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PREFACE
Dear Reader,
You are about to read a publication Scientia iuvenis that contains a collection of scientific
papers of doctoral student, young researchers and young teachers 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.
The proceedings contains papers presented at the 15th International Scientific Conference
held at the Faculty on Natural Sciences of the Constantine the Philosopher University in Nitra
on October 22, 2014.
Let me take this opportunity to wish all your young scientific talents a lot of success in
their scientific work, great enthusiasms and persistence in investigation and good luck in
gaining positive result in creative work.

Nitra, October 2014

prof. RNDr. Libor Vozár, CSc.
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1 BIOLOGY

ROOIBOS, GINKGO AND FLAXSEED CAN AFFECT BASAL AND
IGF-I-REGULATYED PROLIFERATION AND APOPTOSIS OF
PORCINE OVARIAN GRANULOSA CELLS
Aneta Štochmaľová1, Attila Kádasi3, Richard Alexa1, Alexander V. Sirotkin1,2
1

Department of Zoology and Anthropology, Constantine the Philosopher University, Tr. A. Hlinku 1,
949 74 Nitra, Slovakia; Anetka@centrum.sk, rikialexa@gmail.com
2
Institute for Genetics and Reproduction of Farm Animals, Animal Production Research Centre Nitra,
Hlohovecka 2, 951 41 Lužianky, Slovak Republic; sirotkin@cvzv.sk
3
Faculty of Biotechnology and and Food Science, Department of Animal Physiology, Tr. A. Hlinku 2,
949 76 Nitra, Slovak Republic; attila.kadasi@gmail.com
Abstract
Rooibos, ginkgo and flaxseed are very popular in alternative medicine due their possitive effect on health
promoting activities. Their action on ovarian cell functions and the interrelationships with the upstream
hormonal regulators remained unknown.The aim of our study was to examine the influence of these natural
supplement on basal and IGF-I-stimulated porcine ovarian functions (proliferation, apoptosis).We examined the
effect of IGF-I (1; 10 and 100 µg.ml-1), plant molecule rooibos, ginkgo and flaxseed (1; 10 and 100 µg.ml1).Expression marker of proliferation (PCNA) and marker of apoptosis (bax) was analysed by
immunocytochemistry.We observed that IGF-I stimulated the accumulation of proliferation marker and
decreased the expresion of apoptosis marker in cultured ovarian cells at all doses added. Either rooibos, ginkgo
and flaxseed when given alone decreased the accumulation of proliferation marker and increased the
accumulation of apoptosis marker at all doses added. All the plant molecules used prevented both proliferative
and anti-apoptotic effects of IGF-I: they significantly decreased occurence PCNA and increased bax compared
with corresponding groups cultured with IGF-I alone. Our study (1)confirm that IGF-I directly controls these
ovarian cells functions, (2) demonstrate the efect of rooibos, ginkgo and flaxseed on proliferation and apoptosis
of ovarian cells, and (3) suggest an inter-relationship between natural supplement and the IGF-I system in the
control of these functions. The potential direct anti-reproductive action of rooibos, ginkgo and flaxseed is to be
take into account by consummation of these plant products.
Keywords
IGF-I. Rooibos. Ginkgo. Flaxseed. Proliferation. Apoptosis. Porcine granulosa cells.

INTRODUCTION
Many enviromental factors intervene in the regulation of reproduction, including nutrition
(Raabe, 1986). Rooibos, ginkgo and flaxseed because of their possitive health effect belong to
herbal group often used in folk medicine (Kokotkiewicz and Luczkiewicz, 2009; McKenna et
al., 2001; Obermeyer et al., 1995). Extracts from the Ginkgo biloba tree have been used in
Chinese medicine for thousands of years (Kleijnen and Knipschild, 1992).Over the past
couple of decades, the ginkgo leaf extract has stepped into the herbal spotlight mainly because
of its proven benefits for treating Alzheimer’s disease (Smith and Luo, 2003; Yao et al.,
2004). Ginkgo biloba extract exhibited estrogenic and antiestrogenic activity and had a
biphasic effect on estrogen (Oh and Chung, 2006). It also appears promising as a therapeutic
for many other chronic and acute forms of diseases(Izzo and Ernst 2001). Rooibos
(Aspalathus linearis) has been shown to protect membrane lipids against peroxidation
thereby partially preventing oxidative stress (Ulicna et al., 2006). It has also been used as an
anti-hypertensive, immune stimulant, laxative, sedative and spasmolytic agent as well as for
the treatment of atherosclerosis and diabetes (McKay and Blumberg, 2007). Rooibos
significantly improved certain sperm function which might be attributed to their high level of
antioxidant activity (Opuwari, 2013).Flaxseed is a rich source of 3 components with
demonstrated cardioprotective effects: the omega-3 fatty acid α-linolenic acid (ALA), dietary
fibre, and phytoestrogen lignans (Chantal et al., 2009). Inclusion of flaxseed or one of its
derived components in the diet in animal studies has shown that flaxseed can inhibit
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arrhythmogenesis during ischemia-reperfusion (Ander et al., 2004), inhibit atherogenesis
(Prasad, 2005), and protect against vascular dysfunction during hypercholesterolemic
conditions (Dupasquier et al., 2006). Flaxseed contributed to decrease embryo mortality for
cows fed the former diet. The establishment of pregnancy could then be improved by feeding
whole ﬂaxseed, a source of omega 3 fatty acids as a result of its effects on different factors
such as plasma progesterone concentrations and size of the CL (Petit and Twagiramungu,
2006). Flavonoids are a diverse group of plant-derived polyphenols that occur naturally in
fruits, vegetables, teas and herbs. Rooibos, ginkgo and flaxseed are a polyphenol-rich herbal.
Insulin-like growth factors (IGF)I and II are important regulators of proliferation, apoptosis
and differentiation and of secretory and generative functions of mammalian ovarian cells
(Schams et al., 1999; Guidice, 2001). The mechanisms of IGF-I action, as well as the
interrelationship between IGF-I and other substances in the ovary, have not been fully studied.
Therefore, rooibos, ginkgo and flaxseed are very popular in alternative medicine due their
possitive effect on health promoting activities. Their action on ovarian cell functions and the
interrelationships with the upstream hormonal regulators (including IGF-I) remained
unknown.The aim of our study was to examine the influence of these natural supplement on
basal and IGF-I-stimulated porcine ovarian functions (proliferation, apoptosis).
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
106 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 IGF-I
(Sigma, St. Louis, UDS) alone at concentrations of 1;10 and 100 µg/ml or powder rooibos
(Clanwilliam, South Africa), ginkgo (Shangai TECH Chemical Indutry Testing Co., Ltd) and
flaxseed (MEDU s.r.o., Čenkovce, Slovakia) alone at concentration 1; 10 and 100 μg/ml, and
IGF-I at concentrations of 1; 10 and 100 µg/ml combination with rooibos, ginkgo and
flaxseed at dose 10 μg/ml. Rooibos, ginkgo, flaxseed and IGF-I was dissolved in culture
medium immediately before their addition to the cells. Control cells were cultured without
rooibos, ginkgo and flaxseed or IGF-I. 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 overnight at 4°C. For the detection of binding sites of primary
12

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-HRPstained 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 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
Immunocytochemical analysis demonstrated that IGF-I stimulated the accumulation of
proliferation marker and decreased the expresion of apoptosis marker in cultured ovarian cells
at all doses added. Either rooibos, ginkgo and flaxseed when given alone decreased the
accumulation of proliferation marker and increased the accumulation of apoptosis marker at
all doses added. All the plant molecules used prevented both proliferative and anti-apoptotic
effects of IGF-I: they significantly decreased occurence PCNA and increased bax compared
with corresponding groups cultured with IGF-I alone. The potential direct anti-reproductive
action of rooibos, ginkgo and flaxseed is to be take into account by consummation of these
plant products. The presence of markers of both proliferation (PCNA) and apoptosis (bax) in
the porcine ovarian cells without or after exposure to natural substances and IGF-I. Marker of
proliferation (PCNA) significantly increased after IGF-I addition at all doses (1µg/ml;
10µg/ml; 100µg/ml). IGF-I significantly decreased marker of mitochondrial apoptosis (bax) at
all doses (1µg/ml; 10µg/ml; 100µg/ml). The addition of natural supplements (rooibos, ginkgo
and flaxseed) to the medium alone significantly stimulated the expresion of bax (marker of
apoptosis) and inhibited the expresion of PCNA (marker of proliferation) at all doses (1µg/ml;
10µg/ml; 100µg/ml). Combination of IGF-I with natural supplements (rooibos, ginkgo and
flaxseed) showed influence on expresion of proliferation and apoptosis marker in ovarian
cells. Analysis demonstrated that exposure IGF-I with natural supplements significantly
modified proliferation and apoptosis at all doses (1µg/ml; 10µg/ml; 100µg/ml) (Table 1).
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Tab. 1 The percentage of granulosa cells containing markers of proliferation (PCNA) and apoptosis
(bax) in the porcine granulosa cells treated and not treated with IGF-I hormone, natural substances
and their combination (imunocytochemistry assay).

Supplement
Control (no addition)
Rooibos 1µg/ml
Rooibos 10µg/ml
Rooibos 100µg/ml
Ginkgo 1µg/ml
Ginkgo 10µg/ml
Ginkgo 100µg/ml
Flaxseed 1µg/ml
Flaxseed 10µg/ml
Flaxseed 100µg/ml
IGF-I 1µg/ml
IGF-I 10µg/ml
IGF-I 100µg/ml
Control (IGF-I
0µg/ml+Flaxseed10µg/ml)
IGF-I 1µg/ml+Flaxseed
10µg/ml
IGF-I 10µg/ml+Flaxseed
10µg/ml
IGF-I 100µg/ml+Flaxseed
10µg/ml
Control (IGF-I
0µg/ml+Rooibos 10µg/ml)
IGF-I 1µg/ml+Rooibos
10µg/ml
IGF-I 10µg/ml+Rooibos
10µg/ml
IGF-I 100µg/ml+Rooibos
10µg/ml

% of cells contained
PCNA
bax
39,50±1,07
33,33±0,41
(1400)
(1200)
28,75±2,03
46,75±1,46
(400)*
(400)*
26,20±1,44
40,80±0,85
(500)*
(500)*
22,20±0,76
50,44±1,59
(500)*
(450)*
24,00±0,99
48,20±1,09
(500)*
(500)*
20,50±1,12
49,00±0,38
(400)*
(400)*
22,55±1,35
54,00±0,82
(550)*
(450)*
23,40±0,67
40,50±0,91
(500)*
(400)*
21,75±1,10
37,50±0,73
(400)*
(400)*
17,40±0,85
45,25±2,10
(500)*
(400)*
46,00±1,16
23,60±0,58
(450)*
(500)*
44,50±1,50
20,25±0,70
(400)*
(400)*
51,75±1,16
16,00±0,67
(400)*
(500)*
21,00±1,14
37,00±0,66
(400)
(400)
31,50±0,91
deficient amount of cells
(500)**
38,00±1,16
28,25±0,96
(450)**
(400)**
36,75±1,07
28,75±1,65
(400)**
(400)**
26,75±0,75
40,25±1,28
(400)
(400)
36,75±1,51
25,75±0,71
(400)*
(400)*
deficient amount of cells
26,25±0,45
(400)*
36,60±0,95
22,25±0,59
(500)*
(400)*

All the values represent % of cells containing particular antigen, means ± SEM, * - significant (P<0.05) differences with control (cells not
treated with addition). ** – indicates significant (p<0,05) effect of natural substances on cells cultured with or without IGF-I: differences
between the corresponding groups of cells cultured with and without natural substances. In the brackets is a number of counted cells.
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DISCUSSION
The present observations confirm that IGF-I increase granulosa cell proliferation and
decreased cell apoptosis (Duleba et al., 1998; Mao et al., 2004). This is the fist evidence about
rooibos, ginkgo and flaxseed effect on mammalian ovarian cell proliferation and apoptosis.
All powdered plants tested in our experiments promoted ovarian cell apoptosis and inhibited
their proliferation. Our observations are inline with previous reports on the ability rooibos to
inhibit proliferation and stimulate apoptosis (Salganik, 2001; Pantsi et al., 2011; Kim et al.,
2005; Chen et al., 2002; Xu et al., 2003; Zhang et al., 2008) and to inhibit cell cycle (blockage
at G0/G1 to S phase) (Yea et al., 2007). In non-ovarian cancer cells but not with reports of the
antiapoptotic effect of ginkgo (Wei et al., 2000) probably induced by activation of antiapoptotic peptide bcl-2, maintenance of matrix metalloproteinase stability and decrease of
pro-apoptotic caspase-3 (Kang et al., 2007). Furthermore, our observations are in line with the
reports of the ability of flaxseed to reduce cell proliferation, increase apoptosis of both nonovarian and ovarian cancer cells (Demark-Wahnefried et al., 2001; Danbara et al., 2005;
Thompson et al., 2005; Zhou et al., 2009). Our observations are the first demonstration of the
direct influence of roobibos, ginkgo and flaxseed on basal proliferation and apoptosis rate in
healthy ovarian cells. The up-regulation of apoptosis and the down-regulation of proliferation
induced by these plant extracts suggest that these plants could directly inhibit ovarian cell
functions. If such negative effects would occur in vivo and influence fecundity, such antireproductive action of roobibos, ginkgo and flaxseed sould be taken into account by their
consummation by animals and humans. Our study show modulation effect of roobibos,
ginkgo and flaxseed on IGF-I proliferation and apoptosis action. All the plant extract
prevented both the stimulatory effect of IGF-I on ovarian cell proliferation and the inhibitory
action of IGF-I on ovarian cell apoptosis. Previous study indicate that some rooibos, ginkgo
and flaxseed flavonoids can down-regulateIGF-I/IGF-I receptor system and therefore they
may be useful for prevention or treatment of prostate cancer (Shukla et al., 2005; Fang et al.,
2006). It might be suggested, that rooibos, ginkgo and flaxseed can not only inhibit basal
ovarian cell functions, but also to prevent the action of IGF-I, the well-known hormonal
stimulator of these processes probably via inhibition of IGF-I receptors.
CONCLUSION
This study:
(1) Confirm that IGF-I directly controls porcine ovarian cells proliferation and apoptosis.
IGF-I was support proliferation (accumulation of PCNA) and inhibit apoptosis
(accumulation of bax) in porcine ovarian cells.
(2) Is the first evidence of the involvement of rooibos, ginkgo and flaxseed in the
regulation of ovarian cells functions. These natural supplements supress marker of
proliferation (PCNA) and promote marker of apoptosis (bax).
(3) Demonstrate that natural supplements, rooibos, ginkgo and flaxseed, have ability not
only to affect directly ovarian functions, but also to prevent the action of endocrine
stimulator of reproduction, IGF-I on both proliferation and apoptosis of porcine
ovarian granulosa cells.
ACKNOWLEDGEMENT
The authors thank to Ing. Ž. Kuklová and Mrs. K. Tóthová (Animal Production Research
Centre in Nitra – Lužianky) for technical assistance. This publication was written during
realization of the project “REPROPLANT” no. APVV-0854-11, “NANOREPRO” no.
APVV-4040-11 and “ZDRAVIE” no. 26220220176 supported by the Operational Programme
Research and Development funded from the European Regional Development Fund.
15

LITERATURE
Ander, B.P. et al. 2004. Dietary flaxseed protects against ventricular fibrillation induced by ischemiareperfusion in normal and hypercholesterolemic Rabbits. In J Nutr, 2004, vol. 134, p. 3250–3256.
Chantal, M.C. et al. 2009. Experimental and clinical research findings on the cardiovascular benefits
of consuming flaxseed. In Nutrition and Metabolism, vol. 34, 2009, p. 965-974.
Chen, Q. et al. 2002. Apoptosis of hepatoma cells SMMC-7721 induced by Ginkgo biloba seed
polysacharide. In World J Gastroenterol, vol. 8, 2002, p. 832-836.
Danbara, N. et al. 2005. Enterolactone Induces Apoptosis and Inhibits Growth of Colo 201 Human
Colon Cancer Cells both In Vitro and In Vivo. In Anticancer Research, vol. 25, 2005, p. 22692276.
Demark-Wahnefried, W. et al. 2001. Pilot study of dietary fat restriction and flaxseed supplementation
in men with prostate cancer before surgery: exploring the effects on hormonal levels, prostatespecific antigen, and histopathologic features. In Urology, vol. 58, 2001, p. 47–52.
Duleba, A.J. et al. 1998. Insulin and insulin-like growth factor I stimulate the proliferation of human
ovarian theca-interstitial cells. In Fertility and Sterility, vol. 69, 1998, p. 335-340.
Dupasquier, C.M. et al. 2006. Effects of dietary flaxseed on vascular contractile function and
atherosclerosis during prolonged hypercholesterolemia in rabbits. In Am J Physiol Heart Circ
Physiol, vol. 291, 2006, p. H2987–H2996.
Fang, J. et al. 2006. Luteolin inhibits insulin-like growth factor 1 receptor signaling in prostate cancer
cells. In Carcenogenesis, vol. 28, 2006, p. 713-723.
Guidice, L.C. 2001. Insulin-like growth factor family in Graafian follicl development and function. In
J. Soc. Gynecol. Investig., vol. 8 (Suppl. 1), 2001, p. 26-29.
Izzo, A.A., Ernst, E. 2001. Interactions between herbal medicines and prescribed drugs: a systematic
review. In Drugs, vol. 61, 2001, p. 2163–75.
Kang, X. et al. 2007. Protective effects of Ginkgo biloba extract on paraquat-induced apoptosis of
PC12 cells. In Toxicology in Vitro, vol. 21, 2007, p. 1003–1009.
Kim, K. et al. 2005. Ginkgo biloba extract (EGb 761) induces apoptosis by the activation of caspase-3
in oral cavity cancer cells. In Oral Oncology, vol. 41, 2005, p. 383-389.
Kleijnen J., Knipschild P. 1992. Ginkgo biloba for cerebral insufficiency. In Br J Clin Pharmacol, vol.
34, 1992, p. 352358.
Kokotkiewicz, A., Luczkiewicz, M. 2009. Honeybush (Cyclopia sp.) – A rich source of compounds
with high antimutagenic properties. In Fitoterapia, vol. 80, 2009, p. 3-11.
Mao, J. et al. 2004. Effect of epidermal growth factor and insulin-like growth factor I on porcine
preantral follicular growth, antrum formation, and stimulation of granulosal cell proliferation and
suppression of apoptosis in vitro1. In J ANIM SCI, vol. 82, no. 7, 2004, p. 1967-1975.
McKay, D.L., Blumberg, J.B. 2007. A review of the bioactivity of South African teas: Rooibos
(Aspalathus linearis) and Honeybush (Cyclopia intermedia). In Phytotherapy Research, vol. 21,
2007, p. 1-16.
McKenna, D.J., Jones, K., Hughes, K. 2001. Efficacy, safety, and use of ginkgo biloba in clinical and
preclinical applications. In Alternative Therapies in Health and Medicine, vol. 7, 2001, p. 88-90.
Obermeyer, W. R. et al. 1995. Chemical Studies of Phytoestrogens and Related Compounds in Dietary
Supplements: Flax and Chaparral. In Exp Biol Med, vol. 208, 1995, p. 6-12.
Oh, S.M., Chung, K.H. 2006. Antiestrogenic activities of Ginkgo biloba extracts. In J. Steroid.
Biochem. Mol. Biol., vol. 100, 2006, p. 167-176.

16

Opuwari, C.S. 2014. Effect of tea and herbal infusions on mammalian reproduction and fertility. Dept.
of Medical BioSciences Copyright: University of the Western Cape, 2014-03-24,T10:28:23Z.
Pantsi, J.L. et al. 2011. Rooibos (Aspalathus linearis) offers cardiac protection against
ischaemia/reperfusion in the isolated perfused rat heart. In Phytomedicine, vol. 18, 2011, p. 1220–
1228.
Petit, H.V. et al. 2006. Conception rate and reproductive function of dairy cows fed different fat
sources. In Theriogenology, vol. 66, 2006, p. 1316–1324.
Prasad, K. 2005. Hypocholesterolemic and antiatherosclerotic effect of flax lignan complex isolated
from flaxseed. In Atherosclerosis, vol. 179, 2005, p. 269–275.
Raabe, M. 1986. Insect reproduction: regulation of successive steps. In Adv. Insect Physiol., vol. 19,
1986, p. 29-154.
Salganik, R.I. 2001. The benefits and hazards of antioxidants: controlling apoptosis and other
protective mechanisms in cancer patients and the human population. In J. Amer. Coll. Nutr., vol.
20, 2001, p. 464-472.
Shukla, S. et al. 2005. Up-regulation of insulin-like growth factor binding protein-3 by apigenin leads
to growth inhibition and apoptosis of 22Rv1 xenograft in athymic nude mice. In The FASEB
Journal, vol. 19, 2005, p. 2042-2044.
Smith, J.V, Luo, Y. 2003. Elevation of oxidative free radicals in Alzheimer’s disease models can be
attenuated by Ginkgo biloba extract EGb 761. In J AlzheimersDis, vol. 5, 2003, p. 287–300.
Schams, D. et al. 1999. Possible role of growth hormone (IGFs), and IGF-binding proteins in the
regulation of ovarian function in large farm animal. In Domest.Animal.Endocrinol., vol. 17, 1999,
p. 279-285.
Thompson, L.U. et al. 2005. Dietary Flaxseed Alters Tumor Biological Markers in Postmenopausal
Breast Cancer. In Clin Cancer Res, vol. 11, 2005, p. 3828.
Ulicna, O. et al. 2006. Rooibos tea partially prevents oxidative stress in streptozotocin-induced
diabetic rats. In Physiol Res, vol. 55, 2006, p. 157-164.
Wei, T. et al. 2000. Hydrogen peroxide-induced oxidative damage and apoptosis in cerebllar granule
cells: protection by Ginkgo biloba extract. In Pharmacological Research, vol. 41, 2000.
Xu, A.H. et al. 2003. Therapeutic mechanism of ginkgo biloba exocarp polysaccharides on gastric
cancer. In World J Gastroenterol, vol. 9, 2003, p. 2424-2427.
Yao, Z.X. et al. 2004. Ginkgo biloba extract (Egb 761) inhibits beta-amyloid production by lowering
free cholesterol levels. In J Nutr Biochem, vol. 15, 2004, p. 749–56.
Yea, B. et al. 2007. Ginkgo biloba and ovarian cancer prevention: Epidemiological and biological
evidence. In Cancer Letters, vol. 251, 2007, p. 43-52.
Zhang, Y. et al. 2008. Ginkgo Biloba Extract Kaempferol Inhibits Cell Proliferation and Induces
Apoptosis in Pancreatic Cancer Cells. In The Journal of Surgical Research, vol. 148, 2008, p. 1723.
Zhou, Y.J. et al. 2009. Vitexins, Nature-Derived Lignan Compounds, Induce Apoptosis and Suppress
Tumor Growth. In Clin Cancer Res, vol. 15, 2009, p. 5161.

17

EVALUATION OF PATULIN EFFECT ON FEMORAL BONE
STRUCTURE IN FEMALE RABBITS
Hana Ďúranová1, Veronika Kováčová1, Ramona Babosová1, Radoslav Omelka2, Marcela
Capcarová3, Monika Martiniaková1
1

Department of Zoology and Anthropology, Constantine the Philosopher University, 949 74 Nitra,
Slovakia, hduranova@ukf.sk, veronika.kovacova@ukf.sk, ramona.babosova@ukf.sk,
mmartiniakova@ukf.sk
2
Department of Botany and Genetics, Constantine the Philosopher University, 949 74 Nitra, Slovakia,
romelka@ukf.sk
3
Department of Animal Physiology, Slovak University of Agriculture, 949 76 Nitra, Slovakia,
marcela.capcarova@uniag.sk

Abstract
Patulin, a frequently found food contaminant, has been shown to be cytotoxic, genotoxic, immunotoxic and
carcinogenic agent. This study investigated the impact of patulin on femoral bone structure in adult female
rabbits. The animals at the age of 4 months were randomly divided into two groups of four individuals. In the
first group, 4 females were intramuscularly administered with patulin at dose 10 μg.kg -1b.w. 2 times a week for
28 days (group A). The second group (n=4) without patulin administration served as a control (group B). The
evaluation of body weight, femoral weight and length, cortical bone thickness, and histological structure of
femoral bones were performed in each group. Our results revealed no significant differences in body weight,
femoral weight and length between both investigated groups of rabbits. On the other hand, intramuscular
application of patulin caused significant increase in cortical bone thickness (P<0.05), and induced considerable
alterations in qualitative histological characteristics of femurs in rabbits. Indeed, femoral diaphyses of females
from the group A had lower number of secondary osteons in the middle part of bone, and the osteons occurrence
also near the periosteal border. Histomorphometrical analysis showed no demonstrable changes in the size of
the primary osteons’ vascular canals, Haversian canals and secondary osteons (except for the size of the
minimum diameter of the osteons) in rabbits from the group A. Our results suggest that patulin administration
had significant impact on cortical bone thickness and qualitative histological characteristics of investigated
bones in adult female rabbits.
Keywords
Patulin.Femoral bone.Histomorphometry.Rabbit.

INTRODUCTION
Mycotoxins are secondary fungal metabolites which can grow on certain food under
special conditions (humidity, temperature) before and/or during harvest, handling, shipment
and storage (Fernández et al., 2006). They are capable of causing disease and death of humans
and animals (Bennett and Klich, 2003). According to Hussein and Brasel (2001), the
worldwide mycotoxin contamination of foods and feeds is a significant problem.
Patulin, 4-hydroxy-4H-furo[3,2-c]pyran-2(6H)-one, is a mycotoxin produced by several
species of Penicillium, Aspergillus and Byssochlamys (Alves et al., 2000; Gonzáles-Osnaya et
al., 2007). This mycotoxin is mainly found in apple and apple products (Alves et al., 2000;
Mahfoud et al., 2002; Moake et al., 2008), and occasionally in pears, grapes, apricots,
strawberries, blueberries and peaches (Neri et al., 2010).
Despite its original antibiotic properties, numerous adverse health impacts have been
attributed to patulin (Baert et al., 2012). The mycotoxin is believed to exert its cytotoxic
(Palmgren and Ciegler, 1983; Schumacher et al., 2005; Glaser and Stopper, 2012), genotoxic
(Thust et al., 1982; Roll et al., 1990; Pfeiffer et al., 1998; Liu et al., 2003; Glaser and Stopper,
2012), immunotoxic (Sharma, 1993), and carcinogenic (Dickens and Jones, 1961) effects
mainly by forming covalent adducts with essential cellular thiols in proteins (Riley and
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Showker, 1991; Wu et al., 2008), as well as by glutathion depletion leading to oxidative
damage and generation of oxidative stress (Heussner et al., 2006; Wu et al., 2008). Askar
(1990) and Puel et al. (2010) state that patulin's affinity to sulfhydryl groups may explain its
inhibitory effect to many enzymes. Moreover, patulin treatment was found to active protein
degradation, especially proteasome activities, and sulfur amino acid metabolism (Iwahashi et
al., 2006).
Toxicological studies have shown that patulin induce nephropathy and gastrointestinal
tract malfunction in humans and animal models (Speijers et al., 1988; Liu et al., 2003;
Heussner et al., 2006; Liu et al., 2007; Wu et al., 2008). Also, histopathological changes in
reproductive organs (epididymis, prostate tissues; Selmanoglu, 2006) and thymus (Kockaya et
al., 2009) were observed in growing male rats exposed to patulin. According to Huff et al.
(1980) and Maurice et al. (1983), mycotoxin-contaminated diets can affect growth and cause
bone fragility and decreased bone strength. However, the effect of patulin on bone
microstructure has not been studied prior to our experiment.
The aim of the present study was to evaluate the possible toxic impact of patulin on
femoral bone structure in adult female rabbits.
MATERIALS AND METHODS
Adult female rabbits (n=8) of meat line M91 (Californian broiler line) were used in the
experiment. Animals (at the age of 4 months, weighing 3.5–4.0 kg) were obtained from an
experimental farm of the Animal Production Research Centre in Nitra, Slovak Republic.
Rabbits were housed in individual flat-deck wire cages (area 0.3 m2) under standard
conditions (temperature 20–22 °C, humidity 55±10 %, 12/12 h cycle of light and darkness)
with access to food (feed mixture) and drinking water ad libitum.
Clinically healthy animals were randomly divided into two groups, of 4 individuals each.
In the first group (A), adult rabbits were intramuscularly injected with patulin (10 μg.kg -1 b.w.)
2 times per week for 28 days. The second group (B; n=4) without patulin intoxication served
as a control. All procedures were approved by the Animal Experimental Committee of the
Slovak Republic.
At the end of 28 days, all the rabbits were euthanized, weighed and their femurs were
used for macroscopic and microscopic analyses. The femurs were weighed on analytical
scales with an accuracy of 0.01g and the femoral length was measured with a sliding
instrument. For histological analysis, the right femurs were sectioned at the midshaft of the
diaphysis and the segments were fixed in HistoChoice fixative (Amresco, USA). The
segments were then dehydrated in increasing grades (40 to 100 %) of ethanol and embedded
in Biodur epoxy resin (Günter von Hagens, Heidelberg, Germany) according to the method
described by Martiniaková et al. (2008). Transverse thin sections (70–80 μm) were prepared
with a sawing microtome (Leitz 1600, Leica, Wetzlar, Germany) and fixed onto glass slides
by Eukitt (Merck, Darmstadt, Germany) as previously described (Martiniaková et al., 2010).
The qualitative histological characteristics of the compact bone tissue were determined
according to the internationally accepted classification systems of Enlow and Brown (1956)
and Ricqlés et al. (1991). The quantitative (histomorphometrical) variables were assessed
using the software Motic Images Plus 2.0 ML (Motic China Group Co., Ltd.). We measured
area, perimeter and the minimum and maximum diameters of primary osteons’ vascular
canals, Haversian canals and secondary osteons in all views (i.e., anterior, posterior, medial
and lateral) of the thin sections in order to minimize inter-animal differences. Diaphyseal
cortical bone thickness was also measured by Motic Images Plus 2.0 ML software. Twenty
random areas were selected, and average thickness was calculated for each femur.
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Statistical analysis was performed using SPSS 8.0 software. All data were expressed as
mean ± standard deviation (SD). The unpaired Student’s T-test was used for establishing
statistical significance (P<0.05) between groups A and B.
RESULTS
Intramuscular injection of patulin had no significant effect on body weight, femoral
weight and femoral length in female rabbits. However, cortical bone thickness was
considerably increased in rabbits administered with patulin (Table 1).
Tab. 1Body weight, femoral weight, femoral length and cortical bone thickness in rabbits injected
with patulin (10 μg/kg b.w.; group A) and the control rabbits (group B)
Group of
N
Body weight Femoral weight Femoral length
Cortical bone
rabbits
(g)
(g)
(cm)
thickness (mm)
4324.3±326.9
14.33±1.12
10.54±0.29
4152.9±212.2
14.53±1.39
10.51±0.25
T-test
NS
NS
NS
N: number of measured structures, P<0.05 (+), NS: non-significant changes
A
B

4
4

1068.18±153.08
997.08±94.61
+

From histological structure point of view, all rabbits from the control group had a
common bone microstructure. Primary vascular longitudinal bone tissue, as a basic structural
pattern of all bones, formed the periosteal and endosteal surfaces. This type of the tissue was
created by vascular canals which ran in a direction essentially parallel to the long axis of the
bone. In some areas of endosteal surface, primary vascular radial bone tissue (composed by
branching or non-branching vascular canals radiating from the marrow cavity), dense
Haversian or irregular Haversian bone tissues (characterized by an occurrence of secondary
osteons) were also identified. Middle part of the bone consisted of a layer of dense Haversian
bone tissue characterized by a large number of secondary osteons (Fig. 1).
Administration of patulin led to a reduction in a number of secondary osteons in the
middle part of the bone. Secondary osteons were marginalized from this part to periosteal
borders (in all views of the thin sections) suggesting alterations in bone remodeling.
Moreover, primary vascular longitudinal bone tissue was found in the middle part of
substantia compacta in some areas (Fig. 2).

Fig. 1 Microscopic structure of compact bone
in rabbits from the control group (B):
1 – primary vascular longitudinal bone tissue,
2 – dense Haversian bone tissue.

Fig. 2 Microscopic structure of compact bone
in rabbits from the experimental group (A):
1 – primary vascular longitudinal bone tissue,
2 – dense Haversian bone tissue,
3 – primary vascular radial bone tissue.
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For the quantitative histological characteristics, 326 vascular canals of primary osteons,
227 Haversian canals and 227 secondary osteons were measured. Data on bone measurements
are shown in Table 2. We have found no significant differences in the sizes of the primary
osteons’ vascular canals and Haversian canals between groups A and B. Also, the values of
secondary osteons did not change between rabbits from both investigated groups, except for
the minimal diameter of the osteons.
Tab. 2 Data of the primary osteons’ vascular canals, Haversian canals and secondary osteons
in rabbits injected with patulin (10 μg/kg b.w.; group A) and the control rabbits (group B)
Measured Group of
Perimeter
Max. diameter
n
Area (μm2)
structures rabbits
(μm)
(μm)
Primary
A
281.05±71.06
61.10±9.50
10.87±2.45
163
osteons’
B
290.11±85.10
61.75±9.68
11.06±2.27
163
vascular
T-test
NS
NS
NS
canals
A
107 411.23±106.38
72.25±9.73
12.49±2.01
Haversian
B
120 410.43±110.65
72.35±9.97
12.55±2.04
canals
T-test
NS
NS
NS
A
107 7495.80±2585.41 311.99±56.59
56.71±11.36
Secondary
B
120 7780.39±2720.53 313.95±52.25
54.79±9.47
osteons
T-test
NS
NS
NS
N: number of measured structures, P<0.05 (+), NS: non-significant changes

Min. diameter
(μm)
8.30±1.21
8.33±1.35
NS
10.39±1.36
10.33±1.56
NS
41.04±7.86
44.23±9.03
+

DISCUSSION
In the present study, the effect of patulin on macroscopic and microscopic structure of
femoral bone was evaluated in adult female rabbits. We found no considerable changes in
body weight, femoral weight and femoral length of the rabbits. Similarly, no significant
differences in body weight (Selmanoglu, 2006; Selmanoglu and Kockaya, 2004; Kockaya et
al., 2009) and weight of prostate, seminal vesicle (Selmanoglu and Kockaya, 2004) and
thymus (Kockaya et al., 2009) were reported in growing male rats after gavage administration
of patulin at the dose of 0.1 mg/kg b.w./day for 60 or 90 days. Also, the results by Llewellyn
et al. (1998) revealed non-significant effect of patulin (at different doses for 28 days) on body
weight and weight of liver, thymus, spleen, kidneys and lungs in female mice. In general,
growth involves a complex set of metabolic events which are genetically, hormonally and
environmentally controlled (Momenah, 2012). In respect with hormonal factors, it was
demonstrated that mycotoxins may affect endocrine system (Sharma, 1993; Janssen et al.,
2000). However, results by Selmanoglu and Kockaya (2004) showed that patulin (0.1 mg/kg
b.w./day for 60 or 90 days) had no impact on levels of growth hormone (GH) and thyroid
stimulating hormone (TSH) in growing rats. Regarding this observation, patulin should not
have an adverse effect also on the length and weight of investigated bones.
The thickness of cortical bone is generally accepted as an important parameter in the
evaluation of cortical bone quality and strength. We found that values for cortical bone
thickness were significantly higher in female rabbits with patulin intoxication. This fact
indicates increased formation of bone tissue within periosteum as an adaptive response of the
bones to patulin toxicity. Indeed, bone as a dynamic organ has the ability to adapt its material
composition and structural design to accommodate prevailing loads (Seeman, 2007). This
remarkable feature of bone is achieved by adaptive modeling and remodeling of the periosteal
and endocortical surfaces of compact bone (Seeman, 2008). Under physiological conditions,
the width of bone increases with ageing due to periosteal apposition (Seeman, 2003).
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However, if the bone remodeling is accelerated (in our study due to patulin exposition),
alterations in bone microstructure occur. According to Szulc et al. (2006), bone loss from the
endocortical surface (contributing to bone fragility) may be compensated by deposition of
bone on the periosteal surface as an adaptive response to maintain resistance to bending. As
periosteal apposition exceeds net endocortical resorption, the bone develops a wider and
wider cortex (Seeman, 2008). On the basis of all aspects we suppose that significantly
increased cortical bone thickness in female rabbits intramuscularly injected with patulin is
associated with intensive adaptive periosteal apposition.
The results of qualitative histological analysis correspond with those reported by other
authors (Enlow and Brown, 1958; Martiniaková et al., 2003; Martiniaková et al., 2005). The
basic structural pattern of compact bone was primary vascular longitudinal in both groups of
rabbits. In addition, primary vascular radial and/or dense and/or irregular Haversian bone
tissues were found near endosteal surfaces. However, decreased number of secondary osteons
was observed in female rabbits with patulin application. Furthermore, primary vascular
longitudinal bone tissue was also found in the middle part of compact bone in these rabbits.
The presence of secondary osteons is general feature of mature bones (Locke et al., 2004).
However, the age of rabbits from both experimental groups was the same in our study.
Therefore, we suppose that differences in bone microstructure in rabbits from group A could
be connected with alterations in bone remodeling in order to protect bone tissue against the
patulin intoxication.
Data obtained from the histomorphometrical analysis showed no significant differences
in the size of primary osteons’ vascular canals and Haversian canals between rabbits from
both groups. Also, secondary osteons were unchanged except for the size of minimum
diameter of secondary osteons. However, we suppose that higher number of analysed
individuals would eliminate this statistically significant difference.
The mean diameter of Haversian canals in rabbits from the control group was 11.44 ± 1.8
μm. According to the classifications of Rämsch and Zerndt (1963) and Gladuhsew (1964),
secondary osteons of female rabbits from the control group have short Haversian canals.
Similar results have also been found in 4-6 months old rabbits (Martiniaková et al., 2005;
Chovancová, 2009). On the other hand, vascular canals of primary osteons were lower in
rabbits the group B than those reported by Martiniaková et al. (2005) and Martiniaková et al.
(2009). This discrepancy could be associated with different age (Martiniaková et al., 2005),
breed of animals or length of femoral bones (Martiniaková et al., 2009).
CONCLUSION
Our results demonstrate that intramuscular application of patulin at the dose of 10 μg.kg -1
b.w. twice per week for 4 weeks significantly affects cortical bone thickness in adult female
rabbits. This mycotoxin also induces changes in femoral bone microstructure of female
rabbits leading to alterations in bone remodeling and decreased number of secondary osteons.
The present study suggests that patulin administration causes changes in macroscopic and
microscopic structures of femoral bone in female rabbits.
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Abstract
Embryo cryopreservation is a great challenge, since cells might be irreversibly damaged at the various levels
and present altered functionality after the whole process. Considerable efforts are therefore still directed toward
improvement of particular steps of rapid cooling and vitrification protocols for embryos. Although components
of medium for embryo cryopreservation are quite similar between species, there are present singularities that
force the research to optimize the solutions and protocols for each particular species, even more for particular
developmental stage of embryo. In this review, several aspects of animal embryo cryopreservation are
summarized and information related to rabbit embryo freezing are compiled. The topics discussed include two
different procedures of cryopreservation developed, the cryoprotectants used for embryo preservation againts
cryodamage, devices devoloped to ensure the highest potencial outcomes after thawing and embryotransfer, and
the negaive effect of the freezing process on the structure of embryonic cells and on the live offspring
development.
Keywords
Cryopreservation. Embryo. Rabbit.

INTRODUCTION
Successful freezing of mammalian embryos, including rabbits, has been the subject of
intense research over many years. Embryo cryopreservation is widely used as assisted
reproductive technologies (ARTs) in both laboratory and domestic animals (Lavara et al.,
2014) and is considered an important tool to prevent loss of biodiversity or preserve the
genetic resources of domestic animals through the establishment of embryo banks (Leibo and
Songsasen, 2002). Although the cryopreservation of embryos is more complex and costly
procedure than semen freezing, it keeps the advantege of conservation of the full genetic
complement of sire and dam, protecting species and population integrity as well as
heterozygoty (Prentice and Anzar 2011). Moreover, storing vitrified embryos in liquid
nitrogen is an effective long-term storage option that maintains similar pregnancy rate,
fertility, and survival at birth for at least 15 years (Lavara et al., 2011).
Cryoprotection
Current cryopreservation protocols involve several steps including obtaining the
embryos, the addition of cryoprotective agents (CPAs), the cooling and warming process, the
removal of cryoprotectants, and transfer to another maternal tract.
Preimplantation embryos consist predominantly of water, and the avoidance of
intracellular ice crystal formation during the cryopreservation process is of paramount
importance to maintain embryo viability. For this reason, obtained embryos are placed into
a hypertonic solution of CPAs such as dimethyl sulfoxide (DMSO), glycerol, ethylene glycol
(EG), and propylene glycol (PG). These additives have a strong dehydrating action and the
ability to reduce the freezing point of solution, hence delay spontaneous ice formation
(Makarevich et al., 2009). Ethylene glycol is the most often used CPA in embryo
cryopreservation as it has the lowest toxic effect and can more rapidly diffude into the cell
through the zona pellucida and the cellular membrane (Emiliani et al., 2000). Rapid
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permeation and removal of EG from the cell and lower exposure time increase protection
from osmotic and toxic injury (Viudes De Castro et al.,2010).
Meanwhile, considerable efforts were made to decrease the toxicity of cryoprotectants
using two or three cryoprotectants simultaneously to decrease the specific toxic effect of each
(Vajta and Kuwayama, 2006). In the field of rabbits embryo cryopreservation, combination of
EG and DMSO is the most often used and seems advantageous in rabbits. During the
addition process, the final cryoprotectant concentrations are usually reached in two steps
(Tab.1).
Several protocols also enriche the vitrification solution with disaccharides, such
as sucrose or trehalose. These components minimize the toxic effect of intracelular CPAs and
may also serve as an osmotic buffer during thawing, reducing osmotic shock (Silvestre et al.,
2003; Hochi et al., 2004; Naik et al., 2005). Large molecular weight polymers such as
Polyvinylalcohol (PVA), (Carroll et al., 1993; Nowshari and Brem, 2000),
Polyvinylpyrrolidone (PVP), (Kim et al., 2008), Ficoll (Kasai et al., 1992; Papis et al., 2005)
or Dextran (Shaw et al., 1997; Viudes De Castro et al., 2010) are also added to vitrification
media to protect embryos against cryodamage. These additives preserve the cells by reducing
mechanical stress, coating the cells, protecting the cell membrane and also affects the
viscosity of vitrification solution and prevent crystalization during vitrification and warming
(Kuleshova et al., 2001; Viudes De Castro et al., 2010).
Conventional (slow) freezing vs. vitrification
Embryos form different species,including rabbits embryos have been cryopreserved by
either one of two procedures: (i) equilibrium freezing, often referred to as ‘‘slow
freezing’’and (ii) non-equilibrium freezing, often referred to as ‘‘ultra-rapid cooling’’ or
vitrification.
Slow-rate freezing involves the use of a single CPA in low concentrations (approximately
1 to 2 M) and attempts to create a delicate balance between various factors causing damage
including ice crystal formation, fracture, toxic and osmotic damage. The controlled cooling
rate allows solution exchange between the extracellular and intracellular fluids without
serious osmotic effects and deformation of the cells (Vajta and Kuwayama, 2006). The
cooling rate is dictated by the size and permeability of the cell. The outcome is thought to be
the best when the rate of cooling allows an equilibrium to be established between (i) the rate
of water loss from the cell (dehydration) and (ii) the rate at which this water is incorporated
into growing, extracellular, ice crystals (Shaw and Jones, 2003). However, slow freezing
suffers from several limitations such as chilling injury, physical damage due to external ice
formation, zona pellucida cracking, need for elaborate and expensive equipment and tedious
freezing protocols (Naik et al., 2005).
The term ‘‘vitrification’’ in cryobiology refers to the other group of cryopreservation
methods, where the main purpose is to ensure ice free solidification of the whole solution
containing the sample. The process itself can be described as an extreme increase in viscosity
of solutions as the high concentration of CPAs (approximately 7 to 8 M), are used. The glass
state formed during vitrification has the same ionic and molecular distribution as the liquid
phase, thus avoiding both chemical and mechanical damage to embryos (Lin et al., 2011).
However, to achieve vitritication of solutions, a radical increase of both the cooling rates and
the concentration of cryoprotectants is required. The higher the cooling rate, the lower the
required cryoprotectant concentration is and vice versa (Vajta and Nagy, 2006). Warming
rates for embryos frozen in this fashion must also be sufficiently high to avoid the melting of
glass and formation of crystals as embryos are thawed (Woods et al., 2004).
In rabbits, vitrification might be the freezing procedure of choice, as the noncellular
investments are frequently damaged during conventional freezing and thawing (Kasai et
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al.,1992). It is well known that the zona pellucida and mucin coat are essential in the rabbit
embryo development and implantation (Kasai et al., 1993; Joung et al., 2004). Various
vitrification protocols have been reportedly applied to rabbit embryos at late preimplantation
stages, i.e. morula or blastocyst, and resulted better invitro and in vivo development than in
the programmed freezing procedures (Lopez-Bejar and Lopez-Gaitus, 2002; Silvestre et al.,
2003; Naik et al., 2005).
Differences in cryoresistance among species and embryonic stages
The extend of injuries incurred in cells largely depends on the cells quality, the size and
shape of the cell, and the permeability of their membranes to specific CPAs. However, these
factors vary among species and different stages of mammalian embryo (oocyte, zygote,
various cleavage stages). Ideally, vitrification protocols should be optimized for embryos at
various developmental stages as the S/V (surface area/volume) ratio changes during embryo
development. This ratio has a direct influence on transporting water and CPAs through the
membranes (Lin et al., 2011). The higher the S/V ratio is, the more rapidly does a cell
dehydrate when exposed to hypertonic solutions, as occurs during cryopreservation (Leibo
and Songasen, 2002).
Lin et al. (2011) tested the same vitrification protocol in various stages of rabbit
embryos. Those at or beyond the 8-cell stage increasingly acquired cryotolerance. The authors
suggest, cryotolerance of embryos after the 8-cell stage may be also associated with
embryonic genome activation (EGA), which in the rabbit occurs around the 8- to 16-cell
stages (Leandri et al., 2009) and might cause intrinsic changes of the membrane properties of
embryos as the genes associated with membrane structures might have turned on.
In particular, rabbit embryos at the morula stage (Silvestre et al., 2003; Naik et al., 2005;
Papis et al., 2005; Vicente et al., 2013; Marco-Jimenéz et al., 2013; Lavara et al., 2014),
blastocysts (Lopez-Bejar and Lopez-Gatius, 2002) and zona-free expanded or hatching
blastocysts (Popelková et al., 2008) were vitrified. There were also attempts to cryopreserve
rabbit pronuclear stage embryos (PN stage), however only Hochi et al. (2001; 2004)
succeeded.
Both cell size and lipid content of zygotes are factors thought to influence their sensitivity
to CPAs and to cryopreservation (Pollard and Leibo, 1994; Nagashima et al., 1995). The
content of cytoplasmic lipid droplets in rabbit zygotes may be similar to those in mouse and
rat zygotes, on the other hand, the diameter of rabbit zygotes (130±150 mm) is much larger
than those of the rodents (70±90 mm), and is close to those of large domestic species such as
cattle, pig, and sheep (Hochi et al., 2001). These authors suggest that sensitivity of rabbit
zygotes to cryopreservation is similar to that of bovine zygotes regardless of the large
difference in the volumes of cytoplasmic lipid droplets.
Vitrification of PN stages has its importance as it contributes to systematic production of
transgenic rabbits by DNA microinjection. However, the developmental potential of DNAinjected rabbit zygotes has been reported to be considerably reduced (Chrenek et al., 1998).
Combination of microinjection and vitrification significantly decreases developmental rate
and increases proportion of apoptotic cells in rabbit embryos indicating a synergestic
deleterious effect of both techniques (Hochi et al., 2001; Chrenek et al., 2011).
Devices for vitrification
Because of the toxicity of high concentrated CPAs during vitrification, there were
attempts to increase the cooling and warming rates. This was only possible with the smallest
volume of vitrification medium surrounding the embryo and with open carrier system
ensuring a direct contact between the solution and liquid nitrogen.
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Early vitrification experiments have been performed in 0.25 mL plastic insemination
straws or cryovials. These tools were not designed for the special purpose, had a thick wall
and required a relatively large amount of solution for safe loading (Vajta and Nagy, 2006).
Tab. 1 Summary of some protocols used in rabbit embryo cryopreservation

Authors
Kasai et
al., 1992
LópezBejár et
LopezGatius,
2002
Silvestre
et al.,
2003

Device

Equilibration with CPAs

morula

0.25 mL
straws

1 step; EG +Sucrose +
Ficoll

87 % eBl

60 % BR

3 step; EG+Glycerol

87,8 % eBl

51,7% BR

1 step; EG +Sucrose

78,3 % eBl

43% BR

2 step;EG+DMSO

32% Bl

Bl

morula

mOPS

0.25 mL
straws

2 step;
EG+DMSO+Sucrose
1 step;
EG+DMSO+Sucrose

Gl-Tip
Hochi et
al., 2004

PN

Cryoloop

2 step;
EG+DMSO+Sucrose

Cryotop
Cai et al.,
oocyte
2005
cryoloop

2 step;
EG+Ficoll+Trehalose
2 step; EG+DMSO
+Ficoll+Trehalose

morula
55 hpc
morula
72 hpc

2 step;
EG+DMSO+Sucrose

Naik et
al., 2005

development development
in vitro
in vivo

DS

mOPS

EG +DMSO
Viudes
DeCastro
0.25
morula
2 step;
et al.,
straws
EG+DMSO+Dextran+PVA
2010
Marco0.25
Jiménez
straws
morula
2 step; EG+DMSO
et al.,
Cryotop
2013

50% Bl
36% Bl
2% Cl ;0%
Bl
5% Cl ;0%
Bl
58% Cl ;24%
Bl

36% BR

0% FR
46,6% FR
17% Bl
48% Bl
50.9% Bl
76.9% Bl
25% BR
33% BR

DS – developmental stage; Bl – blastocyst; eBl expanded blastocyst; PN – pronuclear stage; FR – fertilization
rate; BR – birth rate;

First attempts to increase the cooling rates came with the development of Open-PulledStraw (OPS) system (Vajta et al., 1998), the open system with diameter and the wall
thickness of approximately half of the original straw. Authors also demonstrated that the use
of OPS decrease the zona pellucida and embryo fractures when compared to standard straws
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in rapid cooling and warming procedures. Moreover, the method is safe and easy as it takes
advantage of capillary effect to load the sample.
Nowadays, a series of carriers for the sample ensuring ultra rapid cryopreservation have
been reported: glass capillary (Kong et al., 2000) and GL-tip (Tominaga and Hamada, 2001),
copper electron microscopic grids (Martino et al., 1996), Cryoloop (Lane et al., 1999) and
Cryotop (Kuwayama and Kato, 2000) (Fig. 1). Devices used in the rabbit oocyte and embryo
vitrification are in the Table 1. The most promising carrier system for the rabbit zygotes
vitrification seems to be the cryotop (Hochi et al., 2004), a thin plastic film strip attached to
a plastic holder equipped with a protective plastic tube (Vajta and Nagy, 2006) allowing
greater cooling and warming rates (Marco-Jiménez, et al., 2013).

Fig. 1 Cryodevices for ultra-rapid cooling of embryos (A) GL-tip; (B) Cryoloop; (C) Cryotop (Hochi
et al., 2004).

Cryoinjuries
Although huge efforts have been made to improve freezing methods, oocytes and
embryos suffer considerable morphological and functional damage during cryopreservation.
Devolopment of a live induvidual is negativelly affected at multiple levels. Osmotic and cold
influence may cause cracking of the zonapellucida, disintegration of blastomeres, a collapse
of the blastocoele cavity, cell swelling, massive increase in the amount of vesicles and
vacuoles, actin cytoskeleton disruption and cell death (Pivko et al., 2003; Fabian et al., 2005;
Makarevich et al., 2008). In rabbits, cracked zona pellucida or mucin coat is enough to reduce
drastically in vivo development of cryopreserved embryos (Kasai et al., 1992) as they are
essential for development and implantation (Kasai et al., 1993; Joung et al., 2004). Therefore,
the cryopreservation media and procedures must avoid damages on rabbit embryo noncellular
coats (Viudes De Castro et al., 2010).
Although only morphologicaly normal embryos are selected for embryotransfer to
recipient does, detrimental effects of vitrification on rabbit embryos are reflected also in the
later development in vivo. Two major peak periods of losses were reported: one before
implantation (at day 6) when a preliminary selection of embryos might take place in the
maternal tract. The other in the second part of gestation (after day 14), when the problems in
formation of the placenta and a higher foetal mortality rate in vitrified embryos were detected
(Moce et al., 2010; Marco-Jiménez et al., 2013;Vicente et al., 2013). Also, Saenz-de-Juano et
al. (2012) observed that slow freezing process influenced gene expression of pre-implantatory
6 day old rabbit embryos and caused lethal failures between 6th and 14th days of gestation.
Similar changes in the abundance of mRNA transcripts of some candidate genes in rabbit
embryos cryopreserved by vitrification were reported by Vicente et al. (2013). Beyond the
short-term effects, Lavara et al. (2014) determined long-term effects in rabbit adult female
reproduction. They concluded that females derived from cryopreserved and transferred
embryos (F1 females) have evidence of increased reproductive traits and also shown that
vitrification influence the future litter size of female F1 offspring (F2 females).
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CONCLUSION
Vitrification of embryos migh influence the specimen at the level of genetic information
expression, early embryogenesis, late development in vivo and might lead to long-term
generation effects. There are many chemicals used in a different number of steps and
equilibration times as well as volumes, rates and carriers varying in efforts to ensure the
highest possible protection to the embryo during the whole process of vitrification or slow and
rapid freezing. In attempts to cryopreserve embryos from various animal species, the research
contributed significantly to the understanding of their development into an adult speciman.
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Abstract
In vitro production of porcine embryos by means of parthenogenetic activation (PA) is limited by great
inefficiency. The present study investigated chromatin and nucleolar dynamics in porcine embryos
developed in vivo (IV) and compared this physiological standard to embryos produced by PA. In vivo
produced porcine embryos and zygotes show a well-synchronized model of chromatin dynamics
compatible with genome activation and regular nucleolar formation at the four-cell stage. The spatial and
temporal dynamics of chromatin in PA embryos were altered in contrast to IV embryos. At the two-cell stage, PA
nuclei presented more heterochromatin (HC) dispersed in the nucleoplasm, but without attachment to the
nuclear envelope. In the four-cell PA embryos, nuclei resembled the IV two-cell nuclei. Nuclear morphology in
eight-cell/morula PA embryos was similar to that of IV nuclei in the same stage. All PA blastocysts had well
developed trophectoderm but the inner cell mass was very poor defined. The HC halo around the nucleolar
precursors was lacking or inconsistent in PA embryos within embryogenesis. The aberrations and alterations in
chromatin remodeling, nucleoli development and first lineage segregation may impair developmental capacity
and affect the PA- production of porcine embryos.
Keywords
Heterochromatin. Euchromatin. Nucleolus. Parthenogenetic activation.

