort (28.6%). 

CASE STUDY: USING GPS IN FIELDWORK 

 

Teaching material 

This teaching unit (cf. Andersen, 2012) consists of two parts: In the first part, students are 

asked to use the tracking function of a GPS receiver to measure the geometric shape of a 

given outdoor feature. In the second part, the students are given a certain geometric figure and 

are asked to “walk along” this figure outdoors, i.e. to use the GPS receiver to navigate in such 

a way as to produce a track in the form of the given geometric figure. 

 

Part 1: Measuring a geometric figure in the field 

Task: Go to Heldenplatz in Vienna (or a park nearby the school) and stand on one corner 

of the rectangle that is shown in the map below (or another suitable rectangular figure in the 

park). Switch on the tracking function of your GPS receiver. Now walk along the edges of the 

rectangle until you are back at the original point. Then switch off the GPS receiver. Compare 

the resulting track with the original rectangle. Use the obtained data to calculate the side 

lengths of the rectangle and the length of the diagonal. Then go back to Heldenplatz (or the 

chosen park) and measure the length of the diagonal with the GPS receiver. 

 
Fig. 1 Measurement of rectangle – ideal track 
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Part 2: Creating a geometric figure in the field 

Go to Heldenplatz (or a suitable nearby park or field) again and use your GPS receiver to 

walk along an equilateral triangle with a base length of 40 m. Before you set off, think about 

how to do this, what strategies are possible, what their advantages and disadvantages are, and 

which one you will choose. Switch on the tracking function of the GPS receiver and record 

your “triangular walk”. Transfer the data into Google Earth and check with GeoGebra how 

close your track comes to an exact equilateral triangle. Compare your results with those of 

your classmates, particularly with those who have chosen another strategy than yourself.  

 

Setting 

The teaching unit was performed in 13 secondary school classes in 8 schools in Vienna, 

with a total number of 223 students and 35 teachers involved. The teachers received the 

teaching materials and – if required – a number of GPS receivers. The students received an 

instruction into GPS as such (using Ulovec, 2012a) and an instruction on how to transfer and 

interpret GPS data with Excel (using Ulovec, 2012b), Google Earth and GeoGebra (using 

Andersen, 2012). These instructions took two lessons (50 minutes each) per class. The 

fieldwork as such was led by the mathematics teacher with the support of 1 – 2 colleagues 

(also teachers, but mostly of other subjects). Part 1 took one lesson, part 2 took two lessons of 

50 minutes each. Part 2 was usually (with 2 exceptions) done in a double lesson of 100 

minutes in one piece. After the teaching units were conducted, the teachers and students were 

given questionnaires about the concrete teaching units and the teaching method “fieldwork”. 

The students’ questionnaires did not contain mathematical tasks (i.e. it was not a pre-post-test 

setting), but did make some references to the geometrical content. 5 teachers and 22 students 

were also interviewed after the teaching units. 

 

Description 

As to part 1, students were usually able to walk the path as described and record the data. 

A typical track looked like this: 

 
Fig. 2 Measurement of rectangle – real-life GPS track 
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Measurements of the diagonal length resulted in fairly exact data, 210 (of 223) students 

were within a 15% error margin. 

In part 2, we could observe mainly two strategies: Using angles, and using vertices as 

waypoints: 

 
Fig. 3 Angle strategy   waypoint strategy 

Strategy 1 calls for the student to walk 40 m, then turn 120° anti-clockwise, walk another 

40 m, turn again 120° anti-clockwise, and walk another 40 m. Strategy 2 calls for the student 

to calculate (or construct in GeoGebra) the coordinates of the vertices and set them as 

waypoints in the GPS receiver before starting out, then walk to the first waypoint, the second 

waypoint, the third waypoint, and then back to the first waypoint. 

Typical results of strategies 1 and 2 look like this: 

 
Fig. 4 Triangle – strategies 1 and 2 

 

Teachers and students then discussed the advantages and disadvantages of the two main 

strategies that occurred. Main points that were mentioned were: Strategy 1 has the advantage 

of not requiring any pre-fieldwork calculations (except for figuring out that the outer angle of 

an equilateral triangle is 120°). It has the disadvantage of not being too accurate in the field. 

Strategy 2 requires some calculations and constructions with GeoGebra or similar tools, and 

additional operations with the GPS receiver. However, it leads to better results. 

 

Questionnaire and interviews 

After finishing the activities of the teaching units, both the teachers and the students 

received (different) questionnaires. Aside from personal data (grade for students, teaching 
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experience for teachers etc.) there were the following quantitative questions for students, to be 

answered on a scale from 4 (very much) to 1 (not at all): 

1s) Was the teaching material adequate for the lessons? 

2s) Did you know/learn all the technologies that you needed for these lessons? 

3s) Did these lessons change your attitude towards mathematics in a positive way? 

4s) Did these lessons increase your motivation to find out more about practical uses of 

mathematics? 

Teachers received the following quantitative questions: 

1t) Was the teaching material sufficient for the lessons and their preparation? 

2t) Did you know/learn all the technologies that you needed for the preparation and 

execution of the lessons? 

3t) Did these lessons change your attitude towards fieldwork as a teaching method in a 

positive way? 

Both groups received the following qualitative questions: 

5) What did you like the most about the teaching material? 

6) What did you like the least about the teaching material? 

7) What did you like the most about the teaching method “fieldwork”? 

8) What did you like the least about the teaching method “fieldwork”? 

Teachers were additionally asked: 

9t) What do you see as the three biggest advantages of the teaching method “fieldwork”? 

10t) What do you see as the three biggest disadvantages of the teaching method 

“fieldwork”? 

 

After the analysis of the questionnaires, we chose 5 teachers and 22 students, and 

interviewed them about their answers to some of the quantitative questions, and all qualitative 

questions. The interviews lasted about 20 minutes per interviewee. 

 

Results 

207 students and 35 teachers handed in the questionnaires. Here are the results of the 

quantitative questions. Given is the percentage of answers on a scale of “4” (very much) to 

“1” (not at all). 