INTRODUCTION
During the past decade, production of porcine embryos in vitro has become a routine
research tool in many laboratories, and it is now being implemented in applied breeding
programs in several countries. The rapid expansion of these biotechnologies has not been
without problems, leading to an increased focus on embryo quality and viability.
The initial development of mammalian preimplantation embryos is governed by gene
transcripts and polypeptides produced by, and stored in, the oocyte during its development
(Schultz, 1993). However, following one to three cleavage divisions, control of development
is taken over by the expression of portions of the embryonic genome as the maternally derived
transcripts and proteins are gradually degraded (Sousa et al., 1998; Watson et al., 1999). This
transition from maternal to embryonic control of development is linked with changes in
chromatin structure (Ahmed et al., 2010; Pichugin al., 2010).
Functional reprogramming is tightly linked to morphological chromatin remodeling and
vice versa; changes in chromatin organization affect the expression proﬁle of speciﬁc genes
(Orkin and Hochedlinger, 2011; Pichugin et al., 2010; Thomas et al., 2011). At the speciesspeciﬁc time point, the major portions of the newly formed genome becomes transcriptionally
active indicating initiation of the embryonic developmental program (major embryonic
genome activation) (Tomanek et al., 1989). Concomitantly, the heterochromatin decondenses
and disperses throughout the nucleoplasm in mouse and cattle embryos, while a small fraction
of condensed chromatin remains visible (Ahmed et al., 2010; Svarcova et al., 2007).
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The major transcriptional activation of the embryonic genome includes the formation of a
ﬁbrillogranular nucleolus signaling the activation of the ribosomal RNA (rRNA) genes
Tomanek et al., 1989; King et al., 1988; Fléchon et al., 1989). The rRNA genes are located at
the nucleolus organizer regions (NORs) of the chromosomes, and the transcription of these
genes is associated with the formation of the nucleolus, which is the most prominent nuclear
organelle and the site of formation of the ribosomal subunits. In the functionally active
nucleolus three main ultrastructural components can be identiﬁed: The ﬁbrillar components
consisting of the ﬁbrillar centers (FCs) and the dense ﬁbrillar component (DFC), and the
granular component (GC) (Wachtler and Stahl, 1993). These components of the so-called
ﬁbrillogranular nucleolus reﬂect the steps in the biosynthesis of ribosomes according to the
following: The FCs house the enzymatic apparatus for the transcriptional process, the DFC
carries the primary nascent transcripts, while the GC represents processed transcripts
associated with proteins in the form of preribosomal particles.
The goal of the present study was designed to provide a detailed morphological
description of chromatin dynamics in in vivo developed porcine embryos and compare this
‘‘physiological standard’’ with that observed in embryos produced under in vitro conditions parthenogenetic activation.
METHODS
Production of embryos
In vivo embryo collection (IV).
After insemination the sows were slaughtered at deﬁned time points in a local
slaughterhouse and uteri were transported to the laboratory at 37°C within 1 h. Uterine horns
were ﬂushed with prewarmed phosphatebuffered saline (PBS) enriched with 1% fetal bovine
serum (FBS) to collect the embryos. The embryos were recovered from the ﬂushed PBS at
different time points: days 1–2 (zygotes), days 2–3 (two- and four-cell stages), days 3–4 (four
and eight-cell/morulae), days 5–6 (early blastocysts), and days 6–7 (late blastocysts).
Parthenogenetic activation (PA).
Slaughterhouse derived (25–35°C) ovarian follicles (3–8 mm) were used for cumulusoocyte complexes (COCs) aspiration and, selected COCs were cultured in 400 µL
bicarbonate-buffered TCM-199 supplemented with 10% (v/v) cattle serum, 10% (v/v) pig
follicular ﬂuid, 15 IU/mL Suigonan, 0.8 mM glutamine and 0.05 mg/mL gentamicin, at
38.5°C in four-well plates with 5% CO2 and 100% humidity air using Submarine Incubation
System (SIS) (Vajta et al., 2004). The oocytes were equilibrated in the activation medium
after removal of the excess cumulus cells from the COCs. The equilibrated oocytes were
aligned on the wire of the fusion chamber using the same alternating current pulse (0.006
kV/cm and 700 kHz) and a single direct current pulse (0.126 kV/ cm for 80 µs) was used for
the activation. The pairs were carefully transferred and activated in the NUNC four-well
plates containing PZM3 medium (Yoshioka et al., 2002) supplemented with 2.5 µg/mL
cytochalasin B and 10 µg/mL cycloheximide at 38.5°C in5%CO2,5%O2 and 90% N2 with
maximum humidity for 4 h. Activated zona intact embryos were cultured in the four-well
plate, with 400 µL PZM-3 medium at 38.5 °C in5%CO2,5%O2, and 90%N2 with maximum
humidity. Embryos were collected at different time points after activation: 4–6 h (early onecell stages), 16–20 h (late one-cell stages), day 2 (two-cell stages), day 3 (four-cell stages),
day 4 (eight-cell/morulae), day 5 (early blastocysts), and day 6 (late blastocysts). The
blastocyst rate in the system varied between 50 and 60%.
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Processing for light and transmission electron microscopy
The collected embryos of all types were ﬁxed in 3% glutaraldehyde in 0.1 M Naphosphate buffer (pH 7.2) at 4°C for 1 h. Subsequently, the embryos were washed in buffer,
postﬁxed in 1% OsO4 in 0.1 M Na-phosphate buffer, embedded in Epon, and serially
sectioned into semithin sections (2 µm). The sections were stained with basic toluidine blue
and evaluated by bright-ﬁeld light microscopy. All embryos were serially sectioned into
semithin sections that were carefully examined in order to assure the desired stages of
embryonic development. Selected semithin sections were reembedded as described earlier
(Hyttel and Madsen, 1987) and processed for ultrathin sectioning (70 nm). The ultrathin
sections were contrasted with uranyl acetate and lead citrate and examined on a Philips
CM100 transmission electron microscope (Darmstadt, The Netherlands).
RESULTS
ThenumbersofIV andPA zygotes and embryos analyzedby transmission electron
microscopyarepresentedin t able T a b. 1 .
Tab.1The Numbers of zygotes and embryos analyzed at different developmental stages
Stage/type

Zygote/one-cell

Two-cell

Four-cell

Eight-cell/morula

Earlyblastocyst

Lateblastocyst

IV

9

5

5

2

3

3

PA

9

5

7

3

5

5

One-cell stage/zygote
The nine evaluated IV zygotes had either two individual peripheral pronuclei (1/9),
two centrally apposed pronuclei (4/9) (Fig. 1; A1, arrowhead), or chromosomes at
different phases of mitosis (2/9). The two remaining zygotes presented metaphase plate
and condensed sperm. One-cell PA embryos had either one (2/9) or two (2/9) pronuclei
( Fig. 2A) or had progressed into mitosis (5/9).
In the IV zygotes, both, the peripheral and the apposed pronuclei contained
abundant euchromatin and sparse heterochromatin, located either as aggregates in the
nucleoplasm and/or attached to the nuclear envelope (Fig. 1; A2, arrow).
Heterochromatin density was highest at the sites of pronuclear apposition. The nuclei in
PA embryos possessed varying amounts of heterochromatin, which was distributed in
the nucleoplasm.
On average, each IV zygote possessed two to five intact nucleolar precursor bodies
(NPBs), equally distributed between the two pronuclei in IV zygotes. The NPBs were
surrounded by a halo of heterochromatin (Fig. 1; A2, arrowhead, detail in A3).
In like manner, each P A embryo presented on average two to four NPBs, which by
contrast lacked the halo of heterochromatin (Fig. 3; A3).
Two-tofour-cellstage/embryonic genomeactivation period
In all IV embryos, each cell displayed a single nucleus (Fig. 1; B1, arrowhead). Half
of the PA embryos at the two-cell and one-third at the four-cell stage possessed bi- or
polynucleated cells (Fig. 2B).
The two-cell stage I V nuclei displayed higher amounts of heterochromatin firmly
attached to the nuclear envelope compared to the zygotes (Fig. 1; B2, arrow). Each
nucleus had two to five NPBs with a halo of heterochromatin (Fig. 1; B3, arrowhead).
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2-cell

4-cell

8-cell/Ml

NPBs/Nucleoli

Pronuclei/Nuclei

Overview

Zygote

Fig. 1 Representative light micrographic overviews of porcine IV zygote (A1), two-cell
embryo (B1), four-cell embryo (C1), and eight-cell/morula stage (D1). Arrowheads
indicate pronuclei and nuclei. (A2–D2) Transmission electron micrographs of pronuclei
(zygote) and nuclei (embryos). Arrows indicate heterochromatin loose in the nucleoplasm or
attached to the nuclear envelope. Arrowheads indicate heterochromatin clusters attached to
the nucleolus precursor bodies (NPBs). dN, developing nucleolus; FGN, fibrillogranular
nucleolus. (A3–D3) Transmission electron micrographs of NPBs/nucleoli in zygote (A3) and
embryos (B3–D3). Arrowheads indicate heterochromatin clusters attached to the NPBs.
Note the formation of fibrillar centers (FC), dense fibrillar component (DFC), and granular
component (GC) around the NPB in the four-cell embryo (C3) and the presence of
a fibrillogranular nucleolus with the same components in the eight-cell/Ml stage (D3).

I n two-cell PA embryos, the nuclei presented even more heterochromatin dispersed
in the nucleoplasm than the IV two-cell nuclei, but heterochromatin was not attached to
the nuclear envelope. Moreover, the heterochromatin halo around the NPBs was lacking.
The nuclei of the four-cell embryos displayed the least amount of heterochromatin
of all stages (Fig. 1 ; C1, arrow- head). The rare heterochromatin clusters were attached
to the nuclear envelope and/or to NPBs as a halo (Fig. 1; C2, arrow and arrowhead). All
five evaluated four-cell embryos presented transformation of NPBs into fibrillogranular
nucleoli: FCs surrounded by DFC and GC coated the NPBs (Fig. 1; C3). Developing
fibrillogranular nucleoli were found together with intact nontransformed NPBs in the
same nucleus.
In the four-cell PA embryos, the nuclei resembled the IV two-cell nuclei. Each cell
presented two to four NPBs in general. The heterochromatin halo around the NPBs was
inconsistent and development of fibrillogranular nucleoli was not observed (Fig. 3; B3,
arrowhead).
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1-cell

A

2-cell

B

Fig. 2 Electron micrographs of polynucleated blastomeres found at the one-cell stage (A)
and two-cell stage (B) in parthenogenetically activated embryos. Arrows indicate the nuclei.

Eight-cellstagetomorulae
The nuclei of IV embryos at the eight-cell/morula stage presented increased
amounts of heterochromatin that was homogenously distributed throughout the
nucleoplasm (Fig. 1; D2, arrow), and the fibrillogranular nucleoli (Fig. 1; D3).
Occasionally, developing nucleoli and NPBs were observed together with
fibrillogranular nucleoli.
All PA embryos at the eight-cell/morula stage presented a single nucleus in all
cells. Nuclear morphology was similar to the IV eight-cell/morula nuclei.
Fibrillogranular nucleoli were observed in all blastomeres (Fig. 3; C3).
Blastocyststage
Early IV blastocysts presented segregation of the inner cell mass ( ICM) and
trophectoderm (TE) resulting in a well-defined ICM at the late blastocyst stage (Fig. 4,
upper overview). In early blastocysts, both ICM and TE nuclei displayed the same
chromatin distribution as at the eight-cell/morula stage only with a slightly higher
abundance of heterochromatin (Fig. 4A and B, arrows).
In late blastocysts, the ICM nuclei were larger and round, but showed the same
chromatin pattern as in early blastocysts (Fig. 4C, arrow). On the contrary, the TE
nuclei were smaller and elongated and displayed higher amounts of heterochromatin,
mainly attached to the nuclear envelope (Fig. 4D, arrow). Both cell types presented
fibrillogranular nucleoli, which typically were larger in the ICM cells (Fig. 4a–d).
All early and late PA blastocysts had only very few presumptive ICM cells, whereas
the TE was morphologically well-defined and developed. Both ICM and TE cells were
large and in three out of five blastocysts, binucleated cells were observed.
In both early and late blastocysts, the nuclei resembled those of early IV blastocysts,
that is, with sparse heterochromatin. However, both NPBs and developing
fibrillogranular nucleoli were observed (Fig. 3; D3).
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4-cell

8-cell/Ml

lBl-TE

PA

IV

Zygote/1-cell

Fig. 3 Electron micrographs of the nucleolar ultrastructure in in vivo developed
(IV; A1–D1) and parthenogenetically activated (PA; A3–D3). Porcine embryos at the zygote/one-cell
(A), four-cell (B), and eight-cell/morula (eight-cell/Ml; C) and TE of late blastocyst (lBl-TE; D)
stages. Arrowheads indicate heterochromatin clusters attached to the nucleolous precursor body
(NPB). Open arrowheads indicate heterochromatin halo around the NPB (A1). FC, fibrillar center;
DFC, dense fibrillar component; GC, granular component; dN, developing nucleus

DISCUSSION
Proper chromatin dynamics is essential for reprogramming of the parental genomes
at the onset mammalian development. Chromatin distribution in differentiated cells
follows a strict pattern, placing transcriptionally silenced heterochromatin at the nuclear
periphery in close contact with the nuclear envelope (Izumi et al., 2000; Spann et al.,
1997). Notably, our study revealed strong attachment of heterochromatin domains to
the nuclear envelope (NE) in IV two-cell stages. This conformation was dramatically
reorganized and replaced by fully decondensed chromatin at the four-cell stage, when
the embryonic genome is activated and evidenced by the establishment of functional
nucleoli (Hyttel et al., 2000; Svarcova et al., 2009; Tomanek et al., 1989). Chromatin
attachment to the nuclear envelope was first reestablished in the TE cells in the late
blastocysts, coinciding with the first lineage formation and restriction of developmental
potency of TE cells. In the blastomeres after the embryonic genome activation ( EGA)
and in the ICM cells, heterochromatin was more or less randomly distributed
throughout the nucleoplasm similar to other pluripotent cell populations (Ahmed et al.,
2010; Martin et al., 2006b).
The transient establishment of heterochromatin domains at the two-cell stage was not
observed in PA embryos. Furthermore, the subsequent extensive chromatin
decondensation at the four-cell stage, synchronized with the EGA, was absent in the PA
embryos.
Nuclear envelope proteins form tight complexes with heterochromatin components,
for example, HP1 and cores of H3 and H4 (Guarda et al., 2009; Holmer and Worman
2001; Polioudaki et al., 2001). Interestingly, the envelope represents not only passive
anchoring sites for condensed chromatin, but it also recruits chromatin actively by
triggering gene silencing (Gruenbaum et al., 2005; Guarda et al., 2009; Sui and Yang
2011; Wang et al., 2002). Thus, the ability of the nuclear envelope to mediate
interactions between chromatin remodeling proteins and the DNA may be critical for
functional changes in activity and spatial remodeling of chromatin in early embryos.
The embryos produced by PA have decreased developmental potentials.
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eBl

eBl-TE

lBl-ICM

lBl-TE

NPBs/Nucleoli

Nuclei

eBl-ICM

lBl

Fig. 4 Light micrographic overviews of porcine IV early (eBl) and late blastocysts (lBl). Note
the inner cell mass (ICM) and trophectoderm (TE). Arrowheads indicate nuclei.
(A–D) Transmission electron micrographs of nuclei. Arrows indicate heterochromatin loose
in
the
nucleoplasm
or
attached
to
the
nuclear
envelope.
(a–d) Transmission electron micrographs of NPBs/ nucleoli. FC, fibrillar center; DFC, dense
fibrillar component (DFC); GC, granular component.

The localization of heterochromatin to the nuclear envelope preceding the EGA
and subsequent global chromatin decondensation are essential mechanisms for
proper embryonic development. Moreover, the early deviations in chromatin
dynamics suggest aberrations occurring already during in vitro oocyte maturation
and/or initial embryonic cleavage.
NPBs also contribute to the regulation of chromatin remodeling in early embryos.
The perinucleolar chromatin contains centromeric and pericentric silent
heterochromatin (Fulka and Fulka, 2010; Gavrilova et al., 2009; Ogushi et al., 2008) and
a satellite DNA repeats contributing to the formation of chromocentres (Ahmed et al.,
2010; Gavrilova et al., 2009; Martin et al., 2006a, 2006b; Pichugin et al., 2010). Hence, in
mammalian embryos, the NPBs are likely to serve as anchors of specific chromatin
domains as well as anlagen for nucleolar formation. The lack of a halo of
heterochromatin around the NPBs in PA embryos signals to some extend aberrations in
the remodeling processes. Moreover, the occurrence of cytoplasmic NPB-like material
further supports our observations on detrimental effect of culture condition on early
porcine embryos (Hyttel and Niemann, 1990) and further substantiates our present
observations of aberrant nucleolar functions under in vitro conditions.
The retained immaturity in nucleolar morphology, visible in PA embryos from the
four-cell stage by delayed nucleolar formation, and continuing toward the blastocyst
stage with presence of extranuclear nucleolar-like material, may also indicate aberrant
regulation of pluripotency. Nucleoli host proteins critical for establishment of
pluripotency, for example, NUCLEOSTEMIN (Beekman et al., 2006), NANOG (He et al.,
2006), and MLL2 (Andreu-Vieyra et al., 2010). Regular nucleolar function may therefore
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contribute to the first lineage segregation, which under normal circumstances correlates
with formation of the pluripotent cell population in ICM. Thus, the absence of welldefined ICM in PA-produced blastocysts may also be a consequence of nucleolar
dysfunctions.
In conclusion, porcine IV zygotes and embryos display a well-synchronized
pattern of chromatin dynamics compatible with EGA and nucleolar formation at the
four-cell stage. Production of porcine embryos under in vitro conditions by PA is
associated with altered chromatin remodeling, delayed nucleolar formation, and poorly
defined lineage segregation at the blastocyst stage, which in turn may impair their
developmental capacity.
The data from our study can be used as a guideline/model for the rapid evaluation of
the reprogramming efficiency in early embryos and in reprogrammed somatic cells.
Moreover, the results point out the role of nuclear envelope in proper chromatin
remodeling and importance of the pre-EGA period for subsequent embryonic
development in the pig.
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Abstract
Drought is one of the most important abiotic stress factors that limit plant growth and productivity worldwide. In
this work, we focused on studying the drought effect on wheat cultivar SK-196 that is relatively drought-sensitive
in pot experiment. Water deficit exerted relatively low impact on plant biomass. In stressed plants we observed
slight increase of the fresh weight of roots and shoot. Stomata are particularly sensitive to changes in the soil
water content, and they rapidly close when the soil starts to dry.Considerable changes were recorded in the
monitored parameters of stomata in wheat, while we observed increased number of stomata in leaf epidermis.
On the other hand, length and width of stomata decreased under drought. Moreover, we also observed that
content of photosynthetic pigments (chlorophyll a, chlorophyll b) as well as carotenoids dropped in the leaves of
stressed plants. Due to loss of chlorophylls, photosynthesis is likely damaged. Impact of water deficiency on
stressed plants included synthesis of defense proteins, namely so-called chitinases. Profile of their enzymatic
activity was affected by the given rate of drought.
Keywords
Wheat. Drought. Growth. Stomata. Photosynthetic pigments. Chitinases.

INTRODUCTION
Drought is one of the most stressful conditions limiting plant yield around the world. In
response to drought brought about by soil water deficit, plants can exhibit either drought
escape or drought resistance/avoidance/tolerance mechanisms (Price et al., 2002). These
mechanisms in response to water stress can be measured at many different levels from whole
plant to molecular level.
Water deficit severely affects plant growth and development with substantial reductions
in crop growth rate and biomass accumulation (Farooq et al., 2012). Furthermore, leaf water
content and gas exchange are physiological processes that are very susceptible to drought
stress. (Mansfield and Davied, 1981). Stomata are the major gates for gas exchange of leaves
(Brent and Ram, 2000). The first response of virtually all the plants to acute water deficit is
the closure of their stomata to prevent the transpirational water loss (Mansfield and Atkinson,
1990; Elizabeth and Alistair, 2007). Nevertheless, up to 97 % of water absorbed by plants is
transpired to the atmosphere through stomata (Taiz and Zeiger, 2006).
Stomatal density and stomata aperture are two of the main factors that determine stomatal
conductance and as a consequence influence photosynthetic ability. The rate of
photosynthesis is reduced not only by stomatal closure, but also by membrane damage in
mesophyll cells, decrease in chlorophyll content and disturbance in synthesis and activity of
various enzymes (Cornic and Massacci, 1996; Farooq et al., 2012).
In plants exposed to water deficit there are accumulating many different osmolytes to reestablish water homeostasis. After longer and/or more severe water stress, moreover, many
different defense proteins are activated, too. These include dehydrins, chaperones, enzymerepair molecules and many others. In this work focus is given on chitinases that are
considered as typical enzymes responsive to many pathogens but also to different types of
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abiotic stresses (Seki et al., 2007). The chitinases (EC 3.2.2.1.14) are hydrolytic enzymes that
can hydrolyze the chitin (N-acetyl-D-glucosamine polymers) found in the cell walls of many
fungi. Their function renders them very important in several plant physiological processes as
well as in plant defense (Grover, 2012). However, the enzymatic activity of chitinases has
only been poorly studies with respect to drought stress.
Wheat is cultivated over a wide range of regions around the world, while the yield is
limited by adverse conditions. Especially drought stress can hamper many developmental
processes and affect normal growth. The aim of this study was to analyse the impact of
drought on selected parameters in common wheat and study the involvement of chitinase
enzymes in the activates defense. The plants growing in soil substrate we analysed for
drought-triggered changes infresh weight of roots and shoots, the size of stomata on both
surfaces of the leaves. Further, we determined the concentration of photosynthetic pigments
(chlorophyll a, chlorophyll b) and carotenoids in leaves of wheat. Based on our results, we
evaluated the effects of drought (in the form of reduced irrigation) on stressed wheat plants in
comparison to the control variants. Analyses of chitinases enabled to reveal their involvement
in drought conditions.
MATERIAL AND METHODS
Wheat (Triticumaestivum L.) seedlings of a drought-sensitive cv. SK-196 were subjected
to water deficit by limiting water supply. The seeds were surface-sterilized with 0.05 % (v/v)
sodium hypochlorite solution for 15 min and then rinsed at least three times in distilled water.
Sterilized seedswere grownin plastic pots (Ø 30 cm, volume 1700 ml, 20 seeds) with soil
substrate.Plants were irrigated with 750 ml distilled water (amount corresponded to the
maximum sorption capacity of the soil) three times per week during seven months. All plants
were left to grow in growth chamber withcontrolled climate (light/ dark regime of 16/ 8 h,
temperature regime 22/15 ˚C and 60 % humidity). For 3 weeks, a set of plants was exposed to
different water conditions (250 ml distilled water). Subsequently the control and droughtstressed plants were sampled for physiological, biochemical and molecular analyses.
Fresh weight of ten control and drought-stressed roots/ shoots was measured.
The number of stomatal cells was determined on the adaxial (top) and abaxial (lower)
leaf surface applying the fingernail polish method. Specimens were observed under a light
microscope (Zeiss Axioplan 2) and documented with the camera Sony DXC-S 500. Stomatal
densities (SD) were calculated as their numbers per area unit (cell number/ mm2) in 24 fields
of view (870 × 650 μm) of each variant of the experiment. Length and width of stomata were
measured using the program AxioVision AC in three different fields of view. Stomatal index
(SI) was calculated as percentage of number of epidermal-stomatal/ non-stomatal cells that.
Each experiment was performed at least in triplicate.
Fresh material (0.05 g) was grinded with 5 ml 80 % (v/v) acetone and 0.05 g magnesium
carbonate in mortar. Homogenate was centrifuged for 2 min at 8000 r. p. m. The supernatant
was centrifuged one more times for 2 min at 4000 r. p. m. Final content of supernatant was
poured into a cuvette and absorbance was measured at 663, 646 and 470 nm.
Proteins were isolated from roots and shoots (Hurkmanand Tanaka, 1986).Plant tissue
(0.2 g)was homogenized in liquid nitrogen.To the sample 0.32 ml of extraction buffer was
added consisting of 20 % (v/v) glycerol, 1.5 % (w/v) polyvinylpyrolidon 40 (Sigma), 10 mM
Tris-HCl (pH 8.0), 1 mM phenylmethylsulfofluorid and 0.2 % (v/v) of βmercaptoethanol.Insoluble material was removed from the homogenate by centrifugation at
11 350 r.p.m. for 15 minutes at 4 ˚C. The obtained supernatant was centrifuged two more
times for 10 minutes. Detection of proteins content was performed according to Bradford
(1976) using 1 ml Coomassie brilliant blue – G-250, 0.08 ml 0.15 M sodium chloride and
0.005 µl protein extract. Finally, the absorbance at 595 nm was determined.
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Activity of chitinase enzymes was detected upon separation in 12.5 % (w/v)
polyacrylamide gels using 1 % glycol chitin as a substrate. The electrophoresis was performed
on 1.5 mm thick minigels on the Mighty Small II apparatus according to Laemmli (1970) and
running under constant electric current of 18 – 24 mA for 3 – 4 h. After electrophoresis,
separated proteins were re-natured by shaking the gels in 50 mM sodium acetate buffer (pH
5.2), 1 % Triton X-100 (v/v) overnight. Further the gels were incubated in 50 mM solution of
sodium acetate buffer (pH 5.2) during 2 h and then they were stained with calcofluor solution
(10 mg Fluorescent Brightener 28, 0.5 M Tris-Hcl (pH 8.9) and distilled water). After
detection of enzymatic activity of chitinases, the gels were stained for detection of total
proteins with Coomassie Briliant Blue R-250 (Sambrook, 1989).
Each experiment was performed at least in triplicate. The data were analysed by t-test
with α = 0.05. Data in the tables are expressed as the means of replicates ± standard deviation
(SD).
RESULTS
Water deficiency causes changes at different levels of the plant body. Droughtlimits
growth and biomass production in plants. However, in our experiment, the given drought
conditions resulted in slight effecton measured growth parameters, specifically on fresh
weight in both of measured tissues (Fig. 1). Nevertheless, we observed wilting of shoots,
while leaf margins and tips were extensively dried out.
A

B

Fig. 1 Impact of drought on growth parameters. Fresh weight of roots (A) and shoots (B) are
represented by yellow columns (control samples). Values of the samples exposed to drought stress are
shown by green columns. Data represent mean values with standard deviation of 3 replicates.

One of the first physiological responses of plants to water deficit is immediate and
permanent closure of stomata (Fig. 2), leading to the prevention of further loss of water in the
process of transpiration (Mansfield and Atkinson, 1990). Similarly the number and size of
vents depend on the adverse effects of abiotic stress. The stomatal apparatus also responds to
changes in water potential tissue, respectively to the increase of abscisic acid (ABA)
concentration.We find out that the width of stomata on abaxial (lower) leaf surface and the
length of stomata on both surfaces of leaves, were significantly lower in drought stress plants
(Fig. 2, Tab. 1). Drought also caused a reduction in stomatal index on the upper (14,8) and
lower (17,2) leaf surface of wheat. Value of stomatal index for control leaf samples was 15,7
on upper surface and 19,0 on lower surface. However, the observed differences were not
significant.
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Reduction of stomata in both dimensions with a higher incidence of stomata is a
demonstration plant defense mechanism against drought.
Tab. 1 Stomatal parameters under drought conditions.

STOMATAL
Top leaf surface
Lower leaf surface
PARAMETERS
length
width
length
width
107,93 ± 8,47
48,37 ± 7,24
102,84 ± 8,23
59,66 ± 5,37
CONTROL
99,89 ± 5,91*
47,34 ± 4,89
96,91 ±6,85*
51,92 ± 5,22*
DROUGHT
Data represent mean values with standard deviation of 3 replicates. Different letters indicate a
significant difference at P ≤ 0.05.

Fig. 2 Parameters of stomata in tested wheat plants. Length and width of stomata of control sample
(A) and drought-stressed wheat plants. Relative changes of length and width of stomata in µm (D).

Closure of stomata in response to water scarcity is closely linked not only with a decrease
in process of transpiration and stomatal conductance, but also with a decrease of
photosynthesis performance(Bota et al., 2004). For set of plants with water loss we recorded
significant decreasing of chlorophylla, chlorophyll bcontent, but not of carotenoids (Tab. 2).
Tab. 2 Differences in pigments content in control and drought-stressed leaves in bread wheat.

PARAMETER [mg/g]
CONTROL
DROUGHT
2,85 ± 0,72
1,51 ±0,53 *
Chlorophyll a
0,90 ±0,17
0,55 ± 0,10 *
Chlorophyll b
1,87 ± 0,36
1,03 ± 0,20 *
Chlorophyll a+b
0,58 ±0,28
0,29 ±0,09
Carotenoids
Data represent mean values with standard deviation of 3 replicates. Different letters indicate a
significant difference at P ≤ 0.05.
Finally, we detected specific molecules – chitinases (Fig 3), which are involved in
defense processes not only against pathogens, but also against adverse abiotic factors. The
applied drought stress has probably triggered the synthesis of many defense proteins as the
total contents of proteins in the stressed root tissues were significantly higher than wellwatered controls. Focusing on chitinases in plant extracts we separated the total proteins in
acrylamide gels (Fig. 3B) and detected those with chitinase activity (Fig. 3A). Within the set
of analysed plants (control as well as stressed), each sample possessed several chitinases of
different sizes. The profile of chitinases in roots, however, comprised of at least four
individual isoforms, and each appeared to be induced by water deficit (Fig. 3A).
Quantification of chitinase accumulation is still in progress.
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A

B

Fig. 3 Chitinases in wheat plants.Detection of differences between chitinase activity of control and
drought-stressed samples (A). The effect of drought on the total protein profiles after staining in
Coomassie brilliant blue R-250 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.

DISCUSSION
Plants undergo several morphological and biochemical adaptations at subcellular,
cellular, and organ level to survive under water deficit. It is known that root plasticity is the
ability of a genotype to regulate its growth pattern in accordance with prevailing constraints
(Yamauchi et al., 1996). More depth, root proliferation and root length density have been
shown to commensurate with fetching more water and are considered as drought avoidance
mechanisms (Wang and Yamauchi, 2006). In our experiment the value of fresh weight
corresponded to prolongation of roots. The same increase was observed in case of stressed
shoots.
Water deficit conditions also alter stomatal density in several species, although the
relationship between water deficit and stomatal density is still not clear. Higher stomatal
density was observed in leaves of nonirrigated vs. irrigated apple trees (Elias 1995). Other
changes lead to a reduction of stomatal size as resultof their closure. Stomatal closure
prevents leaf dehydration under moderate soil water deficit (Correia and Pereira, 1994).
Henson et al. (1990) recorded stomatal closure following maintain high relative water
contents and constant water potential in lupin leaves. This is incontrast to wheat leaves that
tend to have higher bulk turgor and lower levels of stomatal conductance. Leaf water potential
of wheat is also more closely coupled to soil water content decrease as the soil dries,
reflecting its much lower threshold leaf potential for stomatal closure.
As a consequence of stomatal closure, CO2 diffusion from the atmosphere to the site of
carboxylation is reduced, and this is often regarded as the main cause for decreased
photosynthesis under drought (Peeva and Cornic, 2009). The drought-related decrease in
concentration of photosynthetic pigments has also been observed. The same trend was
recorded in study of Nikolaeva et al. (2010), who observed significant decrease (13 – 15 %)
of chlorophylls after a 7-day drought period. A similar dependence of chlorophyll content in
dehydrated leaved on the leaf age was previously noted with barley seedlings (Pshibytko et
al., 2004).
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Our preliminary data on chitinase enzymes indicate that there exist a difference between
the enzyme profiles of control and stressed wheat plants. Separation under given conditions
enables to distinguish only up to five enzymes of different size.However, intensity of some of
enzymes was stronger in stressed samples, especially in roots.
The same trend was observed for chitinase gene expression during the drought treatments
in tomato plants (Long-Xi et al., 1998). Therefore, specific chitinases appear to play role in
the avoidance of plant damage during drought stress.
CONCLUSION
The obtained results suggest that the lack of moisture had effect on the growth
parameters, as well as the size and number of stomata. Also, it is shown that stomata respond
to a signal from the root when the soil dries out prior to leaf wilting.Significant differences
were noted also in case the content of photosynthetic pigments (chlorophyll a/b) in leaves of
stressed wheat plants. Furthermore, it appears that the activity/accumulation of chitinases in
wheat roots may be influenced by drought conditions.
Test group of control and drought-stressed plants will be further analysed in order to
identify specific wheat defense mechanisms against drought at the molecular level.To bring
clarity to this field it will be necessary to perform a more extensive study on level of proteins
and genes.
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Abstract
Mitochondrial DNA is convenient to study of migration of populations in past, because it does not recombinant
due to maternally inheritance of this molecule, so we can monitor the mutations which have cumulated over the
centuries. Most of these mutations are located on so-called hypervariable region, hence is necessary to study
this region and find the mutations points. Based on locations of mutations we can determine the haplotype which
belong to haplogroup. Nowadays the origin of haplogroups is defined, we know what time and where they were
originated. This paper deals with the study of hypervariable region 1 of mitochondrial DNA in ancient samples
from 10th-11th century from the cemetery discovered in Nitra-Šindolka. We described eight sequences of
hypervariable region I and determined the haplogroups of ancient samples based on hypervariable region I and
the selected mutations of coding region with outcome of classifications haplogroups H, U, J and T.
Keywords
Mitochondrial DNA. Hypervariable region I. Mutations points. Haplogroups

INTRODUCTION
The most of archaeogenetical research and population genetics analysis use mitochondrial
DNA (mtDNA) and Y-chromosome as a molecular marker because of their non-recombining
property. Mitochondrial DNA is maternally inherited, but everyone possesses it, whilst Ychromosome we can find only by male samples. Based on these markers we can determine
origin of populations, assess the relative genetic distance of populations and allocate familial
relationships between the findings.
Mitochondrial DNA is often used in archaeogenetic 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.
Characteristics of Mitochondrial DNA (mtDNA)
Mitochondrial genomesare locatedin the energy-generating organelles called mitochondria
that are organelles in each eukaryotic cell and their amount per cell (about 8000 copies)
depend on type of organism and type of cells (Brown and Brown, 2011). Human mtDNA is a
double-stranded closed circular molecule of 16,6 kb in length. The strands are distinguished
by their nucleotide composition: heavy (H-strand) is guanine rich, compared with the
cytosine-rich light strand (L-strand) (Chinnery and Hudson, 2013). Mitochondrial DNA
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
characterized by mutation rates ten times higher than coding region (Howel et al., 2007).
Sequence variation of mtDNA has been generated by the sequential accumulation of new
mutations along maternal lineages. Accordingly the human mtDNA contains a molecular
recording of the genealogical history and of the migrations of women who transmitted
mitochondrions through the generations (Torroni et al. 2006). Based on these mutations we
can determine haplogroups, which place of origin and extension path are already known
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(Fig. 1). 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, Eastern Eurasian
haplogroups: A, B, C, D, E, F, G, haplogroups of Native Americans: A, B, C, D, X, and the
haplogroups 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).
The aim of our research was the detecting of the mutations points of HVRI region, also of
the certain SNP in the coding region of mitochondrial DNA for the purpose of the
characterization of haplotype and haplogroup of each sample.

Fig. 1 MtDNA haplogroups migration patterns (Mitomap, 2013)
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 to sex, age, objects in graves, bone
preservation 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. The
section F contains 204 graves, the section E contains 99 graves and they are 30 meter far from
each other. The cemetery is from 10th-11th century, and can be divided into three horizons
based on the orientations of graves and objects in graves(jewellery, coins, etc.) (Fusek, 2012).
We selected 8 samples from different horizons (Tab. 1) from the cemetery Nitra-Šindolka for
the purpose of determine their haplogroups.
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Tab. 1 The location, sex, age and type of investigated samples
Number
samples
No.1
No.2
No.3
No.4
No.5
No.6
No.7
No.8

of Number
graves
44a
174
5
16
76
239
246
220

of Horizons
burial
F2
E2
F1
F2
F1
F1
F1
F3

of

Sex

Age

Sample A

Sample B

Female?
?
Male
Female
Female
Female
Male
?

20-29
7-14
35-45
55-65
20-29
20-29
20-29
20-29

Tooth (37)
Tooth (75)
Tooth (37)
Femur
Tooth (17)
Tooth (36)
Tooth (48)
Tooth (28)

Femur
Femur
Femur
Tibia
Femur
Femur
Femur
Femur

METHODS
Eight bones and teeth samples from ancient remains were included in the analysis. We
were taken two samples (A and B) of each sample. Sample A constituted tooth and sample B
part of femur diaphysis. If the grave did not have any teeth, sample A was the part of femur
diaphysis and sample B was the part of tibia diaphysis. The burial sites and bones were
archaeologically and anthropo-morphologically 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)
were carried out in separate places. In order to detect possible contamination by exogenous
DNA, extraction and amplification blanks (with no bone powder) were used as negative
controls. Haplotypes of all persons involved in processing the samples were determined and
compared with the results obtained from the ancient bone samples. The samples were
prepared in accordance with the protocols described by Kalmár et al. (2000) and Shapiro and
Hofreiter (2012). The bone and teeth samples were irradiated with UV light. A 3x3 cm
portion was cut from each femur diaphysis. After removing the surface (at least 2-3 mm) of
the sample with a fresh drilling bit at slow speed the clean bone and teeth fragments were
treated with UV light (1.0 J/cm2, 20 min) and mechanically ground into fine powder in
a sterile mixer mill.
Standard isolation methods were used as described by Kalmár et al. (2000) and Tömöry et
al. (2007) with a little modification Before the isolation the samples (250 mg bone powder)
were washed with 8 ml EDTA (0.5M, pH=7.5) overnight at laboratory temperature with
continuous vertical rotation. The supernatant was discard and the samples were suspended in
1.6 ml extraction puffer (0.1M EDTA, 20% Sarcosyl and 20 mg/ml proteinase K) and
incubated overnight at 37 °C with continuous vertical rotation. After phase separation by
centrifugation at laboratory temperature at 13 000 rpm for 10 min, 350 μl supernatant was
transferred to a 1.5 ml Eppendorf tube and 350 μl NH4-acetate (4M) and 700 μl absolute
ethanol were added and incubated overnight at -20 °C. For the isolation was used the DNeasy
Tissue Kit (Qiagen): the mixture was transferred into DNeasy Mini spin column and
centrifuged at 6500 rpm for 1 min. The column was washed twice and DNA was eluted in a
final volume of 70 μl.
The amplification reaction of HVR I and control region of mtDNA contained 6 μl
template DNA, 20.5 l H2O, 1x PCR puffer, 0.8 MdNTP mix, 0.18 MMgCl2, 0.16 mg/ml
BSA, primers 0.625 μM, 1.5 U AmpliTaq Gold DNA polymerase in 40 l total volume. The
primers are described in Tab. 2 and Tab. 3. Amplification conditions were: denaturation at 95
°C for 10 min, 38 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 1 min,
extension at 72 °C for 30 s, and final extension at 72 °C for 5 min. Amplification reaction was
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checked on 8% native polyacrylamide gel and visualized after ethidium bromide staining with
UV transilluminator (Syngene GeneGenius Bio Imaging System).
Sequencing reactions were performed using the ABI PRISM BigDyeTM Terminator v3.1
Cycle Sequencing Ready Reaction Kit (Applied Biosystems) and the sequences were
determined on ABI Prism 310 (PE Applied Biosystems).
The restriction enzyme cleavage reaction mix contained 35 l PCR product, 9.5 l H2O, 5
l puffer and 0.5 l 3 U enzyme in 50 l final volume. Reaction was performed for 1 hour at
37 °C. The sizes of the resulted fragments were checked on 8% native polyacrylamide gel and
visualized with an UV transilluminator after ethidium bromide staining.
Tab. 2 Primers of the HVR I of mtDNA (Tömöry et al., 2007)
Nucleotide position

Primers
5´-TCTGTTCTTTCATGGGGAAG-3´
5´-GTGGCTTTGGAGTTGCAGTT-3´
5´-AACCCCCTCCCCATGCTTAC-3´
5´-TGATTTCACGGAGGATGGTG-3´

16 020 – 16 259
16 182 – 16 420

Tab. 3 Primers of the control region of mtDNA (Tömöry et al., 2007)
Nucleotide
position

Substitution

7028

C→T

12 308

A→G

12 705

C→T

Primers
L6962 5'-TTTTCACCGTAGGTGGCCTG-3'
H7126 5'-TGAAATGGATTTTGGCGTAGG-3'
L12214 5'-CCCCTTATTTACCGAGAAAGC-3'
H12398 5'-TTGTTAGGGTTAACGAGGGTGG-3'
L12622 5'-CATCCCTGTAGCATTGTTCG-3' '
H12764 5'-AATTCCTACGCCCTCTCAGC-3

Detection
mutation
Restriction
17025AluI
Restriction
EcoRI

of

Sequencing

RESULTS AND DISCUSSION
Eight sequences derived from ancient bones of the cemetery Nitra-Šindolka were analysed
for mtDNA polymorphisms. All sequences could be assigned to definitive haplogroups.
Seven different haplotypes (mutations points on HVR I) were distinguished, which could be
assigned to four different haplogroups. The complete HVR I was sequenced of each samples
and the mutation points in coding region were analysed by RFLP or sequencing depending on
which haplogroups belong the samples. The haplogroups J and T (samples No.1, No.3, No.4,
No.5, No.6, No.7) containing position 12 705 C in coding region was analysed by sequencing.
The haplogroup H (sample No.2, position 7028 in coding region) was detected by RFLP
analysis using the restriction enzyme AluI and the haplogroup U (No.8, position 12 308) with
EcoRI. We isolated the DNA from sample A and sample B to detect of possible
contamination. Each of ancient samples has the same polymorphism in the sample A and
sample B. The mutations points had to be detected three times from two isolated DNA and all
sequence had to read each nucleotide positions. The positions of mutations (polymorphisms)
were detected based on comparison with rCRS in the program GeneDoc.
The mtDNA profile of two samples belonging to haplogroup T is completely identical,
they share a common maternal ancestor, but this ancestor might have lived a generation or
thousands of years ago. This result supports the matrilineal family relationship between those
samples.
Based on the types of mutation in mtDNA, which were detected based on differences of
rCRS, we determined the haplotype and haplogroup of each sample. The haplogroup assign
the migration and origin of the sample and population. The origins and spread of haplogroups
can be associated with certain geographic regions. Therefore, the research of haplogroups
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allows the monitoring of the wanderings of some populations, and their mix with each other.
Detected haplogroups: H, J, T, and U belong to most frequently European haplogroups.
Haplogroup H is the most common (40-50%) haplogroup in all European population
(Torroni et al., 2006), and reaches its highest frequencies in western and northern Europe.
This haplogroup is also common in the Caucasoid populations of the Near East and North
Africa and is also observed in Northern India. Even though haplogroup H is more common in
Europe than in the Near East, analysis of sequence divergence appears to indicate that
haplogroup H has a much higher diversity in the Near East than in Europe. These divergence
values suggest that haplogroup H originated in the Near East 25,000–30,000 years ago and
expanded into Europe before the Second Pleniglacial (Torroni et al., 1998).
Haplogroup U is the most ancient haplogroup in Europe, embracing phylogeographically
different subclades (Peričić et al., 2005). Ancient mtDNA sequences recovered from three
Upper Palaeolithic and 14 Mesolithic and Neolithic hunter-gatherers all belong to the
haplogroup U (Bramanti et al., 2009), but now currently found at frequencies 1-7% in most
modern European populations, but at up to 20% in Baltic populations and around 40% in
Saami (an indigenous minority in the Scandinavian countries) (Pinhasi et al., 2012).
Haplogroup U comprise subhaplogroups U1-U6, U8, and K (Peričić et al., 2005). The oldest
branch is U5, the oldest European haplogroup whose age was estimated at 53 000 to 40 000
years ago (Richards et al., 2000). Phylogenetically more refined studies of U5 suggest that it
underwent a postglacial expansion phase (Tambets et al., 2004).
Haplogroups J and T are sister clades presented by European population at similar
frequencies (Peričić et al., 2005). Haplogroup T comprises 8% of the maternal European gene
pool variation, with the highest frequency among populations of the middle Mediterranean
(12%) (Richards et al., 1998). In all other hunter-gatherer samples, the now common mtDNA
lineages as J and T are absent, suggesting that these mtDNA lineages were introduced during
the Neolithic period (Pinhasi et al., 2012). The small immigration in the Neolithic (and later)
seems to have brought some younger sub-haplogroups, such as J1b1, J2a and T1a (Torroni et
al., 2006). The origin of these Neolithic founder clusters was dated about 9000 years BP
(Malyarchuk et al., 2008).

Fig. 2 The branching of macro-haplogroups and their haplogroups (van Oven and Kayser, 2009)
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All non-Africans today are descended from an L3 type (Fig. 2), which gave rise to two
founder types outside Africa, macro-haplogroups M and N (Macaulay et al., 2005). Macrohaplogroup L3 is 84,000 years old, and haplogroups M and N themselves are almost identical
in age at 63,000 years old, with haplogroup R diverging rapidly within haplogroup N 60,000
years ago (Forster, 2004).
From our results we can concluded, that our samples belong to macro-haplogroup N. All
of determined haplogroups are typically European haplogroups, which suggest, that the
people intered in burial Nitra-Šindolka belong probably to characteristically European
population. We will continue with analyse of more samples of this burial and we are expected
to find more haplogroups and haplotypes which help us to understand the constitution of
population lived in this area in 10th-11th century.
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Abstract
The septins were first identified in the budding yeasts Saccharomyces cerevisiae and belong to a family of
conserved GTP-binding and filament-forming proteins. These proteins play an important role in cytokinesis and
in several different cellular processes. Septins are able to form hetero-oligomeric complexes and form a scaffold
for the binding of other proteins. On regulation of septin organization and function in yeasts participate many
proteins. BNI5 is proposed to be involved in septin organization and cytokinesis. The molecular mechanism,
through which protein Bni5 regulates the function of septins, is not yet understood. We have expressed and
purified Bni5 protein, which may be involved in the regulation of septins. In the presence of protein Bni5 we
have observed changes in the structure of septin filaments, in vitro. Networking of septin filaments in the
presence of protein Bni5 probably has a stabilizing role and can help create a highly organized structure of the
septins.
Keywords
Septin filaments. Cytokinesis. Bni5 protein. Septin filament assembly.

INTRODUCTION
Septins are a group of highly conserved GTP binding proteins found in eukaryotes. In
yeast cells, they build scaffolding to provide structural support during cell division and
compartmentalize parts of the cell. Mutations in the genes of these proteins inhibit the
cytokinesis, resulting in a phenotype of elongated, connected cells with multiple nuclei
(Hartwell, 1971). Products of these genes (cdc3, cdc10, cdc11, cdc12) have been isolated
from yeast as a 340 kDa complex of proteins that are able to polymerize into filaments in vitro
(Frazier et al., 1998). Septins form a filamentous ring around the site of the bud emergence.
During G1 phase of the cell cycle, a discrete ring of septins is formed at the bud site,
10 minutes before the appearance of the bud, where it remains throughout the cell cycle and
forms a stiff scaffold for the recruitment of additional factors (Gladfelter et al., 2002;
Dobbelaere et al., 2004). During cytokinesis the ring expands into an hourglass-shaped collar
between the mother cell and its daughter, and it is being divided into two further rings
(Lippincott et al., 2001; Longtine and Bi, 2003).
It is assumed that the direct interaction of proteins with septins plays a key role in the
regulation of septins. Bni5p protein was identified as a suppressor of temperature sensitive
mutation of the septin Cdc12p. It was found that increased expression Bni5p suppresses the
temperature sensitive growth defects of some mutants of septins. The loss of the Bni5p
protein results in errors in cytokinesis i.e. connected cells with shared cytoplasm. In addition,
deletion of the bni5 gene in septin mutants impairs growth defects and prolonged cellular
phenotype. These results indicate that Bni5p has a positive role in the regulation of septins
(Lee et al., 2002).
Bni5 is 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 Bni5
and determination of the impact of Bni5 on the formation of filaments and higher ordered
structures of septins.
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METHODS
Cloning of gene Bni5 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 primers
Primer
Sequence
Bni5_N
5´CCAAGAGCTCATGGGCTTGGACCAGGACAAG´3
Bni5_C
5´CCAACTCGAGTTTAGTTCCAATCCAAAATTGGC´3

Tab. 2 PCR cycle
Cycle
Initial denaturation
Denaturation
Anelation
Polymerization
Final polymerization
Final cooling

Temperature
95°C
95°C
48°C
72°C
72°C
4°C

Time
3 min.
30s
30s
2:30+10s in each cycle
7 min.
∞

Repetition
1x
30x
1x
1x

For preparing expression plasmids, we have used the expression vector pET21
(Novagen). Expression vector and the PCR product were digested with SacI and XhoI
enzymes (New England Biolabs).
DNA fragments were isolated from agarose gel using the QIAquick Gel Extraction Kit
(Qiagen).
For ligation of fragments enzyme T4 DNA ligase (New England Biolabs) was used.
Plasmid constructs were electroporated into bacterial strainE. coli DH5α (genotype:
F-endA1 glnV44 thi-1 recA1 relA1 gyrA96 deoR nupG Φ80dlacZΔM15 Δ (lacZYA-argF)
U169, hsdR17 (rK-mK +), λ-).
From transformants the plasmids were isolated via QIAprep ® Spin Miniprep Kit
(Qiagen).
Plasmids from positive clones were transformed into bacterial strain Escherichia coli
Rosetta (DE3), Genotyp: F- ompT hsdSB (rB- mB-) gal dcm (DE3) pRARE (CamR).
Expression and purification of protein kinases
Bacterial cells were cultivated in TB medium. Expression was induced by 0,4mM IPTG
(Sigma) at OD600 = 0.6. Proteins were purified by Ni-NTA affinity chromatography (50ml).
The basic buffer for isolation contained 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 (see text below).
Buffers used for purification of the Bni5 protein were of following composition:
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 elution of protein.
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Protein analysis
The purified proteins were analyzed on SDS polyacrylamide gel electrophoresis (9%) by
Laemmli, (1970).
Expression and purification of yeast septin complex
The septin complex and the GFP (green fluorescent protein) labeled yeast septin complex
was isolated according to a previously published protocol (Farkašovský et al., 2005).
Microscopy
Fluorescent protein-labeled filaments were observed in the fluorescent microscope Leica
DM2500 and in the electron microscope.
RESULTS AND DISCUSSION
The PCR amplified BNI5 gene was cloned into the bacterial expression vector pET21.
The vector comprises the T7 promoter, ensuring a high level of expression and a His-tag
coding sequence, creating histidine residues at the end of the cloned protein. The prepared
constructs were transformed into the strain Escherichia coli Rosetta (DE3), and then tested for
the expression of the proteins. After affinity chromatography on Ni-NTA agarose and ion
exchange chromatography we obtained the purified protein solution (Fig. 1).
1

2

3

4

5

6

7

97 kDa
66 kDa

45 kDa

Bni5
50 kDa

30kDa

Fig. 1 Gel separation of expressed Bni5 protein - Lane 1: Protein ladder (Mw) (GE
Healthcare), 2: Sample from bacterial homogenate, 3: Flow-through fraction of Ni-NTA resin, 4:
Sample washed with isolation buffer A, 5: washed with isolation buffer B, 6: washed with isolation
buffer C, 7: eluted protein from Ni-NTA resin of size 50kDa.

To study the effect of protein on septin filament formation, we added the purified protein
Bni5 to the purified septin complex, which was labeled with GFP. Fluorescing filaments were
observed in the fluorescent microscope and formation of septin filaments at low salt
concentration was demonstrated (Fig. 2A). After addition of purified protein Bni5 we
observed significant changes in the structure of the septin filaments (Fig. 2B).
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A.

B.
Fig.2 Imagesoffluorescentlylabeledfilaments–A, Septin complexbefore addition ofprotein Bni5;B,
Septin complex after addition ofBni5 protein.

Studying the sample by electron microscopy, we have found that Bni5 binds to the septin
filaments forming a regular railway-like structure (Fig. 3), similar to important regulatory
protein Gic1 (Sadian et al., 2013). According to recent results we assume, that Bni5 binds the
Cdc11 subunit, similarly like Gic1 binds to Cdc10 subunit.

A.
61

B.
Fig. 3 Imagesofseptinfilaments–A, Septin complexbefore addition ofprotein Bni5;B, Septin complex
after the addition ofBni5 protein.

CONCLUSION
Based on these results, we suggest that Bni5 is a positive regulator of septin filament
assembly and the networking of septin filaments in the presence of Bni5 might support the
formation of a highly organized and stable septin filament structure, which is required for
regular cell cycle and cytokinesis.
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Abstract
In natural environment people can be concurrently exposed to multiple pathogens. Interaction between several
agents in human body may lead to altered immune responses. In order to observe interactions between two
pathogens and immune system the persistently infected mice with murine gammaherpesvirus MHV-68 was coinfected with influenza virus H3N2. Gammaherpesviral latency and subsequent acute influenza infection serve as
a suitable model to reveal and understand analogous processes that occurs in humans during simultaneous
infection with two different viruses. By comparative analysis of individual parameters of infection we intented to
determine the effect of co-infection on MHV-68 reactivation from latency, subsequent lymphoproliferative
process and eventual influence on acute H3N2 infection. We detected viral DNA (gene M7 which encodes
glycoprotein 150) by nested PCR in all tested organs of BALB/c mice throughout duration of co-infection. The
most notable differences was found in lungs. In regard to assumed reactivation of MHV-68 we focused on
expression of ORF50 and ORF73, which served as markers of lytic infection and latency respectively, mainly in
lungs, spleen, thymus and peritoneal macrophages. In several intervals during co-infection we detected in these
organs the presence of herpesviral DNA but no expresion of ORF50 or ORF73. What is responsible for
attenuated expression remains hypothetical but it is unambiguous that supressed MHV-68 reactivation was
detected in every investigated organ of co-infected mice from 3rd to 135th day after infection with H3N2.
Key words
Murine gammaherpesvirus. Influenza. H3N2. Co-infection.

INTRODUCTION
Epstein-Barr virus (EBV) is a human gammaherpesvirus which is able to establish
lifelong persistent infection in its host, leading to high worldwide adult prevalence (more than
90%). EBV has two phases of infection cycle - lytic (productive) replication and latent
infection. After primary infection, which is usually inaparent, EBV establishes latent infection
in B lymphocytes. Low level of viral reactivation enables production and secretion of
infectious virus in saliva and in vivo transmission. Lifelong persistent EBV infection is
harmless but when the balance between virus and host is disturbed it leads to disease. Viral
persistence therefore represents an equilibrium between viral latency, viral replication and
host immune response (Rickinson and Kieff, 2007).EBV plays an important role in
development of lymphoproliferations in immunocompromised pacients, e.g. in
immunosuppressed patients after transplantation iatrogenic infection can lead to posttransplant lymphoproliferative disorder, but also in HIV patients or people with autoimmune
diseases (Hopwood and Crawford, 2000; Rickinson and Kieff, 2007). Murine herpesvirus
MHV-68 represents a model for study of human oncogenic gammaherpesviruses and its acute
and persistent infection of mice is particularly elaborated. As well as other
gammaherpesviruses, MHV-68 establishes lifelong latency in B lymphocytes, macrophages
and dendritic cells of BALB/c mice (de Lima et al., 2005).
Within the context of herpesviral infections, several research teams in the last few years
were investigating double infection, its impact to host immunity and overall course of coinfection. During immunosuppression, for example after transplantations, patients can be
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infected with multiple agents which can be life threatening (Florescu et al., 2011; Mutalima
et al., 2008). Interactions between several pathogens in human body may iniciate unexpected
immune responses. It can result in induction of cross-protective immunity or modulation of
immune response with pathological inflammatory changes (Selin et al., 1998; Walzl et al.,
2000).
Our goal was to determine if persistent herpesviral infection can positively influence
survival rate of mice co-infected with influenza virus and if acute influenza infection is able to
induce herpesviral reactivation from latency. Findings from this experiment can broaden our
knowledge about gammaherpesviral pathogenesis and enlighten possible risks of double
infection that can occur often in reality, in human population persistently infected with EBV
where some individuals subsequently acquire influenza infection.
MATERIAL AND METHODS
Laboratory animals – inbred line of 6-8 weeks old female BALB/c mice (Brno).
Virus - MHV-68 – prototype strain of murine herpesvirus isolated from rodent species
Myodes glareolus (Blaškovičet al., 1980).
A/Miss/1/85/M9/E2 (H3N2) – influenza virus adapted on mice.
Experimental infection
To establish persistent herpesviral infection, narcotized mice were intranasally infected with
0,02 ml MHV-68 (2x104PFU/mice). Forty-five days after herpesviral infection mice were
given intranasally 0,04 ml influenza virus (0,4 LD50). Control group of mice received
intranasally 0,02 ml of phosphate buffered saline (PBS).
Three experimental groups of animal and one control group were set up (Tab. 1):
– a) Mice infected only with MHV-68 (H)
– b) Mice infected only with influenza H3N2 (I)
– c) Mice co-infected with MHV-68/H3N2 (HI)
– d) Control group of mice (K)
Tab.1 Time schedule of experiments
Number of
individual
experiment
1.
2.
3.
4.
5.
6.

H

I

HI

K

48 dpi
51 dpi
55 dpi
105 dpi
180 dpi
270 dpi

3dpi
6 dpi
10 dpi
60 dpi
135 dpi
225 dpi

48 + 3 dpi
51+ 6 dpi
55 + 10 dpi
105 + 60 dpi
180 + 135 dpi
270 + 225 dpi

48 dpi
55 dpi
180 dpi
-

In nine different time points (Tab. 1), blood was taken from sinus orbitalis of narcotized
mice which were subsequently euthanized by cervical dislocation. Blood samples were used
to determine differential blood count and titers of virus-neutralization antibodies was
identified in inactivated serum. For further investigation, peritoneal macrophages from mice
peritoneum were taken as well as several organs – lungs, thymus, heart, liver, kidney, small
intestine, bone marow and brain. Except of blood, lungs and spleen, organs from mice in
a group at one time point were pooled and homogenized. Total DNA was extracted from
homogenates and used for M7 gene detection by nested PCR (nPCR). Extracted RNA from
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lungs, spleen and peritoneal macrophages underwent reverse transcription and generated
complementary DNA served as template in nPCR to detect expression of ORF50 and ORF73.
Differential blood count
Heparinized blood was used to make blood smears. They were air-dried and dipped in
May-Grünwald solution for 10 minutes, washed and dipped in Giemsa-Romanowski solution
for 15 minutes. Washed and air-dried slides were evaluated by microscopy using oilimmersed objective at 100x magnification.
Virus neutralization test
A series of two-fold dilution of inactivated serum (1:2 – 1:1024) was mixed with 1000
PFU of MHV-68 and used to infect VERO cells. The last dilution of serum that was able to
prevent virus infection in cell culture was considered the virus-neutralization titer.
Total DNA extraction from blood and organs
Total DNA was extracted from 300 µl of heparinized blood and all organ homogenates.
Samples were rinsed with PBS and the procedure was performed in accordance with
manufacturer´s instructions (Wizard® Genomic DNA PurificationKit, Promega, USA).
Total RNA extraction
Total RNA was extracted from peritoneal macrophages, lungs and spleen of MHV-68
infected and herpes and influenza co-infected mice. Lungs and spleen were homogenized
using 70 µm nylon cell strainers (BD Falcon), one 1 ml TRI Reagent® (Sigma-Aldrich) was
added and extraction was carried out according to manufacturer´s instructions.
cDNA synthesis
Complementary DNA was synthetized by RevertAid First Strand cDNA Synthesis Kit
(Fermentas). Reaction was set up according to manufacturer´s instruction, for reverse
transcription 2 µg of template RNA and random primers were used.
Nested polymerase chain reaction (nPCR)
nPCR was used due to its high sensitivity and specificity in order to detect small amounts
of viral DNA from total DNA. GoTaq® GreenMaster Mix (Promega, USA) was used for
nPCR reactions, procedure was performed in accordance to manufacturer´s protocol.
Following primers (Sigma, Slovakia) were used for nPCR (Tab. 2):

Primer name
M7-F1
M7-R1
M7-F2
M7-R2
ORF50-F1
ORF50-R1
ORF50-F2
ORF50-R2
ORF73-F1
ORF73-R1
ORF73-F2
ORF73-R2

Tab.2 Primers
Primer sequence
5´-CTCGAACAACAATCCCACTACA-3´
5´-CGTATCCAAAGCAGGGTAGAAA-3´
5´-GCCCAAAATGGTGAGAGTGTA-3´
5´-GGTGGGTTCATCTTCCTGATT-3´
5´-CCACCTGATCAAATATGCCA-3´
5´-TGTGGGTTTCTTGTTTGGAC-3´
5´-TGGCATATCCAGAGAAGTTGAG-3´
5´-TGGGAGTAGGTATGTAGCTCTG-3´
5´-TAGTACCTTCTACGCTGCTG-3´
5´-GTAGGTGCTTCAACAAACCA-3´
5´-CCAAGGGTAAACAGCTAACTG-3´
5´-CCTTCATCACCAGTACATGAG-3´
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RESULTS
Pathogenesis
Co-infected mice in experiment no.3 - 55 days post infection with MHV-68 and 10 dpi
with influenza – were very slim, had hyperaemic lungs, their intestine was empty and they
had bristly fur. One day later, 3 co-infected mice died while the next day 2 mice infected only
with H3N2 died.
During time point of 4th experiment, all mice had standard weight without any visible
abnormalities and lungs were not atrophic. At 5th time point, co-infected mice had bigger
thymuses than mice infected with only MHV-68. Mice 270 days post-infection with MHV-68
had hepatosplenomegaly and they were fatter than herpes and influenza co-infected mice.
During dissection it was evident that co-infected mice had less fat, there was no food in their
stomach and intestine, and all of double infected mice had postinflammatory necrotic lesion in
lungs.
Differential blood count (DBC)
Based on comparison of DBCs of only MHV-68 and co-infected mice we can ascertain
that the most difference was observed in lymphocyte and neutrophil values. Percentage of
lymphocytes was after infection with only MHV-68 increased in some time points by 20%,
compared to only influenza infected and co-infected mice. Later after infection, during 4th-6th
experiments, the number of lymphocytes in blood from co-infected mice was increased in
contrast to MHV-68 infected mice.
On the ground of DBSs, our experiments confirmed the importance of neutrophils
function during influenza virus control in host. While throughout acute H3N2 infection the
amount of neutrophils in peripheral blood of co-infected mice increased 5-fold, when mice
cleared influenza infection, the percentage of neutrophils decreased dramatically (Fig. 1).

Fig. 1 Percentage of neutrophils in peripheral blood

Detection of MHV-68 virus-neutralizing antibodies
Increase in titers of virus-neutralizing antibodies against MHV-68 during persistent
herpesviral infection was directly proportional to length of infection. The maximum value
(256) was reached at 180 dpi. But during co-infection, virus-neutralizing antibody titers
against MHV-68 were decreasing proportionally to the length of secondary influenza
infection. Their values were clearly reduced and maintained in range 4-32.
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Detection of herpesviral DNA in organs and blood
We demonstrated the presence of herpesviral DNA by nPCR in all organs almost
throughout the whole duration of the experimental infection with both viruses. More
significant differences were observed only in the lungs. While in some intervals viral DNA
was detected only in 25% of herpesvirus-infected mice, in the case of co-infected mice
herpesviral DNA was detected in the lungsin 100%. We initially attributed 75% difference to
enhanced reactivation from latency due to the double viral load (Tab. 3).
Tab. 3 Detection of herpesviral DNA in the individual organs and in the blood

Organ/
blood

48 dpi MHV- 51 dpi MHV- 55 dpi MHV68
68
68
3 dpi H3N2
6 dpi H3N2 10 dpi H3N2

105 dpi
MHV-68
60 dpi H3N2

180 dpi
MHV-68
135 dpi
H3N2
H
HI

270 dpi
MHV-68
225 dpi
H3N2
H
HI

H
HI
H
HI
H
HI
H
HI
Lungs
+
+
+
+
+
+
+
+
+
A
Lungs
+
+
+
+
+
+
+
+
+
+
B
Lungs
+
+
+
+
+
ND
ND
C
Lungs
+
+
ND
+
ND
D
Thymus
+
+
+
+
+
+
+
+
PM
+
+
+
+
+
Spleen
+
+
+
+
+
+
+
+
+
Heart
+
+
+
+
+
Liver
+
+
+
+
+
+
+
+
Kidneys
+
+
+
+
+
+
SI
+
+
+
+
+
+
+
Bone
+
+
+
+
+
Marrow
Brain
+
+
+
+
+
+
+
+
Blood
ND
ND
ND
ND
ND
ND
A
Blood
ND
ND
ND
ND
ND
ND
+
B
Blood
ND
ND
ND
ND
ND
ND
+
ND
ND
C
Blood
ND
ND
ND
ND
ND
ND
+
ND
ND
D
PM – peritoneal macrophages; SI – small intestine; (+) - present; (-) – absent; ND – not done

-

Expression of ORF50 and ORF73
Regarding to the presumption of the enhanced virus reactivation from the latency, we
focused mainly on the expression of ORF50 and ORF73 serving as markers of lytic phase vs.
latency. Samples were obtained from lungs, spleens, thymuses and peritoneal macrophages.
Despite the detection of herpesviral DNA almost in every sample throughout the duration of
experimental infection, expression of ORF50 and ORF70 varied between individual samples
and time points (Tab. 4, 5).
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Tab. 4 Expression of ORF50 and ORF73
48 dpi MHV-68
51 dpi MHV-68
55 dpi MHV-68
3 dpi H3N2
6 dpi H3N2
10 dpi H3N2
Organ/
H
HI
H
HI
H
HI
blood
ORF ORF ORF ORF ORF ORF ORF ORF ORF ORF ORF OR
50
73
50
73
50
73
50
73
50
73
50
F73
+
+
Lungs A
+
+
+
Lungs B
+
+
+
Lungs C
+
+
+
+
Lungs D
+
Thymus
+
+
+
+
PM
+
+
+
+
+
Spleen
+
+
PM – peritoneal macrophages; (+) - present; (-) – absent
Tab. 5 Expression of ORF50 and ORF73
105 dpi MHV-68
180 dpi MHV-68
270 dpi MHV-68
60 dpi H3N2
135 dpi H3N2
225 dpi H3N2
Organ/
H
HI
H
HI
H
HI
blood
ORF ORF ORF ORF ORF ORF ORF ORF ORF ORF ORF OR
50
73
50
73
50
73
50
73
50
73
50
F73
Lungs A
+
+
Lungs B
+
Lungs C
ND ND
ND ND
Lungs D
+
ND ND
ND ND
Thymus
PM
Spleen
+
+
+
PM – peritoneal macrophages; (+) - present; (-) – absent; ND – not done

DISCUSSION
Focus of our work was on the interaction between gammaherpesvirus and influenza virus
on mouse model. For the purpose of the study of this interaction we maintained the persistent
infection of murine herpesvirus followed by acute infection of influenza virus H3N2. Several
clinical symptoms were observed in co-infected mice during the chronic infection with MHV68. In another study dealing with co-infection of MHV-68 and other pathogen, different
course of disease was detected. Mice latently infected with MHV-68 followed by acute
malaria did not develop any signs of infection during the experiment (Haque et al., 2004).
Based on our experiments we understood that the number of lymphocytes increased in
peripheral blood of co-infected individuals in comparison with mono-infection. It most likely
led to increased production of IFN-γ and antibodies and ultimately to hyperstimulation of
immune system, more effective suppression of influenza virus replication and suppression of
herpesvirus reactivation from latency. Significant decreasing of the amount of neutrophils in
peripheral blood of co-infected mice in comparison with the single influenza infection was
also observed after clearance of acute influenza infection. Neutrophils are responsible for
pathological inflammatory infiltration event the necrosis. Many studies with the goal to
identify the roles of different white blood cells during the influenza infection were performed.
In addition to macrophages and NK cells, neutrophils are also recruited to into the lungs
during influenza virus infection and play an important role in the immunopathology (Xu et
al., 2006; Deng et al., 2010). However, the exact role of neutrophils in influenza virus
infection is controversial. Two reports show that depletion of neutrophils before influenza
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virus infection resulted in higher mortality rates in mice (Ito et al., 2011; Fujisawa, 2008),
while other reports showed that increased numbers of neutrophils in the lungs during
influenza infection were associated with severe pneumonia and high mortality (Perrone et al.,
2008; Saito et al., 2013).
Titer of virus-neutralization antibodies against MHV-68 did not increase direct
proportionally to the length of MHV-68 infection but their level decreased direct
proportionally to the length of the secondary influenza infection. Significantly decreased titer
of the antibodies against MHV-68 was from 4 to 32. The maximum production of antibodies
against MHV-68 was detected during time point of 1stexperiment which could be explained
by the acute secondary influenza infection ongoing at that time and by influenza virusstimulated antibody immune response in order to clear viral load faster. Co-infection could
affect the decreased production of antibodies against MHV-68 during experiments2nd6thwhich had been confirmed by the comparison of the MHV-68 antibodies levels in the
MHV-68 single-infected mice and in the mice co-infected with influenza virus.
We also focused on the expression of ORF50 and ORF73 which serve as the markers of
lytic phase vs. latency. We were interested in their expression in lungs, spleens, thymuses and
peritoneal macrophages. Despite the detection of herpesviral DNA almost in every sample
throughout the duration of experimental infection, expression of ORF50 and ORF70 varied
between individual samples and time points. What is responsible for the regulation of their
expression remains in the hypothetical level, but the suppression of the MHV-68 reactivation
from the latency was detected in all examined organs at the time points from 3 to 135 dpi of
H3N2.
CONCLUSION
In this case it is obvious that latent herpes infection positively affects the survival rate of
mice co-infected by influenza virus and modulates the host immune response. On the other
hand, we proved that acute influenza infection leads to the suppression of herpesvirus
reactivation from latency in lungs, spleen and peritoneal macrophages.
Therefore, herpesvirus and influenza virus co-infection is mutually beneficial for the
modulation of the host immune system. Effect of such co-infection on the autoimmune
processes is questionable.
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Abstract
Glycerol is widely used as permeating cryoprotectant, sugar substitute and animal dietary enhancer. There are
several types of glycerol differing in relation to industrial processing and thus its further application. Due to
high energy level, crude glycerol presents a promising alternative to energy-rich feed ingredients traditionally
used in rabbit diets. Depending on the concentration, glycerol can exert toxic effects on spermatozoa plasma
membranes. This study was designed to assess the effect of different crude glycerol concentrations (5%, 10%,
15%, and 20%) on New Zealand white rabbit spermatozoa in vitro. In total 5 motility parameters - total motility
(MOT), progressive motility (PRO), curvilinear velocity (VCL), amplitude of lateral head displacement (ALH)
and beat cross frequency (BCF) - proven to be associated with fertilisation rate were evaluatedin defined time
intervals (0.5h, 1h, 2h, 3h, 24h) after the application of glycerol. The addition of 5% glycerol to the semen
slightly decreased the MO parameter. However, 10%, 15% and 20% glycerol caused noticeable drop of MOT in
all time intervals. Similar effect was observed in PRO, where 5% glycerol did not markedly attenuate VCL. On
the contrary, 10%, 15% and 20% glycerol radically reduced VCL values. BCF values at 5% glycerol were
slightly lower compared to control. The other glycerol concentrations exerted a toxic effect by considerable
decrease of BCF. The most toxic effect of glycerol on spermatozoa were recorded just at 10%, 15% and 20%
glycerol in all time intervals. Measurement of ALH returned results analogous to the previous motility
parameters.
Keywords
Spermatozoa. Motility. Glycerol. Rabbit. Toxicity.

INTRODUCTION
Glycerol is a chemical compound widely used due to its cryoprotective properties in deep
freezing of male gametes (Mazur et al., 2008, Samper and Morris, 1998, Woods et al., 2004)
and in food industry as a sugar substitute. Moreover, crude glycerol frequently utilized as a
supplement in diets for farmed animals (Hansen et al., 2009, Harzia et al., 2013). Many
studies have found glycerol to be a suitable feed ingredient for cattle, pigs, poultry and
rabbits. While rabbit digestive organs allow for inclusion of several agro-industrial byproducts in feed (Mateos and Vidal, 1996), a number of studies have focused on finding
alternative nutrition sources such as glycerol. There are a few types of glycerol differing in
their relation to the degree of industrial processing. Crude glycerol compared to semi-purified
glycerol, features by high content of fatty acids accompanied by sodium and potassium
residues. Due to its high energy level crude glycerol presents a promising alternative to
energy-rich dietary items traditionally used in rabbit diets (Retore et al., 2012).
However, depending on the concentration, glycerol can exert chemical and osmotic toxicities
on cell plasma membranes (Hammerstedt al., 1990, Garcia et al., 2012) including
spermatozoa. Thereby it comes to considerable reduction of the total quality of semen, which
is frequently used in artificial insemination (AI). AI is thought to be one of the most advanced
approaches in animal breeding. It requires semen of acceptable characteristics and sufficient
motility (Brun et al., 2002; Ducci et al., 2002). Methods such as computer-assisted semen
analysis (CASA) have been, and are still, widely used for determining a broad range of
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motility parameters (Mortimer, 2000), some of which were proven to be directly implicated in
fertilization rate (Fréour et al., 2010). This study was conducted to investigate the effect of
crude glycerol on New Zealand White rabbit spermatozoa motility in vitro.
METHODS
Semen of sexually mature and healthy New Zealand white rabbits (n=5) was collected by
the means of artificial vagina. After each collection ejaculates were pooled and subsequently
diluted with TRIS/NaCl solution of crude glycerol (80% glycerol, 7.15% NaCl, 8% water,
0.001% methanol) at concentrations of 0 (control), 5%, 10%, 15%, and 20%. Then, samples
were incubated at 37°C and subsequently used for further assessment. Sample analysis was
performed by the CASA technology equipped with the SpermVision v. 3.5 and the Makler
Counting Chamber (Sefi-Medical Instruments, Germany). Motility monitoring was carried
out at the incubation times of 0.5, 1, 2, 3 and 24 hours after semen dilution. Total motility
(MOT), progressive motility (PRO), beat cross frequency (BCF), curvilinear velocity (VCL)
and amplitude of lateral head displacement (ALH) were evaluated. All experiments were
repeated three times. ANOVA was used for statistical comparisons to identify the overall
glycerol effects. Significant changes were determined by post-hoc comparisons of means
using Scheffe's test at the confidence level of 95%, 99% and 99.9%. Obtained data are
presented as mean ± standard error.
RESULTS
Immediate glycerol addition to the rabbit semen caused a rapid decline of total
spermatozoa motility. This process further continued over the next 3 hours of the experiment.
However, sample analysis carried out 24 hours after glycerol revealed no significant motility
differences compared to control. The most of spermatozoa were unable to move progressively
at 10, 15 and 20 % glycerol, suggesting its toxicity to analysed cells (Figure 1).
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Fig. 1 Total spermatozoa motility (MOT) at times 0, 0.5, 1, 2, 3 and 24 hours after their exposure to
glycerol concentration of 0, 5, 10, 15 and 20 %. * (P<0.05); N (non-significant). The significance
relates to control.

Similar to MOT a massive decrease of spermatozoa movement was observed also in their
progressive movement. Here, no differences with regard to control were recorded only at 5%
glycerol in the point in time 3 and 24 hours after semen dilution. However, at 10%, 15% and
20% glycerol only poor progressive motility was recorded reaching the maximum value equal
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to 3%. Interestingly, immediate semen exposure to 5% glycerol markedly declined
progressive motility values to 17.91%, which was in contrast with further motility assessment
at defined time points (Figure 2).
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Fig. 2 Progressive spermatozoa motility (PRO) at times 0, 0.5, 1, 2, 3 and 24 hours after their exposure
to glycerol concentration of 0, 5, 10, 15 and 20%. * (P<0.05); B (P<0.01); N (non-significant). The
significance relates to control.

BCF of spermatozoa at 5% glycerol remained without any changes in all times. Half hour
after inclusion of 10% and glycerol to the sample BCF reached values somewhat lower than
control as well as the 5% glycerol group, but this drop was not statistically significant.
Glycerol exerted the most detrimental effect on motility at 20% in all analysed samples, while
the BCF together with the other assessed motility parameters reached here the lowest values
among all experimental samples (Figure 3).
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Fig. 3 Beat cross frequency (BCF) of sperm cells at times 0, 0.5, 1, 2, 3, and 24 hours after their
exposure to glycerol concentration of 0, 5, 10, 15 and 20 %. * (P<0.05); B (P<0.01); C (P<0.001); N
(non-significant). The significance relates to control.

VCL assessment returned data pointing out accentuated toxicity of 10, 15 and 20 %
glycerol. Nevertheless, data show no changes in VCL at 5% glycerol after 0.5, 1, 3 and 24
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hours after semen dilution. Moreover, further non-significant difference between control and
the sample containing 15% glycerol was observed up to 24 hours upon the addition of crude
glycerol (Figure 4).
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Fig. 4 Curvilinear velocity (VCL) of sperm cells at times 0, 0.5, 1, 2, 3 and 24 hours after their
exposure to glycerol concentration of 0, 5, 10, 15 and 20 %. * (P<0.05); B (P<0.01); C (P<0.001);
N (non-significant). The significance relates to control.

In the case of ALH, glycerol at 5% caused decrease of spermatozoa motility almost at all
times, although there were no significant differences compared to control. Similarly, 3 and 24
hours after semen dilution no significant changes were present at 15% glycerol compared to
control. In general, glycerol at 20% at all time points caused lower mean values of ALH
compared to control (Figure 5).
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Fig. 5 Amplitude lateral head displacement (ALH) of sperm cells at times 0, 0.5, 1, 2, 3, and 24 hours
after their exposure to glycerol concentration of 0, 5 10, 15 and 20 %. * (P<0.05); B (P<0.01); C
(P<0.001); N (non-significant). The significance relates to control.
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DISCUSSION
Rosato and Iaffaldano (2013) evaluated the effects of glycerol (5% to 20%) on
spermatozoa motility at the incubation time 5 to 60 minutes. Glycerol, when used at low
concentrations (5% and 10%), was able to preserve from 60% to 65% of sperm motility after
45 minutes, but the motility fell rapidly to 40% after 60 minutes. In our study, similar results
were reached at 5% glycerol in the time 0.5 h in MOT (78.68%). However, at 10% glycerol,
total spermatozoa motility in the same time dropped to 10.17%. In the similar way, glycerol
exerted a toxic effect on rabbit spermatozoa also in the work of Kashizawaki et al. (2006).
Here, semen frozen with 1.0 M glycerol disposed of decreased sperm motility as well as
plasma membrane integrity. In our study the maximum toxic effects were observed at 10%,
15% and 20% glycerol almost in all the defined times, in all the assessed motility parameters.
It is noteworthy that crude glycerol used in our study exerted immediate toxic effects on
rabbit spermatozoa, which further continued over time of glycerol exposition at higher
concentrations than 5%. This could be the result of glycerol concentration itself that stands
behind the intensity of its toxic activities. This assumption corroborates with observations on
the impact of glycerol on stallion spermatozoa in vitro by García et al. (2011). Glycerol
exerted toxicity yet at concentrations ≥ 3.5% and the maximal toxicity was observed at 5%.
Compared to our results it can be suggested that the toxicity of glycerol is species-dependent,
supported by findings of Silva et al. (2012), where 5% glycerol still protected ram
spermatozoa against loss of progressive motility, though after semen thawing. It is generally
accepted that the toxicity of cryopermeating agents such as glycerol increases with its
concentration and exposure time. Furthermore, some length of time is required for glycerol to
permeate sperm cells and to reached equilibrium between extracellular and intracellular
environments. Generally, this balance is influenced by chemical composition of permeating
substance and sperm plasma membrane, and is highly dependent on animal species. Glycerol
may induce cellular damage through two distinct mechanisms, either the physical-osmotic
effect or the biochemical one (Fahy et al.1987, Fahy 1986). The permeability of the sperm
plasma membrane to glycerol influences subsequent osmotic damage (Glazar et al., 2009).
Last but not least, accompanying trace chemical compounds, such as methanol, could also
contribute to crude glycerol toxicity to spermatozoa.
CONCLUSION
In our work, crude glycerol at 5% exerted a slight, although non-significant toxic effects
on rabbit spermatozoa. However, 10%, 15% and 20% glycerol showed to be the most
detrimental on all analysed spermatozoa motility parameters over defined times. 24 hours
after semen exposition to glycerol, MOT and ALH were not significantly different compared
to the control sample. This indicates on the effect of not only glycerol concentration itself, but
also on duration of the exposure at given glycerol toxicity. Consequently, motility decline can
occur due to damage of cell membranes and metabolism. Further investigation is needed to
reveal exact mechanism of crude glycerol toxicity especially on spermatozoa cell membranes.
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Abstract
Microsatellite markers could be used for determining the origin of breeds, genetic characterization of the
population structure and monitoring of genetic diversity. Carniolan honeybee (A. mellifera carnica) is
endangered breed in Slovakia due to its illegal crossbreeding with allochtonous breeds. A detailed genetic
characterization of Slovak honeybee population has not yet been done. The aim of our study was the selection
and testing of suitable microsatellite markers for genetic analysis of carniolan honeybee. Eleven microsatellite
markers running in two multiplex PCR reactions were tested in 118 randomly selected honeybee workers
consisting: 75 samples of A.mellifera carnica (from Slovakia), 24 samples of A.mellifera ligustica (from Italy)
and 19 samples phenotypically resembling A.mellifera ligustica (from Slovakia). Markers were evaluated by PIC
index, allelic frequency, expected heterozygosity (HE), observed heterozygosity (HO), using Cervus 3.0.3. Genetic
distances among samples were calculated by software PowerMarker 3.25 and dendrogram was created by
Dendroscope 3.2.10. The Hardy-Weinberg genotype equilibrium (HWE) was checked for each marker. We
identified a total of 130 alleles in the honeybee samples, with the mean value of 11,81 allele per locus. Ten loci
(A007, A024, C1602, THE01, THE03, A079, A113, A107, THE02, UN351) were highly informative (PIC > 0,5),
the locus THE04 was reasonably informative (0,5 > PIC > 0,25) over all samples. Locus A113 was only slightly
informative (PIC < 0,25) in the set A.m. ligusica. The mean value of HE was 0,732, the mean value HO was
0.6664 in the set A.m. carnica. The genotype frequencies were not in HWE in the case of only three loci. The
differences between Slovak and Italian population of honeybee were shown by genetic distance analysis.
Keywords
carniolan honeybee, microsatellite markers, multiplex PCR.

INTRODUCTION
Honeybees have long provided humans with honey and beeswax. Such commercial uses
have spawned a large beekeeping industry, though many species still occur in the wild. In
Slovakia only legal honeybee breed is carniolan honeybee (Apis mellifera carnica). Carniolan
honeybee is the autochthonous breed origination from mountainous northwestern region of
Slovenia (Kransko). Carniolan honeybee is peaceful, highly adaptable and considerably
resistant to bacterial infections of the fetus. It has a great ability of production honey and wax,
it is not stinging and easy to operate with. There are many traditional Slovak lines of carniolan
honeybee, the most popular are: Tatranka, Devínčanka, Šarišanka, Vigor, Košičanka and
Vojničanka (Chlebo, 2003).
Population of carniolan honeybee is endangered by smuggling of honeybee queens from
region with different genotype of bees and crossbreeding with native bee population.
Carniolan honeybee is highly adapted for climate conditions. Other breeds and hybrids are not
suitable as pollinators, or in terms of production in our conditions. In case of bastardization of
carniolan honeybee population, level of honeybee efficiency will decrease and prevalence of
aggressive colonies will increase. In order to preserve Slovak population of carniolan
honeybees, it is necessary to collect information on biological diversity. Morphometric
studies have provided a large amount of information on the structure of Apis mellifera species.
During the last 15 years molecular markers such as mitochondrial and microsatellites have
been used to analyse genetic diversity of European honeybee (Chlebo and Kopernicky, 2004).
Microsatellites are short tandem repeats (STR) of 1 – 6 base pairs distributed randomly
through the whole genome of Eucaryota. The number of repeats is individualspecific and the
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whole microsatellite locus consists of several hundred base pairs (Brooker, 2012). 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).
MATERIALS AND METHODS
Sampling
We collected and analyzed a total of 118 honeybees of 2 breeds: A.mellifera carnica and
A. mellifera ligustica. Seventy-five samples represent a set “A.m carnica”, collected in
Slovakia from beekeepers (collection SK). The second set “A.m.ligustica” consists of twenty
four honeybees Apis mellifera ligustica from three Italian beekeepers Asioli (IT-A), Facciani
(IT-F) and Piana (IT-P) (collection IT). The third set “phenotype A.m.ligustica” consists of
nineteen samples from one beekeeper in Slovakia, which phenotypically resembled Apis
mellifera ligustica (collection SK-L).
Microsatellite Markers
We tested 11 microsatellite markers, 4 of which are linked together on chromosome 13
(THE01, THE02, THE03, THE04). The remaining seven markers (C1602, UN351, A113,
A024, A107, A007, A079) are unlinked (Shaibi et al., 2008; Solignac et al., 2007).
DNA Isolation
DNA was isolated from anterior leg after rinsing in 96% ethanol and sterile MilliQ water
using NUCLEOSPIN® TISSUE isolation kit (Macherey-Nagel, Düren, Germany) according
to the manufacturer´s procedure. 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 13 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). Selected
microsatellite markers were running in two multiplex PCR reactions. Multiplex I PCR
program: 95 °C for 15 min; 26 cycles (94 °C for 30 s; 59,5 °C for 90 s; 72 °C for 60 s); final
incubation step at 60 °C for 30 min. Multiplex II PCR program: 95 °C for 15 min; 28 cycles
(94 °C for 30 s; 59,5 °C for 90 s; 72 °C for 60 s); final incubation step at 60 °C for 30 min.
Fragment analysis
The PCR products were diluted 9 – 12 times with sterile MILLIQ (Merck Millipore,
Billerica, USA) water. 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 minutes at
95°C. After 10 minutes 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 using the GeneMapper software, version 4.0.

79

Statistics
Obtained data were statistically analyzed with the PowerMarker 3.25 (Liu and Muse,
2005) and Cervus 3.0.3 (Kalinowski et al. 2007). We used Dendroscope 3.2.10 (Huson and
Scornavacca, 2012) for visualization of genetic distances. Hardy - Weinberg equilibrium,
expected heterozygosity and observed heterozygosity were tested by Chi-square test
(α = 0,05).
RESULTS
We have chosen suitable markers from several hundreds of microsatellite loci published
by Solignac et al. (2007) and optimized appropriate multiplex PCR reactions. Eleven selected
markers were running in two PCR reactions, containing primers for A007, C1602,
THE01,A024, THE03 (Multiplex I) and UN351, A113, THE02, A107, THE04, A079
(Multiplex II). Obtained data were used for calculation of PIC index (Polymorphism
Information Content), allele frequency, expected heterozygosity (H E), observed
heterozygosity (HO), estimation of null-alleles and HWE.
In 118 samples we observed the total number of 130 alleles. The number of alleles per
locus was variable from 24 alleles for C1602 to only 2 alleles in the case of markers THE04
and A113. The mean number of detected alleles was 11,81 allele per locus over all samples.
In the set A.m. carnica average number of detected alleles was 10,63 allele per locus. In the
set A.m. ligustica mean number of detected alleles was 6,09 allele per locus. In the set
phenotype A.m. ligustica average number of detected alleles was 5,72 allele per locus. The
summarized results of detected number of alleles are shown in Fig. 1.
We indentified 22 unique alleles in total. The highest number of 14 unique alleles was
recorded in the set A.m. carnica. In case of the set A.m. ligustica number of detected unique
alleles was 5. The lowest number of 3 unique alleles was detected in the set phenotype A.m.
ligustica. In case of the set A. m. carnica the highest unique allele frequency recorded was
0,1756 (locus C1602). In the set A.m. ligustica the highest unique allele frequency obtained
was 0,2708, (locus UN351). In the set phenotype A.m. ligustica the highest unique allele
frequency recorded was 0,1315 (locus THE01).
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Fig. 1 Number of identified alleles for each microsatellite marker in three sets of samples.
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Nine markers (A007, A024, A107, C1602, THE01, THE02, THE03, A079, UN351) were
highly informative (PIC > 0.5) in the set A.mellifera carnica, eight marker (A107, A113,
C1602, THE01, THE02, THE03, A079, UN351) in the set phenotype A.m ligustica and eight
markers (A007, A107, C1602, THE01, THE02, THE03, A079, UN351) in the set A. mellifera
ligustica.Two markers (A113 and THE04) were only reasonably informative (0.5 > PIC >
0.25) in the set A.mellifera carnica, two markers (A024, THE04) in the set A. mellifera
ligustica and three markers (A007, A024, THE04) in the set phenotype A.m ligustica. Marker
A113 was only slightly informative (PIC < 0.25) in the set A.m. ligustica. The summarized
results are shown in Fig. 2.
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Fig. 2 PIC index value for each microsatellite marker in three sets of samples

In the set A.m. carnica the mean value of expected heterozygosity (HE) over all loci was
0,732, the mean value of observed heterozygosity (HO) was 0,664. The average value of HE in
tested set A.m. ligustica for all loci was 0,65 and the average value of HO was 0,566. In the set
phenotype A.m. ligustica the mean value of (HE) over all loci was 0,715 and the average value
of observed heterozygosity (HO) was 0,724. The detailed values of HE, HO and their statistical
evaluation for each marker of analyzed sets are shown in Tab. 1.On the basis of obtained data,
we calculated the state of Hardy-Weinberg equilibrium (HWE) for each of tested markers.
Seven of markers were in HWE (A007, C1602, A024, THE03, A079, A113, THE04) in all
three sets. Three markers (A107, THE02, UN351) in the set A.m. carnica were not in HWE.
In the case of the Italian honeybee, only marker THE01 didn’t achieve the HWE. All markers
of the set phenotype A.m. ligustica were in HWE. The average value of null-allele frequency
was 0.017 per loci.The summarized results are shown in Tab. 1.
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Tab. 1 Expected (HE) and observed heterozygosity and Hardy-Weinberg equilibrium (HWE) for each
marker (HO)
phenotype
A.m. carnica
A.m ligustica
A.m. ligustica
Markers

A007
C1602
THE01
A024
THE03
A079
A107
A113
THE02
THE04
UN351

HE
0,77
0,925
0,657
0,666
0,802
0,824
0,9
0,545
0,701
0,366
0,901

HO
0,773
0,851
0,5
0,773
0,76
0,732
0,833
0,611
0,628
0,277
0,565

HWE
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
No

HE
0,798
0,827
0,622
0,51
0,665
0,718
0,85
0,223
0,684
0,383
0,873

HO
0,792
0,636
0,117
0,458
0,583
0,833
0,695
0,25
0,695
0,25
0,916

HWE
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

HE
0,528
0,947
0,684
0,526
0,789
0,895
1
0,684
0,667
0,368
0,778

HO
0,631
0,947
0,684
0,526
0,789
0,894
1
0,684
0,666
0,368
0,777

HWE
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Genetic distance among individual samples and sets was analyzed according to Reynolds
et al. (1983) by software PowerMarker. Obtained data were visualized in dendrograms.
The genetic distances among sets of samples are shown on Fig. 3. The set A.m. carnica is
genetically closer to phenotype A.m. ligustica, and both sets are clearly separated from A.
mellifera ligustica.
The genetic distances among individuals are shown on Fig. 4. Individuals of set A.m.
ligustica are clearly separated from others. Individuals of set phenotype A.m. ligustica are
also separated but there is higher connection among them and individuals of set A.m. carnica.

Fig. 3 Dendrogram of genetic distances among honeybee sets
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Fig. 4 Dendrogram of genetic distances among honeybee individuals

DISCUSSION
In the set A.m. carnica we recorded 117 alleles in 75 samples. The highest number of
alleles (24) was recorded for the marker C1602 and the lowest number of alleles (3) showed
the marker THE04. Similarly, Paál et al. (2013) analyzed forty carniolan honeybees from
Slovakia using fourteen markers, eleven of them were identical with our markers. They
observed the highest number of alleles in the locus C1602 (20) and the lowest number of
alleles was recorded in the locus THE04 (2). Generally, it is recommended to use markers
with at least 5 alleles for genetic variability screening, paternity testing and origin
determination. In our experiment with Slovak carniolan honeybee ten markers (THE01,
THE02, THE03, C1602, UN351, A113, A024, A107, A007, A079) fulfil this condition. In the
other two sets, there were seven markers (THE01, THE02, THE04, A113, A024, A007,
A007) with number of alleles lower than five, probably due to the low number of honeybees
in tested sets (24 and 19 samples). The information value of microsatellite markers renders the
PIC index (Polymorphism Information Content) within an interval [0 ; 1). According to
Botstein (1980), highly informative marker has the PIC ≥ 0, 5. Reasonably informative
marker has the value 0, 5 > PIC ≥ 0, 25. In the case of slightly informative marker, the PIC
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value is PIC < 0, 25. PIC index highly depends on number of alleles. Higher number of alleles
in locus usually leads to higher PIC index. In our experiments the highest PIC index were
recorded in the case of C1602 and the lowest PIC index was recorded in THE04 marker.
These observations are in agreement with the data obtained by Paál et al. (2013). We can
conclude that based on the PIC index and at least 10 out of 11 tested markers are suitable for
carniolan honeybee genetic diversity testing.
Further we compared Slovak carniolan honeybee and Italian honeybee due to threat from
import and crossbreeding of Italian honeybee queens with Slovak autochthonous breed.
Dall’Olioa et al. (2007) have analyzed the population of Italian honeybee and compared it
with carniolan honeybee breed from Slovenia using microsatellite markers. According their
results, the locus A007 rendered 15 alleles in A.m. carnica and 12 alleles in A.m. ligustica.
We observed 9 alleles of A007 in the set A.m. carnica and 7 alleles in the set A.m. ligustica.
According Dall’Olioa et al. (2007), the locus A107 showed 12 alleles in Carniolan honeybee
and 7 alleles in Italian honeybee samples. We recorded 18 alleles in the set A.m. carnica and 8
alleles in the set A.m. ligustica. Both loci (A007 and A0107) are suitable for genetic
characterization of honeybee populations. Locus A113 had only 3 alleles in Carniolan
honeybee and 7 alleles in Italian honeybee. We observed 9 alleles in the set A.m. carnica and
only 2 alleles in the set A.m. ligustica. However, these results were obtained from rather small
number of Italian honeybees and the higher number of alleles might be achieved using a
larger sample size. We can conclude that based on the number of alleles at least 10 out of 11
tested markers are suitable for honeybee genetic diversity testing.
Genetic distance was analyzed according to Reynolds et al. (1983), that measure assumes
that genetic differentiation occurs only by genetic drift without mutations. Yin et al. (2011)
used this method for genetic characterization of three breeds of honeybee populations. From
dendrogram showing genetic distances among individuals (Fig. 4) it can be concluded, that A.
mellifera ligustica from Italy are genetically distinct from both A. mellifera carnica and
phenotypically resembling A. mellifera ligustica from Slovakia. There was also isolation of
Slovak A.m. ligustica samples, but these individuals were more connected to A.m. carnica.
Isolation in dendrogram could be caused by collecting samples of the set phenotype A.m.
ligustica from one beekeeper. Based on our results we can conclude that individuals of set
phenotype A.m. ligustica should be classified to A.m. carnica despite of their phenotype.
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Abstract
The objective of this study was to determine the effect of diet supplementation with bee pollen (Brassica
napus)on selected growth characteristics and microscopic structure of femora in adult male rats. For this
purpose, 1-month-old male Wistar rats were randomly divided into two groups of 5 animals each. In the control
group (CG), rats were fed a commercial diet throughout the experiment (90 days). Rats of experimental group
(EG) received standard diets with a 0.2 % addition of bee pollen for the same time period of treatment. The
statistical analysis of obtained data did not indicate significant differences forbody weight, femoral weight,
femoral length, and cortical bone thickness between both groups of rats. However, a higher number of primary
and secondary osteons were observed in the central area of substantia compacta and near periosteal surfaces in
rats from EG group. Primary osteons’ vascular canals, Haversian canals and secondary osteons did not differ
between rats from both groups.
Keywords
Bee pollen. Femoral bone. Rat.

INTRODUCTION
Bee pollen results from the agglutination of flower pollens with nectar and salivary
substances of the honeybees and is often used as food for all developmental stages in the hive
(Almeida-Muradian et al., 2005). Bee pollen contains many essential nutritional elements
important for growth and development of animals and humans (Orzaez Villanueva et al.,
2002; Haščík et al., 2011; Capcárová et al., 2012; Petruška et al., 2012). Bees use pollen as
their nutritional source of proteins (25-30%), carbohydrates (30-55%), lipids, including fatty
acids and sterols (1-20%), vitamins and minerals. Furthermore, bee pollen is rich in
carotenoids, flavonoids, phytosterols, polyphenols and other beneficial compounds
(Baltrušaityté et al., 2007; Estevinho et al., 2008).
This natural product is recognized to be a valuable product with potential for medical and
nutritional applications (Almeida-Muradian et al., 2005). Bee pollen is considered a health
food with a wide range of therapeutic properties, e.g. antimicrobial, antifungal, antioxidant,
anti-radiation, hepatoprotective, chemoprotective and/or chemopreventive and antiinflammatory activities (Viuda-Martos et al., 2008; Abdella et al., 2009; Fatrcová-Šramková
et al., 2013). In addition, it has been reported to trigger beneficial effects in the prevention of
prostate problems, arteriosclerosis, gastroenteritis, respiratory diseases, allergy
desensitization, improving the cardiovascular and digestive systems, body immunity and
delaying aging (Estevinho et al., 2012).
The bee pollen also improves bone mineralization due to high vitamin D content, which
increases calcium absorption (Wang et al., 2007). According to Yamaguchi et al. (2004) and
Hamamoto et al. (2006), bee pollen has stimulatory effects on bone formation and inhibitory
effects on bone resorption. It also stimulates bone calcification.
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In general, growth and bone microstructure of animals are affected by numerous factors,
e.g. nutritional regime, genetic factors, sex, age, management conditions, production system.
Recent years have witnessed an increasing interest in the use of various feed additives and
dietary supplements believed to improve growth characteristics of animals. Therefore, the aim
of this study was to determine the effect of bee pollen as alternative feed additive on selected
growth characteristics (body weight, femoral weight, femoral length and cortical bone
thickness) and bone microstructure of adult male rats.
MATERIAL AND METHODS
Our study was carried out on ten 1-month-old male Wistar rats. The animals were housed
individually in plastic containers (Techniplast, Italy) under the same laboratory conditions of
temperature (20-24°C) and relative humidity (55±10%) with access to food (feed mixture M3,
Bonagro, Czech Republic) and drinking water ad libitum. All experiments were provided in
accordance with accepted standards of animal care in accredited laboratory (SK PC 50004) of
the Slovak University of Agriculture in Nitra.
At the age of four weeks the young rats were divided into 2 groups, of 5 animals each.
The control group (CG) was fed with the feed mixture without bee pollen additive.
Experimental group (EG) was fed with the bee pollen addition (Brassica napus) in
concentration of 0.2 % for a total of 90 days. All procedures were approved by the Animal
Experimental Committee of the Slovak Republic.
At the end of the experiment, all animals were killed, weighed and their femora were
used for macroscopic and microscopic analysis. Femora were weighed by analytical scales
and their length was measured by a sliding instrument.
For histological analysis, the femora were sectioned at the midshaft of the diaphysis and
the segments were fixed in HistoChoice fixative (Amresco, USA). The segments were then
dehydrated in increasing grades (40 to 100%) of ethanol and embedded in Biodur epoxy resin
(Günter von Hagens, Heidelberg, Germany) according to the method described by
Martiniaková et al. (2008). Transverse thin sections (70–80 μm) were prepared with a sawing
microtome (Leitz 1600, Leica, Wetzlar, Germany) and fixed onto glass slides by Eukitt
(Merck, Darmstadt, Germany) as previously described (Martiniaková et al., 2010). The
qualitative histological characteristics of the compact bone were determined according to the
internationally accepted classification systems of Enlow and Brown (1956) and Ricqlés et al.
(1991). The quantitative (histomorphometric) variables were assessed using the software
Motic Images Plus 2.0 ML (Motic China Group Co., Ltd.). We measured area, perimeter and
the minimum and maximum diameters of 264 primary osteons’ vascular canals, 216
Haversian canals and 216 secondary osteons in all views (i.e., anterior, posterior, medial and
lateral) of the thin sections in order to minimize inter-animal differences. Diaphyseal cortical
bone thickness was also measured by Motic Images Plus 2.0 ML software. Twenty random
areas were selected, and average thickness was calculated for each femur.
Statistical analysis was performed using SPSS 8.0 software. All data were expressed as
mean ± standard deviation (SD). The unpaired Student’s t-test was used for establishing
statistical significance (P < 0.05) between experimental and control group.
RESULTS
Our results demonstrate no significant effect of 0.2 % application of bee pollen in the diet
on body weight, femoral weight, femoral length, and cortical bone thickness in adult male rats
(Table 1).
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Tab. 1 Average body weight, femoral weight, femoral length and cortical bone thickness in control
(CG) and experimental (EG) groups of rats
Body weight
Femoral weight
Femoral length
Cortical bone
Rat’s group N
(g)
(g)
(cm)
thickness (mm)
CG
5
374.00±9.62
1.05±0.19
3.82±0.09
0.554±0.064
EG
5
357.00±24.90
1.07±0.06
3.76±0.05
0.545±0.052
T-test
NS
NS
NS
NS
N-number of measured structures; NS – non-significant changes

Endosteal borders of femurs in rats from CG group were formed by non-vascular bone
tissue in all views of thin sections. The bone tissue contained cellular lamellae and osteocytes.
Areas of primary vascular radial bone tissue (formed by branching or non-branching vascular
canals radiating from the marrow cavity) were also identified in anterior and posterior views.
In the middle part of the compact bone, primary and secondary osteons were observed. The
periosteal border was again composed of non-vascular bone tissue, mainly in the anterior and
posterior views(Figure 1).