 
Tab. 2 Results of questionnaires, questions 1 – 4 

 Teachers (n = 35) Students (n = 207) 

 4 3 2 1 4 3 2 1 

Question 1 80 17 3 0 84 9 5 2 

Question 2 74 20 6 0 77 10 8 5 

Question 3 49 28 17 6 38 18 28 16 

Question 4     30 39 16 15 

 

As to the teaching materials and the technologies used, we can clearly see that they were 

very well accepted. Also the interviewees confirmed this observation. The only issue for 

students was the inaccuracy of the GPS receiver, which particularly occurred when students 

did not use a stand-alone receiver but their smartphone or similar device. 

As to the attitude aspects, there was no significant improvement by the teaching units 

alone. However, in the interviews those students who claimed that their attitude towards 

mathematics has changed in a positive way, almost unanimously stated that this is because the 

teaching unit showed “what mathematics can be used for, except in school” or “real-life 

applications”. 

The teaching units definitely increased students’ motivation to find out more about 

practical uses of mathematics (69% of students answered either with 4 or 3 to this question). 
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27 out of the 35 teachers answered with 4 or 3 to whether the lessons changed their 

attitude towards fieldwork in a positive way. This was also confirmed in the interviews, where 

teachers (most of whom have never used fieldwork as a teaching method in a regular lesson) 

stated that this was a good opportunity for students to use mathematics outside the classroom, 

and experience geometric figures that are not just drawn in their notebooks or displayed on a 

computer screen. Also, in the interviews many teachers stated that fieldwork either requires 

very well prepared teaching unit descriptions, as delivered here, or a lot of effort from the 

teacher to develop and prepare suitable units themselves. 

In the qualitative questions with respect to the teaching materials, in question 5 both 

teachers and students commented positively on the use of GPS technology, which is not usual 

in mathematics teaching, and seemed to be very motivating for students (as was mentioned in 

several interviews). Also “practical example” and “good instructions” have been mentioned 

frequently, both by teachers and students. In question 6, “too technology-centred” and “hard 

to fit into curriculum” was mentioned by teachers, “better use rectangle instead of triangle, for 

comparison” and “would have been better if everyone would have their own GPS unit” was 

mentioned. 

In the qualitative fieldwork questions, at question 7 students mostly answered “to work 

outside” and “it is not boring”, teachers answered “seems to be motivating for students” and 

“allows the teachers to show application in real life instead of just explaining it in classroom”. 

At question 8, only few students and teachers gave any answers, mostly along the lines of “a 

lot of work for a maths class”. 

In the final two questions for teachers, the three most frequently named advantages were 

“opportunity to show real-life applications” (51.4%), “motivation for students” (37.1%), and 

“physical exercise” (22.8%). The three most frequently named disadvantages were “time 

pressure by curriculum” (65.7%), “fear of disciplinary issues” (37.1%), and “organisational 

effort” (28.6%). 

CONCLUSION 

Fieldwork is a teaching method that can help students to see possible applications of 

mathematics in real life, outside their classrooms, and by that increase their motivation to look 

for more applications of mathematics in their lives. It is clear that it requires appropriate 

preparation, both with respect to the actual teaching unit, and with respect to organisation. 

However, as this case study shows, and other authors confirm (e.g. Scherer and Rasfeld, 

2010), it is a good opportunity for students to widen their views of mathematics and prevent it 

to become a classroom-only activity. 

In any case, most of the literature in this field concerns work with very young children 

(e.g. Dühlmeier, 2008; Stevens and Scott, 2002), and there is not all too much about fieldwork 

in mathematics with secondary school students, so more work needs to be done for this 

particular age group. 
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Abstract 

This paper is part of Project Comenius DynaMAT, so it shares with it motivation and scope: to create problems 

aimed at high school students in order to introduce them to mathematical arguments and reasoning, and to, via 

problem-solving, advanced topics in an elementary way; all of this is done using computer software to help 

visualisation and intuition. In this paper we particularly concentrate on the problem-conjecture-proof-problem 

process of mathematical reasoning, and on the limits showed by ICT, which helps intuition, but has to be 
supported by rigorous demonstration. In particular we will deal with two problems, one arithmetical problem 

based on Diophantine equations, and one geometrical problem analysed with GeoGebra. Solutions are given, 

but the real protagonists of the paper are the many possibilities of deeper study and exploration offered to the 

students along the solution and proposed generalisation of the problems. No conclusions are given, but offers of 

further evolution, the basis of which consists in actual experimentation of the materials produced in classrooms, 

followed by data collection and analysis, in a collaboration between researchers and teachers. 

Keywords 

Dynamical Approach, Divulgation And Didactics, High School Problems, Diophantine Equation, Geogebra, 

Excel 

INTRODUCTION 

In this paper we will analyse two problems prepared for high school students: we will 

describe solutions to these problems which can be presented to such an audience. Our main 

interest is to propose approaches that can, in our opinion, help the students understanding and 

interiorising the processes and ideas typical of mathematical reasoning. Moreover, we will 

introduce some topics and problems connected with Diophantine equations and modular 

arithmetics following problem-solving approach. 

In doing so, computer programs like GeoGebra and Excel can be a great help, and we 

will describe their use. Moreover, we will also describe some risks that computers programs 

can hide, following the idea that while a computer graphic program can be a wonderful source 

of intuitions in the hands of an expert mathematician, it can also be a hint to wrong 

conclusions for a young student: we will therefore underline the importance of the formal 

demonstration part in mathematics, that has to follow necessarily the intuition. 

More motivations and information about this approach can be found in (Georgiev, 2012). 

ARITHMETIC PROBLEM: PRESENTATION AND SOLUTION 

The problem is well introduced in form of real life stories or games in (Dimitrova et al., 

2008),  (Georgiev, Kurokawa, 2012-1), (Georgiev, Kurokawa, 2012-2)  and (Anderson et al., 

2010). 