Fig. 1 Microphotopraphy of compact bone in rat from the
control group (CG) using polarized light microscopy (1non-vascular bone tissue; 2- primary vascular radial bone
tissue; 3- primary and secondary osteons)

The rats treated bybee pollen (0.2 % concentration) displayed a similar microarchitecture
to that of the control rats, except for the middle part of the compact bone in posterior view. In
this view, vascular canals were shown to have expanded into the central area of the bone
(primary vascular radial bone tissue was identified also in the central area of femur). Also, a
higher number of primary and secondary osteons was observedin middle part of substantia
compacta and near periosteal surface in these rats (Figure 2).
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Fig. 2Microphotopraphy of compact bone in rat from the
experimental group (EG) using polarized light microscopy
(1- primary vascular radial bone tissue; 2- a higher number
of primary and secondary osteons)

For the quantitative histological analysis, 264 vascular canals of primary osteons, 216
Haversian canals and 216 secondary osteons were measured in total. The results are
summarized in Tables 2, 3 and 4. We found that all measured variables (area, perimeter,
maximum and minimum diameters) of the primary osteons’ vascular canals, Haversian canals
and secondary osteons did not differ between rats from both investigated groups.
Tab. 2 Data on primary osteons' vascular canals in rats from CG and EG groups
Area
Perimeter
Max. diameter
Min. diameter
Rat´s group
N
2
(μm )
(μm)
(μm)
(μm)
CG
146
390.19±94.39
71.23±9.23
12.51±2.31
9.95±1.13
EG
118
381.96±93.88
70.65±9.59
12.42±2.49
9.83±1.11
T-test
NS
NS
NS
NS
N-number of measured structures; NS – non-significant changes
Tab. 3 Data on Haversian canals in rats from CG and EG groups
Area
Perimeter
Max. diameter
Min. diameter
Rat´s group
N
(μm2)
(μm)
(μm)
(μm)
CG
109
394.65±80.78
73.37±20.69
12.89±4.26
10.25±2.41
EG
107
394.34±65.02
71.37±5.80
12.34±1.42
10.23±1.27
T-test
NS
NS
NS
NS
N-number of measured structures; NS – non-significant changes
Tab. 4 Data on secondary osteons in rats from CG and EG groups
Area
Perimeter
Max. diameter
Min. diameter
Rat´s group
N
(μm2)
(μm)
(μm)
(μm)
CG
109 6819.98±1720.62
295.30±37.76
51.27±8.17
41.97±5.70
EG
107 6758.20±1772.16
294.87±39.99
51.52±8.87
41.40±6.25
T-test
NS
NS
NS
NS
N-number of measured structures; NS – non-significant changes
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DISCUSSION
In general, bee pollen contains a wide spectrum of amino acids, vitamins, hormones, and
minerals, as well as enzymes and co-enzymes necessary for good digestion and growth. Haro
et al. (2000) reported that male rats fed with multifloral bee pollen (10g/kg of the diet for 10
days) had increased body weight. However, we revealed a non-significant effect of 0.2 %
administration of bee pollen on growth characteristics of femora in adult male rats. Moreover,
the data observed by Gálik (2012) indicate a decrease of feed intake in rats fed with bee
pollen (at the same level as it was used in our study). The decrease of feed intake in these rats
could be explained by the increase in nutrient supply. In fact, nutrients such as minerals and
water soluble vitamins could accelerate nutrients metabolism and increase energy
digestibility, what can negatively affect feed intake (Attia et al., 2009) and don’t influence
growth of male rats.
Prolonged intake of 0.2 % concentration of bee pollen in the diet induced changes in
microarchitecture of compact bone in adult male rats.Bone is a metabolically active organ and
changes in bone angiogenesis are closely associated with bone remodeling (Brandi and
Collin-Osdoby, 2006). The formation of blood vessels serve as a way of transporting
circulating osteoblast (Eghbali-Fatourechi et al., 2005) and osteoclast precursors (Kassem et
al., 1991) to the sites undergoing active remodeling. Yamaguchi et al. (2006) reported that
rats fed by bee pollen (50 or 100 mg/kg body weight) presented higher DNA content (an
indication of higher cell numbers) and higher alkaline phosphatase activity (marker of bone
formation) in the femur than those of the control group. These results point to increased bone
remodeling in rats administered by bee pollen. Therefore, a higher number of primary and
secondary osteons in the middle part of femora and near the periosteal surface was observed
in rats from our experimental group (EG). It is generally known that aged rats lack true
Haversian cortical bone remodelling but not cancellous bone remodelling (Erben, 1996; Reim
et al., 2008), which can be influenced by various factors, e.g. fatigue loading of long bones
(Bentolila et al., 1998), treatment with bone anabolic substances such as PTH, IGF-I,
prostaglandins, vitamin D analoges (Weber et al., 2004; Ibbotson et al., 1992; Lauritzen et al.,
1993; Uzawa et al., 1995). Bee pollen extract (Cistus ladaniferus) has been found to have
anabolic effects on bone components of the femora in rats (Yamaguchi et al., 2006).
Moreover, Kolesárová et al. (2011; 2013) observed that bee pollen addition at the dose of
5 g/kg of feed mixture significantly inhibited IGF-I release by porcine ovarian granulosa cells.
On the other hand, progesterone and estradiol secretion was increased in those rats. There is
also evidence that bee pollen stimulates bone remodeling due to high vitamin D content (Zuo
and Xu, 2003). These facts indicate that endocortical bone remodeling could also be
stimulated by the pollen inrats from EG group. Therefore, some newly formed remodeling
units (primary and secondary osteons) within compact bone extended deep into the middle
part of compact bone.
Morphometrical measurements of primary and secondary osteons didn’t show significant
differences in their size between rats from CG and EG groups. These results indicate that
0.2 % administration of bee pollen did not influence histomorphometry of the osteons.
Additional research dealing with the influence of bee pollen on spongy bone microstructure is
required to gain more information and to verify the results of this study.
CONCLUSION
The study demonstrates that 0.2 % administration of bee pollen in the diet affects the
qualitative histological characteristics of compact bone in adult male rats. However, it has no
impact on histomorphometry of primary and secondary osteons. The results can be applied in
experimental studies focusing on the effect of various bee products on bone structure.
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Abstract
The purpose of the present study was to determine the relationship between BstBI restriction fragment length
polymorphism (RFLPs) of the parathyroid hormone (PTH) gene and serum osteoformation markers levels.
Alkaline phosphatase (ALP) and osteocalcin (OC) are important components in bone tissue formation, highly
expressed in mineralized tissue cells. 158 postmenopausal women with osteoporosis or osteopenia were
analyzed. DNA was acquired from peripheral blood. PTH genotypes were determined by polymerase chain
reaction and RFLPs of BstBI. The presence or absence of BstBI restriction sites of the PTH gene were indicated
by genotypes GG, GA or AA, respectively. Genotype distribution was as follows: GA 44.31%, GG 31.01% and
AA 24.68%. Occurrence of genotypes was in Hardy-Weinberg equilibrium. We found that BstBI polymorphism is
not significantly associated with serum levels of OC. However, results showed statistically significant
associations between polymorphism BstBI and serum level of alkaline phosphatase. A significant difference
emerged in ALP serum levels between the genotypes GG and AA and between the genotypes GA and AA.
Genotype GG had the highest serum level of alkaline phosphatase and genotype AA had the lowest. In the future,
our results could provide new and important information into the fundamental mechanisms of bone tissue
formation and therapeutic opportunities for treatment of bone diseases.
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INTRODUCTION
Osteoporosis is a multifactorial skeletal pathology with a main genetic component. A
preliminary stage of osteoporosis, osteopenia, is a condition where the bone mineral content is
lower than normal but below the values established for osteoporosis. Osteoporosis, which
occurs mainly in postmenopausal women, is characterized by excessive bone resorption in
comparison to the formation of new bone. Osteoporosis is thus characterized by a loss of bone
strength, a decrease in bone mass and a worsening in bone quality, leading to an increased
risk of fracture (Mosley, 2000). Although it is a polygenic disease the majority
of genes associated with this pathology remain unknown since genes catalogued to date only
explain a part of the heritability of bone phenotypes (Pineda et al., 2014). Several methods are
used for osteoporosis candidate genes research. However it is always necessary to exclude
osteoporotic patients for whom are the main factors causing osteoporosis environmental
factors. In all these methods is the aim to find association between polymorphic genetic
markers and phenotypic expression (Stewart and Ralston, 2000). Alkaline phosphatase (ALP)
and osteocalcin (OC) are the most widely recognized biochemical markers for activity of bone
cells, osteoblasts (Sabokbar et al., 1994).
Bone metabolism, formation and resorption of bone, are provided by coordinated activity
of specialized cell types, osteoclasts and osteoblasts (Bilezikian et al., 2008; Yamaguchi,
2012). Osteoblasts are mononucleated cells that are derived from mesenchymal stem cells and
that are responsible for the synthesis and mineralization of bone during initial bone formation
and later bone remodelling. Osteoblasts support formation, secretion and mineralization of
extracellular bone matrix in tissue regeneration process. During the differentiation osteoblasts
express a characteristic gene pattern that distinguishes them from other types of cells(Jelínek,
2004; Thomas et al., 2001).
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When osteoblasts are involved in the synthesis of matrix they have positive alkaline
phosphatase activity. Skeletal ALP is produced exclusively by osteoblasts and plays an
important role in bone mineralization by hydrolysis of pyrophosphate, thus is important for
the stabilization of the extracellular matrix (Ureña and De Vernejoul, 1999; Thomas et al.,
2001). The mechanism by which this enzyme carries out its function is not completely
understood, but it appears to play role inincreasing the local concentration of inorganic
phosphate, a mineralization promoter, and decreasing the concentration of extracellular
pyrophosphate, an inhibitor of mineral formation. Signiﬁcant interest in alkaline phosphatase
expression has also come from tissue engineering experiments, where enzyme expression is a
good predictor of neotissue mineralization (Golub and Boesze-Battaglia, 2007). Osteocalcin is
another non-collagenous protein that is expressed almost exclusively in the bone and its
expression increases in the late stage of bone differentiation (Thomas et al., 2001). Serum OC
is considered as specific marker of osteoblasts function, as its levels correlate with bone
formation rates (Gundberg and Nishimoto, 1999). Osteocalcin is synthesized only by mature
osteoblasts, odontoblasts and cementoblasts (Bronckers et al., 1987) and it is an inhibitor of
osteoclasts function (Ducy et al., 2000).
Human parathyroid gene (PTH) is major regulator of calcium-phosphorus metabolism.
The result of its activity is increased level of calcium in the blood. Anabolic effects of
parathyroid hormone lie in the growing bone mass, increase in the number of osteoblasts and
increased bone strength (Čierny et al., 2008). It is located on 11. chromosome. It consists of
three exons. Exon 1 is not translated, exon 2 encodes a signal peptide consisting of 25 amino
acids and a composite part of prohormone and exon 3 encodes 6 amino acids from the
prohormone and the whole molecule of PTH, which is composed of 84 amino acids. Last 351
nucleotides of exon 3 are not translated. Until now have been discovered several
polymorphisms in the gene for PTH, which affect the secretion of parathyroid hormone as
well as its efficiency. Common polymorphisms in PTH include a single nucleotide
polymorphism (SNP) BstBI, which is in its second intron, 54 nucleotides downstream of the
3'end of exon 2. It can be detected with the use of the enzyme Bsp119I. This polymorphism
constitutes a substitution from G to A, and by this change is losted binding site for the
restriction endonuclease Bsp119I (Goswami et al., 2004) Since PTH play s a significant role
in the bone construction, PTH gene is thought to be an important candidate gene on the study
of bone metabolism. As a part of the effort to understand the genetic basis of osteoporosis, the
relationship between inheritance of disease and PTH gene alleles defined by restriction length
fragment polymorphisms (RFLPs) has been studied by several groups (Ahn et al., 1986;
Mullersman et al., 1992). Studies have observed that the BstBI polymorphism of PTH gene is
closely related to the extent of bone mass reduction in primary hyperparathyroidism and bone
mineral density in postmenopausal women (Hosoi et al., 1999; Kanzawa et al., 2000). As it
has been reported previously, parathyroid hormone (PTH) decreases the alkaline phosphatase
(ALP) activity of bones in organ culture (Kato et al., 1990), there is possibly association
between PTH polymorphism and level of alkaline phosphatase in serum.
The aim of our study is to determine whether BstBI polymorphism in the parathyroid
hormone (PTH) gene, one of candidate genes for osteoporosis, affects serum osteoformation
markers levels in osteoporotic and osteopenic patients.
MATERIAL AND METHODS
Subjects
Subject of research was 158 female patients treated in basic diagnostic screening and
treatment for osteoporosis. Analyzed were blood samples from women, aged 45-85 years
(average 62.26 ±8.38) with postmenopausal status and without obesity (body mass index 95

BMI ≤ 30). Selection of subjects was conducted in collaboration with Osteocentrum,
Specialized Hospital of st. Svorad in Nitra. All ethical and legal standards required for the
conduct of clinical research were respected.
Monitored indicators were obtained from medical records of subjects with their consent
in an anonymous form through the treating physician. These indicators include biochemical
markers of osteoformation, bone isoenzyme of alkaline phosphatase (ALP) and serum
osteocalcin (OC), determined electrophoretically and by ELISA, in basic diagnostic screening
and treatment of osteoporotic patients.
DNA Isolation and RFLP-PCR
Genomic DNA was isolated using the isolation kit (SiMax ™ Genomic DNA Extraction
Kit) based on the method of barrels. Polymorphisms of PTH gene were detected by
polymerase chain reaction fragment length polymorphisms (PCR-RFLP) of restriction
enzyme BstBI. The polymerase chain reaction was carried out using thermocycler Primus
25/96 (MWG-Biotech) with following steps: 95˚C for 5 minutes and then 94˚C for 30
seconds,
60˚C
for
30seconds,
and
72˚C
for
1minute.
Primers
5'CATTCTGTGTACTATAGTTTG-3'and 5'-GAGCTTTGAATTAGCAGCATG-3' wereused
according to Mullersman et al. (1992). The 609bp fragment obtained after 35cycles of
amplification was digested with restriction endonuclease Bsp119I (Thermo Scientific,
Lithuania) to achieve cleavage at the point of BstBI polymorphism.
Agarose electrophoresis
Restriction endonuclease digestion products were electrophoresed on 3% agarose gel
(Merck, Amresco, Invitrogen). To visualize the fragments at the wavelength of 302 nmUV
transilluminator (UK) and Bio-Imaging Systems (Minib Pro, Israel) was used.
Electrophoerogram analysis was used to determine genotypes according to the number of
fragments.
Statistic analysis
Estimated frequencies of genotypes were compared with the theoretical frequencies that
are expected under the force of the Hardy-Weinberg equilibrium. Chi-square test was used to
assess whether BstBI polymorphism genotype distribution was in Hardy–Weinberg
equilibrium. The differences of quantitative variables among the genotypes were analysed by
covariance analysis (GLM procedure) after correction of the measurements for age and BMI.
All calculations were performed using the software program SPSS v. 17.0 (SPSS Inc.,
Chicago, IL, USA). A p-value equal to or less than 0.05 was considered significant.
RESULTS AND DISCUSSION
After electrophoresis, we identified three different genotypes presented in Figure 1. The
SNP leading to the G – A substitution in intron 2 of the PTH gene resulted in loss of the
restriction sites for the restriction endonuclease. We designated the genotypes as GG, GA and
AA. In the case of a single fragment (609 bp) is the genotype AA (in both alleles were lost
restriction sites for the restriction endonuclease), in the case of the two fragments (383 bp and
226 bp) is the genotype GG (restriction endonuclease digestion took place in both alleles) and
in the case of three fragments (609 bp, 383 bp and 226 bp) genotype is GA (in one allele a
restriction endonuclease cleavage took place, but in the other allele the restriction site
expired).
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Fig. 1 Representative results of PCR-RFLP in detecting polymorphism BstBI: 1 – genotype GA
genotype, 2 - genotype GG, 3 – genotype AA, M50 - marker 50 bp

Genotype and Allele Distributions
The distribution of genotypes and alleles for the BstBI polymorphism is shown in Table
1. The most common genotype was GA represented by 44.31% of the study population, next
was genotype GG represented by 31.01% and the rarest genotype was AA represented by
24.68%. The frequencies of alleles were as follows: allele G 53.16%, allele A 46.84%. The
distribution of BstBI polymorphism genotypes was in compliance with Hardy–Weinberg
equilibrium.
Tab. 1The distribution of GC genotypes and alleles in the study population

Genotype
BstBI/GG
BstBI/GA
BstBI/AA

Number of
subjects
49
70
39

Genotype
frequency
31.01
44.31
24.68

Allele frequency
G
A
53.16

46.84

χ2
2.12

Zhong et al. (2006) in their study analyzed population of 314 healthy Chinese women
aged 20 to 80 years. Unlike our study the most common genotype was GG with 75.8%,
followed by GA genotype with 23.3% and the rarest was AA genotype with 0.9%. Frequency
of the G allele was 87.5% and of the A allele 12.5%. According to the study of Hosoi et al.
(1999), which was carried out on 383 Japanese women after menopause, the highest
frequency had again GG genotype (82.5%), followed by GA genotype (16.7%) and AA
genotype (0.8%). Study of Deng et al. (2002) done on the 630 representatives of the
Caucasian race from Europe (248 men and 382 women) brought results similar to our study.
The most frequent genotype in this study was GA genotype with 54%. However, the second
most common was AA genotype with 29%. GG genotype had in this study the lowest
frequency, only 17%. Consequently, allele A was presented in 56% of the study population.
Goswami et al. (2004) analyzed the influence of BstBI polymorphism on sporadic idiopathic
hypoparathyreosis in 49 Indian patients suffering from this disease. As the most common was
referred GG genotype with 73%. Therefore the allele G was most frequent in this population.
In the Czech Republic BstBI polymorphism was studied by Vedralová et al. (2012). Subjects
of research were patients with diabetes mellitus 1 or 2 and with or without diabetic
nephropathy and control group. In all groups, the most common genotype was GA, except of
patients with diabetic nephropathy, where the most common was GG genotype. These studies
showed that in the Mongoloid race is more common GG genotype, while in the Caucasian
race is more common GA genotype.
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Associations between BstBI polymorphism in PTH gene and osteoformation markers
Based on our results we can confirm that bone-specific alkaline phosphatase serum levels
are affected by BstBI polymorphism. Significant difference was found between GG and AA
genotypes and also between GA and AA genotypes. Elevated serum levels of ALP refer to
increased bone formation. In genotype GG was its level 0.948 ± 0.111 μkat/l, in the genotype
GA 0.882 ± 0.092 μkat/l and in the genotype AA 0.567 ± 0.124 μkat/l. These results show
that GG genotype is associated with the fastest progress of bone formation. In our study we
did not detect impact of BstBI polymorphism on osteocalcin serum levels. The results are
summarized in Table 2.
Tab. 2 Impact of BstBI polymorphism on ALP and OC.

Genotyp

ALP

OC

ABM±SE
P
ABM±SE
P
BstBI/GG
0.948±0.111
3.985±0.134
BstBI/GA
0.882±0.092
4.014±0.112
BstBI/AA
0.567±0.124
4.090±0.150
GG-GA
0.066±0.144
0.647
-0.030±0.175
0.866
GG-AA
0.381±0.167
0.024*
-0.105±0.202
0.605
GA-AA
0.315±0.154
0.043*
-0.075±0.187
0.687
ALP – alcalic phosphatase (μkat/l), OC –osteocalcin (μkat/l); ABM±SE – age corrected
average BMI ± standard error; P - P value; *P≤0,05
In general, the association of bone biochemical markers and PTH gene was confirmed
(Kanzawa et al., 2000) but only a few studies have investigated association between BstBI
polymorphism in this gene and osteoformation markers serum levels. Comparison of serum
biochemical bone metabolic markers in study of Hosoi et al. (1999) suggested that the
postmenopausal Korean women with GA genotype might be in a relatively higher state of
bone turnover than those with GG genotype. These results suggest that the polymorphism in
the PTH gene would be a useful genetic marker for the osteoporosis susceptibility.Among the
biochemical markers examined, the levels of serum OC were higher in GA group than in GG
group. However there was no significant difference in levels of serum ALP among BstBI
genotypes. Similarly, no effect of BstBI polymorphism on ALP levels is mentioned in the
study of Chen et al. (2004), in which the Chinese hemodialysis patients with secondary
hyperparathyroidism were examined. Both, Zhong et al. (2006) and Kim et al. (2004) found
out, that there is no relationship between BstBI polymorphism and serum bone biochemical
markers in normal females or postmenopausal women, respectively. Results of Zhong et al.,
(2006) determined, like ours that between genotypes GG and GA there is no significant
difference in serum ALP levels. Kanzawa et al. (1999) in their study of 79 patients with
primary hyperparathyroidism and 104 healthy control subjects found out that in the case of
combination of genotypes GG (no polymorphism in BstBI) and CC (no polymorphism in
DraI), is the level of the bone-specific ALP significantly higher than in other combinations. In
our study, the genotype GG was associated with the highest levels of biochemical marker.
The results of Kanzawa et al. (1999) show, that our findings could be influenced by the
presence of CC genotype in DraI polymorphism.
CONCLUSION
We confirmed statistically significant influence of BstBI polymorphism on serum level of
the bone-specific isoenzyme alkaline phosphatase. Significant difference was found between
GG and AA genotypes, as well as between GA and AA genotypes. The highest levels of ALP
were detected by GG genotype, suggesting that this genotype is connected with the quickest
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bone formation. Osteocalcin was not significantly associated with BstBI genotypes. Our
results could serve as material for further studies of bone formation and remodelling in
association with PTH gene polymorphisms. These results also may help to improve the
understanding of bone diseases and may help to expand our knowledge about genetic
conditionality, prevention, diagnostics and treatment options of these diseases.
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Abstract
This review focuses on the toxicity and negative effects of T-2 toxin on selected organ systems in animals and
humans. Also, degradation of T-2 by physical, chemical and biological methods is characterized in detail. T-2
toxin belongs to the trichothecenes group and is one of the most dangerous trichothecene mycotoxins. It is a
product of various species of Fusarium (F.). The most significant producers of T-2 toxin include F.
sporotrochoides and F. langsethiae which occur mainly in barley, oats, wheat, beans, spices and beer. The T-2
toxin gets in the organism by inhalation, ingestion, absorption through the skin or mucosa and can cause many
diseases such as alimentary toxic aleukia (ATA), Kaschin-Beck disease (KBD) in humans and animals. Results
demonstrate that the liver is the main target organ of T-2 toxin toxicity in vivo. Morphological and functional
changes in biological membranes of the liver often occur in exposed individuals. Increased levels of
neurotransmitters in the brain of rats after T-2 toxin exposure were also observed. T-2 toxin can induce
infertility, fetal malformations and histological degradation of testes and ovaries.This review will contribute to a
better understanding of T-2 toxin toxicity in animals and humans and its degradation.
Keywords
Mycotoxins. T-2 toxin. Toxicity. Organ systems. Degradation.

GENERAL CHARACTERISTICS OF MYCOTOXINS
Mycotoxins are very stable natural toxins with non-protein nature and low molecular
weight. They are secondary metabolites of microscopic fungi (Fernandez-Cruzet al., 2010;
Luttfullah a Hussain, 2011). In general, they are considered as important pathogens of
agricultural plants in Slovakia (Tančinová and Labuda, 2009) and worldwide (Ranzenigo et
al., 2008), especially species Alternarium, Aspergillus, Claviceps, Penicillium and Fusarium
(Luttfullah and Hussain, 2011; Zain, 2011).It is known that more than 300 species of
mycotoxins is produced by 350 species of toxigenic fungi (Suchý and Herzig 2004).In
cereals, mycotoxins such as aflatoxins, deoxynivalenol (DON), ochratoxin A,
sterigmatocystin, T-2 toxin and zearalenone (ZEA) regularly occur.Mycotoxins are
encountered in animal products as a result of feeding contaminated food by animals (Tiemann
et al., 2003, Larsen et al., 2004, Turner et al., 2009; Giraud et al., 2010).Representatives of the
genus Fusarium (F.) are major agents of phytopathogenic species of microscopic fungi
infecting mainly cereals, fruits and vegetables (Pastirčák, 2002) and pathogens eliciting fungal
infections in animals and humans (de Hoog et al., 2000).They produce dangerous mycotoxins
called trichothecenes which include e. g. deoxynivalenol, fusarin-C (FUS-C), fusarenon-X
(FUS-X), moniliformin (MON), nivalenol (NIV), zearalenone and T-2 toxin (Malíř et al.,
2003).
GENERAL CHARACTERISTICS OF T-2 TOXIN
T-2 toxin is one of the most dangerous trichothecene mycotoxins (Wiedenbörner, 2001;
Frisvad et al., 2006). T-2 toxin belongs to tetracyclic sesquiterpenes which are characterized
by a double bond at position 9, 10, an epoxy group at position 12, 13 and without oxygen
group at position 8 (Gutleb et al., 2002; Toman et al., 2003; Kalantari a Moosavi, 2010). The
T-2 toxin is able to readily metabolize to the toxin HT-2 in vivo and in vitro.HT-2 is a
deacetylated form of T-2 toxin,its toxicity is lower (Busman et al., 2011).
In cereals, both these toxins simultaneously occur (Diaz, 2005). The main producers of
T-2 and HT-2 toxins are species of fungi F. acuminatum, F. equeseti, F. poae and
F. sporotrichoides (Havráková and Ovesná, 2012).
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Recently, the occurrence of mycotoxins is very common in relatively high concentrations,
so-called asymptomatic occurrence of mycotoxins (Richard, 2007). T-2 toxin occurs naturally
throughout the world, mainly in tropical and subtropical regions (Pestka, 2007). Warm and
humid climate is beneficial for plant infection by mycotoxins of Fusarium spp. Fungi of this
genus are particularly widespread in the soil, air and water (Kalantari and Moosavi, 2010). In
the case of cerealscontamination by the genus Fusarium may not be ever observed during the
growing (in contrast to barley and wheat). Factors affecting the production of T-2 toxin are as
follows: weather conditions, damage to the grain, and moisture content. T-2 toxin is produced
at a temperature of 0-32 °C (optimum 15 °C), but it can also be produced under a snow cap
(Sudakin, 2003; Dohnal et al., 2008). Improper storage of cereals with high humidity can also
lead to contamination of T-2 toxin (Pitt and Hocking, 1997).
TOXICITY OF T-2 TOXIN
Between naturally occurring trichothecenes, T-2 toxin disposes the highest acute toxicity
(Štetina, 2004). T-2 toxin is durable, it is not destroyed by autoclaving and not decomposed
by the light (Novotný et al., 2011). The T-2 toxin gets in the organism by inhalation,
ingestion, absorption through the skin or mucous membranes. T-2 toxin is toxic to humans,
other mammals, birds, invertebrates, plants and eukaryotic cells (Kalantari and Moosavi,
2010). Initial symptoms of the effect of T-2 toxin depend on its dose. T-2 toxin is rapidly
absorbed, after ingestion its half-life in plasma is less than 20 minutes (EC, 2001).
T-2 toxin can lead to acute and chronic toxicity, it causes alimentary toxic aleukia (ATA)
and Kashin-Beck disease (KBD) in animals and humans (Li et al., 2011). Inhalation exposure
is generally more toxic than intravenous, intraperitoneal and intragastric submission of T-2
toxin (Mekhancha-Dahel et al., 2001). The most common symptoms include vomiting (71%),
diarrhea (53%), skin irritation, burning and itching (44%), rash or blisters (33%), bleeding
(53%) and dyspnea (48%) (WHO, 1990; Kalantari and Moosavi, 2010).
Within ATA, disorders of haematopoiesis are generally diagnosed in patients in the later
period. This disease occurs sporadically in developing countries (Golian, 1998).During the
second world war it was widespread in the former Russia, the mortality was 60% (Šudyová et
al., 2005). ATA is initially manifested by irritation of the mucous membranes in the mouth,
excessive salivation, headache, sleep disturbances, fever, weakness and nausea. In the
gastrointestinal tract, the trichothecenes are fast resorbed and with the blood they are
transported to the liver, gall bladder and kidney, where they are metabolized to epoxides
(Richard, 2007). The skin rash often occurs and secondary infections can also be identified
(Toman et al., 2003). After 3-9 days, the patient condition returns to normal. In subjects
affected by higher concentrations of T-2 toxin, the circulatory system is completely destroyed
(Champeil et al., 2004).
Kashin-Beck disease (KBD) is a chronic degenerative osteoarthropathy (Yao et al.,
2010). T-2 toxin induces deep zonal necrosis of articular cartilage because it inhibits the
proliferation of chondrocytes and reduces the synthesis of proteoglycans and collagen
(Minervini et al., 2005). This effect is relatively insignificant at a normal diet. The
combination of T-2 toxin and low nutritious diet exacerbates damage of chondrocytes and
damages of metaphyseal trabecular bone growth in rats (Yao et al., 2010).
Toxic effects of T-2 toxin have been studied in many animal species (e. g. mice,
hamsters, rabbits, cats, sheep, pigs). In mice with T-2 toxin application (over a period of 3-6
weeks), the necrosis of lymphoid tissues, bone marrow and spleen was observed and these
changes result in anemia (Kalantari and Moosavi, 2010). Holladay et al. (1995) demonstrated
that administration of T-2 toxin led directly to haematopoietic fetal liver damage and damage
of bone marrow in adult mice. Myelocytes had irregular shape in bone marrow. A decline in
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the number of myelocytes due to the loss of granulocytes, erythrocytes and lymphocytes was
also identified (Shinozuka et al., 1998).
T-2 toxin has also a toxic effect on leukocytes and other cells (Khatun et al., 2012). It has
been demonstrated the negative effect of T-2 toxin on antibody production. On the other hand,
T-2 toxin can cause suppression and stimulate immunoglobulin production depending on the
dose and time of exposure (Kalantari and Moosavi, 2010). Cooray and Jonsson (1990),
Atroshi et al. (1994) mention increased activity of macrophages in mice at a dose of
0.75 mg T-2 toxin/kg b. w. per day.
NEGATIVE EFFECTS OF T-2 TOXIN ON DIGESTIVE SYSTEM
T-2 toxin has a toxic effect on nearly all cellular processes in digestive system. It reduces
the absorption of nutrients in the digestive system even at low doses (Kalantari and Moosavi,
2010). Wyatt et al. (1972) found necrotic lesions in the mouth, stomach, intestinal mucosa,
liver of ratsexposed to T-2 toxin. T-2 toxin and others trichothecenes are fast absorbed in the
digestive tract and metabolized. They are completely eliminated (80-90%) within 48 hours.
However, the toxic effect of T-2 toxin can be increased by enterohepatic circulation
(Kalantari and Moosavi, 2010).
The liver is the main target organ of T-2 toxin toxicity in vivo (Tremel and Scinicz,
1984). T-2 toxin causes morphological and functional changes in biological membranes of the
liver (Kalantari and Moosavi, 2010). Karppanen et al. (1989) identified similarity between
hemolysis of rat's erythrocytes after applications of T-2 toxin and free radicals.
NEGATIVE EFFECTS OF T-2 TOXIN ON NERVOUS SYSTEM
T-2 toxin can also affect central nervous system (Dohnal et al. 2008). Wang et al. (1993)
observed increased levels of neurotransmitters (e. g. serotonin, dopamine, tryptophan,
5-hydroxy-3-indoleacetic acid, 3,4-dihydroxyphenylacetic acid) in the brain of rats after
exposure to 2-21 mg of T-2 toxin/kg b.w./day. Sirkka et al. (1992) determined reduced
physical activity in rats perorally exposed to this toxin.
NEGATIVE EFFECTS OF T-2 TOXIN ON SEXUAL ORGANS
T-2 and HT-2 toxins have a direct toxic effect on testes and ovaries, as well as on their
secretory activity. They induce infertility, fetal malformations and histological degeneration
of these organs (Medveďová et al., 2011; Kolesárová et al., 2012). Stanford (1975) found that
high doses (1.0 and 1.5 mg T-2 toxin/kg b. w.) led to increased embryo mortality. However,
dose of 0.5 mg T-2 toxin/kg b. w. caused no changes in embryo morphology. Mortality was
also observed in female mice which were administered by T-2 toxin at the dose of 4.0 mg/kg
b. w.
T-2 toxin inhibits the synthesis of proteins and nucleic acids (DNA and RNA) in vivo
(0.75 mg/kg b. w. in a single or multiple doses) or in vitro (> 0.1-1 ng/ml) in eukaryotic cells.
It can affect the cell cycle and induce apoptosis in vitro and in vivo (Rosenstein and LafargeFrayssinet, 1983). Damages in the structure and function of cell membranes, inactivated
enzymes and inhibited function of mitochondria were also observed. T-2 toxin is a highly
cytotoxic to cells of bone marrow, gastrointestinal epithelial cells and stem cells (Voods et al.,
2005; Doi et al., 2008; Malíř et al., 2013). It has generally a genotoxic effect, can induce gene
mutations, chromosomal aberrations, inhibition of intercellular communication (Kalantari and
Moosavi, 2010).
DEGRADATION OF T-2 TOXIN
One of the most effective steps to reduce the risk of T-2 toxin contamination include
adhering to principles of the good agricultural practice, for example choice of resistant
103

varieties of crops, chemical or biological protection of plants, applying appropriate plan and
crop rotation (Dohnal et al., 2008). Dicotyledonous plants as potatoes, sugar beets, clover, are
not hosts ofFusarium mycotoxins and therefore should be used in the crop rotation system in
order to decrease occurrence of mycotoxins in the soil (Abdel-Wahhab and Kholif, 2008). On
the other hand, maize is the plant most susceptible to contamination by Fusarium species
(Váňová, 2006).
Insects, birds and rodents may facilitate contamination by causing physical lesions on
plants, providing a route of entry into the plant for fungal spores (Pfohl-Leszkowicz, 2000). If
the invasion of some fungi begins in commodities at early phase,it is required to inactivate or
detoxify of mycotoxins contaminated seeds and protect stored products against conditions
which favour continuing fungal growth (Abdel-Wahhab and Kholif, 2008).
If the products are heavily contaminated by toxic fungi, it is necessary to complete
destruction of the contaminated products by physical, chemical and biological methods to the
minimal level (Dohnal et al., 2008). Decontamination of T-2 toxin by means of physical
methods includes mechanical separation, gamma irradiation, simple washing procedures using
water or sodium carbonate solutions (Refai et al., 1996). In general, mycotoxins are very
stable to temperatures higher than 100°C. The melting point of T-2 toxin is at about
151-152°C. Therefore, it is resistant to cooking. The simultaneous action of high temperature
and pressure at high humidity for a sufficiently long time leads to its degradation. These
conditions can be achieved by autoclaving or extrusion (Castells, 2005).
Chemical methods can be used effectively to reduce T-2 toxin levels in feeds. However,
many chemicals can cause a decomposition of nutritional substances (Abdel-Wahhab and
Kholif, 2008). Trenholm et al. (1989) used calcium hydroxide monomethylamine to
decontaminate feeds containing T-2 toxin. Ozone treatment has also been successfully used
for decontamination of food products (McKenzie et al., 1997).
Biological methods use some types of yeasts, bacterias and moulds which are able to bind
or convert T-2 toxin to less toxic or non-toxic substances (Schnurer and Magnusson, 2005).
According to Devegowda et al. (1998), El-Nezami et al. (2002) the extracted cell wall fraction
of Saccharomyces cerevisiae was able to bind a large range of mycotoxins in in vitro
conditions.Organic binders are efficient against a larger range of mycotoxins. They are
biodegradable and they do not accumulate in the environment after being excreted by animals
(Abdel-Wahhab and Kholif, 2008; Dohnal et al., 2008).
Ruminants are more resistant to adverse effects of T-2 toxin in comparison with
monogastric animals. Therefore, rumens microbial population should play an important role
in mycotoxin degradation (Dohnal et al., 2008). T-2 toxin has a positive effect on the growth
rate of bacteria present in the digestive tract of ruminants, e. g.Butyrivibrio fibrisolvens and
Selenomonas ruminatiumin low concentrations (10µg/ml). These bacteria assimilate T-2 toxin
as energy and carbon sources (Westlake et al., 1987).
CONCLUSION
This manuscript summarizes the reported data about T-2 toxin toxicity, its negative
effects on selected organ systems in animals and humans and T-2 toxin degradation. Among
the naturally occurring trichothecenes in food and feed, T-2 toxin is a cytotoxic fungal
secondary metabolite produced by various Fusarium species.
In general, T-2 toxin is toxic to humans, animals, plants and eukaryote cells. At very low
dose, T-2 toxin can damage the mucosa of digestive tract.T-2 toxin also increases levels of
neurotransmitters in the brain. It can induce infertility, fetal malformations and histological
degenerations of sexual organs. T-2 toxin should be removed from contaminated feed by
physical, chemical and biological methods.
This manuscript contributes to a better understanding of T-2 toxin toxicity in animals and
humans.
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Abstract
The poppy seed (Papaver somniferum L.) – the moist frequently grown crop in the world, belongs to the family
Papaveraceae. It is grown for its edible seed, oil and 80 different alkaloids; for example-morphine, codeine,
narcotic, thebaine, papaverine. Slovak varieties of poppy seed are economically successful, but none of them has
been characterized for the genomic diversity and gene pool so far. For breeding and molecular studies it is
necessary to analyse opium poppy genome. Initially in our research the genomic reads of Papaver somniferum
data were generated from GeneBank® and converted to fasta format. Next the set of sequences was analysed
using the SSR locator software. In total the in silico analysis revealed within the 439 DNA analyzed sequences
486 microsatellites (SSRs). There were identified – 246 mono-nucleotide, 38 di-nucleotide, 120 tri-nucleotide, 54
tetra-nucleotide, 22 penta-nucleotide, and 6 hexa-nucleotide tandem repeats. The most common repeat was trinucleotide repeat, with frequency 14.80% and with the most often motif length four. Identified microsatellite
sequences, especially containing tri-, tetra-, penta-, and hexa-nucleotide tandem repeats will be considered for
differentiation of 23 poppy seed genotypes, mostly coming from Slovakia.
Keywords
Poppy seed, nucleotide, microsatellite

INTRODUCTION
The poppy seed (Papaver somniferum L.) belongs to the family Papaveraceae. The genus
Papaver includes 110 species. Some of them are grown in the Middle Europe for edible seed,
oil, and about eighty different alkaloids. Pharmaceutically valuable alkaloids include
morphine, codeine, narcotic, thebaine, papaverine. Poppy seed is the tenth most frequently
grown crop over the world. The Czech Republic is the leading country in the production of
poppy seeds in recent years (Fig. 1, FAOSTAT, 2013). The Czech growers produce poppy
seeds substantially by growing of varieties developed in Slovakia. Current national list of
registered cultivars includes 9 cultivars of Papaver somniferum L. (LRO 2013) The EU
database
of
registered
plant
varieties
encompasses
51
varieties
(http://ec.europa.eu/food/plant/propagation/ catalogues/database).
Cultivation and production of poppy seed in Slovakia began to fall after year 1998 and in
2004 growers achieved the minimum production. The highest annual production (measured
from 1970) was in 1990, specifically 3342 tons. The yearly production in 2013 was only 853
tons which proves the noticeable difference in comparison to the past. In 1994, growing areas
of poppy seed was 5666 hectares. At the present time is less than 1000 ha (Fig. 2)
(SLOVSTAT, 2013). The main obstacles for poppy seed growers result from strict relevant
legislation.
On the other side the Slovak poppy seed cultivars are in demand for its agronomical
properties, seed quality and excellent sensory parameters. Nevertheless, none of them has
been genetically characterized, despite the fact that genetic analyses are useful in breeding of
new cultivars and development of molecular markers (Selale 2013). Molecular markers are
the most appropriate tools for characterization of genetic variation. It has been proved that
different markers can show different level of variation (Acharya 2009). Microsatellites, also
called Simple Sequence Repeats (SSRs), are sequence-specific markers widely used in
genetic diversity evaluation, gene mapping and genetic maps construction, taxonomy studies
and others. SSR markers are hypervariable, multiallelic, reproducible, relatively abundant,
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and provide extensive genome coverage (Selale 2013). Determination of microsatellites in
such economically important plant as the poppy seed is would be of great importance from
scientific, breeding but also economical points of views.
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Fig. 1 World production of poppy seed 2006 – 2012 (FAOSTAT, 2013)
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MATERIALS AND METHODS
Plant material
Twenty three varieties of poppy seed (Papaver somniferum L.) intended for enetic analysis
were obtained from different breeding programmes.
The seeds were germinated in soil in growth chamber at 25°C till (7- 9 days). Subsequently
were cultivated until enough of fresh leafs (1.5 g) could be collected for DNA extraction.
Genomic DNA was extracted using the Dneasy Plant Maxi Kit method (QUIAGEN, USA).
Quantification of DNAs was performed with the Nanodrop ND-2000 spectrophotometer
[Thermo Fisher Scientific, Inc. (NYSE:TMO) ] and DNA samples were stored at -70°C for
genetic analyses.
For the microsatellite sequence search 439 sequences of Papaver somniferum L. from the
GeneBank® database (http://www.ncbi.nlm.nih.gov/genbank, Benson et al., 2013) were
retrieved. The sequence data were analysed by software tool for simple sequence repeat
discovery SSR Locator (da Maia et al, 2008).
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RESULTS
In the introductory experiments we have isolated DNA from 23 poppy seed accessions
(Tab.1). Out of them fourteen originate from Slovakia, 6 from the Czech Republic, 1 from
Austria, 1 from Great Britain, and 1 is of unknown origin. The Slovak accessions included
register cultivars, breeding lines, and genetic resources collected by expeditions. Isolated
DNA samples will be used later for intended genetic analyses.

Tab. 1 Poppy seed accessions

No.
Genotype
Origin
1
Albín
SK
2
Bergam
SK
3
Gerlach
SK
4
Major
SK
5
Maratón
SK
6
Opal
SK
7
Malsar
SK
8
MS 423
SK
9
Aristo
AU
10
Orfeus
CZ
11
Orel
CZ
12
Racek
CZ
13
Sokol
CZ
14
Redy
CZ
15
MS B2
SK
16 Hanácký modrý
CZ
17
GZ Afgánsky Unknown

Notice
Registered variety
Registered variety
Registered variety
Registered variety
Registered variety
Registered variety
Registered variety
Breeding line
Registered variety
Registered variety
Registered variety
Registered variety
Registered variety
Registered variety
Breeding line
Registered variety
Genetic resource

18

UDS 01763

UK

Genetic resource

19
20
21
22
23

MSGZ-1
MSGZ-2
MSGZ-3
MSGZ-4
MS 106

SK
SK
SK
SK
SK

Genetic resource
Genetic resource
Genetic resource
Genetic resource
Genetic resource

Source of accession
VŠS Malý Šariš
VŠS Malý Šariš
VŠS Malý Šariš
VŠS Malý Šariš
VŠS Malý Šariš
VŠS Malý Šariš
VŠS Malý Šariš
VŠS Malý Šariš
Saatbau Linz
VÚO Opava - OSEVA PRO
VÚO Opava - OSEVA PRO
VÚO Opava - OSEVA PRO
VÚO Opava - OSEVA PRO
VÚO Opava - OSEVA PRO
VŠS Malý Šariš
Crop Research Institute, Prague
Unknown
Ivano-Frankivsk Institute of
Agro-Industrial Production
Locality Fintice
Locality Víťaz
Locality Chmeľov
Locality Lipník
Unknown

In the next step we searched and retrieved from the GeneBank ® database totally 439 DNA
sequences of Papaver somniferum L. Within them we have identified in total 486 SSR using
the software tool for simple sequence repeat discovery SSR Locator. They included 246
mono-nucleotides, 38 di-nucleotides, 120 tri-nucleotides, 54 tetra-nucleotides, 22 pentanucleotides, 6 hexa-nucleotides (Fig. 3). The most common repeat was tri-nucleotide repeat,
with frequency 14.80% and with the most often motif length four (Fig. 6, Tab.2). The hexanucleotide repeat was the most uncommon repeat and there was an inverse relationship
between the motif length (two) and frequency 59.53% (Fig. 8, Tab. 2). We also observed
differences between repeat type and number of repeat units in all SSR motif types. Twelve
repeats in mono-, six repeats in di-, four repeats in tri-, three repeats in tetra- and
penta-, two repeats in hexa-nucleotides (Fig. 4-9).
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The most abundant repeat motifs in mononucleotide microsatellites were A/T (68%) and
T/A (30%), TA/AT (47%) and AT/TA (34%) in dinucleotide, TTC/GGA (19,8%) and
TCT/AGA (11,6%) in trinucleotide, TGTT/AACA (11,1%), TAAT/ATTA, ATAA/TTAT,
and ATGA/TCAT (7,4%) in tetranucleotide, TTTTA/TAAAA (23,8%) in pentanucleotide,
TCAATA/TATTGA (2,5%), CATTGG/CCAATG (2,3%), and GAAAAA/TTTTTC (1,8%)
in hexanucleotide microsatellites (Fig. 10-15).
Tab. 2 Distribution of motif types
Number of motif types
122
Mono-nucleotide
44
Di- nucleotide
146
Tri - nucleotide
61
Tetra- nucleotide
26
Penta-nucleotide
587
Hexa-nucleotide
986
Total

Frequency
12,40%
4,46%
14,80%
6,18%
2,64%
59,53%
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Distribution of mono-nucelotide motif types
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Fig. 10 Distribution of mono-nucleotide motif types

Distribution of di-nucelotide motif types
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Fig. 11 Distribution of di-nucleotide motif types

Distribution of tri-nucelotide motif types
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Fig. 12 Distribution of tri-nucleotide motif types
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Fig. 13 Distribution of tetra-nucleotide motif types
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Distribution of penta-nucleotide motif types
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Fig. 14 Distribution of penta-nucleotide motif types

Distribution of hexa-nucleotide motif types
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Fig. 15 Distribution of hexa-nucleotide motif types (with frequency higher than 2)

DISCUSSION
DNA-based variation in poppy seed is limited by moderate genetic diversity within this
genus and specially cultivated genotypes. Also the special position of poppy seed as producer
of alkaloids, within cultivated crops decreased interest for breeding, cultivation, and research.
Reflection of these facts is also low number of poppy seed DNA sequences in the GeneBank ®
database and low number of microsatellites identified and limited possibility to differentiate
poppy seed cultivars, lines, or genetic resources accessions, respectively. The most commonly
used are PCR-based DNA methods as the RAPD (Random Amplification Polymorphism
Detection) (Williams et al., 1990, Welsh, McClelland, 1990), microsatellites (SSR)
(Morgante, Olivieri, 1993), and the AFLP (Amplified Fragment Length Polymorphism (Vos
et al., 1995) techniques. The RAPD technique is usually associated with problems of
reproducibility in and between laboratories and the AFLP is slightly manually more difficult.
Microsatellites are generally considered as molecular tools revealing high genetic variation
with relatively low effort.
Nevertheless, there was published only a limited number of papers related to cultivar
(genotype) differentiation within Papaver somniferum L. Saunders et al. (2001) analyzed 40
genotypes of Papaver somniferum L. originated from commercial breeding programs in
Tasmaniaand genotype of Papaverbracteatum Lindley and Papaver setigerum DC. They had
to use more than one primer pair to resolve the genetic relationship between the closely
related plants. Nevertheless, AFLP analysis for cultivar identification represents an efficient,
reliable procedure for identifying opium poppy breeding lines. Also opium poppy accessions
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sharing common parental lines could be distinguished unambiguously from poppy accessions
of more distant genetic background (Saunders et al., 2001).
One year later, Straka, Nothnagel (2002) used DNA markers obtained by RAPD and AFLP
techniques and in combination with morphological markers they developed a partial linkage
map of poppy seed. The most comprehensive analysis of the genetic diversity of opium poppy
was done in 2008 by Dittbrenner et al. They evaluated the phytochemical composition and
molecular variation in 300 samples from around the world provided by the Genebank in
Gatersleben (Germany). The AFLP markers were used in combination with determination of
alkaloid content by the HPLC method. Statistical analysis showed two clusters, the first
consisted of tetraploid Papaver somniferum subsp. setigerum, the second mixed diploid
Papaver somniferum subsp. somniferum and subsp. songaricum (Dittbrenner et al. 2008).
The RAPD and ISSR (Inter Simple Sequence Repeats) markers were used for
characterization of DNA polymorphism in 24 poppy seed genotypes grown in the United
States (Acharya et al. 2009). Their results indicated low genetic diversity among the studied
poppy seed genotypes. Forensic identification of poppy seed genotypes has been performed in
Korea by polymorphism in microsatellites (Lee et al. 2010). They analysed 14 accessions of
the Papaveracea and Fumariaceae families and used 10 genetic markers such as nuclear
internal transcribed spacer, 18S rRNA, plastid rbcL, and others. The authors expected that
these 10 markers should be useful also for identification of Papaver somniferum L.
genotypes.
Relationships among 53 accessions belonging to 3 important Oxytona species (Papaver
bracteatum Lindl., P. orientale L., P. pseudo-orientale (Fedde) Medw.) using 15 RAPD
markers published Parmaksiz, Özcan (2004). The polymorphism rate was approximately 85%
and the combination of morphological, chemical, and molecular markers resulted in a better
classification within species of Oxytona.
CONCLUSION
The genotypes (cultivars, lines) of poppy seed (Papaver somniferum L.) are generally very
similar in genetic basic. Then, different DNA-based methods have shown that discrimination
between genotypes is not simple and easy. Usually a combination of morphological,
chemical, and molecular markers must be used. Nevertheless, microsatellites could be a
promising. Therefore we screened available published DNA sequences of Papaver
somniferum L. in the GeneBank ® database and performed in silico analysis. Especially, some
microsatellite sequences containing tri-, tetra-, penta-, and hexa-nucleotide tandem repeats
could be useful for differentiation of poppy seed genotypes (cultivars, breeding lines, genetic
resources accessions).
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Abstract
SSR markers represent very popular markers that are used in genetic studies ranging from forensics to
population genetics and ecology. Although the development of new reliable SSR markers is today much faster
and cheaper, mainly due to advances in sequencing technologies and availability of sequence data, for some
organisms such as conifers it still represents a significant hurdle. Transferability of already developed SSR
markers between related species thus represents an alternative approach that enables significant cost savings in
microsatellite population genetic analysis. In our study we used this strategy to test a set of microsatellite
markers for their suitability for population genetic studies of hybrid pines. Totally, 8 microsatellite markers were
used for the screen. As a test population, 20 individuals of Pinusmugo x Pinussylvestris artificial hybrids were.
Out of all markers, 7 produced clear bands after PCR. Four markers (PtTX 2146, SPAG 7.14, LOP1 and LOP5)
produced polymorphic bands and showed inbreeding coefficient values close to 0 (expected under random
mating) and no significant deviations from Hardy-Weinberg equilibrium. Thus, we conclude that these primers
are suitable for genetic diversity studies of hybrid pines of Pinus mugo x Pinussylvestris.
Keywords
Microsatellite transfer, SSR, hybrid pine, Pinus, genetic diversity

INTRODUCTION
Genomic microsatellites (Simple Sequence Repeats; SSRs) are tandem repetitions of oneto six-base nucleotide motifs, which are found in the DNA of all investigated higher
organisms. Microsatellites generally show a high degree of polymorphism caused by a
difference in the number of repeat units between alleles. High estimated mutation rates (10 −2–
10−6 events per locus per generation) and co-dominant nature of inheritance makes SSRs ideal
markers for population genetics and phylogenetic studies. Microsatellites are classified as
simple perfect, simple imperfect, compound perfect or compound imperfect (Roy et al.,
2004). Simple-perfect repeats are tandem arrays of a single repeat sequence (e.g., [AGG] n);
whereas, simple imperfect arrays consist of one or more repeat units of different lengths (e.g.,
[AAC] n[ACT] [AAC] n+1). Compound-perfect arrays are composed of two or more different
repeat motifs of the same length (e.g., [AGG] n[AATC]n) and compound-imperfect motifs are
interrupted
by
one
or
more
repeats
of
different
length
(e.g.,
[GGAT]n[ACT][GTAA]n+1)(Wang et al., 2009).
Microsatellite markers can be developed in several ways: via genomic libraries, enriched
genomic libraries, BAC/YAC, and cDNA libraries (Scott, 2001). However, reliable
microsatellites are difficult to develop for conifer species due to their large genome size and
the extensive repetitive nature of their DNA (Kinlaw, 1997). Most of the pine nuclear
microsatellite markers were derived from the sequenced genome of Pinus taeda from which
over 300 SSR markers were developed (Auckland et al., 2002; Echt et al., 2011). Some SSR
markers were also developed for P. sylvestris (Soranzo et al., 1998). However to date, no
nuclear SSR markers were developed for P. mugo.
For studying population structure of pine species with few (or not at all) developed SSR
markers the microsatellite transfer between related conifer species has been shown to be very
promising (Echt et al. 1999; Kutil and Williams 2001; Shepherd et al. 2002). Shepherd et al.
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(2002) reported successful microsatellite transfer within hard pines (subgenus Pinus) for
species that diverged a few million generations ago (Shepherd et al. 2002). Microsatellite
transfer across pine subgenera (about 14 million generations since divergence) has also been
shown to be feasible, but the extent of polymorphism is unknown at this level (Kutil and
Williams 2001).Trans-specific microsatellite markers were used to describe genetic diversity
and population differentiation among several conifer species, e.g. Pinus brutia and Pinus
eldarica (Bucci et al., 1998) Pinus canariensis (Navascués et al., 2006), Pinus halepensis and
Pinus pinaster (Gómez et al., 2005), Pinus heldreichii (Naydenov et al., 2005), Pinus strobus
(Marquadt and Epperson, 2004) or Pinus taeda (Al-Rabab´ah and Williams, 2002).
The Scots pine (Pinus sylvestris) is a widespread coniferous tree species and the main
forest-forming component in Europe and Asia. P. sylvestris is closely related to the dwarf
mountain pine (P. mugo), which is endemic to European mountainous regions and also occurs
on some peat bogs from the postglacial period (Critchfield and Little 1966). Individuals with
intermediate or mixed phenotypic characters with regard to P. sylvestris and P. mugo were
found in sympatric populations of these species (Prus-Glowacki and Szweykowski 1980;
Yurukov and Tashew 1992). In Slovakia, hybrid swarms were found in several localities:
Habovka, Suchá Hora, Obšívanka and Tisovnica (Maňka et al., 2011).
The aim of our study is to test the possibility of cross-species transfer of a set of SSR
markers originally developed for Pinus taeda and Pinus sylvestris to Pinus sylvestris and
Pinus mugo artificial hybrids. Successfully transferred microsatellite markers will be suitable
for population analyses of naturally occurring putative hybrid populations of these species in
Slovakia.
METHODS
Artificial hybridization. In this study, we used DNA from artificial hybrids of Pinus
mugo x Pinus sylvestris. We carried out the artificial hybridization according to Paule (1992)
in the years 2011 - 2013. After harvesting of cones and seed extraction, we germinated seeds
in Petri dishes on a piece of moist paper and incubated them for 72 hours at 25 ° C.
Afterwards we dissected the seeds with the lancet and carefully extracted embryos using
forceps.
DNA isolation. We carried out the DNA isolation from individual embryos using a
commercial kit SiMax™ Genomic DNA Extraction Kit (SBS Genetech Co., Ltd., Peking).
After isolation, we verified the quality of DNA using the BioSpec-nano spectrophotometer
(Shimadzu). We diluted the obtained DNA to a concentration of 25-30 ng /µL and used it for
subsequent PCR analyses.
PCR amplification. We perform the PCR in a multiplex by combining primers into three
sets (A, B, C; Table 1) given into account similarity in primer annealing temperatures,
expected allele sizes and potential for forming primer-dimers using Multiplex Manager
software (Holleley and Gerats, 2009). We performed the PCR in a final volume of 10 µl,
which contained: ~25-30 ng of genomic DNA, 1 × reaction buffer B2 (Solis BioDyne), 0.2
mM dNTPs, 0.05 to 0.4 µM each forward (fluorescently labelled) and reverse primer (we
choose the exact concentration to get the fluorescence signal in a readable scale) and 1 U
HOT FIREPol DNA Polymerase (Solis BioDyne). We carried out the amplification in a Tprofessional Gradient Thermal Cycler (Biometra) at the following thermal profile: initial
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Tab. 1 Primers used in this work and their characteristics

SSR
marker

Source
species

Source
library
type

Forvard and reverse primer sequences
Multiplex Ta
Repeat motif in source species
References
(5´–3´)
set
(°C)

CCTGGGGATTTGGATTGGGTATTTG
(GCT)4GCC(GCT)7GCC(GCT)8 A
61,2 Auckland et al. (2002)
ATATTTTCCTTGCCCCTTCCAGACA
GGCTAATGGCCGGCCAGTGCT
Liewlaksaneeyanawin
LOP 1
P. taeda
(TA)10
A
61,2
et al. (2004)
GCGATTACAGGGTTGCAGCCT
GTCTCCAGCCAGTTCACCTGC
Liewlaksaneeyanawin
LOP3
P. taeda
(TA)9
A
61,2
et al. (2004)
CAGTGGATCTGTCACCTCCTC
AGCCGTAAAAGCTATCTTGTG
Liewlaksaneeyanawin
LOP 5
P. taeda
(TA)33
B
54,2
et al. (2004)
GGCATACTTACATTTTAATAA
TTCGTAGGACTAAAAATGTGTG
SPAG
P.
(TG)17(AG)21
B
54,2 Soranzo et al. (1998)
7.14
sylvestris CAAAGTGGATTTTGACCG
CTATTTGAGTTAAGAAGGGAGTC
PtTX 4001 P. taeda
(TG)15
C
56,5 Auckland et al. (2002)
CTGTGGGTAGCATCATC
AGGGAGATCAATAGATCATGG
SPAC
P.
(TG)16
C
56,5 Soranzo et al. (1998)
11.8
sylvestris CAGCCAAGACATCAAAAATG
AAACAAGCCCACATCGTCAATC
PtTX 3107 P. taeda
(CAT)14
C
56,5 Auckland et al. (2002)
TCCCCTGGATCTGAGGA
Ta (°C) - Temperature of annealing (°C), G - genomic library, EST - EST library, UM- under-methylated library, LC- low copy library
PtTX 2146 P. teada

G
EST
EST
EST
G
UM
G
LC
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denaturation step (5 min. at 94 °C), followed by 35 cycles of: 30s at 94 °C, 30 s at the
annealing temperature calculated for each primer set (Table 1), and 80 s at 69 °C, with a final
elongation step of 10 min. at 69 °C.
Capillary electrophoresis. Following PCR, we diluted the PCR products 5 to 25 times
with deionized water (to get the fluorescence signal into a readable scale) and subsequently
mixed with Hi-Di Formamide (Applied Biosystems) according to the manufacturer
instructions. We incorporated GeneScan 500LIZ (Applied Biosystems) to the mix as an
internal size standard. Afterwards, we denatured samples for 5 min. at 95 °C and prepared for
analysis. We carried out the sizing of fluorescently labelled PCR products on an ABI PRISM
310 Genetic Analyzer (Applied Biosystems) following the manufacturer instructions.
Data analysis. For genotyping of individuals we used the GeneMapper version 4.1
(Applied Biosystems). For allele binning, we used Autobin macro for MS Excel
(https://www6.bordeaux-aquitaine.inra.fr/biogeco_eng/Scientific-Production/Computersoftware/Autobin, 10.5.2014). We used GenAlEx version 6.5 (Peakall and Smouse, 2012) for
calculation of the following genetic parameters for each locus: number of alleles (NA),
number of effective alleles (Ne), observed heterozygosity (HO), expected heterozygosity (HE),
fixation index (F), deviation from the Hardy-Weinberg equilibrium (HWE).
RESULTS
In this study, we tested a set of 8 SSR primer pairs for their transferability among Pinus
species and their suitability for genetic analyses of P. mugo × P. sylvestris hybrids.
Amplification success of these markers in the PCR was checked on 2.5% agarose gels (data
not shown). 7 out of 8 primer pairs (87.5 %) amplified a single locus with a size
corresponding to the expected length in P. mugo × P. sylvestris hybrid individuals. There
maining primer pair (LOP3) did not amplify any PCR product despite the effort to optimize
PCR conditions and was excluded from further analyses. Four out of 7 microsatellites that
amplified product in PCR (PtTX 2146, LOP 1, LOP 5, SPAG 7.14) showed reliable banding
patterns with clear and reproducible bands. On the contrary, the remaining three markers
(SPAC 11.8, PtTX 3107, PtTX 4001) failed to amplify the PCR product in some samples.
Among all satisfactorily amplified microsatellites there were three loci (PtTX 2146, LOP 1,
LOP 5) which were originally developed for P. taeda and one locus (SPAG 7.14) originally
developed for P. sylvestris.
PCR samples from all 7 amplifying markers were then run on an ABI310 Genetic
Analyzer to precisely determine the length of each amplification product (i.e. allele). Their
expected (HE) and observed heterozygosities (HO) and number of alleles (NA) are shown in
Table 2. The number of alleles varied between 4 at SPAC 11.8 to 14 at SPAG 7.14, with the
average of 8 per locus. Expected heterozygosity (HE) ranged from 0.550 at PtTX 2146 to
0.864 at LOP 5, whereas values of observed heterozyogisty (HO) ranged from 0,143 at SPAC
11.8 to 0,944 at both LOP 5 and SPAG 7.14.
Three loci from the primer set C (PtTX 3107, PtTX 4001 and SPAC 11.8) showed
significant (P< 0,001) deviation from Hardy-Weinberg equilibrium (HWE) with substantial
excess of homozygotes and non-amplifying alleles. These loci also showed substantially
higher F-values indicating the presence of null alleles at these loci. The remaining 4 primer
pairs (set A and B) showed no deviation from HWE. F-values for these remaining 4 loci were
close to 0 indicating random distribution of alleles in the test population (Table 2).
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Ta. 2 Summary of there sults of genetic statistics
HWE
Locus
N
Na
Ne
Ho
He
F
DF
ChiSq
Prob
Signif
PtTX 2146
25
7
1,472
0,280 0,321 0,127
21
23,949
0,296
ns
LOP 1
25
9
5,061
0,680 0,802 0,153
36
35,556
0,490
ns
LOP 3
25
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
LOP 5
18
10
7,364
0,944 0,864 -0,093
45
35,107
0,855
ns
SPAG 7.14
18
14
7,043
0,944 0,858 -0,101
91
66,682
0,974
ns
PtTX 4001
10
31,208
0,001
***
21
5
2,390
0,238 0,582 0,591
SPAC 11.8
6
29,969
0,000
***
14
4
2,579
0,143 0,612 0,767
PtTX 3107
21
61,992
0,000
***
23
7
2,875
0,261 0,652 0,600
HWE - Hardy-Weinberg equilibrium, DF - degrees of freedom for the Chi-Squared test, ChiSq - Chi-Squared test, Prob - Probability, N - sample size,
NA - number of different alleles, Ne - number of effective alleles, HO - observed heterozygosity, HE - expected heterozygosity, F - Fixation index,
ns -not significant, *** - significance at p<0.001, n.a. – data not available
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DISCUSSION
De novo development of polymorphic, selectively neutraland non-linked microsatellite
markers for coniferspeciesis both time- and cost-intensive due to the complex and highly
duplicated nature of their genomes. Therefore, the transfer of microsatellites among related
species seems to be a reason able approachin genetic diversity analysis. In this study we tested
the suitability of a set of microsatellite markers developed originally for P. sylvestris and P.
taeda, respectively, for the genetic studies of hybrid pine populations of P. mugo× P.
sylvestris. Out of 8 tested microsatellite markers, 7 gaveclear and unambiguous amplification
productson our test population and they were also polymorphic (i.e. amplifying at least two
alleles). This rate of amplification success using trans-specific SSR marker is similar to that
obtained by Gauliet al. (2009) for microsatellite testing on P. roxburghii.
The number of alleles (NA) in artificial hybrids of Pinusmugo x Pinussylvestris was
smaller than those reported in the source species (Soranzo et al. 1998; Gonzalez-Martinez et
al. 2004). This is consistent with the former observations that microsatellite loci tend to be
less polymorphic in the non-focal compared with the focal taxon (Auckland et al., 2002).
However, the hybrid nature of our samples and the sample size could also contribute to this
observation.
Out of 7 amplifying primers, four primers(57.1 %) amplified product in all tested
samples. Theremaining three primers (42.9 %) failed to amplifythe PCR product in several
samples. This observation could be attributed to the presence of null alleles at these three loci.
The statistical analyses of all seven loci showed that 4 primers that amplified PCR product in
all samples (PtTX 2146, LOP 1, LOP 5, SPAG 7.14) shown the F-values and HWE
characteristics expected under random distribution of alleles and were also polymorphic. This
isconsistent with the results from previous studies where these primers were tested separately
either on P. sylvestris (Liewlaksaneeyanawinet al., 2004) or P. mugoindividuals(Celińskyet
al., 2013; Beranová, 2008). On the contrary, theremaining three loci showed significant
deviations from HWE as well ashighly positive values of inbreeding coefficients, both of
which indicatea shift from randommating and the presence of null allelesat these loci. This is
further supported by the fact that we used artificial hybrids for the screening
thereforeweexpectedno significant deviations from random mating.According to
ChapuisandEstoup (2007) and Carlsson (2008), the presence of null alleles caused a small, but
significant overestimation of both FST and genetic distance (GD). Therefore loci which are
prone to provide null alleles should be used with caution and loci less prone to null alleles
should always be preferred.
Celińsky et al. (2011) detected the presence of null allelesat the locus PtTX 4001 in P.
mugo. On the contrary, this marker has been used successfully for population genetic studies
of P. sylvestris(Korecký et al., 2013; Belletti et al., 2012). Therefore, we conclude thatin P.
mugo× P. sylvestrishybrids, the P. mugo part of the hybrid genome could be responsible for
the presence of null allelesatthislocus. Similarly, the marker SPAC 11.8 has been problematic
in population analyses of P. sylvestris in some studies due to high frequency of possible null
alleles (Belletti et al., 2012), although this marker was developed for this species (Soranzo et
al., 1998). We have also shown that this primer is not suitable for the population analyses of
hybrid pines. PtTX 3107 has been developed from P. taedagenome and used successfully for
genetic analyses of P. sylvestris(Korecký et al., 2013; Belletti et al., 2012) and P.
roxburghiipopulations (Gauliet al., 2009). However, its amplification failed in the case of P.
mugo (Celińsky et al., 2013). In our screening, the amplification pattern at this locus was
similar as for SPAC 11.8 and PtTX 4001 in P. mugo× P. sylvestrishybrids. Thus these 3 SSR
markers should not be used in population studies of these hybrids.
In a summary we conclude, that for each population genetic study, a set of SSR markers
should be first tested on a representative sample of individuals. Only those fullfiling the
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necessary criteria (no significant deviation from HWE, reproducible and reliable amplification
of a single locus, polymorphism etc.) should be selected for the subsequent genetic study.
Although this approach appeared to be time-consuming, we believe that this step is necessary
for producing high quality results while being still significantly cheaper and less timeconsumingthan the strategy of de novo development of SSR markers each species.
CONCLUSIONS
We conclude that the transferability of 4 SSR makers (PtTX 2146, SPAG 7.14, LOP 1
and LOP5) for genetic analyses of hybrid pine populations was successful and that these
primers are suitable for population genetic studies of hybrid swarm populations in Slovakia.
We also showed that artificial pine hybrids can be used as a material for screening of the
microsatellite transferability for two parental species at once.
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Abstract
From a faunal-ecological point of view, the dragonflies of Tribeč, Vtáčnik and Pohronský Inovec mountains
have been known insufficiently. From the year 1989 until 2013, there were 24 species of dragonflies found there.
38 localities were investigated, 10 types of habitats have been found, the most numerous were small dams. The
dominant species surveyed there were Ischnura elegans and Platycnemis pennipes. These and the other ones are
eurytopic. As for the biodiversity preservation, we consider the above mentioned small dams significant.
Keywords
dragonflies, Tribeč Mts, Pohronský Inovec Mts., Vtáčnik Mts.