We briefly recall the game formulation: consider the equation         , where  
      are natural number.      can be interpreted as two buttons (green and red) : if one 

presses the green button this corresponds to the operation       , if one presses the red 

button, then       is performed. At first     and    , who obtains the equality 

pressing the buttons as few times as possible wins. 

After having played long enough, the students can be lead to a formal exposition of the 

problem, and its solution, which is what we are interested in, in this paper. We are particularly 
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interested in the possibilities to introduce mathematical concepts and methods given by this 

elementary solution. 

We start by suggesting one possible translation of the problem in mathematical language: 

Problem. Given          (set of natural numbers), consider the following Diophantine 

equation: 

        (1) 

Find, if it exists, among the solutions of equation (1) the one, denoted by        , such that 

      is minimum. 

 

In other words, find         solution of equation (1) such that         solution of (1) implies: 

            . 

Please notice that we just consider non-negative numbers. 

 

First of all it is important to find out whether a solution always exists or not. 

It is useful to this purpose to recall the concept of greatest common divisor, or simply gcd, of 

two integer numbers. 

If we consider                 , then it is clear that: 

  |                  ; 

So if   is not a divisor of  , there is no solution at all to equation (1). 

 

It is an elementary fact that if   divides  , then equation (1) has solutions, and moreover all 

solutions are given by a closed formula, check (Herstein, 1972) for some details. 

Anyway, our goal is to introduce young students to these topics, using this problem as an 

excuse, so let us show a possible solution which covers almost every aspect of the basic 

arithmetics. 

We can recall the concept of Euclidean division between two integers, and the so called 

extended Euclidean algorithm to find the gcd and a linear combination of the two integer 

numbers that gives the gcd itself, namely two integers     such that: 

           . 
An interesting way of explaining  the Euclidean algorithm is using a spreadsheet application 

such as Excel. 

A quick explanation of how the algorithm works can be found at (Wikipedia, Extended 

Euclidean Algorithm), while a good description of the implementation is given by (Mounth 

Olyoke College, The Euclidean Algorithm in Excel). 

Anyway a quick recall is given in Fig1. 

   
Fig. 1 Euclidean algorithm in Excel: formulae  and an example 

A very good way to help the students become acquaintance with both the algorithm and the 

potential of a spreadsheet application is to explain the algorithm and the basic functions of the 
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software, and then ask them to find an implementation of the algorithm: they have a quick 

way to check its correctness: just trying with some couples of numbers, they learn how to use 

a spreadsheet “naturally”, i.e. actually using it to solve some problem they should care about. 

Moreover they discover the usefulness of abstract reasoning and formulae expression, over 

the simple analysis of some special cases. 

Going back to the problem, thanks to the Euclidean algorithm it is now easy to obtain any 

multiple of       with combinations of   and  . Consider            , then: 

                   = d. 

 

We can therefore simplify the problem, assuming        , since if       does not divide  , 

then the problem has no solution, if      divides  , then call: 

                              , so that: 

                                      
 

Thanks to these preliminary considerations, and especially to the programming of the 

Euclidean algorithm, a student should become acquaintance with the tools involved in this 

formalization of the problem. 

Therefore, we can now go on proposing a solution. 

Theorem 1. Given          (set of natural numbers), the following Diophantine equation: 

        (1) 

has one and one only solution         such that    is an element of the set {       } and 

   is a positive number.  

Proof. Since        , also        , and we already proved via Euclidean Algorithm 

that exist     integer numbers such that: 

        

In general       , but considering the following auxiliary equation: 

       , 

which has solutions:            for any     , it is easy to notice that any couple 

            is a solution to equation (1). 

 

Finally we can consider the Euclidean division        , with      , and find out that 

the couple: 

                      
Is our solution, since   is in the set considered and is unique. 

We just have to check    is non-negative, and this is a simple computation: 

    
     

 
    . 

This concludes the proof. 

 

Notice that what we did here is a simplification of the construction of general solutions to a 

Diophantine linear equation, so such topic could easily follow. 

 

Notice also that the proof could be easily expressed in modular arithmetic terms, and this 

could be a fine way to introduce such formalism among young students too. In fact, we could 

have exposed the proof in this way: 

Consider the modular equation: 

                 

Since        , the Euclidean algorithm tells us that exists k such that: 

       . 

This means by definition:  –              , we could write              . 
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So it is easy to compute                    . 

Then it is obvious by definition that exists one and one only    [     ] such that 

[ ]   . 

 

To solve our problem we have to show that        , the solution to equation (1) given by the 

last theorem is also a solution to our original problem. 

Theorem 2. In the same hypothesis of the previous theorem, given           solution to 

equation (1), different from          then: 

                  

Proof. The first observation is that         different from         implies both        and 

      , quite obviously. Then since       and    is the only possible   in {       } 
part of a solution to equation (1), we deduce      . 

 

It follows immediately: 

    
     

 
  

     

 
    . 

Our proof is now complete, and the problem is solved. 

 

DESCRIPTION OF THE FINAL ALGORITHM 

Given equation: 

        (1) 

We can find         solution to equation (1), such that       is minimum following these 

steps: 

1) If      does not divide  , then the problem has no solution. 

If it does: 

2) Compute, via Euclidean algorithm     such that            . Then consider the 

Euclidean division       . Put     . 

3) Compute               . 

4)         is the only solution to our problem. 

 

Now that we solved this problem, it is possible  to propose to the students some modification 

or generalization of it. The aim is to involve the students in the typically mathematical circle 

of problem-conjecture-proof-problem: once we have concluded a demonstration of our 

conjectures, we are pushed to analyze it and wonder: “What did we really show?” “What 

results similar to this could I face now?” “How could I generalize my results?” 

Some of the more immediate and interesting generalization are: 

Change of sign. 

What if we considered the same problem, but with the sign “+”? 

It is now clear that in some simple examples there is no solution (among positive numbers): 

       , 

even if        . So we are facing a different kind of problem, and a first natural question is: 

will the approach we adopted in the preceding problem still work? If not, where does it fail? 

And how could we solve this new problem? 