INTRODUCTION
With their multiannual life cycle, dragonflies in their larval stage are bound to water
environment. Imagines occur near water biotopes, but they also fly away from the water
bodies. By their occurrence or absence they indicate the characteristics of semi-aquatic
environment and are used as bioindication organisms of its status and changes. The area of
interest consists of three geomorphological units - Tribeč, Pohronský Inovec, Vtáčnik with
their contact zone with the Danubian Hills, which are directly linked, respectively create the
border between the Carpathians and the Pannonian Basin. The first published data on the
dragonflies from the area of interest are in the work by Mocsáry (1900), where the significant
data include data about the occurrence of a rare species of the dead arm of a river
Orthetrumcoerulescens and a rheophilous species of foothill streams and rivers Cordulegaster
bidentatus David (1996). Further odonatofauna research in the outskirts of Tribeč (small dam
Jelenec and Remitáž) was carried out by David (1993), who confirmed 14 dragonfly species
through the inventory research. In the next period, David (1996) lists 15 dragonfly species
from the area of interest, confirming the occurrence of species Sympecma fusca,
Somatochlora metalica a Anax imperator, which are included in the Annexes to European
Directives. Dominant species were Ischnura elegans, Sympetrum sanguineum, Erythroma
viridulum a Platycnemis pennipes. In 2006 and 2007 in the Nová Baňa dispersed settlement
area in 14 localities, David (2009) got 481 specimens of evidence material representing 21
dragonfly species.
MATERIAL AND METHODS
The dragonfly research was conducted at 38 localities of Tribeč, Vtáčnik, Pohronský
Inovec and their adjacent contact zones with agricultural landscape since 1989 by S. David,
while in 2013 we carried out repeated catching of imagines and catching in the newly
identified localities (Fig. 1). Approximately a half of the localities is located in the
mountainous part, and the other half in the lowland landscape. Dragonflies were caught using
entomological nets, mostly during cloudy weather. The research was oriented on species
composition of odonatocenoses of the area. Caught were both imagines and larvae of
dragonflies. The material was preserved with 97% alcohol fuel. The obtained dragonfly
material was evaluated using common statistical methods according to Losos (2002), we
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calculated the dominance, diversity and equitability. The used biotope codes are according to
Ružičková et al. 1996. The locality data are summarized in the Tab. 1.

Fig. 1 The researched localities with the occurrence of dragonflies of the mountains Tribeč, Vtáčnik,
Pohronský Inovec and their adjacent contact zones

Description of localities
The studied localities are located at an altitude of 140 – 725 m.a.s.l. in geomorphological
units - Tribeč, Pohronský Inovec, Vtáčnik and their contact zones with the Danubian Hills,
which are directly linked to, respectively create the border of the Carpathians and the
Pannonian Basin (Mazúr, Lukniš, 1978). The researched territory belongs to the warm and
moderately warm climatic region (Konček, 1980, Lapin et all., 2002), it is drained by the river
Hron, Nitra and Žitava (which is a left-side tributary of Nitra). According to the classification
of watercourses of Slovakia (Šimo, Zaťko,1980), Nitra, Žitava and its tributaries belong to the
upland-lowland area with rain-snow type of regime. The prevailing type of biotopes is
stagnant water; in terms of relief differentiation, approximately half of the researched
localities belong to the uplands, and half to the hilly part. An important environment factor
affecting dragonflies is the species compositions and abundance of water biotope vegetation.
Egg laying and its development require a presence of submerged and floating (natant) water
vegetation. Dragonfly species of lowland to hill height grade prefer overheated waters
(thermophilic species), like small dams, flooded sand pits, gravel pits, etc.
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Tab. 1 Data on the researched localities

DFS – Mapped square code DFS, WS-84 – localities coordinates, m.a.s.l. – locality altitude

RESULTS AND DISCUSSION
The research confirmed the occurrence of 24 dragonfly species, from the total of 1721
specimens of evidence material – 52 exuvias, 1119 imagines and 550 larvae. Their overview
is in the Tab. 2. From the 24 species eudominant (D>10%) is damselfly Ischnura elegans,
dominant (5 ≤ D ≤ 9,9%) is damselfly Platycnemis pennipes, species Calopteryx
virgo,Coenagrion puella are subdominant (2 ≤ D ≤ 4,9%), and Lestes barbarus, Sympetrum
sanguineum, Aeshna mixta are recedent (1 ≤ D ≤ 1,9%) (Fig.2).
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Fig. 2 The dominance of selected species of dragonflies in the researched territory

Ecologically, the mentioned species belong to euryvalent and stagnicolous. The contact
zone of the Pannonian and Carpathian region and its climatic characteristics cause a mutual
blending of the occurrence of rheophilous species Calopteryx splendens and Calopteryx
virgo. Calopteryx splendnes inhabits in warmer and illuminated foothills and lowland streams,
Calopteryx virgo prefers cooler and shaded foothill and lowland streams and rivers. In terms
of the zoogeographical division, the species Calopteryx splendens,Pyrhosoma nymphula,
Ischnura elegans, Ischnura pumilio, Coenagrion puella, Coenagrion puelchellum and a
Libellula depressa belong to the Pontic-Mediterranean faunal elements, Lestes barbarus,
Anax imperator, Orthetrum brunneum, Orthetrum cancellatum, Sympetrum meridionale,
Sympetrum sanguineum, Sympetrum striolatum to the holomediterranean faunal elements,
Lestes sponsa, Enallagma cyathigerum, Sympetrum pedemontanum. Calopteryx virgo, Aeshna
mixta and Sympetrum vulgatum belong to the Euro-Siberian faunal elements. Chalcolestes
viridis is Atlanto-Mediterranean, Platycnemis pennipes is Pontic-Canspian and Aeshna affinis
is Mediterranean faunal element. One species Aeshna cyanea is European.
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Tab. 2 Overview of the obtained dragonfly material

N – number of sites hosting the dragonflies

The species diversity is an important structural characteristic of community; it includes a
species richness and distribution of the number of specimens of each species. It was
calculated using the Shannon-Wiener index. Equitability, i.e. species balance expresses the
distribution of individuals between the species of the researched community. Diversity and
equitability were calculated from the dragonfly material for each locality. The highest
diversity value was reached by the localities no. 35 (H=1.89 with maximum diversity H max =
2.30), locality no.28 (H=1.72 with maximum diversity H max = 1.95), locality no. 32 (H=1.55
with maximum diversity H max = 1.79). Equability, which gives information about the relative
representation of each dragonfly species in the localities ranged from e=0,05 to e=0,99. The
highest values of equitability were reached in the localities no. 31 (e=0.99), no. 32 (e=0.87)
and the locality no. 35 (e=0.82). The values of equitability are relatively low, reflecting the
unevenness of the number of individual represented by individual taxa.
The found dragonflies belong to the commonly occurring dragonfly species in Slovakia.
According to the Red List of Dragonflies of Slovakia (David, 2001), species Ischnura
pumilio,Aeshna affinis a Sympetrum meridionale are in the lowest threat category (LR: nt –
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almost endangered). According to the threat categories of IUCN from 2001, the population of
Ischnura pumilio in Europe is stable, the population of Aeshna affinis is growing.
From the researched localities, 18 were small water reservoirs 8232240 – multipurpose
small dams), 7 wetlands (8242400 – non-peat wetlands), 3 ponds (8233110 - ponds), 2
material pits (8234100 - material pit), 2 channels (8152221 – channel), 1 dead arm (8142300
– dead arm-plesiopotamal), and 1 phreatic groundwater - 7210000. Diversity and equitability
are small in absolute values; in the evaluation with their maximum values the rating is more
favorable. The type of biotope was not determining for the values of biodiversity and
equitability. The important factor was the character of banks and littoral vegetation, means
and intensity of management of the locality and the succession stage. The locality no. 31
(foothill stream biotope type) had the highest value of equitability. Low diversity and
equitability is a result of several factors – intensity of the research (not catching the whole
spectrum of dragonflies species), but in particular the types of biotopes and their character.
CONCLUSION
The dragonfly research at 38 localities in Tribeč, Pohronský Inovec and Vtáčnik
confirmed the occurrence of 24 dragonfly species. Dominant are Ischnura elegans,
Platycnemis pennipes, Calopteryx virgo,Coenagrion puella, Lestes barbarus, Sympetrum
sanguineum and Aeshna mixta. Ecologically, the mentioned species, except for Calopteryx
virgo and Platycnemis pennipes, belong to euryvalent and stagnicolous species. Damselflies
Calopteryx splendens and Platycnemis pennipes are rheophilous, however, their imagines fly
also to the localities with stagnant water, especially to the places where the flowing character
shows – mouth of the stream (river) into the water reservoir. According to the
zoogeographical division, 7 species are Ponto-Mediterranean, 7 holomediterranean, 6 EuroSiberian, 1 is Atlanto-Mediterranean, 1 Ponto-Caspian, 1 Mediterranean and 1 European
faunal element. Despite the relatively low values of diversity and equitability, and in spite of
the fact we did not find the occurrence of rare and protected species, we consider it necessary
to continue further research in the area.
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Abstract
The outcome of hybridization depends on various factors and the effects of hybridization may vary between
generations. Many species of the genus Pinus can hybridize with each other, and sometimes it may be difficult to
distinguish pure species from their putative hybrid swarms. The objective of this study was to evaluate the effect
of hybridization on seed germination and fertility in hybrid swarms of Scots Pine and mountain dwarf pine in
northern Slovakia. We studied crop characteristics which involve average number of seeds per cone and seed
quality revealed by in vitro germination test for the two hybrid swarm populations in Suchá Hora and Habovka,
one pure P. mugo population and one pure P. sylvestris population in northern Slovakia. Investigations on
germinating seeds and non-germinating seeds (empty and filled seeds) in these populations were compiled. The
hybridswarm populations have higher proportion of empty seeds than in control populations. Also, the results
indicated that the hybrid swarm populations have reduced average number of seed per cone. These
phenomenons are supposed to be due to the lower quality of seeds in hybrid swarm populations.
Keywords
Pinus sylvestris. P. mugo. Hybrid swarms. Seed germination. Fertility.

INTRODUCTION
Hybridization and introgression belong among the most important speciation processes
leading to formation of new taxa (Anderson, 1949; Stebbins, 1959). Gene flow and
introgressive hybridization are quite common in nature. About 10-30% of animal and plant
species are known to regularly exchange genes with other species via hybridization (Mallet,
2007; Abbott et al., 2013). Usually, the hybrid swarm populations inhabit ecological niches
where ,,pure species" cannot survive, such as wet soils or peat bogs (Staszkiewicz, 1993).
Hybridization between pines was detected in several species such as P. halepensis and P.
brutia in Turkey (Bucci et al., 1998) and P. contorta and P. banksiana in Canada (Wagner et
al., 1987). In central Europe the hybrid populations of the genus deal only with the two kinds
of taxonomic species - Pinus sylvestris and Pinus mugo (Businský, 1999). Being
taxonomically allied, these species intercross partially. Both gametophytic incompatibility and
embryo inviability were shown to operate during their hybridization (McWilliam, 1959;
Forshell, 1974).
Hybrid inviability is a post-zygotic barrier which reduces ability of the hybrids to mature
into a healthy adult. It may be caused by disharmony either between the parental sets of
chromosomes or between the developing embryo and surrounding endosperm (Stebbins,
1950).
Seed quality is a basic step in all kinds of reforestation whether it is made by natural
reproduction, artificial sowings or plantings (Anderson, 1955). Factors that limit quantity and
quality of seeds production are physiology, climate, soil, diseases (Núñez, 2002) and selfpollination which favours the formation of empty seeds and homozygotization of lethal genes
(Velasco et al., 2007). In Pinusspecies, the two kinds of seeds develop from the ovules, what
we call ‘empty seed’ and ‘ﬁlled seed’ (Owens et al., 2005). The latter is usually regarded as a
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measure of effective seed production. Reduced fertility of interspecific hybrids or even their
complete sterility is generally acknowledged (Johnson & Kliman, 2002). Interspecific hybrids
are either completely sterile or capable of producing some viable pollen and seed set through
selfing, intercrossing between F1 individuals or backcrossing to the parental species
(Stebbins, 1950). Sterility of hybrids, eventually of their offspring, is more frequent than their
non-viability in nature (Johnson & Kliman, 2002).
Based on the assumptions given above we tried to describe the difference in seed quality
of tested species - the hybrid swarm populations and “pure” species Pinus sylvestris L. and
Pinus mugo Turra. In the presented study we analyzed the reduced fertility and germination in
hybrid swarm populations occurring in northern Slovakia.
MATERIALS AND METHODS
The study included hybrid swarm populations of Scots pine (P. sylvestrisL.) and
mountain dwarf pine (P.mugo Turra) at Suchá Hora near Roháče (High Tatras) and Habovka
in the western part of the High Tatra Mountains. As a control, the populations of pure species
P. sylvestris from Hruštín and P. mugo from Vrátna valley were analyzed.
Mature cones of pure species P. sylvestris andP. mugo and hybrid swarm populations
were collected in September 2013. The total number of cones collected from the localities
varied due to the different availability of cone-bearing trees on tested localities.
The seeds were separately extracted from cones of individual trees and then tested by in
vitro germination. The seeds were extracted during the period September to November 2013
and stored in a refrigerator at 4 °C till the experiment commenced. Quality of freshly
extracted seeds was evaluated by X-ray analysis as described by Simak et al. (1957) (Fig.1).
Depending upon the amount of seeds obtained from individual trees, seed germination was
tested using 50 seeds per tree. In the trees with reduced seed yields the whole amount of seeds
was used in test.
The seeds were germinated in vitrousing Petri dishes with moistened cotton paper in a
thermostat at 25 °C for the period of 21 days. The results of germination test were continually
recorded. The three main criteria which are commonly used to evaluate the seed quality were
the percentage of germinating seeds, empty seeds (without embryos) and also fully developed
seeds that do not germinate - filled seeds. Filled revealed bycutting test in individual trees
were counted as the number of fully developed seeds that contained a well-developed
megagametophyte that filled the seed and an embryo that filled about 90% of the length of the
megagametophyte. Evaluation of the non-germinated seeds was achieved by excision through
the endosperm tissue. Excisions were made through the endosperm tissue with a razor blade
to determine filled seeds with embryo or empty seeds without embryos.
The hybrid swarms and control populations were assessed according to these aspects:
- average number of seeds per cone
- percentage of fully-developed seeds (through excision)
- percentage of empty seeds (through excision)
- seed germination percentage
Seed quality in putative hybrid swarm populations was compared with seed quality in
control populations. Obtained data were processed statistically by the variance analysis
(ANOVA), chi-square test and Duncan grouping.
RESULTS
Profound differences in fecundity were found not only between control populations of P.
sylvestris and P.mugo on the one hand and their putative hybrid swarms on the other hand but
also between both controls and the two hybrid swarms. It follows from Table 1 that the most
conspicuous difference in number of seeds per cone was revealed between P.sylvestris from
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Hruštín (24.2 seeds) and P.mugo from Vrátna valley (58.9 seeds). Most probably, this
difference may be ascribed to solitary position of many trees of P. sylvestris in Hruštín and
resulting from this increased degree of self-pollination. The difference of the same magnitude
is characteristic for the both putative hybrid swarms as well. The amount of seed per cone in
Suchá Hora (34.5 seeds) is more than twice of that found in Habovka (12.6 seeds).
Undoubtedly, this is due to prevailing occurrence of pure species individuals of P.mugo in
Suchá Hora. In Habovka, most of the individuals are of intermediary appearance inducting
hybrid nature. Irrespective, of the pure species or hybrid nature of the populations under study
analysis of variance and Duncan grouping proved that all the four sampled populations differ
significantly in number of seeds per cone (Tab. 2).

Population
(species)
Hruštín
(P.sylvestris)
Vrátna dolina
(P.mugo)
Suchá Hora
(Hybrid swarm)
Habovka
(Hybrid swarm)

Tab. 1 Fecundity parameters of investigated species and populations
Number of
Total number
Total number
Number of
trees
of cones
of seeds
seeds per cone
7

106

2574

24.2

10

249

14673

58.9

6

167

5764

34.5

9

128

1624

12.6

Duncan test

B
C
A

B
C

Tab. 2 Analysis of variance for number of seeds per cone

Source
Model
Error
Corrected
total

Degree of
freedom
3
28

Squares

Mean square

F-value

Pr>F

11499.02
4124.24

3833.00
147.29

26.02

0.0001

31

15623.26

Seed germination
Seed quality and fertility was determined for each population by specifying the number of
germinating seed, filled seeds and empty seeds. The results are presented in Table 3.
Germination data (the number of germinated seeds) was analysed using the chi-square
test. The percentage of germinating seeds varied from 22.0% to 46.2 %. Rather low seed
germination rate recorded in samples from Suchá Hora (22%) was quantified in this study.
Populations were significantly different with respect to proportion of germinated seeds
between hybrid swarm population in Suchá Hora and the remaining populations investigated.
In terms of total percentage of successful seed germination, there was a significant difference
between 46.2 % seed germination in Habovka and the above mentioned seed germination rate
in Suchá Hora. Controlled populations of P. sylvestris and P.mugo occupied intermediate
position in this respect (43.7 % and 38.2 % germinating seeds).
Among non-germinable seeds, the category of filled seeds varied from 41.4% - 61.4 %.
The presence of fully developed seeds that do not germinate dominated in control
populationP. sylvestris and P.mugo as compared with the lower percentage of such seeds
registered in the hybrid swarms from Habovka and Suchá Hora (43.7 % and 41.4 %).
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Fig. 1 Seed quality in P.sylvestris population – Hruštín (a), hybrid swarm in Suchá Hora (b) and in
Pinus mugo – Vrátna valley (c) as revealed by X-ray analysis (light seeds – filled, dark seeds – empty)

The most drastic effect of self-pollination in pines is the increased frequency of
embryonic deaths resulting in empty seeds. At the non-germinable seeds, the category of
empty seeds differentiated the hybrid swarm populations from the P. mugoand P. sylvestris
populations. The number of empty seeds differed among localities and the percentage varied
from 38.5% to 58.5 %. The highest amount empty seeds was at Suchá Hora (58.5 %) and
Habovka (56.3%), followed by Vrátna valley (39.8 %), and while fewest empty seeds (38.5%)
were at Hruštín (Tab.3). Analysis of the proportion of dead seeds out of total amount of seeds
showed that in hybrid swarm populations is higher percentage of empty seeds than in control
populations.

Tab. 3 Seed quality characteristics of putative hybrid swarms and control populations of P.sylvestris
and P.mugo

Population
(species)

Total number of
tested seeds

Number of
germinating
seeds

Hruštín
(P.sylvestris)

350

Vrátna dolina
(P.mugo)

Number of non-germinating seeds
Empty seeds

Filled seeds

153 (43.7 %)

76 (38.5 %)

121 (61.4 %)

500

191 (38.2 %)

123 (39.8 %)

186 (60.1 %)

Suchá Hora
(Hybrid swarm)

300

66 (22.0 %)

137 (58.5 %)

97 (41.4 %)

Habovka
(Hybrid swarm)

413

191 (46.2 %)

125 (56.3%)

97 (43.7 %)
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DISCUSSION
The objective of a germination test was to determine the germination potential of seeds in
hybrids and pure species. The germinative properties of seeds depends on such factors as their
size, their position on the mother plant, degree of dormancy, quality of pollination and
conditions and duration of storage (Black et al., 2006). In the interspecific hybrids of pines the
lowered quality of seeds is usually ascribed to the disturbed course of fertilization success
(Kriebel, 1972).
The percentage of filled seeds was lower in hybrid swarm populations compared to
control populations. Kormuťák (2009) indicates a lower production of seeds per cone,
including the filled seeds, in hybrid swarm populations of these species, similar to our results.
All crop characteristic were reduced in hybrid swarm populations in comparison with control
populations and the low germination percentage might be indicative of self-pollination.
In general, there is a dispute among authors with regard to fertility of interspecific
hybrids. Asynchrony of anthesis - P. sylvestris ﬂowers earlier (Boratynski et al. 2003), distinct
ecological gradients and low hybrid seed viability have been regarded as the main barriers for
hybridization (Christensen and Dar, 1997). Increase in pollen sterility in some pine hybrids,
even when meiosis is nearly normal, does suggest that gametic sterility may be caused by
incompatible genetic recombinations rather than by irregularities in meiosis (Sax, 1960).
Stebbins (1950) postulates either partial or complete sterility for the interspecific hybrids of
plants.
The main conclusions about hybrid swarm populations that we draw from our results are:
- differences between control populations and hybrid populations in germination test
were statistically significant
- the proportion of empty seeds in putative hybrid swarms was significantly higher than
in pure species populations
- lowered number of seeds per cone in putative hybrid swarms.
In conclusion, the main factor that affected seed quality was high proportion of selfpollination and resulting abortion of developing embryos. Hybridization has many important
evolutionary consequences but in interspecific hybrids seed quality is reduced by genetic
differentiation of the parental species. The genetic origin of the parents may also affect the
growth performance of the hybrids.
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Abstract
This study aims to determine the distribution of organically bound cadmium (Cd) and lead (Pb) between humic
(HA) and fulvic acids (FA) in 15 samples of polluted Andosols. Traditional procedures of alkaline sodium
hydroxide/pyrophosphate extraction of humic substances with consequent humic acids precipitation by
acidification were used. All of the two metals were bound predominantly on humic acids Pb and Cd content,
respectively. Higher content of Cd bound on FA show that this fraction is controlled by the level of pollution
(content of CdHA was lower), which may indicate a slightly different mechanism of Pb binding on FA or a
presence of specific sorption sites for Pb even on FA. Correlation between contents of heavy metals and soil pH
were not found. Nevertheless, positive correlations between pH KCl and PbFA (r = 0.571, p < 0.05) and negative
correlations between pHH2O and PbFA (r = -0.599, p < 0.05) were found. In the case of CdFA and PbHA, it
positively correlated with silt content (r = 0.547 and 0.532, respectively). The content of all the two metals in the
FA and HA fractions closely correlated with their pseudo total content determined after aqua regia digestion. A
similar relationship was also obtained with metal content extracted by 2M HNO 3.
Keywords: lead, cadmium, sorption, fulvic acids, humic acids, Štiavnické vrchy Mts.

INTRODUCTION
Organic carbon in soil consists basically of humic substances, which are formed by
decomposition of natural organic matter. Humic substances are powerful complexing and
chelating entities whose sorption characteristics or properties depend on their chemical
composition (Adekunle et al. 2007). Soil organic matter is, together with soil pH, the most
important parameter controlling heavy metal behaviour in soils. Heavy metals bound on
insoluble humic substances are relatively immobile. On the other hand, binding on smaller
organic molecules may increase metal mobility and bioavailability (Kabata-Pendias and
Pendias 1992). Bioassimilability and solubility of heavy metals depend on a metal chemical
form and soil properties.
Oxy-reductive conditions, soil pH and also a number and a kind of humus compounds
and silt particles are very important for immobilization of these substances (Alva et al. 2000,
Heredia et al. 2002, Borůvka and Drábek 2004).Sorption sites on organic matter can be highly
specific (Adriano 2001, Heredia et al. 2002). Angehrn-Bettinazzi et al. (1989) reported high
ability of Pb to form complexes with insoluble humic substances, while Cd and Zn formed
complexes with mobile organic substances of low molecular weight. Humic carboxylic COOH and phenolic -OH groups are mainly involved in the formation of metal-humic
complexes (Spark et al. 1997, Datta et al. 2001). Complexes of Pb and Cu with humic acids
were found to be more stable than complexes of Cd and Zn (Waller and Pickering 1993,
Pinheiro et al. 1994, Gao et al. 1999). Ladonin and Margolina (1997) attributed this effect to
the forming of coordination complexes in the case of Pb and Cu, while Zn and Cd were
characterized rather by ion exchange-type reaction. However, Basta et al. (1993) showed that
both Cd and Pb complexation with organic matter was more important than their adsorption
through cation exchange. The strength of metal-humic complexes is influenced by soil pH and
ionic strength (Ladonin and Margolina 1997, Adriano 2001, Evangelou and Marsi 2001).
Binding on humic acids may enhance metal sorption on mineral particles (Arias et al. 2002).
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Trace metal distribution in terrestrial environments is related to the sorption process. In
addition, the sorption process is influenced by several factors such as pH, ionic strength,
humic substances, total amount of metals, and adsorbent loading (Apea and Ephraim 2012,
Perelomov 2011).
Štiavnické vrchy are of volcanic origin and substratum of neovolcanic rocks in the central
area of Slovakia and are andesites and their epiclastics. The geological footwall of the
monitored areas consists of lava flows amphibole-pyroxene andesites belonging to groups of
differentiated andesites and dacit vulcanite volcano-tectonic depression neovolcanites of
Central Slovakia.Rocks and volatiles of volcanic origins are responsible for the presence of
metals in soils and waters (Aiuppa et al. 2000, Cruz et al. 1999, Kelepertsis et al. 2001), since
diffusion of acidic volcanic gases through water permeable rocks contributes to the
hydrological material transfer in volcanic strata (Cruz et al. 1999). Volcanic activity is
responsible for the release of metals such as arsenic (As), mercury (Hg), aluminum (Al),
rubidium (Rb), lead (Pb), magnesium (Mg), copper (Cu) and zinc (Zn), among others
(Delmelle and Stix 2000, Durand et al. 2004).
The aim of this paper is to assess the distribution of Cd and Pb between humic (HA) and
fulvic acids (FA) in heavily polluted soils Štiavnické vrchy Mts. and analyze the effect of soil
properties on this distribution.
MATERIAL AND METHODS
Soil samples were taken in Štiavnické vrchy Mts. on the thermophilous fringes and on the
meadows in which we have identified Eutric Andosols soil types on volcanic rocks with
volcanic glass in the autumn (October, 2013) (Fig. 1). During the sampling of soil samples,
basic data on soil probes have been reported (Tab. 1).
Tab. 1 Characteristics of sampling sites of soil samples
Sample localization
P1
P2
P3
P4
P5
P6

Altitude
[m n. m.]
1002
974
998
911
891
895

Orientation

Exploitation

southeast
south
southwest
east
southwest
southeast

mown meadow
mown meadow
mown meadow
mown meadow
thermophilous fringes
thermophilous fringes

Slope of
relief
12° - 17°
12° - 17°
7° - 12°
7° - 12°
≥ 25°
12° - 17°

Fig. 1 Samples localizations of andosols soil type
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Soil was air-dried at room temperature and sieved (< 2 mm) sample was used by standard
procedures.Soil reaction was determined in distilled water as active soil reaction (pHH2O) and
in a solution of 1 mol l-1 KCl as exchange soil reaction (pHKCl). The ratio of soil and solution
was 1:2.5 (van Reeuwijk 2002). Total organic carbon (TOC) was measured via Thurin method
modified by Nikitina according to Orlov and Grišina (1981). Silt, sand and clay fractions were
determined according to the pipette method (van Reeuwijk 2002).
Aqua regia digestion was used for the determination of pseudototal content of Cd, Pb, in
soil (PbAR, ZnAR; ISO 1991). Metals were also extracted with 2M HNO3 in a 1:10 (soil/2 M
nitric acid)(CdHNO3, PbHNO3). Quantitative determination of heavy metals was performed by
ET-AAS technique on an atomic absorption spectrometer SpectrAA–200 (Varian, Mulgrave
Virginia, Australia) equipped with deuterium background correction with GTA-100 module.
The content of humic substances was determined by group composition of humic
substances using the Belčiková - Kononová method (Kononová and Belčiková 1962). Humic
substances were extracted into 0.1 M solution sodium pyrophosphateadjusted to pH 13 with
1 M sodium hydroxideand the samples wereleftfor infusion for 24 hours at room temperature
(NaOH/Na4P2O7 extract).Undissolved material was removed by centrifugation and filtration
(supernatant I). To separate fulvic acids (FA) from humic acids (HA), 50 mlof solution
(NaOH/Na4P2O7extract) were acidified with H2SO4 and filtered (supernatant II) and the
precipitate containing HA was dissolved with NaOH (supernatant III). The organic carbon
content in both supernatants was determined oxidimetrically by Thurin method (Orlov and
Grišina 1981). Concentrations of Cd and Pb (CdHA, CdFA, PbHA, PbFA) in both supernatants
were measured by means of atomic absorption spectroscopy. All measurements were done in
two replicates. The amount of carbon in FA (CFA) was based on carbon content in the
supernatant II. The amount of carbon in HA (CHA) (supernatant III) was calculated as the
difference between carbon content in the supernatants I and II.
All datasets were tested for normality; no transformation of data was necessary. Statistical
analyses were performed using Statistica 8 Portable.

RESULT AND DISCUSSION
The soil samples under study were in the range from a strong acidity to slightly
acidic(Table 2).In grain soil structures dominatesandosol sand (36.64 %) and silt (35.73 %).
Also according to Kobza (2008) fraction 0.002 – 0.05 mm (Silt) and 0.05 – 2 mm (Sand)
dominates in the whole soil profile. In average, humic substances accounted for
approximately one-twentieth of the total organic carbon. The share of HA was lower than the
share of FA (mean ratio CHA/CFA was 0.313). Heavy metal contents showed relatively high
variability (Table 3). Statistical difference was found between metal concentrations extracted
by 2M HNO3 and concentrations determined after aqua regia digestion in case of Cd (t=4.516, p=0.001) and Pb (t=-10.086, p=0.000). The results also show a high complexion
capacity of humic acid for the heavy metals. The strength of binding of the two metals is in
fraction HA decreased in the order Pb > Cd, and in the FA fraction is in the order Cd > Pb,
wherein between content of metal in the PbHA and PbFA was not found statistical difference.
Higher content of Cd bound on FA shows that this fraction is controlled by the level of
pollution (content of CdHA was lower), which may indicate a slightly different mechanism of
Pb binding on FA or a presence of specific sorption sites for Pb even on FA.That means that
the prevalence of FA fraction of metals over HA fraction is higher than it would correspond to
the carbon ratio between the two humic fractions. Higher number of reactive groups on FA
probably took effect. Results byAdekunle et al. (2007) show that the metal concentrations
bound on the humic acids werein the order Pb > Cd, which agrees with our results.
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Content of CdHAand CdFAwere in most cases very low, which may have increased relative
error and makes an interpretation difficult. Lead in the FA fraction was positively correlated
with CFA and negatively correlated with soil pH values. This ascertaining supports the
statement by Adriano (2001) mentioned forming stable compounds of Pb with soil organic
substances at low pH. Low pH increases Pb sorption on both fractions of humic substances.
Effects of heavy metal pollution are most long lasting in soils due to relatively strong
adsorption of many metals onto the humus and influence of anthropogenic factors of
environment and structure of rocks.

Tab. 2 Mean values, standard deviations, minimum and maximum values of basic chemical and
physical soil properties and carbon of fulvic and humic acids (C FAand CHA) (n =15)

Characteristics
pHH2O
pHKCl
TOC
CHA
CFA
Silt
Sand
Clay

Unit

Mean
5.69
4.56
42.34
0.47
1.50
35.73
36.64
27.63

g.kg-1
%
%
%
%
%

SD

Minimum

0.29
0.29
30.01
0.34
1.08
11.71
16.38
7.72

Maximum

5.15
4.06
1.75
0.02
0.01
12.10
9.40
9.30

6.40
5.12
91.36
1.08
3.15
52.80
78.60
37.80

Tab. 3 Mean values and standard deviations of the contents of separate fractions of heavy metals in
soil (mg.kg-1) (15 samples)

Metal form
Aqua regia
2M HNO3extract
NaOH/Na4P2O7 extract
Humic acids
Fulvic acids

Parameter

Pb

mean
SD
mean
SD
mean
SD
mean
SD
mean
SD

Cd
29.10
10.62
22.74
8.94
2.56
3.46
0.88
1.03
0.56
0.33

0.25
0.13
0.16
0.07
0.02
0.01
0.01
0.02
0.07
0.05

The correlation analysis showed some specific features of metal binding on HA and FA
(Table 4).Correlation between soil pH and contents of heavy metals was not found.
Nevertheless, positive correlations was found between pHKCl and PbFA (r = 0.571, p < 0.05),
negative correlations between pHH2O and PbFA (r = -0.599, p < 0.05). In case of CdFA and PbHA
it positively correlated with silt content (r = 0.547 and 0.532, respectively).The content of
both metals in the FA and HA fractions closely correlated with their pseudototal content
determined after aqua regia digestion. Similar relationship was obtained also with metals
content extracted by 2M HNO3 (Fig. 3 and Fig. 4). Content of TOC was in positive
correlation with all forms of heavy metals, except cadmium in the humic acid fraction,
because content of CdHA was very low, which may have increased relative error and makes an
interpretation difficult.
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Tab. 4 Correlation between the content of heavy metals bound on FA and HA and the total organic
carbon, carbon of the corresponding humus fractions, soil fractions and soil pH
PbHA
CdHA
Humic acids

Pb
Cd
NaOH/Na4P2O7 extract
TOC
CHA
CFA
pHH2O
pHKCl
Silt
Sand
Clay

0.657*
0.695*
0.637*
-0.260
-0.126
0.325
-0.127
-0.224

0.715*
0.724*
0.725*
-0.263
-0.048
0.426
-0.265
-0.084

0.728*
0.730*
0.731*
-0.220
0.297
0.532*
-0.318
-0.132

PbFA
CdFA
Fulvic acids

0.065
-0.088
0.066
0.081
0.508
-0.090
0.110
-0.097

0.534*
0.269
0.582*
-0.599*
0.571*
0.413
-0.498
0.431

0.571*
0.643*
0.564*
-0.170
0.168
0.547*
-0.248
-0.303

* p< 0.05

60
TOC : Pb HNO3
r=0.718, p=0.003, R2=0.516
TOC : Pb AR
r=0.731, p=0.002, R2=0.535
TOC : Pb NaOH/Na4P2O7 r=0.6574, p=0.008, R2=0.432
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Fig. 2 Correlation relationship between TOC and content of lead in the different extracts
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0,6
TOC : Cd HNO3
r=0.908, p=0.000, R2=0.825
TOC : Cd AR
r=0.789, p=0.001, R2=0.623
TOC : Cd NaOH/Na4P2O7 r=0.715, p=0.003, R2=0.512

0,5
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Fig. 3 Correlation relationship between TOC and content of cadmium in the different extracts

CONCLUSION
It is important to examine sorption´s and distribution´s mechanisms of heavy metals of Pb
and Cd in soils between fractions of humic substances. The objectives of this study were to
determine the extent to which soil sorption sites are metal specific and identify how metals
compete for sorption sites in the case of fractions of humic substances.Lead was more bound
onHA fraction compared to Cd, which was more bound on the FA fraction. Silt fraction is in
the positive correlation with heavy metals in fractions of humic substances, which have higher
metal sorption capability (PbHA and CdFA). We can conclude that under the study was Cd
bound much more on FA than on HA. Only Pb showed relatively higher affinity to HA
compared to Cd.
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Abstract
Sheep shearing 1-2 times annually produces large quantities of wool, which is becoming more and more
squeezed out of synthetic fibre textile industry. It is classified as hazardous waste and its disposal is difficult due
to the high content of keratin. Today the total amount of keratin (including by-products from the textile industry,
poor wool from farmers and slaughter-waste) is estimated at more than 5 million tons per year). Sheep wool still
represents one of the most fascinating materials, a masterpiece of design which could never be duplicated in a
factory. This is due to a highly complex chemical and physical structure which is responsible for superior
natural fibre properties. Therefore, other uses than in the textile industry are looked for constantly. Keratinbased materials can be used in biotechnology and biomedicine, in tissue engineering and in the production of
affinity membranes due to their biocompatibility, ability to support the growth of fibroblasts and absorption
properties. Sheep wool found its application in a wide variety of industrial applications. However, modification
of the hydrophobic surface is necessary for many applications, to achieve a hydrophilic surface or surface with
well - defined functional groups. One method is a modification by plasma irradiation showing very promising
results regarding the improvements in various functional properties. Low-temperature plasmas (LTP) are of
special interest to create new surface characteristics opening up new fields of application. The objective of this
work is to make a survey on technology related to plasma wool treatment.
Keywords
Sheep wool. Plasma treatment. Surface modification. Fibres.

INTRODUCTION
Sheep wool has a very complex fibre surface which is responsible for the majority of
wool properties, such as water repellence, resistance to chemical attack and felting behaviour
(Thomas, 2007). Wool is produced in the fibre follicle in the skin of the sheep (Lewis, 1992).
Fibre is a highly organized structure, whose main histological components include the cuticle,
the cortex (orthocortex, paracortex and mesocortex), and the medulla (Plowman et al., 2009).
It contains over 170 different proteins and polypeptides containing 20 different α–amino acids
(Zhang, et al. 2012).
Wool consists principally of one member of a group of proteins called keratin (Hughes et
al., 2001, Hogg et al., 1994). Keratin fibres are not chemically homogeneous, they consist of
a complex mixture of widely different polypeptides (Rippon, 1992). Clean wool contains only
82% of the keratinous proteins, which are characterized by a high concentration of cystine.
Approximately 17% of wool is composed of non–keratinous proteins (non–keratinous
because of their low cystine content). The wool fibre also contains 1% wt of non–
proteinaceous material which consists mainly of waxy lipids plus a small amount of
polysacharide material. This is believed to be concentrated in the intercellular regions of the
fibre. These non–proteinaceous proteins are concentrated in specific regions of the structure.
Non–keratinous proteins more labile and less resistant to chemical attack than keratinous
proteins because of lower concentration of disulphide cross links (Rippon, 1992).
Almost all of the fibres (90%) are composed of the cortex, which consists of keratin
intermediate filaments embedded in a matrix of keratin–associated proteins (KAPs) (Kuczek
and Rogers, 1987; Itenge–Mweza et al., 2007). KAPs cross–link the keratin intermediate
filaments with inter–chain disulphide–bonding and form the wool fibre (Gong et al., 2011).
Particularly, the formation of KAP composite gives to the wool special mechanical attributes
of strength, inertness, and rigidity (Parry and Steinert, 1992; Powell et al., 1994; Plowman,
2003; Plowman et al., 2009).
149

Keratins represent a group of fibrous proteins with high sulphur content produced in
some epithelial cells of vertebrate such as reptiles, birds and mammals. In particular, the
cysteine amino acid residues form inter– and intramolecular disulphide bonds (cystine
residues). These give rise to a compact three–dimensional structure and confer to keratin
proteins a high resistance to chemical and enzymatic attacks. There are two kinds of keratins:
the “hard–keratin” and the “soft–keratin” according to the physical and chemical properties,
particularly the sulphur content (Figure 1). Soft keratins with a sulphur content < 3% wt, are
found in the stratum corneum of the skin, whereas the hard keratins can be found in hair,
wool, feather, nails and horns and have a sulphur content > 3% wt. The α–helix appears to be
the basic fibrillar element in all soft keratins and in the hard keratins from mammals. Studies
carried out on the structure of feather keratin have shown that about 28% of the protein
molecule has the β–conformation; the remainder does not possess a geometrically regular
secondary structure (Tonin et al., 2010).

Fig. 1 Wool fibre (Aluigi et al., 2009)

PLASMA TREATMENT OF WOOL
Plasma is considered to be the fourth state of matter. Plasma is a partially or fully ionized
gas consisting of electrons, free radicals, ions and neutrals. It can be produced by a variety of
electrical discharges (Bogaerts et al., 2002).
Plasma techniques are important to surface modification. Modifying selective surface
characteristics, conventional materials can be designed with superior biological properties
(Zhao et al., 2014).
Low temperature plasma
Low temperature plasma (LTP) treatment of textiles has emerged as one of the
environmental friendly surface modification methods. Plasma treatment is considered a dry
process since it does not require the use of water or chemicals (Hwang et al., 2005). In
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addition, plasma is able to change the fibre surface properties and consequently its dyeability
(Poll et al., 2001).
LTP method has been developed rapidly over the past decade and introduced into many
branches of the textile industry. In contrast tothe high temperature plasmawith a temperature
of10 to 20 thousandKin LTP excitedtohigh energyelectrons andionsonlyleftit toa temperature
close tothe surrounding environment. LTP is an ionic gas whose components and
characteristics are different from normal gas. Using electrical discharges various plasma of
different ionisation extents can be produced. Non–polymerising or polymerising gases can be
used in LTP treatment but, the final results of LTP will depend largely on the nature of the
gases used (Kan et al., 2004). Since the temperature of plasma is relatively low, the activating
species in plasma will easily lose their energy once they react with the polymer material. As a
result, the penetration of the activating species in plasma into the polymer materials is so
shallow that the interior of the material is only lightly affected. LTP treatment can thus be
used as an effective technique to modify the surface properties of wool fabric without much
alteration of the fibre interior (Kan et al., 2004).
Kan et al. (2013) conducted the research ofthe atmospheric pressure plasma (APP). A
complete wetting of wool fabric was observed after exposure to the plasma for a very short
period. Experimental results revealed that the change in the wetting behaviour was caused by
surface oxidation and cleavage of disulphide crosslinks of wool cuticles. APP treatment was
found to be effective in achieving hydrophilisation of hydrophobic wool fibres. In addition,
nano–scale surface modification was observed and thus improved hydrophilicity of wool
fabric was achieved (Kan et al., 2013).
Dielectric barrier discharge plasma
One of the typical plasma discharges that operate at atmospheric pressure is the dielectric
barrier discharge (DBD) (Kim et al., 2006). The DBD is used to modify the surface properties
of natural and synthetic fibres and, thereby improves their hydrophilicity, adhesive properties
and wettability (Yip et al., 2001).
Oliveira et al. (2012) examined the influence of DBD plasma treatment on the adhesion
of phase–change material (PCM) microcapsules to wool fabric. Many researchers have
successfully used plasma technology to improve the wettability and hydrophilicity properties
(Gorensek et al., 2010; Kan et al., 2009; Rombaldoni et al., 2010; Zhu et al., 2007). A low
plasma discharge dosage is enough to change the fibre surface from hydrophobic to
hydrophilic one. With plasma activation of the wool fabric, it is possible to considerably
improve the water adsorption velocity. Similar results have been reported in literature for
different synthetic and natural fibres, with mention on modifications of accessible polar
groups at the surface and the creation of microporosity (Oliveira et al., 2012; Oliveira et al.,
2010; Cheng et al., 2010; Raffaele–Addamo et al., 2006). Microcapsules have been used in
textiles for a long time; however, their adhesion to textile fibres is not well known and, most
cases are not very adequate with regard to common use. Wool fabric was treated with DBD to
modify the surface and promote the adhesion of microencapsulated PCMs. The plasma
treatment caused a decrease in the static and dynamic contact angles and an increase in the
surface energy of the wool substrate. It is showed that the DBD treatment increased the
amount of oxygen on the surface of the substrate, created more polar groups, and improved
the hydrophilicity/wettability of the wool fibre. The work of adhesion was higher after
plasmamodification. All of these modifications of the wool fibre after plasma treatment led to
a remarkable increase in microcapsule adhesion to the fabric during finishing as compared to
the untreated samples. When DBD treatment was applied to the wool fabric, the
microcapsules were successfully fixed on the surface of the fibre, even after several washing
cycles. DBD plasma treatment can be considered as an excellent solution for promoting the
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functional performance of textile products finished with PCM microcapsules, achieving more
durable properties, and so contributing to the sustainability of innovative textiles (Oliveira,
2012).
The effect of plasma gas
It was found that plasma gas plays an important role in altering the fibre surface
composition which consequently affects the dyeing ability. El–Khatib et al. (2013) found that
in all of the gases used in the plasma treatments, there is improvement in the colour intensity
of the treated wool/polyester blend. LTP treatments allow dyeing at lower temperatures. The
fastness properties as well as the wettability of treated wool/polyester blend samples are
enhanced. Also the tensile strength and elongation % at break of the treated fabrics are
slightly increased. The achieved dyeing performance indicated that LTP treatments of wool
blend fabrics can possibly develop more economical and ecological dyeing processes.
The effect of discharge power of plasma treatment with different gases (air, oxygen and
nitrogen) on the colour intensity of treated wool/polyester fabric dyed with acid, basic and
disperse dyes were studied. Upon dyeing with acid dye, samples pretreated with different
gases showed the effectivity as follows: nitrogen plasma > air plasma > oxygen plasma. The
use of nitrogen gas in plasma treatments may introduce NH2 groups into the fibre, which
reflects an increasing absorption of anionic dyes (acid dye). The colour intensity of plasma
pretreated wool/polyester blend dyed with basic dye increased in the order oxygen > nitrogen
> air plasma treatments. The oxygen plasma treatment produces negative sites of oxygen ions
and/or forms COO– and OH– groups that attract cationic dyes (basic dyes). The colour
intensity was valued for a wool/polyester blend dyed with disperse dye. Colour intensity of
the samples treated with plasma was as follows: oxygen plasma > nitrogen plasma > air
plasma.
Canal et al. (2007) discussed the role of the active species involved in the superficial
modification of wool treated by means of post–discharge plasmas (N2, N2+23% O2, O2). The
active species present in the N2 post–discharge (PD) were evaluated quantitatively and
qualitatively by means of optical emission spectroscopy. Their action on the surface of the
fibres was analysed by dynamic contact angle and revealed an improved wettability that was
attributed to the generation of new chemical groups and the reduction/elimination of the fatty
layer on the surface of wool. Treatments with a N2–PD do not produceremarkable changes on
the surface of wool, except for thecleaning of the surface. In direct N2plasma discharges there
wasn’t any modification on the surface of wool, confirming a poor effect of this plasma gas.
In contrast, micrographs of wool treated with O2–PD showed the visible etching effects
through the presence of striations and microcraters on cuticle of the wool. Previous works
reported the earlier formation of microcraters on the wool surface treated with direct plasma
(at shorter treatment times of 300 s).
Plasma-enzymatic and chemical treatment
Zhang et al., (2013) applied surface and interior modification techniques including
enzymatic treatment, plasma treatment, permanganate oxidation, and acylation to wool. The
morphological surface features, IR spectra, tryptophan–type fluorescence, tensile strength,
and wettability properties of modified wool were examined along with their subsequent
colour and photostability under UVA, UVB and blue light irradiation. He found that
tryptophan–type fluorescence emission was largely quenched in the acylated wool but
exacerbated on permanganate oxidized wool. The degree of subsequent photobleaching of the
modified wool correlated inversely with the initial whiteness imparted by the modification,
whereas subsequent photoyellowing of modified wool in UV appeared to be more dependent
on the means of modification rather than the initial colour. Evaluation of the effect of wool
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surface and interior modification on subsequent photostability was shown to be an important
practical consideration in the development and application of new functional wool treatments.
The application of helium plasma treatment for 60 s did not noticeably affect the surface
morphology of the fibres. Partial removal of scales was observed to a less significant extent
on permanganate-oxidized wool but to a more significant extent on papain-treated wool.
Treatment with succinic anhydride resulted in an uneven deposition of foreign materials on
the fibre surface due to the effect of acylation, which is in line with a similar study on the
morphological features of acylated wool. Damage on the cuticle scales was also evident on
the surface of the acylated wool (Zhang et al., 2012).
The comfort properties of the pique and single jersey knitted wool fabrics were
investigated using the Wool Comfort Meter (WCM) by Naebe et al. (2013). The fabrics were
knitted in three cover factors and treated with either plasma or a silicone softening agent and
were compared with untreated fabrics. Plasma treatment did not show significant effects on
the comfort value. However, silicone polymer significantly reduced WCM values suggesting
that the silicone coating reduced the number of protruding fibres from the fabric surface.
Regardless of treatment used, pique fabrics showed a lower WCM value, and therefore were
perceived to be more comfortable than the single jersey structure. While the effect of cover
factor was not significant, in fitted model to predict the WCM value of fabrics, mass/unit area
and fabric thickness were significant predictors along with fabric structure and finishing
treatment (Naebe et al., 2013).
CONCLUSION
Plasma irradiation shows very promising results regarding the improvements in various
functional properties of materials including wool fibres. Plasma technology is slow, but
steady in the industrial revolution and can provide plenty of environmental and economical
benefits.
Plasma is an effective technique to modify the surface properties of wool fabric without
much alteration of the fibre interior with well - defined functional groups. It is able to change
the fibre surface properties and consequently its dyeability and wettability. Low-temperature
plasmas, atmospheric pressure plasma and dielectric barrier discharge were found to be
effective in achieving hydrophilisation of hydrophobic wool fibres. Different gas plasma
treatments have different effects on the surfaces of wool and consequently affect the dyeing
ability. Colour intensity of the samples treated with plasma was as follows: oxygen plasma >
nitrogen plasma > air plasma.
Plasma treatments provide great potential for the modification and functionalization of
wool biomaterials. However, much study still has to be done on sheep wool to be able to fully
understand the behaviour and the properties of the material.
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Abstract
The work deals with the issue of floristic research in meadows of the cadastre of Hodruša – Hámre village in
Štiavnické Vrchy Mountains. The aim of this work is to determine the biodiversity of meadows in this area. We
used classical floristic methods and other manuals for the Central-European flora. With the detailed research of
62 meadows we confirm 226 species and subspecies that belong into 43 families. From the nature protection
point of view, it is important that we found five potentially vulnerable: Aquilegia vulgaris, Centaurium
erythraea, Convallaria majalis, Pilosella cymosa and Saxifraga granulata; and five vulnerable species (VU):
Dactylorhiza majalis, Draba muralis, Gymnadenia conopsea, Lilium bulbiferum and Orobanche elatior. On the
other hand we found out the fact, that many grasslands are abandoned in the area. Itis resulting in succession
changes and wood spreading.The most commonly found were Acer campestre, Carpinus betulus, Crataegus
monogyna, Prunus spinosa and Rosa canina. No invasive species have been registered. From naturalized taxons
we have found eight species and one potentially invasive – Lupinus polyphyllus. From the autochthonous species
in the studied area, we identified six species with expansive tendency.
Keywords
Floristic research. Meadows. Endangered species. Hodruša - Hámre. Štiavnické Vrchy Mts.

INTRODUCTION
Meadows, in a form we know them, aroused from pastures. Several hundred years of
human agricultural activities resulted in the rise of very valuable habitats with secondary plant
communities (Novák, 2008). Grasslands of Slovakia are considered to be among the most
distinguished in central and eastern Europe. Their importance lies especially in species
richness (Šeffer et al., 2002). Meadows also play a very important role in cleaning the
atmosphere of pollution from urban or industrial areas (Yalcin et al., 2011). Predominance of
grasslands leads to higher ecological stability in landscape. They make favourable conditions
for plant and animal species diversity as well (Novák, 2008). According to Ružičková et
Kalivoda (2007) meadows can be characterized as an aggregation of perennial grasses and
herbs. Plants are usually removed at least once a year to their storage organs by mowing,
grazing or the combination of both. Meadows floristic composition is an exact reflection of
local ecological conditions. However, the impact of human activities is crucial. The way of
management affects the structure of stand or even its species diversity (Galvánek & Viestová,
2006).
In this research the flora of meadows in the cadastre of Hodruša – Hámre village was
studied. The cadaster spreads over the middle of Hodrušská Hornatina highland, which forms
the western part of Štiavnické Vrchy mountains (Kelemen et al., 1986). It is comprised of
three former individual villages – Banská Hodruša, Horné Hámre and Kopanice, 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, two localities
of biotopes from NATURA 2000 reach our studied area (Hodrušská hornatina (SKUEV0263)
and Klokoč (SKUEV0264)).
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
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forests predominate. Forests in Štiavnické vrchy mountains were in large measure disturbed
by people. Most of the deforested hillsides are green, and they are used as meadows, pastures
or orchards (Kollár & Lacika, 2004).
METHODS
Floristic data were obtained in field research during vegetation periods in the years from
2010 to 2014. In the preliminary phase of our research we chose 62 localities of meadow in
the cadastre of Hodruša – Hámre village. Every meadow of the area classified in LPIS
database was chosen. They include meadows with intensive and extensive management,
pastures and even abandoned grasslands. The list of localities with their GPS coordinates is
arranged in the Table 1.

id
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

GPS
18.7286 ; N
18.7275 ; N
18.7295 ; N
18.7285 ; N
18.7657 ; N
18.7652 ; N
18.7672 ; N
18.7691 ; N
18.7697 ; N
18.7624 ; N
18.7611 ; N
18.7592 ; N
18.7578 ; N
18.7558 ; N
18.7532 ; N
18.7905 ; N
18.8062 ; N
18.8169 ; N
18.8179 ; N
18.8195 ; N
18.8211 ; N

Tab. 1GPS coordinates of 62 chosen localities
id
GPS
id
GPS
48.4654 22 E 18.8228 ; N 48.4553 43 E 18.7701 ; N
48.4633 23 E 18.8224 ; N 48.4549 44 E 18.8253 ; N
48.4622 24 E 18.8257 ; N 48.4534 45 E 18.8279 ; N
48.4614 25 E 18.8219 ; N 48.4533 46 E 18.8250 ; N
48.4677 26 E 18.7829 ; N 48.4399 47 E 18.8210 ; N
48.4685 27 E 18.7843 ; N 48.4411 48 E 18.8195 ; N
48.4704 28 E 18.7869 ; N 48.4423 49 E 18.8271 ; N
48.4723 29 E 18.7874 ; N 48.4410 50 E 18.8261 ; N
48.4718 30 E 18.7888 ; N 48.4411 51 E 18.8206 ; N
48.4690 31 E 18.7916 ; N 48.4405 52 E 18.8133 ; N
48.4696 32 E 18.7917 ; N 48.4394 53 E 18.8343 ; N
48.4697 33 E 18.7925 ; N 48.4395 54 E 18.8381 ; N
48.4706 34 E 18.7947 ; N 48.4368 55 E 18.8325 ; N
48.4708 35 E 18.7958 ; N 48.4373 56 E 18.8298 ; N
48.4720 36 E 18.8000 ; N 48.4317 57 E 18.7968 ; N
48.4565 37 E 18.8083 ; N 48.4340 58 E 18.7960 ; N
48.4567 38 E 18.8052 ; N 48.4330 59 E 18.7978 ; N
48.4542 39 E 18.8043 ; N 48.4362 60 E 18.7980 ; N
48.4552 40 E 18.8046 ; N 48.4386 61 E 18.7962 ; N
48.4544 41 E 18.8005 ; N 48.4443 62 E 18.7950 ; N
48.4544 42 E 18.8026 ; N 48.4422

48.4588
48.4746
48.4695
48.4696
48.4693
48.4686
48.4798
48.4807
48.4780
48.4769
48.4783
48.4775
48.4802
48.4790
48.4299
48.4295
48.4308
48.4319
48.4357
48.4341

The research was realized by using classical floristic methods of listingvascular plant
species in particular locations. Nonvascular plant species were omitted. We determined each
taxon directly in the field or additionally by using determination keys from Rothmaler (2009),
Dostál (1991, 1992), 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).
The acquired data were processed in Microsoft Excel Starter. The biological categories
were set according to The Great Key for Identification of Vascular Plants I, II (Dostál, 1991,
1992). 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
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No. 492/2006 Coll. to Act No. 543/2002.The Inventory of the Alien Flora of Slovakia
(Medvecká et al., 2012) was checked in order to determine potential invasive species.
Expansive species were identified according to the List of Alien, Invasive and Expansive
Vascular Plants of Slovakia (Gojdičová et al., 2002).
RESULTS AND DISCUSSION
In the studied localities we monitored 224 species and subspecies. The name of species
and their families are arranged in the Table 2.
Tab. 2The list of determined vascular plants
Note: Name of taxa are arranged alphabetically, Family
Name of taxa
Family
Name of taxa
Family
Acer campestre
Aceraceae
Briza media
Poaceae
Acetosa pratensis
Polygonaceae
Bromus erectus
Poaceae
Acetosella vulgaris
Polygonaceae
Bromus hordeaceus
Poaceae
Aegopodium
podagraria
Apiaceae
Calamagrostis epigejos Poaceae
Agrimonia eupatoria
Rosaceae
Campanula glomerata Campanulaceae
Agrostis canina
Poaceae
Campanula patula
Campanulaceae
Agrostis capillaris
Poaceae
Campanula persicifolia Campanulaceae
Agrostis stolonifera
Poaceae
Capsella bursa-pastoris Brassicaceae
Achillea millefolium
Asteraceae
Cardamine pratensis
Brassicaceae
Achillea nobilis
Asteraceae
Carex caryophyllea
Cyperaceae
Ajuga reptans
Lamiaceae
Carex hirta
Cyperaceae
Alchemilla
xanthochlora
Rosaceae
Carex muricata
Cyperaceae
Allium oleraceum
Liliaceae
Carex ovalis
Cyperaceae
Allium senescens
Liliaceae
Carex pallescens
Cyperaceae
Alopecurus pratensis Poaceae
Carex praecox
Cyperaceae
Angelica sylvestris
Apiaceae
Carex tomentosa
Cyperaceae
Anchusa officinalis
Boraginaceae
Carlina acaulis
Asteraceae
Anthoxanthum
odoratum
Poaceae
Carlina vulgaris
Asteraceae
Anthriscus sylvestris
Apiaceae
Carpinus betulus
Betulaceae
Anthyllis vulneraria
Fabaceae
Carum carvi
Apiaceae
Aquilegia vulgaris
Ranunculaceae Centaurium erythraea
Gentianaceae
Arabis glabra
Brassicaceae
Cerastium arvense
Caryophyllaceae
Cerastium
Arabis hirsuta
Brassicaceae
brachypetalum
Caryophyllaceae
Arenaria serpillifolia Caryophyllaceae Cerastium holosteoides Caryophyllaceae
Arrhenatherum elatius Poaceae
Cerasus avium
Rosaceae
Astragalus
glycyphyllus
Fabaceae
Cirsium arvense
Asteraceae
Avenula versicolor
Poaceae
Cirsium oleraceum
Asteraceae
Betonica officinalis
Lamiaceae
Cirsium rivulare
Asteraceae
Betula pendula
Betulaceae
Cirsium vulgare
Asteraceae
Brachypodium
pinnatum
Poaceae
Colchicum autumnale
Liliaceae
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Name of taxa
Colymbada scabiosa

Family
Asteraceae

Family
Orchidaceae

Convolvulaceae
Asteraceae
Liliaceae
Rosaceae
Cichoriaceae
Rubiaceae
Rubiaceae

Name of taxa
Gymnadenia conopsea
Helianthemum
grandiflorum subsp.
obscurum
Heracleum sphondilium
Hieracium umbellatum
Holcus lanatus
Hypericum maculatum
Hypericum perforatum
Hypochoeris radicata

Convolvulus arvensis
Cota tinctoria
Convallaria majalis
Crataegus monogyna
Crepis biennis
Cruciata glabra
Cruciata laevipes
Cuscuta epithymum
subsp. epithymum
Cynosurus cristatus
Dactylis glomerata
Dactylorhiza majalis
Daucus carota
Deschampsia flexuosa
Dianthus
cartusianorum
Dianthus deltoides
Dorycnium
germanicum
Draba muralis
Echium vulgare
Elytrigia intermedia
Elytrigia repens
Equisetum arvense
Erodium cycutarium
Erophila verna
Euphrasia rostkoviana
Fallopia convolvulus
Festuca pratensis
Festuca rubra
Filipendula ulmaria
Filipendula vulgaris
Fragaria moschata
Fragaria vesca
Galium album
Galium pumilum
Galium verum
Genista pilosa
Genista tinctoria
Geranium phaeum
Geranium pratense
Geranium sanguineum
Glechoma hederacea

Cuscutaceae
Poaceae
Poaceae
Orchidaceae
Apiaceae
Poaceae

Chaerophyllum hirsutum
Inula britannica
Jacea pratensis
Jacea pseudophrygia
Juncus effusus
Juniperus communis

Apiaceae
Asteraceae
Asteraceae
Asteraceae
Juncaceae
Cupressaceae

Cistaceae
Apiaceae
Cichoriaceae
Poaceae
Hypericaceae
Hypericaceae
Cichoriaceae

Caryophyllaceae Knautia arvensis
Caryophyllaceae Laserpitium latifolium

Dipsacaceae
Apiaceae

Fabaceae
Brassicaceae
Boraginaceae
Poaceae
Poaceae
Equisetaceae
Geraniaceae
Brassicaceae
Scrophulariaceae
Polygonaceae
Poaceae
Poaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rubiaceae
Rubiaceae
Rubiaceae
Fabaceae
Fabaceae
Geraniaceae
Geraniaceae
Geraniaceae
Lamiaceae

Fabaceae
Asteraceae
Asteraceae
Liliaceae
Asteraceae
Liliaceae
Scrophulariaceae
Linaceae
Poaceae
Fabaceae
Fabaceae
Juncaceae
Juncaceae
Boraginaceae
Caryophyllaceae
Primulaceae
Primulaceae
Lamiaceae
Lamiaceae
Caryophyllaceae
Boraginaceae
Boraginaceae
Poaceae
Fabaceae
Lamiaceae

Lathyrus pratensis
Leontodon autumnalis
Leontodon hispidus
Leopoldia comosa
Leucanthemum vulgare
Lilium bulbiferum
Linaria vulgaris
Linum catharticum
Lolium perenne
Lotus corniculatus
Lupinus polyphyllus
Luzula campestris
Luzula luzuloides
Lycopsis arvensis
Lychnis flos-cuculi
Lysimachia nummularia
Lysimachia vulgaris
Mentha arvensis
Mentha longifolia
Minuartia rubra
Myosotis arvensis
Myosotis sylvatica
Nardus stricta
Onobrychis viciifolia
Origanum vulgare
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Name of taxa
Orobanche elatior

Family
Orobanchaceae

Phleum pratense
Phyteuma spicatum
Pilosella cymosa
Pilosella officinarum
Pimpinella major
Pimpinella saxifraga
Pinus sylvestris
Plantago lanceolata
Plantago major
Plantago media
Poa angustifolia
Poa pratensis
Polygala amara
Populus tremula
Potentilla anserina
Potentilla argentea
Potentilla collina
Potentilla erecta
Potentilla reptans
Primula veris
Prunella laciniata
Prunella vulgaris
Prunus spinosa
Pseudolysimachion
spicatum
Pyrethrum
corymbosum
Quercus petraea

Poaceae
Campanulaceae
Cichoriaceae
Cichoriaceae
Apiaceae
Apiaceae
Pinaceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Poaceae
Poaceae
Polygalaceae
Salicaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Primulaceae
Lamiaceae
Lamiaceae
Rosaceae

Ranunculus acris
Ranunculus bulbosus
Ranunculus
polyanthemos
Ranunculus repens
Ranunculus fallax
Rhinanthus minor
Rosa canina
Rubus caesius
Rumex obtusifolius
Salvia pratensis
Salvia verticillata
Sangiusorba minor
Saxifraga bulbifera
Saxifraga granulata

Name of taxa
Securigera varia
Silene latifolia subsp.
alba
Silene nutans
Silene vulgaris
Sonchus asper
Stellaria graminea
Steris viscaria
Symphytum officinale
Tanacetum vulgare
Taraxacum officinale
Teucrium chamaedrys
Thesium linophyllon
Thlaspi arvense
Thlaspi montanum
Thymus pulegioides
Tithymalus cyparissias
Tithymalus esula
Tragopogon orientalis
Trifolium alpestre
Trifolium arvense
Trifolium campestre
Trifolium montanum
Trifolium ochroleucum
Trifolium pratense

Family
Fabaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Cichoriaceae
Caryophyllaceae
Caryophyllaceae
Boraginaceae
Asteraceae
Cichoriaceae
Lamiaceae
Santalaceae
Brassicaceae
Brassicaceae
Lamiaceae
Euphorbiaceae
Euphorbiaceae
Cichoriaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Scrophulariaceae Trifolium repens
Tripleurospermum
Asteraceae
perforatum
Fagaceae
Trisetum flavescens
Trommsdorffia
Ranunculaceae maculata
Ranunculaceae Valerianella locusta

Fabaceae

Ranunculaceae
Ranunculaceae
Ranunculaceae
Scrophulariaceae
Rosaceae
Rosaceae
Polygonaceae
Lamiaceae
Lamiaceae
Rosaceae
Saxifragaceae
Saxifragaceae

Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Violaceae
Violaceae

Veronica hederifolia
Veronica officinalis
Veronica persica
Veronica verna
Veronica vindobonesnis
Vicia cracca
Vicia hirsuta
Vicia sepium
Vicia tenuifolia
Vicia tetrasperma
Viola arvensis
Viola canina

Asteraceae
Poaceae
Asteraceae
Valerianaceae
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Species are classified in 43 families. Families that had the highest species number were
the Poaceaewith 26 species (11.61 %) andFabaceae with 22 species (9.82 %) (Figure1).

Juncaceae,
Cyperaceae
4.46%

Liliaceae
2.68%
Boraginaceae
2.68%
Brassicaceae
3.57%

Ranunculaceae
2.68%
Poaceae
11.61%

Lamiaceae
5.36%

Fabaceae
9.82%

Caryophyllaceae
5.80%
Cichoriaceae
3.57%

Asteraceae
8.93%
Others
38.84%

Fig. 1 The family proportion in studied localities
These results prove the fact that grasses and legumes are the main components of the
meadow ecosystems. For example Yalcin et al. (2011) got very similar results in his research
of meadows in Turkey. It was found out that the Poaceaefamily, represented with 18.85 %
and Fabaceae with 12.29 %,were the most common. In our localities there were also other
families found - Asteraceae with 20 species (8.93 %), Caryophyllaceae with 13 species (5.80
%), Lamiaceae with 12 species (5.36 %) and other. These families are the most frequently
represented in Central Europe. On the other hand Orchidaceae with two species,
Orobanchaceae and Cistaceae with one species were the less represented. These are more
common in subtropical as tropical areas.
The biological spectrum includes hemicryptophytes 78.98 %, therophytes 12.95 %,
chamaephytes 4.02 %, geophytes 5.80 % and phanerophytes 6.25 % (Figure 2). According to
Yalcin et al. (2011) the high representation of hemicryptophytes may be thought of as
meadow species developed an adaptation against grazing. The most common of
phanerophytes were Acer campestre and Carpinus betulus. From the category of
macrophanerophytes the most commonly found was Crataegus monogyna and of
nanophanerophytes Prunus spinosa and Rosa canina.
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CH
4.02%

P
6.25%

T
12.95%

G
5.80%
H
70.98%

Fig. 2 The biological spectrum of studied localities Note: H – hemicryptophytes, G –
geophytes, T – therophytes, CH – chamaephytes, P - phanerophytes
The number of species at a particular locality varies based on different management.
Meadows with extensive management were the richest in the number of species. It ranged
from 56 to 64 species in a locality. On the other hand, meadows with intensive management
or without any management at all were characterized by lower species richness.
Some ecosozologicaly significant taxons were found in the studied localities. We
managed to identify ten species included in the current Red List of Vascular Plants of
Slovakia (Feráková et al., 2001). Aquilegia vulgaris, Centaurium erythraea, Convallaria
majalis, Pilosella cymosa and Saxifraga granulata are categorized as potentially vulnerable
(NT). Futák et al. (1982), Hlavaček (1985) and Getlerová (2008) indicate the presence of
taxons in Banská Hodruša and its surroundings. The category of vulnerable species (VU) is
represented by Dactylorhiza majalis, Draba muralis, Gymnadenia conopsea, Lilium
bulbiferum and Orobanche elatior. Only four species we foundare protected by law in Slovak
Republic - Dactylorhiza majalis, Draba muralis, Gymnadenia conopsea and Lilium
bulbiferum. The orchids Dactylorhiza majalis and Gymnadenia conopsea were monitored at
meadows in the cadastre of Vyhne village, near Hodruša – Hámre (Salenka, 2012).
Invasive plants were not found in studied localities. However eight naturalised species
were determined – Anchusa officinalis, Convolvulus arvensis, Fallopia convolvulus, Lupinus
polyphyllus, Valerianella locusta, Veronica persica, Vicia hirsute, Vicia tetrasperma. One of
them Lupinus polyphyllus, found only on one locality, is also categorized as potentially
invasive. According to Hlavaček (1985) and Bertová et al. (1988) it was grown around
settlements or in botanical gardens. Nowadays it can be found escaped in meadows or other
grasslands, for example Skalka Ski slopes in Kremnické Vrchy Mts. (Tóthová, 2010). From
the autochthonous species in the studied area, we identified six species with expansive
tendency. The most common were Arrhenatherum elatius,Calamagrostis epigejos, Cirsium
arvense, Phleum pratense,Ranunculus repensand Trifolium pratense.
CONCLUSION
In 62 chosen meadows we determined 224 species and subspecies, classified in 43
families. Families that had the highest species number were the Poaceaewith 26 species
(11.61 %) andFabaceae with 22 species (9.82 %). These results prove the fact that grasses
and legumes are the main components of the meadow ecosystems. The biological spectrum
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includes hemicryptophytes 78.98 %, therophytes 12.95 %, chamaephytes 4.02 %, geophytes
5.80 % and phanerophytes 6.25 %.The distribution of hemicryptophytes, therophytes,
chamaephytes and geophytes is typical for meadows. However the slightly higher rate of
phanerophytes is caused by advanced succession at some of the chosen meadows.The absence
of management at grasslands causes succession changes. In consequence of increasing
nutrition content, coming from accumulated biomass, high grasses such as Arrhenatherum
elatius, Calamgrostis epigejos and Dactylis glomerata gradually predominate. Lower species
recede fast and woods spread into vegetation.
A fact of particular importance is the presence of five vulnerable species (VU) Dactylorhiza majalis, Draba muralis, Gymnadenia conopsea, Lilium bulbiferum and
Orobanche elatior.The presence of five potentially vulnerable (NT) species - Aquilegia
vulgaris, Centaurium erythraea, Convallaria majalis, Pilosella cymosa and Saxifraga
granulata, was confirmed for the region of Hodruša – Hámre. During our research we did not
find invasive species in chosen meadows. However eight naturalised species were determined.
From the autochthonous species in the studied area, we identified six species with expansive
tendency.
At the end it is necessary to point out the importance of further research. In our opinion it
is important to continue or start with some kind of management in local meadows. If the trend
of abandoning grasslands continues, we will lose a large amount of ecosystem services
provided by meadows.
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Abstract
The wetland biotopes in Podunajská nížina lowland belong to most endangered biotopes by human activities. In
recent years, there was made some theriologic researches, where the material of ectoparasites was obtained and
not yet processed. The acquired material of ectoparasites came from 16 localities during the years 2002; 2003;
2004; 2005; 2010; 2011. The fur of eight rodent host (256 exemplars) species (Apodemus flavicollis, A.
sylvaticus, A. uralensis, Arvicola terrestris, Clethrionomys glareolus, Micromys minutus, Microtus arvalis, M.
oeconomus) was parasitologicaly processed.We recognized 32 species (1314 specimens) of mesostigmatic mites.
The value of Shannon diversity index was 1.97; Margalef index was 4.317 and Equitability was 0.568. The
eudominant species were Laelaps agilis (41.4%), Haemogamasus nidi (13.2%) and Androlaelaps fahrenholzi
(13.2%). The dominant species were Laelaps hilaris (9.9%) and Eulaelaps stabularis (8.2%). The eudominant
host species were Clethrionomys glareolus (36.3%), Apodemus sylvaticus (27%) and Apodemus uralensis
(11.3%). The subfamily Murinae was parasitized by 57% exemplars of mites, 65.6% of all detected species of
mites. The subfamily Arvicolinae was parasitized by 38.2% exemplars of mites, 78.1% of all detected species of
mites. The cluster analysis shows the similarity of rodent species according to presence of their ectoparasites.
The most similar host species are in the genus Apodemus (64%) and species of the genus Microtus (75%), where
specific mite species was detected.
Keywords
Ectoparasites. Mites. Mesostigmata. Rodentia. Podunajská nížina lowland.Slovakia.

INTRODUCTION
The South-western area of Slovakia is distinguished by presence of valuable wetland
biotopes. These biotopes are under substantial anthropogenous influence and require more
attention by researchers (Hulejová – Sládkovičová et al. 2013). The investigation of small
mammals and their ectoparasites in Podunajská nížina lowland have long – time tradition. The
first researchwas realized there in 1950, as the area of natural epicentre of serious diseases of
human and animals (Ambros 1993). The communities of mesostigmatic mites in the Southwestern part of Podunajská nížina lowland was comprehensive investigated by Ambros
(1988). The research of small mammals and their ectoparasites in windbreak biotopes along
Danube river was carried out.It was obtained 11 species of small mammals and mesostigmatic
mites belong to 33 species (Dudich 1994). Dudich et al. (1985), Kováčik & Dudich (1990)
and Ambros & Dudich (1996) realized the survey of small mammals at the area of Žitný
ostrov island and the numerous material of ectoparasites was taken. The investigation of small
mammals was made in the Gabčíkovo Hydroelectric Power Station before starting to operate,
at near State Natural Reservation Čenkovská lesostep (Dudich 1993). The community
structure of small mammals in the area of barrage system Gabčíkovo was investigated by
Krištofík & Mašán (1995).The small mammal populations were studied in wetland biotopes
nearby village Martovce (Baláž et al. 2006). Mesostigmatic mites (16 species), as
ectoparasites of small mammals (7 host rodent species), were detected in wetland biotopes of
Podunajská nížina lowland by Bridišová (2008). The last known survey of communities of
small mammals in wetland biotopes was made by Hulejová – Sládkovičová et al.
(2013),preliminary results of mesostigmatic mites in wetland biotopes were published by
Klimant et al. (2013).
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The aim of our study is to find out the species structure of mesostigmatic mites in
wetland biotopes and to analyse the similarity between host rodent species according to
species structure of their mesostigmatic mites.
METHODS
The research of small terrestrial mammals and their ectoparasites was realized in the area
of Podunajská nížina lowland, in the wetland biotopes during the years 2002; 2003; 2004;
2005; 2010; 2011. The trapping sites were located near to old oxbow lakes, marshlands and
dense bank vegetation. These biotopes provide refuges against to increasing areas of
agrocoenosis. The material of caught small mammals wasprocessed in survey of Ambros
(2010), where part of our collection of mesostigmatic mites was obtained.
Total material of small mammals was processed by the theriological (Pucek & Olszewski
1971) and parasitological methods (Mrciak & Rosický 1959). The folding traps were placed
using the line method (50 capturing points at 10m distance), exposed 1 – 3 nights. As bait was
used fabric square immersed into mixture of oil, fat and milled nuts. The collecting of animals
was made always in morning hours; each specimen was individually put into the textile bags.
The ectoparasites were collected from host’s species before somatometric processing on
the white pad of the table. We used manual method (soft brush) to remove ectoparasites from
fur of small mammals. Material was fixed in plastic tubes by 70 % – 90 % ethyl alcohol. We
applied brightening chloralhydrate medium Liquido de Swann for making permanent slides.
After a month, mites were determined by using the determination keys of Baker (1952);
Bregetova (1956); Hyatt (1980); Kalúz & Fenďa (2005); Karg (1993); Krantz et al. (2009);
Mašán (2003, 2007); Mašán & Fenďa (2010); Walter & Proctor (1999) and private mite
comparative collection. Specimens were determined by Candráková and Klimant,
reviewedbyDoc. Fenďa.
For the interpretation of acquired specimens of mites, we used following ecological
characteristics:abundance and dominance. We evaluated diversity of species following indices
of diversity Shannon (H´), Margalef (R) and Pielou index of equitability (e) at each study
sites. Data were analyzed and tested by application PAST ver. 2.17. (Hammer et al. 2001).
Description of study sites
The samples of mesostigmatic mites were collected on 16 sites at Podunajská nížina
lowland (table 1). The research sites are: Bajč- natural depression with willow – poplar
floodplain forest andthe bank of channel is dominated by herbal level of sedge (Carex sp.).
Baloň study site was carried along the drainage ditch of floodplain forest with an herbal
cover. Kolárovo study site is situated on the bank of Behátsky kanál channel, covered by
willow – poplar floodplain forest (Michalko et al. 1986). Mužla study site is covered by
floodplain lowland forest with pontic – panonian oak xerothermophilous forests. Nová
Strážstudy site is borderedby the complexes of waterworks, like Komárňanský kanál channel,
Tibátsky kanál channel and channel of Kollárovo – Kameničná. Dropie study site is situated
in protected area of wetland biotopes, in the depression with permanent water surface of
remnant oxbows of floodplain forest. Gabčíkovo study site is located between the bank of the
old seasonal flooded river canal of Danube and channel of Gabčíkovo Hydroelectric Power
Station. The surrounding vegetation is overgrowing with reeds. Imeľ study site was set up in
two lines, herbal composition represented predominantly sedges vegetation. Lohot study site
was located between the embankment and riverbed of the river Váh. These wetland biotopes
of old and dry meander of the river was growth by littoral vegetation. Martovce study site
was set up in continuous cover of reeds and sedges. Ňárad study site was set up in two
traping lines: the first was situated on the margin of copse and the field, the second one was in
wetland biotope with occurrence of reed mace (Typha latifolia) and sedge (Carex sp.).
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Nesvady study site was located at draining ditch - Hantovský channel. The biotope consists of
an agricultural poplar forest at the age of cutting. Palárikovo study site was covered by
lowland floodplain forests and Pontic – Panonian xerotherm oak forests with halophytic
herbal vegetation (Michalko et al. 1986). Sap study site is situated in floodplain forest in the
dry Danube meander (Natural Reservation of Erčed). The area of study site Serkewasthe
mouth of Žitava river in the past. Nowadays, the water regime is regulated by system of
drainage ditches. Vegetation consists of reed mace (Typha sp.) and on contact with agro
ecosystems prevails sedge vegetation (Carex sp.). Čalovec study site was placed in three lines
in draining ditch Tibátsky channel, covered by willow – poplar floodplain forests.
Tab. 1 Study sites
Study site
Bajč
Baloň
Kolárovo
Mužla
Nová Stráž

DSF
8075
8172
8074
8277
8274

Dropie
Gabčíkovo
Imeľ
Lohot

8173
8171
8174
8174

Martovce

8174

Ňárad
Nesvady
Palárikovo

8171
8074
7974

Sap
Serke
Čalovec

8171
8275
8174

GPS
E 18.2084; N 47.9323
E 17.6695; N 47.8243
E 18.06358; N 47.92901
E 18.6157; N 47.7829
E 18.0177; N 47.7949

Altitude (m a. s. l.)
118
116
110
119
108

Date
18.October 2003
12. –13. October, 2010
28. June, 2002
6. November, 2003
17. September 2002;
26. -27. October, 2002
E 17.9243; N 47.8731
109
12. – 13. October, 2010
E 17.5205; N 47.8750
117
10. – 12. November, 2010
E 18.1140; N 47.8954
115
12. – 13. May, 2011
E 18.0103; N 47.8580
109
16. September, 2002;
26. – 28. October, 2002
E 18.1202; N 47.8639
108
24. – 25. June, 2005;
12. May, 2011
E 17.6087; N 47.8338
113
12. – 13. November, 2010
E 18.0640; N 47.9281
107
12. – 13. May, 2011
E 18.0294; N 48.0397
109
3. – 4. June, 2004;
13. May, 2005
E 17.6206; N 47.8173
115
10. – 11. November, 2010
E 18.2936; N 47.7594
110
5. – 6. June, 2003
E 18.0054; N 47.8096
108
16. – 17. September, 2002
Abbreviation: DSF – Databank of Slovak Fauna

RESULTS AND DISSCUSION
Altogether, we obtained 8 host rodent species (256 individuals), which were positive for
mesostigmatic mites. On the fur of hosts, we determined 32 species (1314 individuals) of
mesostigmatic mites (table 2). The average infestation of mites per a positive host sample
represented 5.2 individuals. The diversity value (Shannon index) for 32 mite species at
investigated area was 1.97; Margalef index was 4.317 and Equitability was 0.568 (table 2).
The obtained species of mites are able to divide into four basic ecological groups
(according to Haitlinger 1981): Hematophagous permanent parasites (representing 18.8%
of species; 58.2% of individuals): Hyperlaelaps microti, Laelaps agilis, L. hilaris, L.
mycromydis, L. muris. Obligatory nest parasites (representing 9.4% of species; 1.5% of
individuals): Hirstionyssus isabellinus, H. sunci. Facultative nest parasites (representing
31.3% of species; 36% of individuals): Androlaelaps casalis, A. fahrenholzi, Hypoaspis
sardoa, H. hyatti, H. miles, Eulaelaps stabularis, Haemogamasus hirsutus, H. nidi. Freeliving predatory mites (representing 40.6% of species; 4.3% of individuals): Cyrtolaelaps
chiropterae, Holoparasitus calcaratus, Macrocheles carinatus, M. matrius, M. montanus,
Pergamasus barbarus, P. brevicornis, P. crassipes, Poecilochirus carabi, Porrhostaspis
lunulata, Vulgarogamasus remberti.
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Tab. 1Abundance of mesostigmatic mites on their hosts
Species of mites
Androlaelaps casalis(Berlese, 1887)
Androlaelaps fahrenholzi(Berlese, 1911)
Hypoaspis sardoa(Berlese, 1911)
Androlaelaps sp.
Cyrtolaelaps chiropterae(Karg, 1971)
Eulaelaps stabularis(C.L.Koch, 1836)
Haemogamasus hirsutus(Berlese, 1889)
Haemogamasus nidi(Michael, 1892)
Haemogamasus sp.
Hirstionyssus isabellinus(Oudemans, 1923)
Hirstionyssus sunci(Zuevsky, 1970)
Hirstionyssus sp.
Holoparasitus calcaratus(Karg, 1971)
Hyperlaelaps microti(Ewing, 1933)
Hypoaspis hyatti(Evanset et Till, 1966)
Hypoaspis miles(Berlese, 1892)
Laelaps agilis(C.L.Koch, 1836)
Laelaps hilaris(C.L.Koch, 1836)

Af

As

Au

At

Cg

Mm Ma

Mo Dom (%) Total

2

13

29

-

1
104

1

15

9

0.1
13.2

1
173

1
2
74 11
15 50
9
2
3
2
1
1
1
1
3
107 349 66
4
-

-

1
1
2
10
4
69
2
4
1
19
10

3
2
-

1
4
1
15
4
8
1
1
62

1
7
2
13
3
1
39
54

0.1
0.3
0.2
8.2
0.5
13.2
0.2
0.8
0.5
0.2
0.2
3.7
0.2
0.1
41.4
9.9

1
4
2
108
7
174
2
11
7
2
2
49
3
1
544
130

Laelaps micromydis(Zachvatkin, 1948)
Laelaps muris(Ljungh, 1799)
Laelaps sp.
Macrocheles carinatus(C.L.Koch, 1839)
Macrocheles matrius(Hull, 1925)
Macrocheles montanus(Willmann, 1951)

1
-

3
3
1
-

1
-

32
-

1
-

4
-

1

1
-

0.3
2.4
0.5
0.3
0.1
0.1

4
32
6
4
1
1

Macrocheles sp.
Pergamasus barburus(Berlese. 1904)
Pergamasus brevicornis(Berlese, 1903)
Pergamasus crassipes(L. 1758)
Pergamasus sp.
Poecilochirus carabi(G. et R. Canestrini, 1882)

1
1
-

1
3
1
2

4
-

-

1
5
4

-

2
-

-

0.1
0.1
0.2
1
0.1
0.5

1
1
3
13
1
6

Porrhostaspis lunulata(Muller, 1859)
Vulgarogamasus remberti(Oudemans, 1912)

2

7

-

-

2
5

-

4

-

0.2
1.4

2
18

Total
133 515 129 32 246 10 119 130
100
1314
Abbreviations:Af - Apodemus flavicollis, As - Apodemus sylvaticus, Au - Apodemus uralensis, At - Arvicola
terrestris, Cg - Clethrionomys glareolus, Mm - Micromys minutus, Ma - Microtus arvalis, Mo - Microtus
oeconomus.

The eudominant species were Laelaps agilis (41.4%; 519♀♀ 22♂♂ 3N (nymphs)),
Haemogamasus nidi (13.2%; 151♀♀ 10♂♂ 13N) and Androlaelaps fahrenholzi (13.2%;
148♀♀ 9♂♂ 16N). The dominant species were Laelaps hilaris (9.9%; 128♀♀ 2♂♂) and
Eulaelaps stabularis (8.2%; 106♀♀ 2♂♂). The subdominant species were Hyperlaelaps
microti (3.7%; 49ex.; 41♀♀ 8♂♂), and Laelaps muris (2.4%; 23♀♀ 4♂♂ 5N). The recedent
species were Pergamasus crassipes (1%; 13♀♀) and Vulgarogamasus remberti (1.4%; 18N).
The subrecedent species were Hirstionyssus isabellinus (0.8%; 11♀♀), Haemogamasus
hirsutus (0.5%; 4♀♀ 3♂♂), Hirstionyssus sunci (0.5%; 7♀♀), Poecilochirus carabi (0.5%;
6♀♀ 1N), Laelaps sp. (0.5%; 4♀♀ 2N), Androlaelaps sp. (0.3%; 3♀♀ 1♂), Laelaps
micromydis (0.3%; 3♀♀ 1♂♂), Macrocheles carinatus (0.3%; 4♀♀), Hypoaspis hyatti
170

(0.2%; 3♀♀), Pergamasus brevicornis (0.2%; 3♀♀), Cyrtolaelaps chiropterae (0.2%; 2N),
Haemogamasus sp. (0.2%; 2N), Hirstionyssus sp. (0.2%; 2♀♀), Holoparasitus calcaratus
(0.2%; 2♀♀), Porrhostaspis lunulata (0.2%; 2ex.; 1♀ 1♂), Androlaelaps casalis (0.1%; 1♀),
Hypoaspis sardoa (0.1%; 1♀), Hypoaspis miles (0.1%; 1♀), Macrocheles matrius (0.1%;
1♀), Macrocheles montanus (0.1%; 1♀), Macrocheles sp. (0.1%; 1♀), Pergamausus
barbarus (0.1%; 1♀), Pergamasus sp. (0.1%; 1♀).
Dudich (1994) in Danube floodplain forests investigated the quantitative structure and
dynamics of haematophagous ectoparasites of small mammals. This study put together the
extensive data of mite specimens and classified them into 33 species. Ambros & Dudich
(1996) collected the most numerous material of 35 species of mesostigmatic mites (5575
exemplars) from fur of small mammals. Bridišová (2008) was detected on fur of 7 host rodent
species 16 species of mesostigmatic mites in wetland biotopes of Podunajská nížina lowland.
Poláčiková (2013) was determined 21 species (3015 samples) of mesostigmatic mites on fur
of rodents (10 species)at 16 localities. The comparison of detected ecological groups of mites
to our survey (32 species; 1314 samples) shows the significant results (Man–Whitney test;
p<0.05). Very similar results also discover Ambros (1988), where 30 species (2987samples)
of mites on 6 rodent host species was analysed. The composition of hematophagous parasitic
mite fauna at lowland region of Slovakia is mostly very similar. The differences of species
structure are occurred more often in free living predators from families Parasitidae and
Macrochelidae (Ambros & Dudich 1996; Poláčiková 2013). The presence of Haemogamasus
ambulans (Thorell 1872) from lowland region on the fur of host Microtus oeconomus was not
proved. This could be affected by methodology of traps exposition (one capture per locality)
or by insufficient amount of mite samples.
Tab. 3 Ecological indexes of established mites on study sites.
Locality
Bajč
Baloň
Kolárovo
Mužla
Nová Stráž
Dropie
Gabčíkovo
Imeľ
Lohot
Martovce
Ňárad
Nesvady
Palárikovo
Sap
Serke
Čalovec
Total

Ns

Ind.

5
11
3
7
10
11
11

78
157
8
69
53
84
72

Shannon Margalef Equitability
0.4408
1.422
0.9743
0.6309
1.925
1.427
1.837

0.9181
1.978
0.9618
1.417
2.267
2.257
2.338

0.2739
0.5931
0.8869
0.3242
0.8359
0.5953
0.7659

7
15
5
7
6
12

44
390
52
36
22
109

1.031
1.945
1.076
1.103
1.577
1.754

1.586
2.347
1.012
1.674
1.618
2.345

0.5299
0.7181
0.6689
0.5666
0.8804
0.7057

3
4
12

17
24
99

0.677
0.5141
1.357

0.7059
0.944
2.394

0.6171
0.3708
0.5462

32
1314
1.97
4.317
0.5685
Abbreviations: Ns – number of species; Ind. – individuals

The high number of mite species (15) was found at the locality Lohot. The high diversity
was at study site Lohot (H´=1.945), the highest equitability was at Kolárovo study site (e=
0.886) (table 3).
The crucial impact to composition of mite species has the representation of host rodent
species. In this survey, they consist of Clethrionomys glareolus (93ex.; 36.3%), Apodemus
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sylvaticus (69ex.; 27%), Apodemus uralensis (29ex.; 11.3%), Microtus arvalis (22ex.; 8.6%),
Microtus oeconomus (18ex.; 7%), Apodemus flavicollis (18 ex.; 7%), Micromys minutus
(6ex.; 2.3%) and Arvicola terrestris (1ex.; 0.4%). The data of small mammals were analysed,
based on species structure of their mites. Single linkage cluster analysis was used by Bray–
Curtis index of similarity(Cophenetic correlation coefficient 0.945). It shows the similarity
between host species of genus Apodemus (64%) and species of the genus Microtus (75%)
(figure 1).
In this study, we validated some specific host preferences of mites. In agreement with
other authors, Laelals agilispreferred the genus Apodemus; L. muris shows specialization to
A. terrestris; L. micromydis to M. minutus; L. hilaris to genus Microtus; A. fahrenholzito C.
glareolus.
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Fig. 1Single linkage cluster analysis of small mammals according to mitesspecies spectrum
CONCLUSION
The research of small terrestrial mammals and their ectoparasites was carried out in
wetland biotopes of Podunajská nížina lowland. During the years 2002; 2003; 2004; 2005;
2010; 2011 were caught 8 species (256 specimens) of rodents, positive for mesostigmatic
mites. Altogether 1314 specimens of 32 species of mesostigmatic mites were found. The most
abundant species were Laelaps agilis (41.4%), Haemogamasus nidi (13.2%) and
Androlaelaps fahrenholzi (13.2%). The value of Shannon diversity index was 1.97; Margalef
index was 4.317 and Equitability was 0.568.
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THE IMPACT OF URBAN VEGETATION ON MICROCLIMATE IN
ENVIRONMENT OF NITRA TOWN
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Abstract
Observation of microclimate in urban environment is nowadays current topic which links up several fields of
science. Measurements, analysis and proposals are the tools for effective solutions of negative impact of climate
changes. Rising urbanisation and rising proportion of hard surfaces as active surfaces with transformation of
solar energy on thermal energy is alarming. Our study is dedicated to evaluation of microclimatic conditions of
two types of junction in central zone of Nitra . On junction Dlhá street was recorded tumbled type of build up
area with vegetation. On junction– Štefánikova street was recorded dense type of build up area without
vegetation. The legwork was performed in the spring period 2014 during the three days in May in following time
– 10:30, 15:30. These days were chosen depending on optimal conditions of weather - total of solar radiation
80%, anticyclone, without rainfall, average velocity of air to 2m/s. Measurements was evaluated in Statistica 7.
Keywords
urban environment, vegetation ,mikroclimate, measurment

INTRODUCTION
In urban environment there is the change of geometry of active surface. Increasing of area
of active surface and predominance of surfaces with vertically orientation are significant as
well. These aspects lead to increasing of quantity of absorbed shortwave radiation and to
reflections (Voogt, 2003). Active surface with change of solar energy on thermal energy is the
main climatic factor (Středová, et. al., 2011). In urban environment the active surfaces
participate on creation of urban climate, which is connected with configuration of street axes,
high of buildings and their attributes (Krüger, Minella&Rasia, 2011). Orientation, geometry
of streets and morphological characteristics play the fundamental role in the surface
temperatures. Temperatures of horizontal surfaces are more significant than surface
temperatures of walls (Andreou&Axarli, 2012). In urban environment there is large
concentration of surfaces which are strongly overheated and have large thermal capacity. As a
result is the accumulation of heat in the city environment (Hudeková, 2012). The temperature
of active surface directly influences thermal conditions in ground and marginal layer of the
atmosphere (Středová et. al., 2011). Different thermal characteristics of active surfaces lead to
the absorbing of heat in time of positive energy balance. The result is that central urban zone
is warmer than surrounding land. Vegetation plays the significant role in the forming of
microclimate and thermal comfort. Surface temperature of vegetation influences the thermal
balance through the blazing change (Scudo et. al., 2002). Vegetation influences the city
conditions of the environment(Small, Miller, 2010). Vegetation areas have impact on
energetic demand and on formation of thermal islands. Vegetation decreases UHI (urban heat
island) effect, the air temperature on areas with vegetation can be lower by 2,5°C (comparing
to maximum temperature in the city) (Gomez, Gaja&Reig, 1998). Vegetation improves
environmental variables such as solar radiation, surface temperature, air temperature, relative
air humidity, velocity of air. These variables are important for thermal comfort (Akbari,
Pomerantz&Taha, 2001). The system – soil-vegetation-atmosphere is controlled by two
boundary conditions – energy of atmospheric conditions and water resources (rainfall, soil
humidity for evapotranspiration). In the urban environment is capability of evapotranspiration
reduced, because surfaces are coated with roads and buildings. Only small parts of surfaces
are permeable and participating on infiltration process (Wessolek et al., 2011).
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The aim of this study is to evaluate the influence of type of active surface with vegetation
areas and building material on microclimatic conditions of two central junctions: Locality 1junction Dlhá street, Locality 2 – junction Štefánikova street.
MATERIAL AND METHODS
Localities are located in central zone of Nitra town. Localities are interconnected with
street TriedaAndrejaHlinku (Tr. A. Hlinku). Locality 1 is cruising with Dlhá street, Locality 2
is cruising with Štefánikova street. Localities present the different environment in relation to
build up area, urban geometry and vegetation (Fig. 1).

Fig. 1 On theright Locality 1 –junction Dlha street, on theleft Locality 2 –junction
Štefánikova street(Source: Q-GIS 2.0.1. – Openlayerplugin, Imagery 2014 Google, Klein –
Bahnová 2014)
Locality 1 – junction Dlhástreet and Tr. A. Hlinku street
On the Locality 1 – junction Dlhá street was registered scattered type of build-up area open to
the surrounding land. Near the junction is situated large vegetation area, central core of
junction creates islands with vegetation (Fig. 2). Total percentage of vegetation on locality 1
is 80%.
Locality 2 – junction Štefánikova street and Tr. A. Hlinku street
On the Locality 2 – junction Štefánikovastreet was registered dense build-up area (buildings
with high of 10 to 16 metres) with almost 100% of hard surface without vegetation. All of
surfaces are asphalt and concrete slab (Fig. 3).
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Fig. 2 Junction Dlhá street and Tr. A. Hlinku street with80%ofvegetationareas (Bahnová,
2014)

Fig. 3 Almost 100%ofhardsurfaces on the Locality 2 – junctionofstreetsTr. A. Hlinku and
Štefánikova street (Klein, 2014)
Measurements on research localities were implemented during the three days in May –
1.52014, 20.5.2014,23.5. 2014 in time 10:30 and 15:30. Using the method of surface thermal
monitoring – with Anemometer TSI VelociCalc, following microclimatic factors were
observed: air flow, air temperature, relative air humidity and surface temperature in 8 points
(Fig.4) depending on type of junction. In three second’s interval for all measurement points
were accomplished 20 samples. Measurements were statistically evaluated and compared
depending on locality with Statistica 7. We used the Mann-Whitney test.
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Fig. 4 Model situations, red color – measured points on both Localities (Source: Q-GIS 2.0.1.
– Openlayerplugin, Imagery 2014 Google, Klein – Bahnová 2014)
RESULTS AND DISCUSSION
By comparing to measurement values of microclimatic factors – air flow, air temperature,
relative air humidity and surface temperature between Localities – junction Dlha street –
junction Štefánikova street we used the Mann-Whitney test. Statistically significant were
differences between localities in factors of air flow, surface temperature (Mann-Whitney test
p<0,001) and relative air humidity (Mann-Whitney test p<0,05).
In the factor of air flow (Fig. 5) was statistically significant difference depending on
locality in p level <0,001. Intensity of air flow influences urban geometry; density and type of
buildings change the wind direction and have an effect on barriers in urban environment.
Significant impact on the wind direction has vegetation with structure and type of canopy.
Vegetation plays the role of windbreak function. According to Akbari, Pomerantz&Taha
(2001) crowns of trees protect the buildings against cold winds. On the Locality 1 – junction
Dlhá street was recorded the median for factor of air flow – 0,01m³/s, on the Locality 2 –
junction Štefánikova street was the median in value 0,05 m³/s.
Boxplot by Group
Variable: Air flow [m³/s]
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Fig. 5 Mikroclimaticfactortheairflow–Localities 1 – 2
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Statistically significant difference depending on locality was not recorded in the factor of
air temperature (Fig. 6). Difference between medians of locality 1 and locality 2 was minimal.
Vegetation areas in urban environment work as a thermal stabilizer. On the Locality 1 was the
interval between minimum value of air temperature 20,3°C and maximum value of air
temperature 32,7°C. On the Locality 2 with majority of hard surfaces was the upper range
between minimum 18,7°C and maximum 35,4°C.
Boxplot by Group
Variable: Air temperature [°C]
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Fig. 6 Mikroclimaticfactortheairtemperature–Localities1 - 2
Boxplot by Group
Variable: Relativ e air humidity [%]
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Fig. 7 Mikroclimaticfactortherelativeairhumidity–Localities1 - 2
In microclimatic factor relative air humidity was registered statistically significant
difference depending on locality in the p level<0,05 (Fig. 7). Values of median in the relative
air humidity were balanced. The impact of urban geometry on relative air humidity depends
on type of active surface. Vegetation with transpiration regulates difference of temperature in
vegetation and surrounding land. Vegetation increases the relative air humidity on average
18%(Čaboun, 2008). With decreasing of the air flow in vegetation areas humidity maintains
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in the air. The range between values of relative air humidity on the Locality 1 was in interval
minimum 23,5% maximum 56%, on the Locality 2 in interval minimum 23% maximum
59%. 50% values of relative air humidity on the Locality 1 – junction Dlhástreet were in
range minimum 32% - 52%, on the Locality 2 –junction Štefánikova street in range 28% 49%.
In microclimatic factor of surface temperature was registered statistically significant
difference depending on locality in the p level <0,001 (Fig.8). Geometry of active surfaces in
urban environment influences intensity of falling on and reflecting solar radiation. Active
surfaces limit the area with direct light from source of radiation. In certain conditions plants
are on direct sun overheated too, but this is just short-term overheating, because the
evaporation of water from leaves drops down the temperature of assimilating organs right
after they are removed from direct sun (Čaboun, 2008).On the Locality 2 – junction
Štefánikova street there is nearly100% of hard surfaces and buildings. The median value for
surface temperature was 9,7°C in there, on the Locality 1 – junction Dlhá street was the
median value 32°C. Hard surfaces have much more higher thermal capacity which causes
much higher range of surface temperature values on the Locality 2 – junction Štefánikova
street- minimum of surface temperature 17,4°C, maximum 39,7°C. On the Locality 1 junction Dlhá street was the range of measurement values of surface temperature – minimum
22,7°C, maximum 41,8°C.
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Fig. 8 Mikroclimaticfactorthesurface temperature - localities 1 – 2
CONCLUSION
The aim of this study was to evaluate the impact of type of active surface with vegetation
areas and hard surfaces on microclimatic conditions of two central junctions Locality 1 – Dlhá
street, Locality 2 – Štefánikova street in urban environment of Nitratown. Research localities
represent different environment in relationship to buildings, urban geometry and vegetation.
The legwork was implemented in May during 3 days using the method of thermal surface
monitoring. We measured microclimatic factors – air flow, air temperature, relative air
humidity and surface temperature. We evaluated the measurements in Statistica 7 by using
Mann-Whitney test. Statistically significant differences depending on locality were confirmed
in factors – air flow (Mann-Whitney test, p level<0,001), in relative air humidity (MannWhitney test, p level<0,05), in surface temperature (Mann-Whitney test, p level<0,001). The
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active surfaces in the urban buildings formed the microclimatic conditions depending on type
of material and geometry. The vegetation is a significant microclimatic factor. The vegetation
areas have positive impact on microclimatic conditions in central urban zone. Vegetation
areas work as thermal stabilizer by contrast to hard surfaces with much higher thermal
capacity. Vegetation keeps lot of air humidity due to transpiration. It influences temperature
sensation. Active surfaces limit the area with direct light from source of radiation. As a result
is difference of surface temperature between localities with different type of active surfaces
(hard surface, buildings, and vegetation areas) in urban environment.
The increasing of variability of active surfaces in the cities is very typical nowadays.
Build-up areas are replacing the green surfaces. It leads to rising of air temperature and
surface temperature in urban zones. The extreme conditions of weather are more often.
Superheat of hard surfaces in time of positive energy balance lead to change of atmosphere
and to change of temperature conditions. The tool for regulation of negative changes is the
vegetation care and effective new planting. Up-to-date urban proposals and solutions should
be based on functionality of vegetation areas and their positive impact on urban climate.
Research in this field of science confirms that vegetation areas in urban environment are
effective tool for elimination of negative impact on urban climate. The result is positive
impact on thermal balance and quality of life in urbanenvironment.
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VEGETATION CHANGES AT SELECTED ANTHROPICALLY
AFFECTED AREAS IN SKALNATÁ DOLINA VALLEY
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Abstract
Thanks to the valuable habitatmountain belong to the attractive areas, but at the same time they areunder
constant pressure. One of them is increasing number of the visitors that clearly reflected in many devastated and
treaded areas nearby hiking trails and landings. In this paper we determinate the index of synanthropization
around the most frequented sites in Skalnatá dolina valley according to the occurrence of non - natural herbal
species Their proportion in communities indicate the changes in the environment. In the study area we recorded
19 synanthropic species, 3 apophytes and 3 aliens. The index varied from 2 to 5 with the representation of non native species up to 30%. It seems these changes in the plantcomposition reflect the serious land degradation. It
is necessary to monitor the developmental stages of vegetation and to guide human activities in protected areas
to preserve rare habitats.
Key words:
high - elevation ecosystems, floristic analysis, index of synanthropization

INTRODUCTION
High – elevation ecosystems are highly valued is a type of fossil landscape structure and
current processes change it intensively that is the reason of geosystems and ecosystems
areunder constant pressure (Urbanska, K. M., Chambers, J. C., 2002). In the process of
evolution, certain relations developed between abiotic and biotic component of nature in
natural ecosystems and they are in certain balance in their natural environment, the overall
species richness develops without human’s impact (autochthonous species) (Barančok,
2002;Vološčuk, 2003).The influencing of alpine ecosystems, their damage, functional
transformation or frequently non-renewable loss due to the most varied human activities are
more than proven (Kangas, et al., 2009; Pohl, 2009). It also concerns Tatry that are one of the
recreationally and touristically appealing mountains (Kubíček, et al., 1999).
The covers of grass in Carpathian massive were strongly influenced by mountain farming
in the times of Walachian colonization (14th to 17th cent.) (Midriak 1993; Novák, 2008).
Nowadays, except the permanent disturbance by the abiotic factors in the subalpine and alpine
ecosystems (Vološčuk, 2005), the tourism, the overall climatic changes and the air pollution
influence vegetation to the largest extent. These negative impacts subsequently follow various
calamitous processes being going on in nature to large extent as the reckless negative
interventions to the natural environment (Barančok, 2002). These manifest themselves by
treading and eutrophication (Piscová, 2011) in the vegetation influenced by recreational
activities (Timoshok, et al.,1999; Barančok, 2002; Vološčuk, 2005, Gorchakovskii,
Kharritonova, 2007). Treading may change the species composition and reduce species
richness (Cole, D.N., Bayfield, N.G., 1993;Whinam, Chilcott, 2003). Extending of the
pathway causes erosion landslides, the impact of long-lasting treaded snow cover is applied
(Vološčuk, 2005). After the eutrophication of the soil in the surroundings of mountain lodges
and resorts, the synanthropization and ruderalization of the covers may arise by the
introduction of competitively stronger nitrophilous species (Krautzer, et al. 2005; Novák,
2008). The undesirable successive development of associations (societies) primarily of
expansive grasses to the exclusion of herbaceous species, also represent the threat (Vološčuk,
2005). On the steep slopes as a result of the grazing leaving, the created mono-dominant highculmed covers decrease the species diversity, moreover after being flattened; they quicken the
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surface outflow of water and increase the possibility of snow-slides by the facilitation of
sliding motion (Midriak, 1993).
The vegetation changes are the strategy of the cover adapting to changed or created
conditions of the environment due to human activities. The studies of the synanthropization
development are necessary for assessing the current cover state, predicting its subsequent
changes and accepting certain measures to protect the phyto-diversity at the level of species,
cenosis and ecosystems.
CHARACTERISTIC OF STUDY AREA
Skalnatá dolina valley is the National Natural Reserve, belonging to Tatra National Park,
with an area of 10,690,500 m2 and the fifth level of protection is declared there. It is situated
on the rocks of Crystalline-Mesozoic zone in the West Carpathians, subsection High Tatras
(Mazúr, Lukniš, 1986) in southern exposure with slope about 8° - 10°. The research was carry
out at subalpine and alpine habitats along the most frequently visited trails and buildings at an
altitude in the range from 1529 to 1786 m a. s. l.
Six study tracts were evaluated (Fig. 1), the biotopes were classified according to the
work (Viceníková, Polák, 2003):