 

Problem with three variables. 
What if we considered an equation with three variables instead of two, i.e.: 

          , 

and we tried to find a solution made of natural numbers, such that       is minimum? 

This particular example is interesting for the following reason: while it is “easy” to occur in 

the solution in the case of two variables linear equation, since in some sense it is the first 
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solution one finds (remember we proved   , part of the solution, is the only   in {       } 
part of a solution) if tries with    , then     and so on, the first solution one finds is the 

good one. This does not always happen in the three variables linear equation problem. 

Consider the following equation: 

             

If one looks for a solution with    , finds the solution        , which has sum     . But 

if we consider    , then we find a better solution        , which has sum     . 

A good work would be to formalize the “rational” algorithm suggested for the two unknowns 

problem (trying for successive values of  ) and find out why it does not work with the three 

variables problem. 

 

The difficulty of these generalizations, the solutions of which we do not take in consideration 

here, should help the students realize how easy and fascinating it is to find problems to face, 

and how research in mathematics could work. 

GEOMETRIC PROBLEM: PRESENTATION AND SOLUTION 

We do not care about fascinating formulations of this problem either, but again about the 

possibilities given by the solution. In particular, we will describe how easily a well-driven 

student can find by himself new problems and attempts to generalize or modify the problem 

given, having a concrete experience of investigation in mathematics. 

 

DESCRIPTION OF THE PROBLEM 

Given a rectangle ABCD, find, if it exists, a rectangle EFGH circumscribed to the 

previous one, such that the area of the EFGH is twice the area of ABCD. An example of 

circumscribed rectangles is given by Fig. 2. 

 

 
Fig. 2 Example of circumscribed rectangles    

A good way to attack the problem is by considering it in GeoGebra. Consult 

(GeoGebrawiki, GeoGebra manual) for some help about the full potential of this tool. 

Drawing perpendicular lines passing for each point A,B,C,D, we can represent the problem as 

explained in Fig. 3: the only free parameter is the position of point P: 
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Fig. 3 The problem in GeoGebra, different positions of point P 

Through the exploration of the problem via GeoGebra, a student can find a good way to 

conjecture that a solution always exists, and an hypothesis of how to find it. The main point is 

to help the student to verify whether his/her intuition is correct or not, by formal 

demonstration. This way we have a possibility to emphasize the importance of both the 

intuitive and formal part of mathematics. 

The perfect situation arises when some students have “wrong” intuitions (i.e. that are not 

correct, or that do not lead to the solution) and other students have “right” intuitions (i.e. that 

are correct and lead to the solution). 

A good teacher should analyze deeply any suggest from his/her students, in order to help 

them comprehend why they are wrong, or to fully comprehend why they are right. 

Anyway, we present two possible ways to find a solution. 

1) Solution by intuition: with the help of GeoGebra, one could decide to see what 

happens if the point P is put inside the rectangle ABCD: if P coincides with A, we 

find the inclination we want, as shown in Fig. 4: 

   
Fig. 4 Idea of the solution to the problem 

2) Solution with help of other tools: using GeoGebra at its full potential, we can create a 

spreadsheet that calculates the area of our rectangles. Moving the point P, we find that 

at some points the area is very small (even  ), while it easily assumes values greater 

than double the area of ABCD. One can therefore guess where to put the point P to 

obtain its solution, and then try to prove it works. 

 

Some problems that may arise (or that should be proposed) during the investigation are 

here described: 
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1) What rectangle EFGH has a maximum area? Especially when using a spreadsheet, a 

student can guess on how to build it. There are many ways to see that maximum area 

is obtained when considering a square circumscribed: a nice proof starts from 

noticing that the vertices move along semicircles, and showing that the maximum 

area is obtained when the angles formed are of    . 
2) In the second solution proposed we used a certain concept of “continuity” of the area 

of the rectangle, if our point P moves in the plane. It is a simple (but full of meaning) 

concept: if the points moves “a little”, then the area changes “a little”. 

But is this function really continuous, even in this imprecise sense? What happens if 

we place the point P in C, and then move it “a little distance” from C? Does it still 

follow the rule of continuity? Exploring with GeoGebra, it is possible to actually 

prove it is not: if P moves along the line between A and C, then the area of EFGH is 

constantly 0, while if P moves along the line between D and C, then EFGH constantly 

coincides with ABCD, as Fig.5 shows: 

    
Fig. 5 How to show the function is not continuous 

3) Always talking about continuity, we could decide to force the point P to move along a 

circumference, for example centered in the center of ABCD, with radius greater that 

the semi-diagonal of ABCD. This is a “right” idea, since we still consider all cases, 

and now we obtained a continuous function. This can help us in all our investigations. 

 

But what would happen if we decided to place point P on another geometrical locus? 

For example, consider the problem of finding the maximum area rectangle, and fix 

point P on the line given by      . Which rectangle has maximum area? If we trust 

the spreadsheet given by GeoGebra, it seems that the value of the area of EFGH is 

definitely constant at its maximum value, and therefore there are infinitely many 

rectangles with the same maximum area!  

(Definitely means from a point on, this point is found taking bigger and bigger values 

of  ). 

This cannot be true, since moving “a little” the point P should change the area. (Is it 

so obvious?) 

 

First of all, the problem we found is about approximation. Depending on our choices, 

the computer considers 0,9999=1, and therefore from a point on, all the areas look the 

same to it. A human instead should always notice the difference! 

It can be very interesting to help the students to prove that as   grows, the area grows, 

and therefore it cannot attain its maximum. 

Then why does it happen that, placing point P on that line, we can no longer reach 

exactly the maximum value, but we can get as close as we want to? The answer lies in 

the fact that choosing that specific line we took away the maximum rectangle: we 

took away a point from a circumference (which is compact, so a locus where 
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continuous functions always attain their maximum)  obtaining a line, which does not 

have this compactness property. 