Fig. 1Study tracts (Source: Geodis Slovakia)
Tract A (49°10'13.5"N 20°13'35.9"E - 49°10'48.8"N 20°13'50.9"E) – vicinity of the trail
up to 10 meters, transition from forest communities in mountain pine characterized by the
presence of biotopes: alpine Picea and Pinus cembra forests, bushes with Pinus mugo.
Tract B (49°10'48.8"N 20°13'50.9"E - 49°11'10.3"N 20°14'01.5"E) - vicinity of the trail
up to 10 meters, characterized by the presence of biotopes: bushes with Pinus mugo, alpine
and boreal heaths.
Tract C (49°11'10.8"N 20°14'01.2"E) – vicinity of Skalnatá chata up to 30 meters
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characterized by the presence of biotopes: bushes with Pinus mugo, siliceous alpine and
boreal grasslands, long-stalk mountain plains communities on siliceous substrate.
Tract D (49°11'15.5"N 20°13'55.9"E)– vicinity of the cableway station up to 30 meters
characterized by the presence of biotopes: long-stalk mountain plains communities on
siliceous substrate, bushes with Pinus mugo, hygrophilous tall-herb fringe communities of
plains and of the montane to alpine levels.
Tract E (N 49.189431° E 20.234123°) – vicinity of the trail around Skalnaté pleso tarn up
to 10 meters characterized by the presence of biotopes: long-stalk mountain plains
communities on siliceous substrate, bushes with Pinus mugo, siliceous scree of the montane
to snow levels, hygrophilous tall-herb fringe communities of the montane to alpine levels.
Tract F (49°11'21.9"N 20°14'02.8"E) – vicinity of the observatory up to 30 meters
characterized by the presence of biotopes: siliceous alpine and boreal grasslands, bushes with
Pinus mugo.
MATERIAL AND METHODS
The research was carried out by using classical floristic methods of listing the species on
study plots during the growing season from May to September in 2012. We determined taxa
to follow Martinovský et al. (1987) and Dostál, Červenka (1991, 1992). The names of taxa
were listed according to Marhold, Hindák (1998).
Synanthropization index (ratio between the number of synanthropic, alien and apophytes
species to total number of species) for each section was determined according to Šomšák, et
al. (1990) (Tab.1):
Tab. 1 Index of synanthropization (IS), Šomšák, et al., (1990)
IS

Occurrence of non-native species
rare occurrence of up to 5% of the original flora

1

Measures
to maintain the frequency of attendance

only in close proximity to hiking trails and
landings
in non-forest ecosystems to reduce the
frequency of attendance by 10%
places of unauthorized scatter of tourists and in forest ecosystems to retain the existing
outside of the trails or landings
frequency
non-native flora is concentrated on only one
type of ecotope
5,1-10% of the original flora

2

3

10,1-15% of the original flora

in subalpine and alpine vegetation level to
reduce the frequency of attendance by 50%

different types of ecotope

in forest ecosystems reduce the frequency of
attendance by 10%

spread to various communities in the broader
neighbourhood of tourist trails or landings
4

15,1-20% of original flora

5

20% or more of original flora

during the growing season to close the trails
for a given period
to close the trails permanently, to prevent
scattering of tourists
to establish the plots to monitor succession,
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RESULTS AND DISCUSSION
In the study area we recorded a total of 128 plant species including 3 apophytes Aegopodium podgraria, Chaerophyllum hirustum, Urtica dioica, 19 synanthropic species Calamagrostis epigejos, Capsula bursa pastoris, Carum carvi, Chamerion angustifolium,
Cirsium arvense, Cirsium vulgare, Daucus carota, Erysimum cheiranthoides, Galinsoga
parviflora, Glechoma glabriuscula, Lamium purpureum, Plantago major, Plantago media,
Poa annua, Rumex obtusifolius, Taraxacum sect. Ruderalia, Trifolium hybridumand and 3
invasive plant species.- Cirsium vulgare, Lupinus polyphyllus, Matricaria discoidea.
Wenoticed the most significant disruptions of vegetation in the individual tracts.
Tab. 2 Index of synanthropization in tract A
Tract A
Left side
Right side

Number of species
Percentage (%)
Number of species
Percentage (%)

A* + SS*+ AS* Index of synanthropization
3
2
6.2
2
1
4.2

Abbreviations: A* - apophytes, SS* - synanthropic species, AS* - alien species
In the tract A along the pathway, we recorded rather rare occurrence of non-indigenous
species(Ch. angustifolium, L. purpureum, U. dioica) in small groups or separately
(individually). Neither on the right side nor on the left side of the pathway is a possibility to
turn off the pathway that prevents tourists from running in different directions to the
surrounding area. The index of synanthropization reaches a value of 1 on the right side and 2
on the left side (Tab.2).
Tab. 3 Index of synanthropization in tract B
Tract B
Left side

A* + SS*+ AS*
4

Number of species

Right side

Percentage (%)
Number of species

7.7
6

Percentage (%)

11.5

Index of synanthropization
2
3

At the end of the tract B where the pathway intersects the ski slope from which the
mountain pine had been removed, there were the synanthropic species Ch. angustifolium, C.
epigejos and the apophytesU. dioica in larger quantities. The vegetation cover was
substantially disrupted here, coverage on the ski slope almost zero. Synanthropization of
vegetation reached a value of 2 - 3 (Tab.3). The percentage of the non-indigenous species
does not exceed 11.5%, nevertheless it is necessary to point out to the occurrence of these
species close to the ski slope where they can spread out on the uncovered areas; and we also
focus on the occurrence of the invasivespecies Lupinus polyphyllus.
Tab. 4 Index of synanthropization in tract C
Tract C
Number of species
Percentage (%)

A* + SS*+ AS*
9
19.2

Index of synanthropization
4

In the tract C in the surroundings of the mountain lodge, the impact of intensive treading
became evident by the occurrence of the species P. major a P.media. We point out to the
more significant occurrence of non-indigenous species also in the broader surroundings
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whereU. dioica forms dense covers together with the synanthropic species Ch. angustifolium,
which is characterized by the occurence on the locations with removed forest.We also
recorded the occurrence of the invasive species C. vulgare. In this area, the non-indigenous
species reach almost 20% that is on the line of the value 4 – 5 of synanthropization (Tab.4).
Tab. 5 Index of synanthropization in tract D
Tract D
Number of species

A* + SS*+ AS*
20

Percentage (%)

29

Index of synanthropization
5

The species pointing out to the indigenousness and synanthropization of the associations
in the surroundings of the cableway – the tract D – are mainly P. major, P. media T.hybridum,
C. carvi, D. carota, E. cheiranthoides, G. parviflora,P. annua. Moreover, we recorded the
occurence of the invasive species M. discoidea. Substantial disruption of the vegetation we
also consider the occurence of the species R. obtusifolius and the species U. dioica which
presents the dominant feature in the cover. The species A. podagraria, C. hirsutum and
Taraxacum sect. Ruderaliahad also a high coverage. In broader surroundings, we recorded
primarily the species Ch. angustifolium,C. arvense, C. vulgare and P. major, C. epigejos. The
index of synanthropization reaches a value of 5 in which case the non-indigenous species
represent 29% of the total number of species (Tab.5). In the area of cableway surrounded by
a fence, the vegetation is yet almost completely vanished, however in the areas where some
vegetation can be found, the percentage of the non-indigenous species is higher to rare
indigenous species’ disadvantage. Thus the spreading of the non-indigenous species is
particularly dangerous in this area.
Tab. 6 Index of synanthropization in tract E
Tract E
Left side
Right side

A* + SS*+ AS* Index of synanthropization
7
3
14
10
4
18

Number of species
Percentage (%)
Number of species
Percentage (%)

Synanthropization of vegetation in the tract E shows the value of 3-4 based on the
percentage representation of non-native species 18 % (Tab.6). Significant incidence of nonnative species Urtica dioica and Cirsium arvense in this tractwas mainly for fencing, and
even farther away. Also persisted species The occurrence of species Plantago major also
persisted.Non-native species around Skalnatý potok creek are a threat because of possible
hydrochory.
Tab. 7 Index of synanthropization in tract F
Tract F
Number of species
Percentage (%)

A* + SS*+ AS*
18
29.6

Index of synanthropization
5

In the tract F we determined point 5 in index of synanthropization based on ratio of nonoriginating species in communities - 29.6% (Tab.7). In this tract we emphasize the high
number of synanthropic species in addition to the overall representation of species. This
unfavorable ratio is caused mainly by the lack of vegetation on relatively large areas.Impact
187

of treading we recorded through the occurrence of the species P. major and alien species M.
discoidea. In the wider area there was still the occurence ofCh.angustifolium a U. dioica such
as C. arvense, T. farfara, P.vulgaris.
In the area of Skalnatá dolina valley the research about the impact of treading on
vegetation was performed also in the past (Šomšák, et al. 1981). The authors concluded that
the original flora of the large size of the area is affected by permanent supply of diasporas of
non-native plants. Ratio between non-native species and overall floristic composition they
stated 28.2 %. As we found in our research the centre of their spreading was especially
immediate surroundings of buildings, cable car station, observatory and around the trails.
In high-elevation ecosystems of Belianske Tatry Mts. in a vicinity of a trail up to 25 m
261 species were recorded, 5 of which were synanthropic species and 5 apophytes (Piscová,
2011). The author states that the most common way of spreading non-native taxa is a
transport of diasporas by exogenous anthropochory and a gripping of diasporas on the biotop
in more advanced destruction caused by the result of hiking. The impact of trampling on the
vegetation in Tatras was concluded also by Barančok (1996).
The occurence of alien species in High Tatras was confirmed by Eliáš (2002). In the
study area particularly the species Impatiens parviflora, Heracleum mantegazzianum, Lupinus
polyphyllus, Fallopia japonica, Telekia speciosa are spreading invasive.
According to Štrba, Gogoláková (2010) the occurence of alien plant species is
concentrated on the numerous micro sites affected by human activity. It was recorded 20 taxa
of alien species in High Tatras, representing 1.5 % of the total known diversity of flora.
CONCLUSIONS
On the basis of the evaluated tracts we can argue that vegetation is greatly affected and
disturbed by human. This area was, however, anthropogenic affected also in the past and after
running the cableway from Tatranská Lomnica village to Lomnický štít peak in 1941 the
number of tourists unstoppably started to increase. In present, the area of Skalnaté pleso
Mountain Lake is the most visited area in Tatras according to the census of tourists. For this
long-term impact mainly conversion of plant communities refers, indicating interventions to
the environment. Therefore, in connection with the care of alpine ecosystems, we propose to
continue with monitoring of successional trends of plant communities, spreading of aliens,
synanthropic species and apophytes, and at the same time it is important to regulate tourism,
to route hiking trails properly, also to minimize construction of new buildings at the expense
of scrubs and alpine grasslands, optionally to implement the ecological restoration of
grasslands.
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Abstract
Paper presents results of palaeoecological analyses from the lowland wetland of Parížske močiare (Paríž
marshes). A five-metre deep core spanning from Pleistocene/Holocene transition (11 201 cal BP) to mid-5th
millennium cal BP was correlated with archaeological data in order to investigate the settlement history of the
region.Results of pollen analysis had shown transformation of open parkland landscape with patches of
coniferous forest to temperate forest with dominant oak and hazel at the onset of the Holocene. Such a hazel and
oak woodland had stayed more or less unchanged until ca. 7390 cal BP. From this time some indirect traces of
human presence (spread of shrubs, increase in charcoal) was recorded. Since 5960 cal BP the decline of almost
all deciduous trees occurred. Together with increased curve of magnetic susceptibility values and amount of
micro-charcoal particles it suggested intentional deforestation of surrounded landscape by human population.
Deforestation contributed to soil erosion processes resulted in 5521 cal BP, when the accumulation of organic
material definitely stopped and organic sediment was buried under the 320 cm of deluvial-fluvial sediments.
Keywords
Palaeoecology, archaeology, human impact, Holocene, SW Slovakia

INTRODUCTION
Since the early Holocene onwards, landscape had been periodically influenced by
humans. Clearing the woodland by fire had been significantly correlated with human
population since Mesolithic period (Kuneš et al., 2008). Fire affects the forest productivity
and openness of the canopy, thus supporting spread of fast-growing annual species, which
provide variable source of edible plants for both wild ungulates andhumans (Innes and
Blackford, 2013). Mesolithic human induced fire impact on landscape occurred in the whole
Europe (e.g., Regnell, 2012) and might contribute to the expansion of hazel dominant
vegetation (Kuneš et al., 2008; Regnell, 2012). Later on, after establishment of early farming
communities in the landscape, the human impact on woodland communities progressively
increases. It has been argued, that the major drivers of the forest clearing were either
agricultural activities (e.g., Behre, 1981) and/or different types of woodland management
(Rackham, 2003). Activities of men induced formation and spread of various types of open
habitats (e.g., Behre, 1981); changed the vegetation composition by introduction of new
species, influencing the forest structure (e.g., Gardner, 2002)and supported the acceleration of
geomorphic processes such as soil erosion or (flood induced) sediment accumulation (Willis
et al., 1998).
The main aim of theresearch is to reconstruct the development of environment and
transformationof landscape in the lowland zone of the northern Carpathian Basin (Danubian
Plain) using the Parížske močiare marshes as an example. In this study, pollen analysis is used
to reconstructthe composition of past vegetation in studied region and to assess the role of
human impacts in these processes. Detailed settlement history based on archaeological data in
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study area was determined with the aim to determine anthropogenic impacts on landscape for
each archaeological period captured in analyzed pollen profile.
METHODS AND MATERIALS
Study site
The Parížske močiare marshes, National Nature Reserve is one of the most important
(Ramsar convention) wetlands in Slovakia. The site is located in a shallow valley of Paríž
creek in the northern subunit of the Carpathian Basin (Danubian Plain). Current climate of the
sites' surroundings is warm with ca. 8-9 °C mean annual temperature and slightly drywith
mean annual precipitation of ca. 530–650 mm (Faško and Šťastný 2002). Today, the wetland
is covered mainly by reed-beds (Phragmito-Magnocaricetea). In the northern part these
change to mesophilous meadows (Molinio-Arrhenatheretea). Alluvial forests(class Salicetea
purpurae) occur in fragment(Halada and David, 2005).The coring site (N 47°52´29,77´´; E
18°27´41,17´´;123 m a.s.l.)is situated near the village of Nová Vieska, in shallow part of the
mire, just outside of the protected area.
Settlement history
The watershed of Paríž creek is a part of southwest Slovakian traditional habitation zone
with strong settlement record from the Upper Palaeolithic onwards (Bárta, 1965).For the time
window from Preboreal to mid-5th millennium cal BP, 36 archaeological sites were mapped in
the watershed,which represent early and middle Neolithic (Linear Pottery culture and
Želiezovce group), late Neolithic (Protolengyel, Lengyel I–III), and early Eneolithic (Lengyel
IV, Bajč-Retz-Křepice group). The archaeological data was acquired from published literature
and field reports. In our study only 23 sites are used, which are well-described and precisely
localized (Fig. 1).

Fig. 1 Map indicating coring site in Paríž marshes and archaeological sites in the Paríž creek
watershed

Coring and sedimentary setting
The material for palaeoecological analyses was obtained in 2010 using percussion drilling
set. The 520 cm long sediment corewas drilled directly to the plastic bags and stored in bisect
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PVC tubes. The sediment stratigraphy and lithological properties was described at the
laboratory following Troels-Smith (1955).
The percentage of weight of organic matter (organic content; OC), was carried out on the
same samples used also for the pollen analysis. Samples were dried for 7 days at room
temperature, dried at 105°C for 1 h to remove the air moisture, weighed, burned for 3 h at
550°C in a kiln, and weighed again (Heiri et al., 2001). OC analysis indicates percentage of
organic material in accumulated sediment.
Magnetic susceptibility (MS) was determined using a Kappabridge KLY-2 device.
Results were normalised to get mass-specific magnetic susceptibility in m3.kg-1.10-9. Results
of MS analysis provide information about import of clastic sediment eroded in the catchment
area of sediment input.
Pollen analysis
Sediment for pollen analysis was sub-sampled by 5 cm (510–350 cm) and by 2 cm (350–
320 cm) each of volume of 1 cm3. A known amount of Lycopodiumspores was added to each
sample prior to chemical treatment. Samples containing clastic material (clay) were pretreated with concentrated HF and then processed by KOH and acetolysis (Faegri and Iversen,
1989). At least 500 terrestrial pollengrains were identified using pollen keys (Beug, 2004;
Punt, 1984). Pollen diagram presenting obtained pollen data is calculated on the base of total
sum (TS) of terrestrial arboreal pollen (AP) and non-arboreal pollen (NAP) (AP+NAP =
100%) with exclusion of aquatic and local mire plants, Pteridophyta, algae, fungi and other
non-pollen palynomorphs. The percentage of spores and non-pollen palynomorphs are related
to extended sum (AP+NAP+spores and non-pollen palynomorphs = 100%). Pollen diagram
was created in Tilia v. 1.7.16 (Grimm, 2011).
Chronology
Eleven samples of terrestrial plant macrofossils were dated using 14C AMS facility of the
Centre for Applied Isotope Studies, University of Georgia, USA (UG-), Centre for Isotopic
Research of Cultural and Environmental Heritage (CIRCE) (DSH-) and at Rijkuniversitet,
Groningen, the Netherlands (GRA-) (Table 1).Two obtained results of radiocarbon dates (UG10039 and UG-10040) resulted inreversed agesand indicatethat the sedimentation was not
uniform. For calibration of 14C ages P_Sequence of Oxcal 4.1 with event spacing of 0.1 cm
(Bronk Ramsey 2011) with INTCAL13 (Reimer et al., 2013) was used (Table 1).
Tab. 1 Results of 14C dating from the Parížske močiare marshes peat profile. *UGAMS10039 and
*UGAMS 10040 were excluded from the depth age model
14
Samples
Depth
C age
Calibrated
Mean calibrated
Material
14
(lab. code)
(cm)
(uncal. BP)
C age (cal BP) 14C age (cal BP)
UG-10035
500-498
96760 ± 30
11238-11167
11201
seeds
UG-10036
490-488
9230 ± 30
10500-10276
10390
seeds
UG-10037
460-458
9120± 30
10300-10221
10268
seeds, buds
UG-10038
440-438
8390 ± 30
9487-9308
9421
seeds, buds
DSH-4415
424-422
8380± 120
9546-9033
9343
seeds, buds
*UG-10039
380-378
8830± 30
10147-9709
9914
buds
*UG-10040
360-358
9080+30
10261-10196
10232
seeds
GRA-56625
360-359
7975+60
9002-8643
8834
seeds
UG-10041
340-338
5210+25
5995-5916
5960
seeds
DSH-4414
330-329
4810+59
5653-5330
5525
seeds
UG-10042
322-320
4800+20
5594-5476
5521
seeds
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RESULTS
Stratigraphy and sediment description
The deposit of organic woody material started to accumulate on fluvial sands (520500cm) with a maximum depth of 180 cm (500-320cm). Most of the organic sediment
consists of decomposed peat with interlaid clayey, woody, and mollusc layers. In the depth
460–450 cm and 320–387 cm oak trunks were deposited. In the depth of 320 cm,
sedimentation of organic material stopped and sediment was overlaid by mineral clay material
(Figure 2).
InZone PMse1 (510–498 cm) gradual decline of magnetic susceptibility (MS) and
increasing organic content (OC) implies reduction of allogenic input.
Zone PMse2 (498–420 cm) is characteristic by a fluctuation in values of OC and MS,
indicating the accumulation of organic sediment and gradual infilling of the depression by
mineral material. Remarkable is a peak of MS at 440 cm suggesting abrupt event of inflow of
mineral material.
At 387 cm (Zone PMse3;387–360 cm) directly above the oak trunk, accumulation of
woody organic sediment re-appeared, indicated by increasing trend of OC value and declining
MS value. This part of sediment is most probably re-deposited.
In Zone PMse4 (360–320cm) gradual increase in clay particles is shown by both
sediment analyses curves - OC declines whereas curve of MS increases. This reflects
increased input of allogenic material. From 320 cm to the top of the core, the sediment formed
mineral clayey material which originated from erosion of slopes surrounding the basin.

Fig. 2 Results of organic content (OC) and magnetic susceptibility (MS) measurement from the
Parížske močiare marshes profile. ()*-date excluded from the depth – age model
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The early and middle Holocene transformation of landscape vegetation
Development of landscape vegetation is described on the base of results of pollen
analysis. Pollen diagram is divided into sixlocal pollen zones (Figure 3).
Zone PMpa1; 500–497.5 cm, 11,201–10,998 cal BP is characterized by the dominance
of Pinus (25%), Betula (10%), and less Salix (8%) from arboreal pollen grains and of
Poaceae(50%)and Artemisia (10%) from herbaceous pollen types. Sporadic occurrence of
mesophilous trees (Quercus) implies its early Holocene presence in the landscape. The
landscape had probably character of open cool-mixed wooded steppe with patches ofstands of
trees.
Zone PMpa2;497.5–455cm, 10,998–10,056 cal BP shows a decline of cold element
(Pinus, Betula) with synchronous increase inQuercus(up to 80%). Other deciduous trees
(Ulmus, Tilia, and Fraxinus) started to spread as well. Among herbaceous pollen types,
decline of Poaceaewas recorded. Pollen grains of Jasione montana t. and Centaurea scabiosa
imply presence of steppe vegetation; records of Pimpinella major t., Filipendula indicate
occurrence of more mesic open habitats. Landscape vegetation transformed from open coolmixed wooded steppe to open termophilous woodland.
Zones PMpa3;455–420 cm; 10,056–9325 cal BP in this zone rapid increase of Corylus
(30%) with synchronous decline of Quercus (30%) and Ulmus (5%) is recorded.Increase of
herbaceous pollen suggests the spread of various open habitats. Occurrence of higher amount
of micro-charcoal particles implies fires.
Above this zone, in 415–387 cm, oak trunk was present in the core.
Zone PMpa4; 385–352 cm; ?–7685 cal BP shows the same trends as the previous zone.
However, radiocarbon dating indicates that its lower part represents re-deposition (Zone
PMpa4a; 385–360 cm).Inthe upper part (Zone PMpa4b; 360–352 cm) pollen of Fagus started
to continuallyoccurwhich probably indicate undisturbed sedimentation of organic material.
Zone PMpa5; 352–341 cm; about 7685–6104 cal BP contains higher amount of lightdemanding shrubs (Cornus sanguinea, Frangula alnus, Sambucus) and implies spread of
open patches. Within herbaceous pollen, in higher amount occurred pollen types ofwet and
alluvial habitats (eg. Lysimachia vulgaris t., Peucedanum palustre t., Apiaceae undif.);
Polygonum aviculare t. reappeared. Spores of Sporormiella infer grazing.Towards the end of
this zone, micro-charcoal particles appear in higher quantities.
Zone PMpa6;341–320 cm; 6104–5521 cal BP Cerealia pollen grains appear for the first
time. Amount of deciduous trees decreases synchronously with increase of pollen of conifers
(Pinus, Picea). From herbaceous types, in higher quantities appear pollen types indicating
mesic meadows (Centaurea jacea t., Plantago lanceolata t.), ruderal habitats
(Chenopodiaceae, Polygonum aviculare t., Urtica) and fields (Cerealia undif.). Higher amount
of micro-charcoal particles indicates fire.
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Fig. 3 Percentage pollen diagram of selected pollen types from the Parížske močiare marshes profile.
()*-date excluded from the depth – age model.

DISCUSSION
The first clear traces of human activities, demonstrated by the first occurrence of Cerealia
undif. pollen in the pollen profile, appear in layer dated to early Eneolithic (5960 cal BP; 340
cm). However, the archaeological records clearly shown, that the landscape was occupied by
farming communities already during the early Neolithic period (ca. 7700 cal BP; Fig. 1; Tóth
et al. 2011) and probably also earlier (Bárta, 1965). In the following we will argue for
possible human impact on local landscape and vegetation during the period of Mesolithic
(which is so far archaeologically invisible in Paríž creek Basin), Neolithic and Eneolithic.
Mesolithic (10500–7500 cal BP)
The first possible evidence of human presence in the landscape is visible around 9399 cal
BP (435 cm). In that time, amount of Corylus and micro-charcoal particles increased.
Clearing of woodland by burning in the Mesolithic period is argued for in numerous
palynological studies (e.g., Regnell, 2012). Furthermore, the direct link between the spread of
the light-demanding Corylusand the occurrence of Mesolithic settlements has been
demonstrated by Kuneš et al. (2008).The second argument in favour of human impact at this
time is the first occurrence of taxa traditionally connected with activities of man: Polygonum
aviculare and Plantago lanceolata (Behre, 1981)
As there is absence of any archaeological data on Mesolithic occupation in the region, it
is necessary to consider also natural occurrence of both these species in the Carpathian Basin.
Dryer conditions of the early Holocene could cause periodical fluctuation of water table and
during the summer dryness, when the marshes area was exposed, communities with ruderal
species like Polygonum aviculare and Chenopodiaceae might have spread (Magyari et al.,
2010). The climate model of the study site shows that the temperature of the early Holocene
was high (above present), while precipitation persisted low and has still decreasing trend
(Jamrichová et al., accepted). In this light it might be possible to view the first prominent cooccurrence of Polygonum aviculare, Plantago lanceolata and micro-charcoals as contributed
by natural factors.
For now, the question whether fire, deforestation and the spread of Corylusrecorded in
studied pollen profile is the first evidence of Mesolithic human activities, aimed at forest
clearing in the Paríž creek watershed, does remain open. Its validity might be verified in
future by archaeology.
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Neolithic (7500–6000 cal BP)
Even though there are two early Neolithic settlements, the highest number of
archaeological sites (21 settlements and Kreisgrabenanlage in Svodín) mapped in the Paríž
creek watershed dates to middle and late Neolithic (Fig. 1).Based on radiocarbon dates of
archaeological sites in SW Slovakia and adjacent regions (Moravia, northwest Hungary, and
eastern Austria), middle and late Neolithic habitation of Paríž creek valley spanned most
probably from 7450 – 6250 cal BP (Barta et al., 2012). From the above-mentioned settlement
data it is clear that relatively strong human impact on landscape in the Paríž creek watershed
during the middle and late Neolithicis to be awaited. Therefore it is striking that Cerealia
pollen has not been recorded. However, there is some evidence which might be seen as
indirect marker pointing to impact of man on the local landscape/vegetation.
Firstly, higher amount of charcoals appears since the depth of 350 cm (7398 cal BP),
which fits very well with the settlement expansion documented by archaeological records.
Secondly, higher percentages of shrubs recorded in pollen assemblages, could imply increase
of human pressure, especially openness of the landscape, grazing and ruderalization
(Marinova and Thiébault, 2008). Grazing contributes to the decline of leaf canopy and
promotes spread of light-demanding shrubs such as Cornus mas, Cornus sanguinea (Swida
sanguinea)and Sambucus (Moskal-de Hoyo, 2013). Moreover, presence of coprophilous
spores of Sporomiella t. confirms the grazing directly on the site (Innes and Blackford, 2003).
Development of wet meadows mayindicate grazing of the floodplain itself (Magyari et al.,
2010). Thirdly, secondary anthropological indicators such as Polygonum aviculare starts to
continually occur, indicating spread of trampled habitats (Behre, 1981).
The question is why there is no Cerealia undif. record in this part of the pollen profile.
The one of the reasons of absence of cereals in the PM pollen record may well be a general
problem of the pollen catchment area of the water bodies. As shown by Dreslerová and
Pokorný (2004), even large water bodies in similar geographical conditions (central Bohemia)
have the catchment area of 800–1000 m and the pollen rain in the sediment of small water
bodies is extremely local. Except for one, all our middle and late Neolithic sites are from
pollen core site situated more than 1.5 km away. Even if the distance was smaller, the riparian
vegetation may have prevented the cereal pollen to enter the sediment(Dreslerová and
Pokorný, 2004). Moreover, the intensive form of garden agriculture (Jones, 2005), practised
in central Europe during Neolithic (Bogaard, 2004) relies on manual hoe cultivation of very
small plots of arable land, thus might be difficult to attest palynologically.
Eneolithic (6000–5520 cal BP)
From early Eneolithic (6000–5500 cal BP) only two archaeological sites are documented
in the micro-region, one of them situated approx. 1 km to the SE from the pollen core site.
Despite that, at around 5960 cal BP, curves of mesophilous trees (Quercus, Corylus, Ulmus,
Salix and Fraxinus) further decline and micro-charcoals increase. This points to continuous
exploitation and burning of trees. It is also striking that, the first Cerealia are recorded in
pollen diagram. As there is a scarcity of settlements in this period, this might be result of
situation of arable land (of the nearby site) close to the marsh. It is tempting to correlate the
presence of Cerealia undif. pollen and the scarcity of sites during Eneolithicwith the
introduction of ard cultivation. This more extensive method of farming is connected to use of
larger plots of arable land. Even though, Halstead (1995)argued against widespread use of
such a practice prior the Bronze Age, for some changes in soil/landscape management in our
study area during Eneolithic point obtained MS and OC values. In theory, the change and
improvement of the ploughing technology most probably supplied changes in geomorphology
of the surrounded landscape. Felling of trees and use of ard tillage might have contributed to
soil erosion processes in this area of loessic hilly lands (Smetanová, 2011). This is reflected in
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our assemblages by a gradual accumulation of the mineral sediment as is indicated by
increasing of MS values and decline of OC. This process resulted in 5521 cal BP (320cm),
when the accumulation of organic material definitely stopped and organic sediment was
buried under the 320 cm of deluvial-fluvial sediments (fine sand and runoff from loess).
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Abstract
The natural disturbances as insect infestation and windthrow are key drivers of the dynamic in European natural
forest. They form the shape of forest stand and therefore influence the forest water regime. The large scale bark
beetle (Ips typographus) outbreak took place during 90s in Bavarian forest National park. During following
years up to 55 % (state to 2011) of Norway spruce (Picea abies) stand in Große Ohe catchment died. This
catchment is placed in core zone of National park where no human intervention is applied and the vegetation is
left to natural regeneration. On the contrary, a certain level of management practices is used on the Czech site
of the mountains. The study is focused on the comparison of different management approaches and their impact
on forest water regime.HYDRUS 1D is used to model rainfall-runoff process in well studied and monitored
Forellenbach, subcatchment of Große Ohe. This paper presents the key part of the research question and deal
with model calibration and its difficulties. Representation of vegetation cover character and its function through
model parameters is a very crucial point. Next key role plays obvious differences in measurements of soil
characteristics in laboratory and field, possible explanation is presence of preferential paths.

Key words
Runoff generation. Ips typographus. HYDRUS. Land cover

INTRODUCTION
The best quality fresh water comes from the forested catchments (e.g. Rothe and Mellert,
2004). The form of vegetation cover, beside other local conditions such as topography, soil
properties or anthropogenic activity, influences soil infiltration ability, formation of the
surface runoff and other aspects of forest water regime. The extent of root network, its
dynamic (growth, decay), freezing-expansion and cracking of solid matter, presence of
different kind of edaphon and other natural processes influence quality of macrospores,
increase soil porosity and hydraulic conductivity (Neary, Ice and Jackson, 2009).
The surface runoff occurs rarely in forested areas due to high infiltration, suitable
hydraulic conductivities and effect of a canopy cover interception (Schellekens, et al., 1999;
Bryant, Bhat and Jacobs, 2005). Hortonian overland flow takes place only during heavy rain
events when the rain intensity exceeds the infiltration (Horton, 1933). The most of the
infiltrated soil water is reuse for plant transpiration or drain to streams by subsurface
pathways (Neary, Ice and Jackson, 2009). Natural succession and disturbances are placed
between two main elements forming the shape of the vegetation in primary forest (FAO,
1998). The windthrow followed usually by insect outbreaks are the most frequent natural
disturbances occurring in the European forests.
The selection of management of disturbed areas in National parks influences an essential
part of water cycle in forest. Clear cutting and other treatments that remove dead trees,
reduces amount of intercepted and evaporated water (by removing dead wood), infiltration
(by compacting of the soil) and increases potential for soil erosion (by roads construction)
(Winkler, et al., 2010). The use of heavy machines causes disturbance or even removal of an
upper organic layer. Its high organic content and amount of macrospores serve storage
capacity, increase stability of soil aggregates and prevent detachment of soil particles. Leaf
litter decrease the energy of rain drops and thus prevent the origin of the erosion (Neary,
2009).
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The forested area between Bohemia and Bavaria is one of the largest in Central Europe.
The Bavarian National park is 242 km2 large and it is the oldest National park in Germany
(founded in 1970). The crucial idea introducing non-intervention practices is applied since
beginning. In 1983 and 1984 the severe windthrow damaged approximately 173 ha from the
whole area of National park. The disturbed area placed in the core area was left to take its
own processes. Within the following years the bark beetle outbreaks occurred and the beetle
population increased to such a degree that even healthy trees were infested and died. The
infestation has continued in certain level until today and has caused dead spruce stands
covering approximately 5370 ha between 1990 and 2007 (Heurich and Neufanger, 2005;
Heurich, 2009). The bark beetle infestation is the cause of a massive change of the vegetation
cover happening on more than 45 % of the total area of the National park. The concept of
National park is based on a lack of management practices of the damaged areas and therefore
the nature is left to the natural development and regeneration. This serves the unique chance
for investigations on biodiversity effects of natural disturbances (Müller, et al., 2008;Bässler,
et al., 2012) as well as influences on hydrological processes (Beudert, 2007; Schwarze und
Beudert, 2007).
In order to study this task, the physical model HYDRUS 1D is used (Šimůnek, van
Genuchten and Šejna, 2008). HYDRUS 1D was applied to simulate several relating questions
as for example rainfall distribution under beech and spruce canopy (Nikodem, et al., 2010;
Nikodem, Kodešová and Bubeníčková, 2013) or the 2D version was used to study
interception loss and effects of evaporation (Keim, Tromp-van Meerveld and McDonell,
2006).
This paper presents the crucial part of research question -calibration of a model on the
local conditions. Well monitored and investigated plot scale is placed on the Forellenbach
catchment, the sub catchment of Große Ohe (core part of National park).This serves suitable
condition to study the subsurface flow on the site and fit the model to measured characteristics
and data. The long term monitoring offers ability to observe changes in water regime
simultaneously with the natural regeneration. Critical parts of interpretation of real nature
processes in the model are specified. Deeper investigation improves model accuracy and
therefore the representation of nature system.
METHODS
The study was performed on the Forellenbach (0,7 km²) catchment, subcatchment of
Große Ohe catchment (19 km²), a head catchment of the River Danube(Figure 1). The
elevation ranges from 770 m a.s.l. at Taferlruck gauge to 1453 m a.s.l. at Großer Rachel peak.
The Forellenbach lies between 787 and 1283 m a.s.l., with average slope 8,4° (Beudert,
2007). The climate is characterised by high annual precipitation (1670 mm/year) with a high
snow proportion (30 to 40%) and a low annual mean air temperature (5,5°C). It is located in
the central part of the National park Rachel-Lusen area, the core part of National park where
no human intervention management takes place. It has been one of the most seriously affected
areas. The dead spruce area reaches 58% (state to 2011) of the catchment. Prior to the severe
tree dieback was Große Ohe almost completely covered by forest, with deciduous trees
(Fagus silvatica) on 28% and conifers (Picea abies) on 70% of the area. Soils dominate
catchment are the silicate series, predominantly acid cambisols and are developed up to
depths of 60 to 100 cm from periglacial solifluction layers (Beudert and Breit, 2004).
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Fig. 1Forellenbach catchment, the subcatchment of Große Ohe
Subsurface water flow is simulated by software HYDRUS 1D (Šimůnek, van Genuchten
and Šejna, 2008). HYDRUS 1D uses the Richards equations to describe one-dimensional flow
in variable saturated soil. In order to describe soil water retention curveΘ(h)and the hydrauic
conductivity K(θ) an analytical expression from van Genuchten (1980) is used:
( )
(1)
( | | )
( )
[(
) ]
(2)
( )
where Θe (–)is the effective soil water content, ΘRisthe residual and ΘS the saturated soil
water contents (cm3.cm-3),l (–)is the pore-connectivity parameter, α (cm-1) is reciprocal of the
air entry pressure, n (–) relays to the slope of the retention curve at the inflection point, m=1–
1/n (–) and Ks (cm.day-1) the saturated hydraulic conductivity.
The soil characteristics (Table 1) where measured in laboratory from undisturbed soil
sample. The fully saturated soil sample was continuously drained. The relation between
pressure head and water content was measured in four steps, from saturation until h = – 1500
cm. The soil characteristics for the upper organic layer were not possible measure due to
small thickness. Therefore the characteristic from the first measured layer was used.

Soil layer
0
1
2
3
4
5

Tab. 1 Measured soil characteristics
Depth (cm)
ΘS(cm3.cm-3)
Bulk density(g.cm-3)
-6 - 0
0,629
0,15
0-8
0,629
0,88
8 - 28
0,632
0,87
28 - 53
0,590
0,96
53 - 83
0,410
1,45
83 - 115
0,347
1,63

Values for unsaturated hydraulic conductivity and soil water retention were obtained by
numerical inversion in HYDRUS 1D, as is widely for this purpose applied (e.g. Twarakawi et
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al., 2010). The saturated water content, ΘS, was set to the measured values by 0 cm pressure
head and the rest of the parameters as ΘR,α, n, K(Eqs. (1) and (2)) were optimized (Table 2).
Tab. 2 Optimized parameters of van Genuchten (1980) soil hydraulic functions
Soil layer
ΘR(cm3.cm-3)
α (cm-1)
n (-)
K (cm.day-1)
0
0,3
0,0600
1,1425
1100
1
0,3
0,0302
1,3834
800
2
0,09492
0,0100
1,1420
960
3
0,00001
0,4150
1,1025
553
4
0,00047
0,0600
1,1623
406
5
0,00005
1,2430
1,5920
40
There is an intensive hydrometeorological monitoring on Große Ohe (since 1977) and its
two subcatchments – Forellenbach (1990) and higher elevated Markunsgraben with 1,1 km²
(since 1987)(NPV, 1999; LFW, 2004; Dieffenbach-Fries and Beudert, 2007). Meteorological
data used for the model calibration are measured in 30 minutes time step on the measurement
tower in 51 m. The tower is placed on the Forellenbach catchment and the data can be directly
used without any conversion. Amount of throughfall which was used for interception
calculation has been weekly sampled directly on the beech stand, where the soil
measurements are placed.
Tensiometrs measuring the pressure head in 15, 30, 55, 85 and 115 cm are placed in the
experimental plot. On the same plot the water content data are sensed by five TDR (Time
Domain Reflectometry) probes in depthsin 15, 30, 55, 85 and 115 cm. Both characteristics are
scanned in 30 minutes time step. Beudert and Breit (2004) present detail description of soil
water monitoring. Despite the experimental plot is placed in highly affected Forellenbach
catchment, the canopy above the sensing places is unharmed, hence it is beech stand.
The period 1. - 21.5. 2013 was chosen for numerical simulation. Due to availability of
data with high resolution it was possible to use 30 minutes time step. For upper boundary
condition the precipitation input was used. The pressure head data from tensiometr in 115 cm
represented for lower boundary conditions. Beside meteorological data the following
parameters representing the vegetation cover were used to calculate evapotranspiration by
Penman-Monteith equation (Monteith, 1995): the albedo was set to 0,17 (Schmid, et al.,
2000), LAI (leaf area index) to 4, specified directly for study plot and the tree roots were
assumed to 80 cm with the uniform water uptake over the time and depth (Nikodem,
Kodešová and Bubeníčková, 2013).
RESULTS
The calibration on the local condition is presented in Figure 2. The tensiometers from
depth 15 and 55 cm where used, in order to represent the movement of soil water through 91
cm deep profile. They are assigned to 21 and 61 cm soil depth, because of the including of the
upper organic layer with thickness 6 cm in model.
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Fig. 2 The model calibration on the measured pressure head in 21cm (D1) and 61cm (D2) for
time period 1.–21.5.2013
The data for precipitation was used for upper boundary condition. It is supposed that due
to steepness of the experimental plot whole amount of water reaching the ground is infiltrated
and no ponding occurs. The presence of slope brings to model uncertainty as possible inflow
of subsurface water from neighbouring area. Because of that the application of 2D/3D model
would be more suitable (Šimůnek, van Genuchten and Šejna, 2006b).
The distinction of modelled and measured data could be caused by the not accurate
representation of vegetation cover through model parameters. Important component is amount
of intercepted water in canopy. Interception was calculated for summer half-year (MayOctober), when the snow cover is not present. The available data for calculation were from
years 1991 – 2010, when the precipitation in open area and throughfall were collected
simultaneously. The growth of the vegetation causing change of stored water is not
considered. Beech stand during the period used in calculation data did not change its volume
markedly due to natural process without intervention (parallel growth and dieback). The
average daily interception was calculated:
(3)
-1
whereID(mm.day ) is amount of stored water in canopy per day, Pt(mm)is sum of
precipitation per days t, Tt(mm) sum of throughfall per days t, t(-) number of days with
occurrence of precipitation duringsampled period. The calculated storage is 1,47 mm per day,
which responds to widely used parameters (e.g. Nikodem, et al., 2010). However it does not
properly represents nature in reality. The difficulties with consideration of constant value are
discussed further in detail.
DISCUSSION
It is necessary to define the problematic parts of the calibration. Determine, describe and
improve points where a model differs markedly from the real measured data. The best model
performance based on the real natural processes can be guaranteed only from the process of
understanding the facts behind. The model can be of course fitted and optimized to the data
without any natural principle, but then the parameters are wrong and not based on physical
and nature rules. In that case processes are often compensated by another parameter, for
example interception by evaporation or higher soil moisture (Gerrits, et al., 2007).
Keim, Tromp-van Meerveld and McDonnell (2006) claimed that most of the
contemporary studies dealing with the hillslope hydrology are focused on the dynamics of
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subsurface stormflow and not many of them target the influence of vegetation cover. The
increasing distance between modelled and measured data of the calibration period (Figure 2)
points out the importance of precise representation of vegetation state through model
parameters. The drying of the soil is most likely caused by combination of favour
meteorological condition and setting the parameters, it leads to higher evapotranspiration.
Other reason could be less precipitation reaching the ground that was expected and bringing
lower amount of water in root zone available for plants. There are several well-known studies
focused on partitioning of the precipitation before reaching the forest floor. For example
Nikodem, Kodešová and Bubeníčková (2013) apply HYDRUS 1D to divide precipitation into
stemflow and throughfal in beech and spruce stand in Jizera mountains in Czech Republic.
Rahmani, Saddodin and Ghorbani (2011) study how the tree diameters of beech influence
precipitation partitioning between stemflow, throughfall and interception loss. They proofed
that rain event smaller than 5mm is able to be stored in canopy and directly evaporated into
the atmosphere. Therefore the method using average values for calculation of intercepted
water could be claimed that does not exactly represent reality.
The timing of the modelled peaks is delayed in contrast to measured pressure head by
deeper tensiometer in 55cm (61cm with upper organic layer included in HYDRUS 1D)
(Figure 2). This could be caused by occurrence of preferential flow; it means the movement
of water through soil profile is faster than it is calculated by model. The preferential flow
problematic is currently worldwide studied. Different statements are discussed especially
among modellers and experimentalists. Well known and properly studied Maimai hillslope is
the right example. Experimentalists invoke the preferential flow as fundamental process of
subsurface storm flow (McGlynn, McDonell, and Brammer, 2002). However modellers argue
that incorporating preferential flow into model is either not significant or not possible to
parameterize. Weiler and McDonnell (2007) present the balanced approach between quality
and quantity and answer questions how to incorporate soil pipes into model. They emphasize
importance of site specification. The certain amount of precipitation causes the activation of
preferential pathways. This statement so called threshold dependency together with other
local conditions, as physiography or initial conditions play key role in rainfall reaction. Even
if the experimental hillslope is properly trenched the extrapolation to adjacent plot in same
catchment is impossible (Weiler and McDonell, 2007). This implies that to understand how
the catchment responds on the precipitation it has to be investigated site to site and sense of
plenty existing models and their application is questionable.
The further work of presented study continues to simulation of variable management
scenarios. First of all the comparison will be focused on the extremes ways of management.
The differences between the natural regeneration (applied on German site of mountain) and
human intervention, as a clear cutting and seedlings planting (promote in Czech part). The
results of the impact of management applied after bark beetle infestation on the forest water
regime could be used as a background for selection of suitable way of management after
natural disturbances in National parks.
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Abstract
The montane streams represent highly dynamic water courses with fast runoff response on precipitation events.
The consequences of rainfall-runoff processes are remaining within the channel in the form of changing
morphology. The dramatic changes can be expected even with return period of one year. The study represents an
application of the theoretical concepts of sediment transport initialization phase within an integrated numerical
modelling system at the local scale. The causal flow parameters of gravel remobilization as results of the
hydrodynamic simulations were explored within two fluvial-morphological simulation sets. First the
conventional grain size parameter D50 was used within the event based reconstruction of the largest recorded
flood in July 2013. Further the grain distribution frequency was discretized within the percentile classes that
entered the model setup separately. Results of the discretization were analysed by the so called remobilization
rating curves, designed and constructed as a tool for the remobilization competence evaluation.
Keywords
Gravels. Bed load. Modelling. Remobilization. Šumava.

INTRODUCTION
The connection between transport of sediments and hydraulic flow properties has been
one of the general water resources management issues. Since the 19 th century numerous works
have aimed to establish the relation between sediment properties, flow velocity/power and the
sediment transport mode and rate. For simplification purposes, the process can be divided into
three parts, even though it is continuous certainly: Initialization (erosion, remobilization),
Transport (load), and Sedimentation (accumulation). Fluvial morphology and its variability
can be studied by several approaches: fieldwork (e.g. Yu et al., 2009), physical experimental
models (e.g. Abderrezzak et al., 2013) or numerical modelling based on theoretical or
conceptual description of real-case processes (e.g. Fang et al., 2008; Aggett and Wilson,
2009). The individual flow characteristics mostly predetermine the transport rate and
consequently the type of sediments bedded (e.g. Allen, 1965), the channel morphology
(Wyrick et al., 2013) and the horizontal plan evolution (e.g. Aggett and Wilson, 2009).
It is the grain size playing the key role in the understanding of the transport dynamics and
sediment distribution within a catchment. It influences the erodibility, mean of transport, and
settling velocity and according to Dade (2000) even the whole alluvial channel pattern of
meandering vs. braided streams. Regarding the bed load of the gravel sediments according
Meyer-Peter and Müller (1948) the settling velocity cannot exceed the excess shear stress and
the particle is dragged on the bed. Dealing with the suspended load more complexity has to be
accounted while according to Galapatti (1983) the suspended load is resulting from advection,
diffusion and settling mechanisms. The sediment transport problem is often regarded in the
form of sediment transport capacity, defined as the state of equilibrium established at the
channel bottom (Vanoni, 1984).
As for initiation of particle movement, current studies are usually dealing with the
relation of flow velocity and particle movement (e.g. Huang et al., 2006; Grabowski et al.,
2011; Hardy, 2013). The frequently applied concept is relating disturbing forces τ e (Excess
shear stress [N·m-2]) inflicting the particle once the bed shear stress τ or shear velocity u [m·s 1
] exceeds an threshold value of particle resistance due to gravity or cohesion τ c (Critical shear
stress) (e.g. Breusers, 1985). Beside the appropriate sediment transport description the
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problem of sufficiently accurate flow parameter calculation plays a crucial role while prerequesting the hydrodynamic variable values further used as a basis for sediment transport
model as e.g. flow velocity, water depth or shear stress (Guerrero and Lamberti, 2013).
According to Simpson and Castelltort (2006), Yang et al. (2004) and Kiat et al. (2008) flow
and sediment transport should be simulated simultaneously while they are significantly
affecting each other.
The study being processed on the 430 m long reach upstream the confluence with the
recipient aimed to meet the following objectives. (1) To outline the reconstruction of the
causal hydrodynamic conditions of the morphological changes during the high flow event in
June 2013 with the return period of Q2 – Q5. (2) To propose and test the innovative
assessment method of the sediment remobilization so called remobilization rating curve. The
method is aiming to serve for the sediment remobilization competence of river reaches
evaluation regardless the geographical conditions while including the runoff and grain size
relativization.
MATERIAL AND METHODS
The case study is located at Javoří brook (Šumava Mts.; Czech Republic) that represents
a small mountain stream with the catchment draining an area of 11 km2. The location in the
core of the Šumava National park allowed the natural dynamic evolution of numerous fluvial
forms. Despite the high altitude (1172 ±139 m a. s. l.) and slope gradients (Ø catchment slope
equals 11.2 %) of the upstream reaches the studied part near the confluence with the recipient
Roklanský brook has quite mild longitudinal bed slope of 7‰ (Fig. 1) that according to
Warburton et al. (2002) inhibits coarse bed load transport and encourages overbank
sedimentation. The studied reach describes 430 m (while measured along the channel axis) of
the river channel and riparian zonesand includes 6 active bank erosion structures and 4
extended accumulation bodies consisted of gravel material of various grain sizes. properties.

Fig. 1 Study location and characteristics - upper is the horizontal plan of Javoří brook represented by
the model bathymetry, lower is the longitudinal bed slope of the studied reach with accumulations
(solid line) and erosions (dotted line) localities and extends

The channel morphology as a consequence of former high flow stream power effects is
changing dynamically with even yearly occurring (Q1) flow conditions. The most recent
extended morphological changes were observed during the summer flood event recorded in
June 2013 (that corresponds to the magnitude of return period Q2-Q5). The June 2013 flood
event was also the highest recorded within the 4 years long period of water stage data
collection. The average runoff conditions (Qa = 0.5 m3·s-1) were exceeded more than 20209

times.In the Upper Vydra basin mouth profile Modrava 5.3 km downstream from the locality
the discharge reached 42.3 m3·s-1 (Qa = 3.5 m3·s-1) during the fast flood wave culmination.
The continuous monitoring of water depths is provided since the beginning of the 2010
hydrological year by two automatic gauges installed 1.2 km upstream the studied reach upper
boundary. First is situated at Javoří brook (Ultrasonic based) upstream the confluence with
Tmavý brook and second on the Tmavý brook (Pressure based). The proximity of the two
devices allows the summing up the data and compounded hydrograph. The rating curve of the
water level-discharge relationship results from (1) the field hydrometric measurements that
are due to the remoteness of the studied locality and unpredictability of extreme flood events
scarce regarding the high flow information. Thus the extrapolation towards the higher
magnitude discharges had to be processed. The standard methods of the extrapolation by
logarithmic, exponential and power curve equations using the R2 objective criteria were tested
with the large deviations and magnitudes in the higher water level area. (2) The best fit with
measured data and the most realistic extrapolation was processed by fully dynamic numerical
simulation of the 1D hydrodynamic model of the confluence with structures implemented
(Fig. 2).

Fig. 2 Rating curve for the water level measurements of Javoří and Tmavý brooks resulting from the
fully dynamic 1D hydrodynamic model (MIKE 11)

The DEM (Digital Elevation Model) for the model bathymetry construction was based on
three data sources. (1) The submerged parts of the channel were measured with Geodetical
GPS device with respect to the dominant break lines in the bed topography. (2) Not
submerged zones were derived from the detailed UAV (Unmanned Aerial Vehicles)
photogrammetry with vertical and horizontal resolution less than 1 cm (Langhammer et al.,
2014). (3) The surrounding flood plains were filled with digital relief model of 4th generation
DMR 4G (ČÚZK-Český úřad zeměměřický a katastrální).
The sediment survey was processed in the field in order to obtain the spatially distributed
overview. The measurement techniques of the surface bed layer material were based on the
concepts of manual and optical measurement in matrix (Bunte and Abt, 2001). The manual
method was applied in the submerged parts of the channel (4 sampled sites) while the riparian
fluvial accumulations (4 sampled accumulations based on the evaluation of 28 pictures) were
analysed by Sedimetrics optic granulometry software (LUEL, 2005). The values of percentiles
corresponding to the diameter of the 10 – 90 % of the sample (D10 – D90) were calculated for
the sediment characteristics relativization. The sediments of the river bed were of coarser
character (D50 = 51.3±7.2 mm; D10 = 30.0±2.6 mm; D90 = 103.3±14.6 mm) than the notsubmerged localities (D50 =36.4±5.3 mm; D10 = 10.8±2.5 mm; D90 = 100.1±16.4 mm). The
remobilization assessment was done for grain sizes ranging from D 40 – D90.
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Fig. 3 Compounded discharge downstream the confluence for the period from 2010 - 2013 at Javoří
and Tmavý brooks . On the left is the whole range of exceeding probability on the right is the range
covering highest discharges (exceeded in less than 5 % of the cases)

Course of curves represents the frequency distribution of individually recorded
discharges exceedingly (Fig 3) served for the frequency of causal discharges evaluation. The
construction of the frequency curves was based at hourly intervals, averaged values in order to
eliminate random fluctuations. The flood event in June 2013 was the largest recorded with the
culmination discharge value of 11.7 m3·s-1 thus the discharges analysed within the study
dispose the lowest probability of exceeding. The second highest flood event with the peak
value of 9.5 m3·s-1 was recorded in July 2011.
Hydrodynamic and sediment transport modelling
In order to understand and relate the flow parameters to the movement initialization the
numerical two dimensional (2D) hydrodynamic modelling (HD) tool MIKE 21C (Curvilinear)
was used for the objective design set up and parameterization. The average cell size was 0.5 x
0.5 m however the curvilinear grid size is varying in both the x and y direction according the
degree of curvature applied (DHI, 2012). The simulations were based on the fully dynamic
unsteady solution of the depth averaged shallow water equations that in the case of highly
variable channel characteristics and fast runoff conditions required the time step reduction on
0.15 s. The velocities at normal flow conditions were verified by field measurement with
ultrasonic flow-meter (Flow-tracker). Nevertheless due to the lacking observations at higher
flows the sensitivity analysis of the riverbed roughness involving both the hydrodynamic and
sediment transport modelling was processed and the maximal possible result misevaluation
was accepted. The roughness coefficient in the form of Manning’s M [m1/3·s-1] (Strickler
coefficient Ks = 1/n) was varied within the range given by Chow (1959) for gravel bed
mountain streams chiefly 20 – 33 for non-vegetated channel, 21 – 34 for the accumulation
bodies covered by finer than channel material and 14 – 33 for the floodplain vegetated by
high dense grass. The sediment transport module MIKE 21 C RM (River Morphology) is
based on the flow parameter calculations that represent the variables of the selected transport
equations nevertheless by varying topography as result of the sediment balance calculation the
module gives feedback to the HD to create the interactive coupled system.
The Smart and Jaeggi (1983) transport theory was used. It represents a modification of
Meyer-Peter Müller formula broadly used for gravel bed load evaluation by including the
parameter of inequality in the grain diameter distribution (D90 – D10). The inequality of noncohesive sediments was further treated in the separate runs of the model in order to establish
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the curve of the remobilization potential of individual sediment fractions by site specific flow
conditions. The remobilization rating curves were constructed by using the relative statistical
distribution of the granulometry and flow properties in order to dismiss the absolute site
specific values.
In order to eliminate the transport caused by setting of the adequate flow conditions at the
beginning of the runs the initial conditions were based on the hot start calculated by the
average flow conditions with sediment transport included. The same procedure was applied
by Li et al. (2008) and improved the results notably.
In order to ensure the objectivity of sediment transport initialization result evaluation the
remobilization criteria as an arbitrary set threshold was defined based on the bed level change
variations (1). The criteria varied with the sediment spatial extend and granulometric curve
properties.
( )
(1)
Where z represents bed level [m a. s. l.], D is the grain diameter [m] of the i percentile [%].
RESULTS
First the conventional characteristics of D50 grain size were used in order to evaluate the
overall remobilization characteristics during the flood event June 2013. The initiation of grain
movement arbitrary defined by the remobilization criteria has been observed at three cross
sections (A, B, C),located in the most dynamic reach, by comparing the changes in modelled
bathymetry (Fig 3). The criteria of exceeding 0.043 m in the case of A and 0.047 m in the
case of B and C resulting from the local granulometric curves was fulfilled by the discharge
value of 7.7 m3∙s-1 (A), 6.7 m3∙s-1 (B), 9.4 m3∙s-1 (C). The range of 1.7 m3∙s-1 represents 50
minutes at the June 2013 flood wave hydrograph. The depth averaged velocity at the
remobilization criteria fulfilment was 1.8±0.1 m∙s -1. The values of the excess shear stress (τe =
τ – τc) at the remobilization criteria varied within 16.3±8.2 N∙m-2. The bed level change
occurred in the substantial part of the channel in the case of all profiles observed.