SOME OBSERVATIONS AND FURTHER INVESTIGATIONS PROPOSED 

These problems were analyzed during a course held by Professor V. Georgiev in Pisa in 

2013, designed for both mathematics students and future mathematics teachers; the first 

problem was proposed by Prof. Georgiev, and the solution described here is my own, while I 

invented ex-novo the second problem. Both problems/solutions received a good response by 

the audience of the course, in particular were appreciated the many possible applications and 

the strict contact among various areas of mathematics. Unfortunately there is still no 

experience of proposing these topics to young students, so no further conclusions are allowed. 

Hopefully, the strict collaboration created by these mixed courses (aimed to students and 

future teachers) will produce occasions of experimenting  the concepts expressed in this paper 

in classrooms. 
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Abstract 

In our contribution we describe an activity that supports development of geometrical thinking for new 

mathematical concept based on previous learners’ models. We used circles as a base for students’ investigation 
within conic sections. We presented several dichotomies or possible approaches to the learning of new 

mathematical concept using inquiry based learning. Based on the van Hiele theory of levels of geometrical 

theory (van Hiele, 1957) we describe two didactical environments for development of new knowledge. First we 

use inductive reasoning based on the dynamical manipulation with circles and second is the activity done by the 

dynamical geometrical applets that were prepared using deductive reasoning .We suggest that mentioned task is 

a good example for pre-service and in-service mathematics teachers to support their reasoning on several levels 

(van Hiele, 1957) with use of dynamical geometrical software GeoGebra. 

Keywords 

Inquiry based learning, locus of points, conic sections, GeoGebra 

INTRODUCTION 

Secondary mathematics education in Slovakia has been going through reform changes 

since 2008. Students were supposed to study less mathematical content but with deeper 

understanding. On the other site the requirements for final exam - Matura remain mostly the 

same as it was in the pre-reform period. Teachers usually deal with this situation that they 

remain within the traditional pedagogy and teach the extended content as it was in the pre-

reform period. This lack of the time leads to learning several contents without deeper 

understanding. As it was put by (P. van Hiele, 1959 in van Hiele, 1985) “student knows only 

what has been taught to him and what has been deduced from it. He has not learned to 

establish connections between the system and the sensory world. He will not know how to 

apply what he has learned in a new situation.” We can characterize that “teachers and students 

speak a very different languages”. To characterize more the origin of those language we can 

use the commonly accepted theory of five levels of geometrical thinking defined by van Hiele 

(van Hiele, 1985).  

In our contribution we analyse one prepared activity from the didactical point of view, 

where we would like to characterize important bits in students modelling and problem solving 

processes that are more present in Slovak reform curriculum. Better understanding to these 

processes can be a base for better differentiated instruction for students as well as for pre-

service teachers’ preparation. As a concept for our contribution we use manipulation with 

circles. Based on the van Hiele levels of geometrical thinking we assume that students should 

be able to reason on third or above level. We encourage students to use their knowledge in 

new situation where they need to use both inductive as well as deductive reasoning. 

These activities can be presented with or without the real life concept. Within the 

Comenius project DYNAMAT we chose to present one activity using the concept of finding 

the place with the best view angle. We would characterise our aim as written in (Georgiev, 

2012)  
“In order to stimulate ”nonstandard” thinking, research of original solutions, the 

capacity to model real life phenomena, we are trying to prepare didactic units for teachers 

giving them some concrete examples that can be implemented in everyday work in class 

or in some extracurricular activities.” 

mailto:jsunderlik@ukf.sk
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THEORETICAL FRAMEWORK 

For better orientation in the processes and reasoning that students and mathematics 

teachers need to go through we will use van Hiele levels of geometrical thinking (van Hiele, 

1985). The five levels are Level 1 (Visualisation), Level 2 (Analysis), Level 3 (Abstraction), 

Level 4 (Deduction), Level 5 (Rigor). According to this model, learners have to master one 

level to be able move to a higher level. We will focus on the second and the third level of 

geometrical thinking, because these two levels are the most used in our contribution. 

Level 2 (Analysis) 
 “Students see figures as collection of properties. They can recognise and name properties of 

geometric figures, but they do not see relationships between these properties. When describing an 

object, a student operating at this level might list all the properties he/she knows, but may not 
discern which properties are necessary and are sufficient to describe the object.”  

Level 3 (Abstraction) 
“Students perceive relationships between properties and between figures. At this level, students 
can create meaningful definitions and give informal arguments to justify their reasoning. Logical 

implications and class inclusions, such as squares being a type of rectangle, are understood. The 

role and significance of formal deduction are, however, not understood.” 

As we mentioned all students should be approximately on the third level of “Abstraction” 

level or above. Within these prerequisites we can lead students to use and deepen their 

reasoning skills. In learning of new concept students should be able to decrease their level as 

well as develop new content within the inquiry based learning.  

SETTING THE PROBLEM IN CONCEPT 

In the article (Šunderlík, Barcíková, 2011) we introduce a real life problem in which we 

describe an inquiry approach to solve of the several stated problems connected to the best 

viewing point at the Appolo Bridge in Bratislava. This concept can be easily transferred to 

almost any observation in nature. We can look for set of points that have the same distance 

from the point and line or to a two circles and so on. Our context helped us to state the 

possible problems based on some real life situations that cause the need to investigate and 

looking for new properties. In the process of looking for solution we use only the knowledge 

that we have formed on primary and lower secondary education and the mathematical 

language and reasoning on the appropriate level of upper secondary education. 

DEVELOPMENT OF CONCEPT 

Within the set of problems in (Šunderlík, Barcíková, 2011) students should develop 

appropriate language and reasoning that will lead to more complex solution. Within setting up 

this problem we used real life situation. Students should find the “best spot”, place on the 

Harbor Bridge (straight line) from where we can see the Appolo Bridge (two endpoints of the 

bridge) under the biggest angle (Fig. 1) (Šunderlík, Barcíková, 2011). Based on the previous 

investigation students are supposed to find the center of a circle that will be circumscribed to 

the bridge and tangent to the Harbor Bridge (straight line). The intersection of this circle and 

the line give us the “best spot”. To define the wanted locus we would like to use knowledge 

that we already have gained about circles and geometrical construction.  

 

 

 

 

 

 

 



  

520 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Visualisation and graphical solution of the problem 

 

We can make some arrangements and use GeoGebra to model the situation.  

Modeling real life situation - Mathematisation of the situation  

We put the Google Map of bridges in GeoGebra and investigate this problem. At the 

beginning we construct the line c on one side of the bridge and a point X on this line. Then we 

press the angle button in GeoGebra and measure the angle MXN. What if the point X (lying on 

line s) can move along line c? Then move with the point X along the line and observe what 

will happen with the angle. Can you explain why?  

How can we find the place where the angle is the biggest? 

How is the view angle connected to the distance from the object? Where is the place on 

the Harbour Bridge with the biggest view angle depending on the distance from the object – 

Apollo Bridge?  

Imagine for example any point in the river. How is it connected to the circles with centres 

lying on the perpendicular bisector? We have investigated that in problem 2 (Šunderlík, 

Barcíková, 2011). From problem 2 we have gained the knowledge that the centre of circle lies 

on the perpendicular bisector, but we don’t exactly know where. We are looking for the centre 

Sx of circle kx that will touch the line s and pass through the points M and N.  

How can we find the place where the angle is the biggest? 

We can let students to give some ideas or use some prior suggestions. For example let the 

students investigate with circle in GeoGebra, try to approach the circle to points MN and line 

c. Than we can discuss with students that it probably satisfies our purposes, but it is not 

mathematically exact. 

Let backtrack – to move our thinking from the final result backwards. Such steps will 

lead us to a solution. We need to investigate the final solution (Fig. 1). We need to look for a 

locus that has the same distance of line c and points M or N. What is the locus equally distant 

from point M and also from line c? To come up with this question is the hardest part of the 

mathematisation of the real problem. After this we can move from real concept to the 

geometrical figures.  

Metathinking and metacomments are very important in the process of investigation. We 

can divide the problem into two problems.  

A) Which locus do the centers of the circles touching two fixed points describe?  
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B) Which locus do the centers of the circles touching a fixed line and passing through 

a fixed point describe? 

Within the inductive reasoning we touched the first level of visualization and did the 

appropriate analysis. We needed to move down in the language and reasoning to better 

understand the whole problem. 

Solving the problem within the mathematics 

Now we can move from the environment of our map to universal model, because we 

don’t exactly know where the point S (centre of wanted circle) is located. 

Within the approach we need to apply inductive as well as deductive reasoning skills that 

were already developed in different mathematical context and need to be applied to new 

situation.  

In this situation we need to distinguish the role of teacher and the learner. In some cases 

both role can be parallel within one student. We will distinguish them as two starting points, 

inductive and deductive. Before we start to produce a suitable mathematical model that will 

help us solve the problem and may be visualized by the GeoGebra we can let students to give 

some ideas or use some prior suggestions. For example let the students investigate with circle 

in GeoGebra, try to approach the circle to points MN and line c. Then we can discuss with 

students that it probably satisfies our purposes, but it is not mathematically exact. We can use 

models of circles touching the line and a given point.  

 

 

Fig. 2 Investigating parabola in GeoGebra       Fig. 3 Investigating parabola on piece of paper 

  

Decreasing the level of geometrical thinking – Preparation of tool for analysis 

Now we can move to universal model, because we don’t exactly know where the point S 

(centre of wanted circle) is located.  

1: We choose one point and call it point M that is given in the plane. (We cannot move it. In 

reality it is one of the endpoints of our bridge.) What is the set of points which are equidistant 

from a given point?  

It is the circle with centre in point M and constant distance r - radius. 
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Fig. 4 Investigating parabola: Step one  Fig. 5 Investigating parabola: Step two 

Now imagine one point from the set which can be freely moved round the circle. Let 

choose one point and name it point S. This point lies on circle l. Then also point M lies on the 

circle k, which has centre in point S. 

Now add to our thoughts line p. This line is tangent to the circle in point T which is 

different from the point M and lies on the circle k. Because of the tangent p to the circle k we 

know that ST is perpendicular to the line p. From the definition of the circle that we were 

talking about by the beginning of our thoughts, we also know that SM = ST.  

 
 

 

 

 

 

 

Fig. 6 Investigating parabola: Step three 

What is important is that point T is not fixed and so we can freely move with him along 

the line p.  On the other side, point M is fixed.  

Now we prepared the tool for investigation and students analysis. There are several 

options how it can be used. It is good that students could use the similar deductive reasoning 

to construct the model for analysis. In other case it is the task for the teacher to decrease the 

level of reasoning suitable for analysis and abstraction.  

Investigation with prepared tool 

What can we say about the distance from the point S to M and the distance from the point 

S to line p when we move the circle (we move it by the point T)? Move the point T and try to 

predict the results. Observe what will happen.  
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Fig. 7 Conjecture about the locus line and point. 

Imagine that point S traces red points. Once again what is the name of this locus? 

 This curve is parabola. It is the set of all points in the plane whose distance from a 

fixed point M is equal to their distance from the fixed line p. 

How many circles are there that touch point M and line p and their radius is r? How many 

points are on the line? 

Demathematisation of the solution 

Now we should be ready to move back to our map and find our best spot. We will 

construct two loci, the perpendicular bisector to segment MN and parabola to line s and point 

M. The intersection of these curves gives us the centre of circle k, that is circumscribed to 

points M, N and line s. The intersections of this circle and line s give us the wanted “best 

spot” to look at the Apollo Bridge from the Harbour Bridge. 

DISCUSSION 

We could characterize the mentioned process with the transition between the levels that 

are necessary to develop a coherent base for general solution. We try to describe the learning 

trajectory that student needs to go through to solve the problem. What mathematical concepts 

as well as reasoning skills are necessary to solve the problem. This information then can be 

useful for designing a mini investigation for students as well as for professional development 

of in-service and training of pre-service mathematics teachers. The main instruction should 

then be given in appropriate level and the language should be more intuitive for lower levels. 

There have been several statements that the levels of van Hiele geometrical thinking are not 

discrete (Gutiérrez & all, 1991) so we also need to consider when students have already 

moved to higher level and we may apply different teaching strategies as well as language and 

reasoning. 

According to our suggested solution we design the possible learning trajectories within 

the levels of geometrical thinking (Fig. 2). 
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Fig. 8 Suggested learning trajectories within the levels of geometrical thinking. 

 

We can develop new knowledge and reasoning mostly up to the level of previous 

geometrical thinking. But we also suggested that we may increase the acquisition for the next 

upper level of geometrical thinking.  

At the beginning they decrease the level of geometrical thinking, where they need to 

deeper understand the known concept in a new situation.  
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Abstract 

In this paper we consider some examples showing how the dynamic properties of Geogebra or similar software 

can be used to investigate certain concepts from Calculus. This is based on material created during the project 

DynaMat. The examples grew out of attempts to try to increase visualization done by students and possibly 

increase their understanding of these concepts. 
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INTRODUCTION 

During the last 10 years there has been much discussion on the problems many students 

face when entering University and learning mathematics at University level (Thomas et al 

2012). The topics that have been mentioned in particular are understanding the real numbers, 

understanding the concept of a function, limits, continuity, sequence and series etc.  

Tall and Vinner (1981) define for a certain mathematical concept the term Concept Image 

to describe the cognitive structure associated with the concept in the students mind, i.e. visual 

representations, mental pictures, expressions and thoughts that the student relates to the 

concept. They use this definition to discuss problems that students may have with certain 

mathematical concepts such as functions, limits and continuity. In a questionnaire answered 

by 41 students they examine the concept image the students have of a continuous function and 

reveal misconceptions such as the given function is continuous because it is given by a single 

formula. 

Thompson (1994) discusses research on students’ initial understanding of functions and 

has found indications that the concept image of a function is something given by a single 

formula. This formula is considered as a recipe that is applied to some number to get another 

number. In other words the student has a process conception of a function.  

The mathematical definition of a function is as follows: A function f from X to Y is a 

subset of the Cartesian product X × Y subject to the following condition: every element of X 

is the first component of one and only one ordered pair in the subset. 

This definition is hard to grasp for many students and in fact Vinner (1983) found that 

even students who could give a correct set-theoretic definition of a function didn’t necessary 

use it when needed in answering questions about functions. Instead, they relied on some 

earlier concept image concerning formulas. In Petterson et al. (2013) the concept of a function 

is discussed as a threshold concept 

Apart from the difficulty in understanding basic concepts many students view 

mathematics as a set of rules on how to manipulate symbolic expressions. For a discussion on 

this see e.g. Tall (1997). This view is of course strengthened by the many exercises in 

textbooks that mostly require some algebraic calculations as well as an imitation of an 

example given in the book (Lithner 2004). 

In this paper we discuss some possibilities to use GeoGebra to potentially increase the 

understanding of the concepts mentioned above and give some models for visualisation. The 

approach is mostly to have students work directly on graphs and thus gain some insights into 

functions, continuity and derivatives. The hope is that perhaps such examples will help 

eliminate certain misconceptions such as a function is defined by a single formula. Most of 

the examples given are a part of the project DynaMAT. 
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ELEMENTARY USES OF GEOGEBRA 

If a function is given by a single formula it is very easy to graph it in GeoGebra, the 

formula is simply typed into the input field. It is also quite simple to define piecewise defined 

functions by using the command Function or by using the command If.  The If command has 

the advantage that the derivative of the function can be calculated directly. If there are three 

different intervals a nested If command can be used e.g. If[x < 2, x², If[x < 3, x + 2, 10 - x]] 

results in the figure below: 

 

Fig. 1 A function f(x) defined on three intervals. Its derivative g(x) is shown in red. The derivative is 

undefined at x = 2 and at x = 3 but the program does not indicate that in any manner 

It is also very easy to reflect, rotate and translate graphs using tools or dragging by the 

mouse in GeoGebra. Since the algebraic equations of everything in the graphics view are 

shown in the algebra view, this can be used to e.g. examine the formula of a function after it 

has been translated horizontally by a constant or to determine when a particular rotated graph 

is the graph of a function or not. 

In the most recent version of GeoGebra there is a tool called the Function Inspector 

which can be used to examine points on graphs, tangent, second derivative at a point etc. Also 

new is the possibility of Slowplot which slowly draws the graph of a function. 

THE DERIVATIVE AND THE SHAPE OF A FUNCTION 

Typical use of GeoGebra or similar software is to draw the graph of a function, mark a 

point on the graph and then make the software draw a tangent to the graph at that point. 

 

 
Fig. 2 Tangent through the graph of a function at a point 

After this is done the student can drag the point along the graph and watch the changes in 

the slope of the tangent.  

In many textbooks on differentiation there are exercises of the type where a student is 

asked to find the equation of the tangent line to the graph of a given function at a given value, 
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e.g. at x = 1. Usually these problems are solved by differentiating the function, finding the 

value of the derivative at the given   – value, is this case       , to get the slope of the tangent 

line, and then finding the equation of a line through the given point i.e.           
Software like GeoGebra or a graphics calculator is very useful in such situations to check 

if the calculated answer makes sense and also to connect the algebraic calculations just 

completed to the actual geometric object that has been found.  

Another kind of problem is of the type: The slope of the tangent to 

           –              at the point              is  . Find the value of a. 

These problems are usually solved algebraically only, i.e. the student differentiates the 

function, substitutes the value    for x and solves             to get the value of a:  

             –         so                                          
Once the problem has been translated to an algebra problem it is often not considered 

necessary to graph the function or check the answer. 

In most calculus books, there are also more complicated problems of the same type 

involving the location of relative minima and maxima, points of inflection, integrals etc. Most 

often the assumption is that the calculations are done by hand and the problem is converted 

into an algebra problem, i.e. into solving a system of equations. The focus is then more on 

algebra than on the actual shape of the function in question. 

The following problem is taken from a handout for students at the gymnasium level 

(Menntaskólinn við Hamrahlíð, 2010): Find a third degree polynomial                  
        such that it has a local minimum at       and its graph has an inflection point at 

        . 

It is assumed that the students will solve it using algebraic techniques after differentiation 

i.e. to differentiate      twice and then use the information on the inflection point to get the 

equation            , the information on the minimum to get                and 

finally to get        –             since         is on the graph. The equation system is 

then solved in the usual way. 

In GeoGebra this can be solved in a graphical way by working directly with the 

parameters b, c and d. The user defines three sliders with integer values,  ,   and   and the 

third degree polynomial                          (for details on how this is done see 

Hreinsdóttir 2012a).   

Anyone who tries this out will quickly find that it is impossible to find the solution by 

just playing with the values of the sliders even if the effect of changing the value of d should 

become clear.  

The student working on this therefore needs some guidance and is advised to use the 

graphing possibilities of GeoGebra to get the graphs of         and        . These graphs are 

then given different colours and the effect of changing the values of b and c is examined. This 

information can then be used to find a value of b that gives a point of inflection at        

and subsequently a value of c such that      has a minimum at     .  

Now the graph of f should have the desired shape but the user still needs to find a value of 

d that gives the correct location of the graph. The point         is defined in the input field 

and the value of   is modified until the graph of      passes through the point.  
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Fig. 3 The solution to the problem above 

For similar problem see Hreinsdóttir (2012a). 

 

From a pedagogical point of view one may wonder how useful this is to students, i.e. 

what is there to gain by solving such a problem? It is the experience of many teachers that 

once the student has transformed the problem into an algebraic problem they are unaware of 

what they really have calculated, i.e. they focus on the algebraic steps needed for the solution 

and then give their answer in terms of a = value, b = value etc. Therefore, such tasks become 

an exercise in algebra rather than a Calculus exercise. 

Working on a problem in this graphical way can possibly encourage the students to think 

about what it is they are calculating.  Thus the students might be less likely to just form a rule 

about an algebraic procedure and more likely to connect such a problem to the interpretation 

of the derivative as the slope of a tangent line at a certain point. 

The students’ mathematical maturity or understanding of derivatives may benefit from 

thinking about the task as finding certain shapes of objects rather than following a rule and 

apply algebraic procedures. 

LEARNING ABOUT CONTINUITY AND DIFFERENTIABILITY 

In most Calculus books, the definition of continuity is given by: A function f is 

continuous at a point c in its domain if                 . This is then sometimes 

explained by saying something like “you can draw the graph of the function through the point 

without lifting your pen”. See e.g. Adams (2004). 

The problem with this explanation is for some students that most of the functions they 

have seen are continuous so in a sense this definition does not mean anything to them. It is 

therefore important that they work actively with discontinuous functions such as piecewise 

defined functions. 

USING SLIDERS TO DEFINE CONTINUOUS FUNCTIONS 

Consider the following problem: determine values of the parameters a, b and c such that 

the function  

     {
                      if      
          if         
                     otherwise 

 

is continuous. 
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This problem can be solved in GeoGebra by defining three sliders a, b, c and using a 

nested If command to define h(x). The values of the sliders can now be changed to make the 

function continuous. 

 

Fig. 4 We change the definition of the function by moving the sliders.  

If we change the values of a, b and c, the graphs move up and down so it is very easy to 

find values such that the graphs are connected.  

A more complicated situation arises if the parameters not only control the location of the 

graph but also its shape (see Hreinsdóttir 2012b). 

DIFFERENTIABLE FUNCTIONS 

In problems like the ones given above it is very noticeable that at the connecting points 

we get “a corner point” in the graph of the function. This is because even though the function 

is continuous at the points it is not differentiable. 

In GeoGebra it is quite easy to demonstrate the tangent at a point as the limit of secants 

through the point as is shown in figure 5.  

 

 

Fig. 5 Secant lines approaching the tangent line at a certain point 

Below we describe how we can join two different quadratic functions to get a piecewise 

defined function that is both continuous and differentiable at the meeting point.  

We define four sliders b, c, d and e in GeoGebra and use them to define two quadratic 

functions                 and              . We then find values of the 

sliders such that (      )  (      )  This ensures that the graphs of the two functions 

intersect at this point. Now we use the tangent tool to get the tangents to both functions at the 

meeting point.   
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Fig. 6 The graphs intersect at the       but the tangents are not the same. 

If we now define a function      such that   

      {
         if     

     otherwise
 

we get the function below: 

 

 

Fig. 7 The function      (black graph) is not differentiable at      . 

To redefine the function      so that it is differentiable we need to adjust the values of 

the sliders such that the tangents are the same. 

 

 

Fig. 8 Here we have one solution to the problem. The function      (pink graph) is differentiable 

everywhere. 
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REMOVING CORNER POINTS  

We can use a similar method to redefine a function on a small interval in order to remove 

a corner point in the graph of a function and thus create a function that is differentiable at that 

point. 

 

Fig. 9 A simple example of a function that has corner points at several points 

 

Fig. 10 Attempt to remove a corner in the graph by redefining the function on a small interval 

We define two points G and H on opposite sites of the corner point we want to remove 

and a point I on the line x = 4. We then use the command FitPoly[{G,I,H},2] to get a second 

degree polynomial that goes through these three points and the tangent tool to get a tangent to 

the graph of this polynomial at the point G. We then move the point I (it is fixed on the line 

     ) until this tangent coincides with the segment from       to      . After removing 

help lines, changing colours etc we get the graph below. 

 

 

Fig. 11  One of the corner points has been removed 
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FINAL COMMENTS 

The examples above are suggestions on how to use the dynamical possibilities of 

GeoGebra to increase the understanding of certain concepts in Calculus. They are not 

intended to replace in any way regular paper and pencil exercises that are necessary to master 

the techniques. It is also very important that students see mathematically correct definitions of 

the concepts used.  
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