Fig. 4 Remobilization assessment considering the D50 parameter as grain size characteristics. Left
is the horizontal plan of bed level change at the remobilization criteria fulfilment

Later the grain size was varied in order to describe movement of individual fractions
separately. The remobilization of each grain fraction (D 40 – D90) was evaluated using the
remobilization criteria ant the remobilization rating curves were constructed in order to relate
the site specific grain characteristics to the causal flow conditions (Fig 5).
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Fig. 5 Remobilization rating curves constructed at the Cross sections localities (A, B, C) base on
the frequency of the remobilization causal conditions occurrence

The remobilization of the grain fractions D80 and D90 occurred after the limits of the
hydrograph June 2013 thus it was extended up to 20 m3∙s-1 by retaining the slope of the rising
limb. The causal discharges for the smallest regarded D 40 fraction remobilization were similar
(5.7 – 6.2 m3∙s-1) in the case of A and B; meanwhile the remobilization at the C locality
occurred later (8.4 m3∙s-1) due to the step backwaters calming. The backwater effect retained
for the D50 and D60 fractions while the D70 – D90 conditions were more equalized. The fraction
D90 at the profile B did not fulfil the remobilization criteria and the higher flows were not
considered in this study due to the high level of inaccuracy in the hydrography extrapolation.
The best fit of the causal conditions related to the sediment fraction was obtained by power
functions (Fig 5).
DISCUSSION AND CONCLUSIONS
By comparing the channel morphology before and after flood events, the magnitude of
eroded material can be established (e.g. Eaton and Lapointe, 2001). However, flood events are
largely unpredictable, thus the data about channel morphology before a flood event is often
missing. This study refers to the first observations after the qualitative verification of the
model applied on the real case flood event conditions of June 2013 and brings the problem
conceptualization.
The study of the most crucial parameter bed roughness was processed in order to
understand the inaccuracies caused by lacking of quantitative calibration (Fig 6). The interval
of maximum relative possible error was observed ranging from 23±8 % in the case of
resulting depth averaged velocity and increased to 30% considering the remobilization causal
discharge assessment. As observed by Verhaar et al. (2008) the relative error was smaller for
the higher flow conditions than for the low flows at the beginning of the simulation. The
roughness coefficient they have obtained by calibration of the gravel cobble bed was M =
23.3 m1/3·s-1, not far from the minimum of the roughness interval applied. Nevertheless
possible error based on wrong roughness description influence the entire mixture similarly
thus according to Wilcock (1993) the skin friction of the particle of each fraction is calculated
uniformly resulting in no relative error only the possible shift of the entire remobilization
curves towards higher or lower flows.
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Fig. 6 Velocity longitudinal profiles considering various bed resistance values. The velocity
profiles were evaluated at two different time steps. Solid lines are at discharge 3.6 m3·s-1, the
channel capacity. The interrupted lines mark the flow conditions at June 2013 culmination
(11.7 m3·s-1)

The initialization of the grain movement was treated first lumped across the entire
granulometric curve. The concept of D50 is based on the hiding/exposing effect influencing
the small/large particles in the uni-modal mixture (Wilcock, 1993). The result of
remobilization assessment pointed at the yearly period of remobilization during the annual
largest floods. The flow competence for the particles fractions distributed into characteristic
intervals of percentiles D40 – D90 was later analyzed. The lower percentiles were not included
as the hiding effect was regarded to be inalienable. While the sediment transport modelling
concept do not allow the particle tracking in general, the simulations distinguishing grain size
variations of one site had to be performed in separate runs for each fraction (e.g. Büttner et al.,
2006). The study profits from the application of precise topographical data resulting from
UAV photogrammetry of the channel morphology and riparian zones during the model
schematization (Langhammer et al., 2014) crutial for flow parameters calculation. By using
the statistical characteristics of the grain size and causal discharge for the remobilization
rating curves construction the absolute values of the both variables were eliminated. Thus this
proposed method could later serve for the comparison of remobilization competence all across
the geographical scales while considering the approximation that each stream is bedding the
sediments adequate to the mean and extreme flow characteristics.
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WINTER DIET OF LONG–EARED OWLS (ASIO OTUS) IN CENTRAL
PART OF VÝCHODOSLOVENSKÁ ROVINA – PLAIN
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Department of Ecology and Environmentalistics, Constantine the Philosopher University in Nitra,
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Abstract
The pellets analysis brings us many of important information about species distribution of small mammals and
prey of Long–eared Owl (Asio otus). We determined 622 individuals (14 species of mammals and 3 species of
birds) from pellets collected from winter roost of Long–eared Owl at Brehov village. Predominant components
of diet were Microtus arvalis (73.3 %) together with Clethrionomys glareolus (11.9%). Subdominant diet
componets were species Arvicola terrestris (2.9 %), Apodemus flavicollis (2.4 %) and Apodemus sylvaticus
(2.1 %). Increased presence of forest species Clethrionomys glareolus inpellets of Long-eared Owl could be
caused by replacing the lower abundance of Microtus arvalis and surrounding landscape complexity Levins's
index was used for characterisation of breadth of food niche of Long-eared Owl FNB = 1.9. Shannon's index
characterized the diversity of prey H´ = 1.1 and equitability was E = 0.42. In comparison to diet spectra of
Podunajská nížina - lowland, which is also a part of the Panonic region, the values of diversity and equitability
are lower. In comparison with other localities a these values are relatively similar.
Keywords
Long–eared Owl. Asio otus, Diet, Owlpellets, Východoslovenská rovina – plain,

INTRODUCTION
Making flock aggregation during winter is characteristic behaviour of Asio genera. Such
overwintering flocks usually occur on cemeteries, parks, inside the cities and villages, less
common in open areas outside the inhabited settlements (Noga, 2002). The nature of prey
digestion and pellets-making of this species provide an ideal opportunity to study the
composition of diet spectra.
Long–eared Owl prefers forested landscape with open-space areas (Danko, Darolová,
Krištín, 2002). In central Slovakia is considered as strict monophage species with Microtus
arvalis as major diet component. Its proportion in pellets varies between 60-95 % (Obuch,
1989, Noga, 2007, Tulis, 2008). The fluctuations of Microtus arvalis in pellets are caused by
gradation circle with 3 to 5 years long period (Anděra, Horáček, 2005). Fluctuations within
Microtus arvalis population are compensated by increased abundance of Apodemus (mainly
Apodemussylvaticus) and other less abundant species in food (Obuch, 1989). There is absence
of Long–eared Owl´s diet data from East part of Slovakia.
The aim of this study are to (i) make qualitative and quantitative description of food
spectra from pellets of Long–eared Owl, (ii) compare the results with results reported from
other localities with regard to differences in diet spectra, diversity and breadth of food niche.
METHODS
Pellets collection of Long-eared Owls has been conducted in Brehov village [WGS 84,
48.491355 N, 21.83892 E], in central part of Východoslovenská rovina - plane (Mazúr,
Lukniš, 1986), during winter season 2012/2013. Study area is characterized by predominance
of agricultural patches with fragments of forest and non-forest tree vegetation (Fig.1).
To process pellets we used chemical method according to (Schueler, 1972). Pellets were
soaked in 5 % NaOH water solution for 10-15 minutes. Process was speeded up by heating
the solution up to 70-80°C. After dissolving the all fur and feather within pellets the bones
were gently washed by fresh water.We separated upper jaws (maxilla), lower jaws
(mandibula), of mammals and beaks (rostrum), tarsometatarsi (tarsometatarsus) and
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humeral(humerus) bones of birds. Sorted material was determined according to Anděra
& Horáček (2005), Baláž et al. (2013).
As the indicator of abundance we used minimal number of individuals (MNI), which
represent minimum number of individuals which were able to identified according the same
anatomical parts of skull (Kyselý 2004). The MNI values were used for calculation of
Shanon-Weaver index of diversity (H'), equitability index (E) and Levin's index (Levins,
1968) of food niche breadth (FNB).
Obtained results were compared with Long–eared Owl diet from other 6
geomorphological areas of Slovakia (Východoslovenská rovina - plane, Košická kotlina basin, Rimavská kotlina - basin, Podunajská rovina – plane and Podunajská nížina – lowland,
Hornonitrianska kotlina - basin, Turčianska kotlina - basin). We used Marked differences
from the mean method (Obuch, 1991, 2001), for identified above-average and below-average
species of prey. Levels of significance of the deviations for each item are represented by
number before “+”for above-average deviation or “-“for below-average deviation from the
mean. Samples in tables are sorted according to the similarity and the ordering is adjusted
such as the determining species with positive MDFM values arranged in columns and blocks.
These blocks are enclosed in continuous line borders. Species without deviation from the
mean are arranged under a dashed line and ranked down according to total abundance.
Calculations of the MDFM were carried out in the ZBER software application (Šipöcz 2004)
and indexes were performed in Past (Hammer, Harper & Ryan, 2001), and Zber software
application (Šipöcz, 2004).

Fig. 1 Localization of winter roost of Long –eared owl (Asio otus) in Brehov village and localization
of other 6 geomorphological areas of Slovakia

218

RESULTS AND DISCUSSION
We determined a total of 622 individuals (14 species of mammals and 3 species of birds)
from pellets (Tab. 1). Predominant component of diet was Common Vole (Microtus arvalis 71.7 %). Second most abundant species of prey was Bank Vole Clethrionomys glareolus
(11.9 %). Other species occurring less common are Water Vole Arvicola terrestris (2.9 %),
Yellow-necked Mouse Apodemus flavicollis (2.4 %), Wood Mouse (Apodemus sylvaticus -2.1
%). We also recorded next 2 species of Apodemus genus (Ural field Mouse - Apodemus
uralensis - 1.6 %, Striped field Mouse Apodemus agrarius - 1.6 %) together with European
Pine Vole Microtus subterraneus (1.4 %). Subrecendently (<1 %) were represent Sorex
araneus, Micromys minutus, Crocidura leucodon, Mus musculus, Pyrrhula pyrrhula, Neomys
fodiens, Turdus merula and Turdus pilaris.
Occurrence of all four species of mice is according with their areas of distribution (Baláž
et al., 2012). Increased presence of forest species C. glareolus may be caused by
compensation of lower abundance of M. arvalis. The Common Vole populations are
characteristic for the several years’ fluctuations (Carslakeet al. 2011, Jacob, 2013). Obuch
(1989) states that the population fluctuations of M. arvalis species reflect partially in the
decrease of wintering Long–eared Owls number and they are partially compensated by the
distinct increase other accessory species. As potential biotope for foraging for C. glareolus
may Long–eared owl utilize to surroundings of wetlands at the confluence of Ondava and
Latorica River, where patches of reed (Phragmites australis) are used by C. glareolus as
compensation for forest biotop. Tulis (2011) also recorded higher amount of C. glareolous
(5.2 %) in winter diet of Asio otus in Nitrianska pahorkatina – hills.
Tab. 1 Winter diet composition of Long-eared Owl from Brehov village
n
%
Species
1. Microtus arvalis (Pallas, 1778)
442 71.06
2.

Cletrionomys glareolus (Schreber, 1780)

74

11.90

3.

Arvicola amphibius (Linnaeus, 1758)

18

2.89

4.

Apodemus flavicollis (Melchior, 1834)

15

2.41

5.

Microtus sp.

14

2.25

6.

Apodemus sylvaticus (Linnaeus, 1758)

13

2.09

7.

Apodemus uralensis (Pallas, 1811)

10

1.61

8.

Apodemus agrarius (Pallas, 1771)

10

1.61

Microtus subterraneus (de Sélys-Longcgchamps, 1836)
10. Sorex araneus (Linnaeus, 1758)
11. Micromys minutus (Pallas, 1771)

9

1.45

4

0.64

4

0.64

11. Crocidura leucodon (Hermann, 1780)
12. Mus musculus (Linnaeus, 1758)

2

0.32

2

0.32

13. Pyrrhula pyrrhula (Linnaeus, 1758)
14. Neomys fodiens (Pennant, 1771)

2

0.32

1

0.16

15. Turdus merula (Linnaeus, 1758)
16.
Turdus pilaris (Linnaeus, 1758)

1

0.16

1

0.16

622

100

9.

Sum
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Diet composition from Brehov village was different from composition of other 6
localities (geomorphological areas) mainly by high abundance of species C. glareolus. A.
terrestris (Tab. 2). Larger proportion of M. subterraneus is similar as in Košická kotlina basin and A. flavicollis like in Podunajská nížina - lowland. Larger proportion of A. agrarius
and A. uralensis is characteristic for the area from lowlands of eastern Slovakia to Rimavská
kotlina -basin. These species are substituted by larger abundance of A. sylvaticus and M. cf.
musculus (M. musculus + M. spicilegus). Higher abundance was also recorded for S.
minutus and C. suaveolens a C. leucodon. In winter the Long-eared Owl forage near the
wetlands for M. oeconomus species. From birds are most abundant Fringillidae in particular
which is opposite to results from Hornonitrianska kotlina - basin where Paridae species are
more abundant.
Dominant M. arvalis (Fig. 2) has in Podunajsko region substantially low abundance
(mean is 80.44%. in Podunajsko region 66.26%). Slighly smaller than mean is the proportion
of M. arvalis (73.31%). regardless of peak of gradation circle of this species abundance
during winter 2012/2013 on whole Slovakia. The most relative proportion of M. arvalis is
in Turčianska kotlina basin (mean for a decade 94.35%)

Fig. 2 Graphical comparison dominant Microtus arvalis. Aves and other families from our results with
results from other localities

Levins's index of breadth of food niche reached a value of FNB = 1.9. Such higher value
of FNB in comparison with other localities in Slovakia is probably caused by retro gradation
of Microtus arvalis. In the case of its low abundance the Long-eared Owl replaces this species
for other food resources (most commonly for the species of Apodemus genera).
Diversity of diet from our study area reached H´ = 1.1 and equitability was E= 0.4. In
comparison to diet spectra of Podunajska nížina - lowland. which is also a part of the Panonic
region. are the values of diversity and equitability lower. In comparison with other localities
are these values relatively similar.
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Tab. 2 Comparison our results with results from other localities (Localities: 1 - Brehov. Východoslovenská
rovina – plane, leg. T. Veselovský 2012/2013; 2 – Hraň. 1989-2001, Východoslovenská rovina - plane. Obuch.
Unpublish; 3 – Perín, Košická kotlina - basin (Stanko et al. 1995), 4 - Rimavská.kotlina - basin Obuch (2000), 5
– Podunajská rovina - plane a P. pahorkatina hill. Noga (2007); 6 – Bojnice, Hornonitrianska kotlina basin
Šotnár & Obuch (1998); 7 – Turčianska kotlina basin Obuch (1982.)
Species \ Locality
Microtus arvalis
Micromys minutus
Apodemus agrarius
Apodemus uralensis
M. subterraneus
C.glareolus
Arvicola terrestris
Apodemus flavicollis
Apodemus sylvaticus
Mus cf. musculus
Rattus norvegicus
Sorex minutus
Crocidura leucodon
C.suaveolens
Microtus oeconomus
Fringilla coelebs
Carduelis carduelis
Carduelis cannabina
Passer montanus
Carduelis chloris
Passer domesticus
Erithacus rubecula
Turdus merula
Parus major
Periparus ater
Cyanistes caeruleus
Sitta europaea
Carduelis spinus
Emberiza citrinella
Sorex araneus
Turdus philomelos
Pyrrhula pyrrhula
Alauda arvensis
Turdus pilaris
Troglodytes
troglodytes
Regulus sp.
Poecile palustris
C. coccothraustes
Serinus serinus
Aves
Suma
Index diverzity H'
Equitability
FNB

1
456
4
10
10
1+ 9
4+ 74
3+ 18
1+ 15
1- 13
2- 2

2
2606
1+ 56
2+ 127
1+ 104
6
23
2
2- 12
3- 20
4- 7
1- 0
4

3
4626
1- 35
1+ 96
1+ 191
1+ 27
29

4
2517
29
2+ 127
1+ 111
1- 0
2- 2

1- 0

2- 15
3- 33
4- 11
1- 1
1- 1
4
2- 0

1- 29
1- 96
3- 11
3
2
1
2

2

2
3

1- 4

23

9

3- 2
1
1
1- 3

1- 19
2
2
1- 6

2- 7

2

1

2
1

2

3
9
5
1
1

1

1

2

1- 0
1

4
1

1- 4
622
1.10
0.40
1.3

1

1

2- 24
2991
0.64
0.20
1.4

1- 80
5156
0.56
0.17
1.3

1- 1

2
1
1

2- 22
2955
0.70
0.24
1.9

5
6
7
1- 9517
5199
6533
1+ 244
83
2- 30
6- 0
4- 0
4- 0
201
4- 4
5- 0
47
1- 7
2- 2
105
2- 13 1- 20
1- 2
1
1- 0
1+ 252 1+ 176 2- 20
1+ 1842 1- 206 1- 224
2+ 1437 4- 14 4- 19
1+ 48
5
1- 5
1+ 34
1- 1
8
1+ 32
1- 0
1- 2
1+ 57
6
2- 1
1+ 14
1+ 31
11
1- 1
1+ 32
2
1- 1
1+ 12
1+ 106
1- 11
3- 2
1+ 16 1+ 11 1- 0
1+ 172 2+ 157 2- 15
6
1+ 8
1
10
1+ 21 1- 0
1- 20
2+ 72 3- 0
1- 1
2+ 19
12
1+ 15 1- 0
6
1+ 7
5
1+ 8
11
7
2
10
6
9
2
8
2
9
1
3
2
1
2
4
2

Sum
31454
481
360
621
98
266
23
519
2434
1501
62
50
41
66
14
45
40
12
155
27
372
18
35
102
20
30
13
18
32
25
14
14
13
7
6

3
2
1
2
1+ 513
14363
1.31
0.36
2.2

5
5
5
5
1065
39102
0.96
0.26
1.53

2
3
2
3
1+ 374
6091
0.77
0.22
1.4

2- 48
6924
0.32
0.10
1.1

Another species (locality-quantity):Talpa europaea (3-1; 5-1; 7-2). Neomys anomalus (7-2). Neomys fodiens (1-1; 7-1).
Myotis myotis (7-1). Nyctalus noctula (4-2). Plecotus austriacus (5-2). Lepus europaeus (4-1). Glis glis (6-1). Muscardinus
avellanarius (3-1; 5-2; 6-1). Cricetus cricetus (5-1). Microtus agrestis (5-2). Coturnix coturnix (6-1). Tringa ochropus (7-1).
Streptopelia decaocto (7-1). Dendrocopos minor (5-1). Galerida cristata (7-1). Delichon urbica (5-4). Riparia riparia (5-1).
Anthus trivialis (5-1; 7-1). Anthus sp. (5-3). Motacilla alba (5-2; 6-1). Bombycilla garrulus (3-1). Lanius excubitor (7-1).
Prunella modularis (5-1). Acrocephalus sp. (5-1). Sylvia communis (5-1). Phylloscopus trochilus (3-1). Sylviidae sp. (5-2).
Muscicapa striata (6-1). Saxicola rubetra (3-2). Saxicola sp. (5-1). Luscinia megarhynchos (5-1). Turdus viscivorus (5-1).
Aegithalos caudatus (2-1). Parus sp. (2-1). Certhia sp. (2-1). Emberiza schoeniclus (5-2; 7-1). Fringilla montifringilla (6-4).
Carduelis flammea (5-1). Sturnus vulgaris (4-1; 5-1). Passeriformes sp. (2-1; 3-2; 5-9; 7-15)
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Abstract
Mires can serve as natural archives allowing reconstruction of local vegetation and landscape development. Our
main aim was capture Holocene history of vegetation from raised bog in Martinské Hole Mts. The development
of our profile started in the early Holocene, when Pinus with admixture of Larix dominated. In this time the
landscape vegetationwas created by mosaic of pine forests with Vacciniumand Artemisia steppes with high
abundance of Veronica on suitable places. The development continued with rapid increase of Corylus and
decrease of Pinus. After this period hiatus is obvious, because of rapid increase of Fagus. Fagus was dominant
in the late Holocene together with Picea, Alnus Corylus, Abies and Fraxinus indicated that the climate became
moister. In this time, human indicators as Triticum, Secale cereale, Fagopyrum esculentum, Centaurea cyanus
and Plantago lanceolata were presented. During the whole Holocene different types of open patches (e.g., dry
meadows with Artemisia and wet mesic habitats with Filipendula) occurred in the vicinity of the site. Recent
vegetation is characterised by dominance of Picea, Vaccinium and Ambrosia with repeated increase of Pinus
which is maybe because of high abundance of Pinus mugo at the site.
Keywords
Holocene, Martinské hole Mts., Picea, Vaccinium

INTRODUCTION
Central European raised bogs at mountain summits are very important because they serve
as habitat for many relict species and they are also unique repository of information of past
climates, vegetation and human activity. Peat has very good features for preservation microand macrofossils which can be used for studying ecosystem development directly.
Raised bogs are characterised as raised, dome-shaped masses of peat occupying former
lakes or shallow depressions in the landscape. They are usually developed on impermeable
bedrock at a flat terrain of a mountain ridge and mostly are saturated only by rainwater or by
rainwater and surface water from adjacent slopes as well. Raised bogs are characterised by
low-growing, open vegetation dominated by mosses, sedges and heathers, all of which are
adapted to waterlogged, acidic and exposed conditions.
From the early Medieval Period or even earlier they have been affected by agriculture
(Gobet et al., 2005; Novák et al., 2010). In present, many of them have been destroyed
because of drainage, afforestation, peat mining and eutrophication (Stanová, 2000).
In this paper, pollen analysis was used to evaluate the vegetation history of the Martinské
Hole Mts. Palynology is a good base for complex paleoecological research which will be done
with other proxies (macro-remains analysis, 14C dating, mollusc analysis, diatoms analysis
and charcoal analysis). Our main aim is to study the local vegetation history of the site and to
reconstruct the landscape development at the high altitudes during the Holocene.
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STUDY SITE
Martinské Hole Mts. is located in Malá Fatra Mts. In the section called Lúčanská Malá
Fatra (Fig. 1). Our study site is situated on the highest point of Lúčanská Malá Fatra (1 475.5
m a.s.l). According to hydromorphological classification it could be classified as a raised bog
(Charman, 2002). The bog is surrounded by waterlogged spruce and is covered by hollows
with sphagnum (Oxycocco-Sphagnetea) (fig. 1). Remarkable is occurrence of Oxycoccus
palustris, which had not been recorded on Martinské Hole for long time but now it was
reaffirmed again (Kučera, 2005).

Fig. 1 The location of Martinské Hole (Mts.) and surrounding of the study site (photo: L. Petr)

METHODS AND MATERIAL
Coring and sedimentary settings
A peat profile was obtained during the field trip in 2013 using the Russian peat corer set.
For the pollen analysis, the upper part of the peat (0-50cm) was sampled by every 5 cm and
the lower part of the profile (50-99 cm) by 3 cm. Sediment was described using
Morphogenetic soil classification system of Slovakia (Šály et al., 2000) and the colour was
determined according to the Munsell color charts (1954).
Pollen analysis
Samples for pollen analysis (1 cm3) were processed with standard method of acetolysis
(Faegri and Iversen, 1989) and according to Stockmar (1971) were also added tablets with
Lycopodium spores to calculate the pollen concentration. Minimum 500 terrestrial pollen
grains were counted and determined using the pollen keys (Beug, 2004; Reille, 1992; Punt,
1984) and the reference collection deposited at the Institute of Vegetation Ecology, Botanical
Institute of the ASCR, Brno, Czech Republic. The non-pollen objects were identified
according to van Geel (1980-1981). The nomenclature of all determined pollen types follows
Beug (2004) except of family Daucaceae, where Punt (1984) was used. The percentage pollen
diagram was constructed using the total sum (TS) consisting of AP (arboreal pollen) and NAP
(non-arboreal pollen). Aquatic, local plants, algae, fungi and other non-pollen object were
excluded from the total sum (TS). Pollen diagram was created in Tilia v. 1.7.16 (Grimm,
2011).
LOI analysis
Samples from the same depth as for pollen analysis were used for LOI analysis (loss-onignition) where the percentage of weight of organic matter was determined. The LOI analysis
(550 ˚C) was carried out according to Heiri et al. (2001). Peat samples were dried for 7 days
at room temperature and weighed. Then were dried at 105 °C for 1 hour to eliminate the air
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moisture, weighed, burnt in kiln for 3 hours at 550 °C and at the end weighed again. LOI
analysis is a method for estimating organic and carbonate content in sediments.
RESULTS AND DISCUSSION
Sediment description
The 99 cm of peat section was obtained from the deepest point (49°04´37.5“N,
18°49´15.11“E). According to sediment composition and basic pedological characteristics,
which have been made directly in the field, the taken peat was determined as haplic histosols
(Šály et al., 2000) with two main zones. The upper part (0 – 55 cm) was determined as
overlying peat fibric Otf horizon, where more than 70 % is decomposed plant residues
(mostly Sphagnum sp.) with very dark grey colour in wet conditions. The second part (55 – 99
cm) was determined as peat mesic Otm horizon, where 30 – 70 % is decomposed plant
residues with very dark brown colour in wet conditions.
Pollen analysis
According to the main change in tree pollen taxa, the pollen diagram (Fig. 2) was divided
into the three main zones with two subzones.
Fig. 2 Percentage pollen diagram of Martinské hole (Mts.) raised bog (analyst: M. Čierniková)

MHpa 1a: 99 – 94 cm; dominance of Pinus in this zone suggest that this part of profile
likely represents the early Holocene period (11700 – 8 200 cal BP; Walker et al., 2012).
Domination of Pinus with Larix was detected also in other pollen profile dated to the early
Holocene in the Western Carpathian Mts. (e.g., Jankovská, 1988; Rybníčková and Rybníček,
2006; Rybníček and Rybníčková, 2002). This period is also characterised by high occurrence
of mesophilous Tilia and gradual increase of Corylus. The higher presence of pollen grains
Veronica, Artemisia, Chenopodiaceae and Bupleurum falcatum indicates also open habitats. It
is most plausible, that the landscape was open with pocket of mixed coniferous trees even in
this high altitude. These forests were similar to present coniferous taiga in Siberia (Jankovská
and Pokorný, 2008).
MHpa 1b: 94 – 89 cm;this period is characterised by expansion of Corylus and
decreasing of Pinus. Gradual increase of Picea and Alnus was recorded as well. Rybníčková
and Rybníček (2006) had similar development in similar altitude (1513 m a.s.l.) on the site
Popradské pleso in the High Tatra. In their pollen diagram amount of Corylus increased in ca.
9 000 BP together with Picea, Quercus, Ulmus, andAlnus whereas Pinus declined. Their
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attributes these change in dominant tree taxa to the warming of the climate. The landscape
had still open character as is reflected by presence of dry open herbaceous taxa (Veronica,
Artemisia, Chenopodiaceae).
Between MHpa 1b zone and MHpa 2a zone, possible hiatus in sedimentary record might
be considered. We suppose that because of the sudden change in pollen record (rapid increase
of Fagus) and from the LOI analysis results (Fig. 3).

Fig. 3 Results of LOI analysis with an indication of probable hiatus

MHpa 2a (89 - 62 cm): we suggest this zone represented the period of the late Holocene
(4200 cal BP – recent; Walker et al., 2012), because of the dominance of Fagus and gradual
increase of Abies. On localities Štrbské pleso and Popradské pleso in High Tatra, which are
situated in similar altitude (1 345 m a.s.l. and 1 513 m a.s.l.) was Fagus presented since ca.
3 500 cal BP (Rybníčková and Rybníček, 2006). Similar localities situated in higher altitude
in Hrubý Jeseník Mts. (Czech Republic) shown the same trend in expansion of Fagus: on the
bog Rejvíz Fagus expand around 3 500 cal BP (Dudová et al., 2010), on the bog Vozka it was
around 3 000 cal BP (Dudová et al., 2012) and on the bog Skřítek it was around 4 500 cal BP
(Dudová et al., 2014). The different timing in expansion of trees might be caused by different
local conditions of these sites, e.g. soil properties, local climate conditions (e.g., Sümegi et al.
2009). Except of Fagus, abundances of other deciduous trees (Alnus, Ulmus, Quercus,
Carpinus, and Fraxinus) increased as well. The local development of bog is characterised by
the dominance of Cyperaceae, Vaccinium and continuous occurrence of Sphagnum.
MHpa 2b (62 – 24 cm): the development of trees showed the same trend as in the
previous sub-phase, except of Abies, which reached the highest value within the whole
profile. Presence of crops (Triticum, Secale cereale and Fagopyrum esculentum) and weeds
(Centaurea cyanus and Lithospermum arvense) indicated spread of arable land in the
landscape. The composition of anthropogenic indicators (Secale cereale, Fagopyrum,
Centarea cyanus) implies the medieval period (Behre, 1992). Except of occurence of dry
meadows (steppe) herbaceous taxa (Artemisia, Veronica, Chenopodiaceae, Plantago
media/major, Falcaria, and Bupleurum falcatum) in the whole period of MHpa2 there were
detected species of more mesic meadows as Filipendula, Chaerophyllum hirsutum,
Thalictrum, Anemone and Peucedanum palustre. These might indicate that the site
surrounding became wetter in comparison to previous phase MHpa1.
MHpa 3 (24 – 0 cm): the last phase in development of the Martinské Hole peat profile
represents the last few Centuries as is indicated by presence of neophyte Ambrosia, which was
introduced to the Europe in the second half of the 19 th century (Chauvel et al., 2006). At the
beginning of this zone Plantago lanceolata reached the highest values. These might suggest
spreading of pasture (Behre, 1981). Decreasing in deciduous trees (Ulmus, Tilia and Abies)
might be attributed to the human induced deforestation of the landscape. The steep increase of
Picea could be related to the modern plantation of spruce monocultures (Sitková et al., 2010).
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The current state of the site is presented of high abundance of Vaccinium, with which is the
raised bog covered in these days.
CONCLUSION
The result of the pollen analysis presented in the pollen diagram show local and regional
changes in vegetation. At the beginning of peat accumulation, in the early Holocene, the
landscape might have a character of a mosaic of Pinus forests with Larix and Vaccinium and
open habitats with Veronica, Artemisia and Chenopodiaceae.
The next development of locality is characterised of decrease of Pinus because of the
increased presence of the pollen of other trees, particularly Corylus, Picea and Alnus.
According to abrupt increase of Fagus in the next part of pollen diagram and results of
accumulation of organic matter as well, the hiatus is present. It can be caused either by human
activities, or by an extreme drought causing decomposition of previously accumulated peat.
The late Holocene is represented by dominance of Fagus and continuous increase of Abies (in
the second half of this period Abies recorded its highest values). The high abundance of
Corylus is steeply replaced here with other deciduous trees Alnus, Ulmus, Quercus, Carpinus,
and Fraxinus. The local vegetation development is formed by Cyperaceae, Vaccinium and
continuous occurrence of Sphagnum. Initial human impact is captured by presence of
Triticum, Secale cereale, Fagopyrum esculentum, Centaurea cyanus and Lithospermum
arvense likely because of the beginning of land using.
The last phase of profile is representing the recent development of the site. Human
deforestation affected mostly decreasing of deciduous trees (Ulmus, Tilia and Abies) which
were probably transformed into grazing meadows. Follow steep increase of Picea could be
caused by modern planting of spruce. According to the pollen record and current observation
as well the recent vegetation of the bog mostly consists from Vaccinium cover with
surrounding Picea trees with admixture of Pinus mugo.
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Abstract
Article is focused on monitoring the content of selected pollutants (toxic respectively heavy metals) in water, in a
section of the watercourse the Dlhý kanál in the cadastral territory of Močenok. Within 12 months of monitoring
conducted in 2011 to 2012 water samples were evaluated by analysis of these samples taken from the Dlhý kanál
from 3 intentionally selected locations. Analysis took place in the laboratory using binding methods and
associated apparatus for monitoring the chemical status of water quality in the range of monitored substances.
Monitored substances were categorized under Water Act no. 364/2004 Coll. on water and it is particularly
harmful substances - Hg, Cd and harmful substances - Zn, Cu, Ni, Cr, Pb, As, Co, Mo. Acquired resulds were
comparated with values of monitoring features in the soil, within equivalent bleed locality, for the purpose of
discovery of derivation of monitoring features in water. It stands of reason of the forged results, that water in
monitored part of brook Dlhý Kanál is not contamined by especially toxic substances and ceiling values of toxic
were exceeded only in features Cu and Zn. By article we want to show the degree of contamination of monitored
part of brook at the hand of selected indicator of water quality.
Key words
Water. Water monitoring. Pollution. Toxic and heavy metals. Harmful and particularly harmful substances.
Chemic water analysis.

INTRODUCTION
Water is the most widespread liquid substance on Earth. It is mainly concentrated in the
hydrosphere - water layer of the Earth, which represents about 0,025 wt % of the total mass of
the Earth (Jeseňák, 2005). Water is an essential part of the natural environment and in
different forms it creates conditions for the life of organisms and also the human environment
(Pucherová, 2008). Human directly through pollution of watercourses, lakes, small ponds,
seas and oceans by various wastewaters from industry, agriculture and human settlements and
also indirectly through adverse anthropogenic impacts on the hydrosphere (discharged
emissions) negatively affects the waters, respectively hydrosphere (Soják et al., 2002).
Nowadays, in society, there is an effort to achieve in near surface waterways as well as in
water generally favourable environmental condition that is unaltered by technical
modifications, with unchanged natural flow and sediment runoff regime, with natural
chemistry and undisturbed biota (Just, 2010). In order to achieve the good ecological status of
the water flows it is necessary to achieve their good chemical status. Definition of good
chemical status is determined by the Water Framework Directive (WFD) (Groundwater
Protection in Europe, 2008).
In this sense, hydrology is an important concept that defines patterns of distribution,
circulation of water on the Earth, its capillary action, chemical and biological properties
(Slavík and Neruda, 2007). Water that occurs in nature is never perfectly chemically pure. It
is an effective solvent and it contains dissolved substances in itself, which characterize the
environment in which it is located. This environment is a major factor that determines the
composition of the water for a long time. Recently it is also supplemented by the factor of
human activity, which causes chemical changes in the composition of the water and thus
causing extensive pollution of natural waters (Kovařík, 1994). The contamination perhaps
even imperilment of water quality is defined in Act no. 364/2004 Coll. of water, which make
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a basic legislative appointment for water preservation in Slovakia. In terms of water policy in
Slovakia it is therefore necessary to monitor the sources of water pollution and implement
appropriate measures. Resources of priority and relevant pollutants in waters are discharged
waste water from industry, lightening of public sewers, chemicals applied in agriculture,
waste water from mining activities and accidental pollution (Water Plan of the Slovak
Republic, 2009). In the context of pollution sources that either produce or bring such
substances into the environment can distinguish two basic categories of pollution sources,
namely point and diffuse (Generel of Protection and Rational Use of Water, 2002).
By article we keep track of object of concentration of selected elements, that could be the
case of contamination of surface water. In this article we monitored a part of brook Dlhý
Kanál. This part was monitored by reason of finding possible contamination of water and soil
at the hand of selected features in monitored part and by reason of finding the situation of the
enviroment in model part in Močenok, where is water one of the monitored branches of
country. Throughout check control of water is important to keep track of important water
index coming out of STN (Slovak Technical Standard) and actual legislation(Jablonská,
2003). Valuation of ill amd especially ill substances in monitored part of brook Dlhý Kanál
wasn´t solved yet, because this brook is not important in monitoring of Slovak water. In
valuation of water quality in chemical indexes is important to make provision for different
factors. For that reason we make provision for general chemical abundance of monitoring
elements in the soil in identical bleeding areas.
The goal of this article is:
- To locate the capacity of the concentracions of monitoring of ill (Hg, Cd) and
especially ill sustances (Zn, Cu, Ni, Cr, Pb, As, Co, Mo) in surfase water in the model
part in Močenok (the monitoring part of brook Dlhý Kanál)
- At the hand of monitoring elements find potential contamination of the brook Dlhý
Kanál thanks to comparation of acquired results and the limit values (in therms of
right of legislation)
- The comparation of capacity of concentracions of monitoring elements in the water
and in the soil for the purpose of find of derivation of potential contamination of
monitoring elements.
MATERIAL AND METHODS
Monitored area
Research area is section of the
watercourse Dlhý kanál flowing
through the cadastral area of the
village Močenok, which in terms
districts of Slovakia
of territorial and administrative
district Šaľa
division belongs to the district
Šaľa. It borders with neighbouring villages
Jarok, Horná Kráľová, Šoporňa, Dlhá nad
Váhom, Šaľa, Trnovec nad Váhom and
Cabaj – Čápor. Municipal area is 46,39
square kilometres (Fig. 1). The village is
situated in the fertile region between the
rivers Váh and Nitra. Northern and northeastern part of the village is wavy, while the
southern and south-western plain. The
village is situated in a temperate zone with
Fig. 1 Characteristics of the research area
lots of sunny days a year.
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Wider area of town is included in basin of Váh and in basin of Nitra at the hand of dewatering canal. Dlhý Kanál flow from town Lehota at an altitude of 200 m.a.s. and is a canal
water flow in South Slovakia. This flow flow through areas of Nitra, Šaľa, Nové Zámky. The
flow is ride-hand admission of river Nitra at length 51 km and with area of basin 428 square
kilometres. In solved area has admissions Vinohradnícky potok, Farský potok a Kľúčiarenský
kanál. Dlhý Kanál is a tipical plain river with squaring river-basin and mostly aquiculturing
function. The flow was along adapted. The flow was doble-side dyked anti-steep big water of
river from Nitra to Močenok (km 0,00 – 34,10) (Collective, 2014).
Watercourse - Dlhý kanál flows through the treated area with a width of riverbed in place
at the bottom around 3,5 m. Height above the bottom shores is approx. 2 m and width of the
channel in the crown of the dams is about 11,5 meters.Longitudinal slope of the watercourse
is 0,2%. The shores are paved by grassed-over panels and grasses. The slope of the banks of
the stream is about. 1:1,5. Territory, which flows through is flat without significant slopes.
Middle ground is mostly cultivated agricultural land, grassland, built-up areas and yards (in
the village) (Collective, 2014a). Nowadays, the monitored area represents original agricultural
country as one of the original country archetypes (Hreško et al., 2010).
Sampling points in monitored locations
Within the evaluation monitoring of measured concentrations in monitored water samples
in the restricted section of the flowDlhý kanál, three sampling sites(Tab. 1, Fig. 2), were
monitored in over a 12 months - from February 2011 to January 2012 with a sampling
frequency once a month.
Localities have been deliberated, so that the following factors were taken into account:
• Content of observed substances in water (elements) prior to flow into the urban village
Location was chosen because of determinate concentration of observed substances before
entering the area of interest – V1.
• Content of observed substances in water runoff from urban village
Location was chosen to ascertain the impact of anthropogenic pollution (discharge of waste
water, etc.) to a concentration of observed substances in water – V2.
• Content of observed substances in the effluent from the cadastral area of municipality
Location was chosen to ascertain the impact agriculture on the content of observed
substances in water (because the area is intensively used in farming) – V3.
The results were compared to the limit values for surface water. (Government Regulation no.
269/2010 Coll.). The results are confronted with accounts of gross content of concentration of
monitored elements (Hg, Cd, Zn, Cu, Ni, Cr, Pb, As, Co, Mo) in samples of soil, which were
removed from identical areas like samples of water. Samples of soil were removed once,
during the monitored season (january 2012) and that a caresa de cy that it represents a gross
content of monitored elements in soil, which content of concentration in soil is comparatively
stabile.
Tab. 1 Characteristics of selected localities

Water samples
Locality Symbol
Locality 1
V1
Locality 2
V2
Locality 3
V3

Sampling point
Dlhýkanál – bridge (end of intravilan)
Dlhýkanál – Duslo (end of cadastral territory)
Dlhýkanál – water meadow (beginning of intravilan)

Analysis used in accordance with legislation
Observing methodology (monitoring) of harmful substances (toxic and heavy metals) was
performed under Water Act no. 364/2004 Coll. on water, Government Regulation no.
269/2010 Coll. and relevant STN. Analysis of monitored substances were made in the
laboratory using instruments and methods suitable formethodology for chemical analysis of
232

monitored substances contained in water (Annexe Government Regulation no. 269/2010
Coll.). The monitored indicators of hazardous substances have been observed following
elements (distributed according to annexe 1 of Water Act no. 364/2004 Coll. on waters):
Particularly harmful substances - Hg, Cd
Harmful substances - Zn, Cu, Ni, Cr, Pb, As, Co, Mo
When analyzing machine was used SPECTROBLUE OES spectrometer ICD - optical
emission spectrometer with excitation using inductively coupled plasma. The technique is
based upon the spontaneous emission of photons fromatoms and ions that have been excited
in a RF (radiofrequency) discharge (Xiandeng, Bradley, 2000).Principle of chosen
determination of content respectively concentration of monitored substances in the water
sample is automatic optical emission spectrometer allowing simultaneous measurement (Li et
al., 2009).

Fig. 2 Resolved stretch of theDlhý kanál watercourse with the localization pattern of water sampling
places

RESULTS
When analysing substances stated above, values for the elements Zn and Cu were only
measured. Other monitored elements were not observed in the analysis respectively their
value was measured in the range of the concentration of less than 10 -4 of the observed
element. For this reason, the results are expressed graphically and by tables only for Zn and
Cuelements (Fig. 3, Fig. 4).
The highest measured concentration of Zn element was in the locality V3 in the month of
September. In February and November Zn in water samples did not occur at all(Fig. 3).
Overall, the occurrence of Zn element in a section Dlhý kanál could be evaluated as relatively
movable (mobile) element with an irregular occurrence in water. For the total reporting period
was an average value of Zn exceeded for 20,77% only in the area of the locality V3 in inflow
into intravilan (Tab. 2).
ThehighestCu element concentrations weremeasured in the locality V2 in October. Cu
element was measured only in the month of February (Fig. 4). Overall, the occurrence of Cu
element in a section Dlhý kanál could be viewed as a relatively stable element in water with a
higher incidence in the second half of the calendar year. For the total reporting period was an
average value of Cu element in all locations with the highest exceeding in locality V3, up to
1017,05% (Tab. 2).
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Fig. 3 Measured concentrations of Zn in
localities for the observed period (2011-2012)
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Fig. 4 Measured concentrations of Cu in
localities for the observed period (2011-2012)

Based on the graphic representation, it is obvious that both elements are somewhat watermobile elements, it is evidenced by their variable values within the study period.
Tab. 2 Comparison of measured mean water samples (Zn, Cu) to Regulation no. 269/2010 Coll.
Year
Year average in observed time
comparison with the
Harmful
Localities
average
period (February 2011 –
annual arithmetic mean
substance
(mg/l)*
January 2012 mg/l)**
( %)
0,0413
20,52 under average
V1
Zn
0,052
0,0270
48,08 under average
V2
0,0628
20,77 above average
V3
0,0654
743,30 above average
V1
Cu
0,0088
0,0855
971,59 above average
V2
0,0895
1017,05
above average
V3
*Average based on Government Regulation no. 269/2010 Coll. laying down the requirements for achieving good water status
** 12 months average of the results of measured water samples in particular locations for the period 2011-2012

Since the content of monitored substances in the water can be affected by their occurrence
in the soil, we took into consideration also this factor. For comparison, we used the total
dissociation of elements by aqua regia, which indicates Straňák (2013).
Comparing the measured values of water with the values of soil, it could be inferred that
the soil in chemical parameters of harmful substances laid down in the reference section of the
channel Dlhý kanál does not affect water. It should be noted, however, that because of
procedures in determinations of concentrations in this comparison are different,it is for
information only.
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Tab. 3 Measured values of soil samples in identical locations with samples of water compared with
the limit values according Law no. 220/2004 Coll.
The soil samples (mg / kg) - total decomposition
(January 2012)
Locality Soil type
Values
Cu
Zn
V1

V2

V3

clay-loam

loam

sandy-loam

Measured
values*
Limit
values**
Measured
values
Limit values
Measured
values
Limit values

1.198

0.559

70

200

1.998

6.393

60

150

1.398

121.27

30

100

* Values measured in soil monitoring in the cadastral area of Močenok in indicator heavy metals
** The limit values according to Water Act no. 220/2004 Coll. on the conservation and use of agricultural land and amending Act no.
245/2003 Coll. concerning integrated pollution prevention and control environment and amending certain laws

Source: Straňák, 2013

The results show that the concentrations of monitored pollutant components (elements) of
water in a section of theDlhý kanál are probably not affected by the heavy metal content in the
surrounding soils. On the concentration of Cu in water quality parameters in monitored area
of the flow, it can be assessed as very high, and therefore the water as contaminated copper.
Water contamination by Zn was confirmed only in the locality V3, but in other locations
values were a few percent below the average; it means that the water is not contaminated with
zinc. In resulting values it is interesting that the average concentrations of the Zn and Cu
decrease from the water supply to the village intravilan to runoff from intravilan and again
rise at the end of the cadastral area of municipality. However, it should be taken into
consideration that the legislation in the field of water policy does not define maximum
permissible concentration for Zn and Cu.
CONCLUSION
From the results of this paper it is obvious that 12 month monitoring shows contamination
of the water in the water quality parameters of element Cu in channel Dlhý kanál. However,
positive result is that the water is not contaminated by harmful and particularly harmful
substances (except for Cu). Thus, the evaluation of water quality in general indicators and
indicators of non-synthetic compounds (in the monitored substances within the paper) we can
evaluate the monitored surface water positively. The question of other water quality
parameters still remains. Regarding possible sources of water contamination with copper
based on information about the terrain, achieved results and a certain degree of mobility of Cu
and Zn, it is likely to be a number of point sources of pollution, as demonstrated by the fact
that in the soil these values are minimum (with regard to their limit values). As possible point
sources were envisaged pesticides in agriculture and municipal sewage discharges into the
stream and any extracts from illegal dumps. These sources of pollution (contamination) may
be, and probably are, from the upper part of the channel Dlhý kanál, as water flows into
observed territory already contaminated.
Nowadays, there are quite a lot of methods to achieve good ecological status of surface
waters in terms of matter in chemical parameters. It is necessary to keep revenue in the form
of either interim or corrective actions, depending on concrete situation and possibilities of
flow. But here is true too, that until we begin to behave responsibly and environmentally
towards our rivers, till they will not have a favourable environmental state.
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Abstract
Fly ash introduces on the hand a waste material. On the other hand it´s a cheap raw material, often with useful
properties, that after treating to products doesn´t threaten people and environment. This paper reports on view
of possibilities of its utilization in civil engineering, physical and chemical properties of fly ash. In the paper it
has been processed also legislative requirements for treatment of fly ash in civil engineering. The knowledge of
science and investigation in various countries remit to possibility utilization of fly ash in various branches. It´s
necessary to note, that in spite of secular force the utilization of fly ash, all posibilities of its utilization haven´t
been depleted.In fine the actual situation of utilization fly ash in Slovakia is considered. In Slovakia the fly ash
from combustion of coal is utilized only in civil engineering and the standards for utilization in other branches
haven’t been enacted by law. The fly ash could have many properties, which depend of combustion type or
properties of coal or biomass. The majority of fly ashes in Slovakia has puzzolanic properties, what is main
precondition to use it to concrete.
Keywords
fly ash, concrete, civil engineering, utilization

INTRODUCTION
To landfills is constantly stored huge amount of waste, which is potentially advantageous
secondary raw material for industry. It is necessary to realize, the raw materials sources are
depletable and population in the world is still increasing and its needs too. Investigation of
utilization of wastes could have in future huge sense for consuming society.
Some waste, which will substitute materials for production in industry, even could bring
many advantages, it could be cheap and reachable in huge amount, if it meet the requirements.
The same waste is also fly ash arising in combustion of coal or biomass. Power plants and
heat plants, where is combusted coal and biomass, produce fly ash in million of tons annually.
Until recently it was only problem in waste dumps.
Nowadays many studies about utilization of fly ash exist. It hasn´t been utilized all fly
ash, nor in abroad. The fly ashes introduce accesible raw material in almost unlimited amount.
CHARACTERISTIC OF FLY ASH
Fly ash arises in combustion processes, particularly in heating plants, power stations and
other branches of industry. Acording to combusted material, fly ah is divided to coal fly ash,
peat fly ash, wood fly ash, oil fly ash and other fly ashes with various and dangerous
properties. These fly ashes are waste in industry and the treatment with them is enacted by
law.
Fly ash from combustion of coal
Fly ashis mineral remain from combustion of solid fuel, gained catching from separator
in combustion chamber for combustion of pulverized coal (STN 72 2060).
It has puzzolanic properties and is contained mainly SiO2 and Al2O3, and the content of
active SiO2 is at least 25% weight (STN EN 450-1).
Fly ash is gained by many separators of solid pollutants. Fly ashes from electroseparators
are mostly small-grained like fly ashes from mechanic separators(Krličková, 1998).
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In many steam plants and heating plants in Slovakia the transport of fly ash is solved by
hydraulic device, mostly with hydraulic transport of solid remains together to storage.
Domestic excavating pumps for transport of fly ash with slag and water need big amount of
transport water, energy for operation and maintenance and fly ash mixed with water and other
materials becomes unusable as secondary raw material. This storage of fly ash present serious
ecological problem (Ladomerský et al., 2000).
Storing of fly ash by hydraulic way to landfill causes, the fly ash becomes
heterogeneous(Krličková, 1998). Comprehensive transition to dry purchasing of fly ash is
basic precondition of its utilization.
Properties of fly ash
Hard coal fly ash has usually smaller variability of properties than other fly ashes and it is
more qualitatively proper for utilization. The properties of fly ash depend of kind and quality
of combusted coal, also speed of cooling down of fly ash grains has effect to
quality(Krličková, 1998; Wu et al.,2014).
The concentration of trace elements in ash is extremely variable and depends on the type
and composition of the parent fuel, conditions during combustion an defficiency of emission
control devices (Tiwari et al., 2014).
Chemical properties – The fly ash contents numerous amount of chemical elements: Si,
Al, Fe, Ca, Mg, K, Sb, As, Ba, Bi, Pb, B, Cd, Cs, Cl, Cr, F, Ga, Hf, Co, Cu, La, Mo, Mn, Na,
Ni, Nb, Nd, P, Pr, Hg, Rb, Sm, Sc, S, Se, Sr, Tl, Ta, Th, Ti, U, V, W, Yb, Y, Sn, Zr (Siddique,
2008; Ahmaruzzaman, 2010; Wu et al.,2014).90-99% in fly ash constitutes Si, Al, Fe, Ca,
Mg, Na a K, the main representation has Al and Si (Rees, Sidrak, 1956).Fly ash also contains
radioactive elements which may come in contact with the general public when they are
dispersed in air and water or are included in commercial products that contain fly ash (Pandit
et al., 2011).
Physical properties – the elementary properties are density, optical properties,
magnetism, electric properties, thermal conductivity, specific, capacity weight, bulk density,
compactness, freezeness, meltabillity and swelling (Michalíková, 2006).
Fly ash is composed of fine, pulverized particles, spherical forms dominate, mostly of
glassy character (Roy a et al., 1981; Tolle.et al., 1982).
Puzolanic properties – Puzolanic activity of fly ash is ability of silicon dioxide and
aluminium oxide from fly ash to react with calcium hydroxide, arising of hydratation of
cement and calciumsilicate and calciumaluminate hydrating products are arising. They are
called CSH phases, which have connective properties (Mezencevová, 2003).
Activity of fly ash is valuated so, less active fly ashes are with content of 60% of grains
(under 0,063mm), loss of anneal (more than 7%), content of CaO under 4% and very active
fly ashes have more than 90% of grains (under 0,063mm), loss of anneal (more than 1%),
content of CaO (more than 10%) (Mezencevová, 2003).
Hydraulic properties of fly ash consist in presence of sulphate compounds, anhydride
and hemihydrate plaster, which create gypsum. Hydraulic activity is supported by presence of
portlandite - Ca(OH)2, which reacts with oxygen and CaCO3 arises (Rovnaníková, Prúdková,
2005).
UTILIZATION OF FLY ASH IN CIVIL ENGINEERING
Huge amounts of coal fly ash are arising annually in the world. In Slovakia 10 millions of
tons of fly ash from combustion of coal is arising, (Michalíková et al., 2004) thanks to this
fact, fly ash contents the biggest participation of solid industrial waste (Havlík, 1996).
Production of fly ash in India represent approximately 800 million of tons per year
(Siddique, 2003).
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In China it is approximately 300 million of tons and fly ash in landfills exceeds
2,5 billion of tons (Lan, Yuansheng, 2007). In European union 90% of products from
combustion are utilized, but in other parts in the world i tis still very small amount (USA
25%) (Kalinski, Yerra, 2006). The fly ash determined for construction purposes must suit of
technical standards and quality standards and agreed requirements between supplier and
purchaser. The basic requirement is its uniform quality, content of no devaluating dirts.
Before agreement of fly ash delivery, the fly ash is tested in Technical conditioning house
according to technical standards (STN 72 2060).
Using of fly ash to concrete and cement
Using of biomass fly ash hasn´t been adequately explored.
In cement plants the fly ashes are processed as component of raw material and as
hydraulic ingredient during mixing cement clinker to regulate of cement solidification
(Mezencevová, 2003).
Cement plant in Aalborg (Denmark) produces clinker in amount of 4000t per a day, in
which is clay compound substituted by fly ash (Majling et al., 1993).
In India approximately 25% of fly ash i sused to cement (Burke, 2007). The amount of
fly ash is increasing each year to 2,2%, what could be potential hazard for this country,
because 75% of fly ash is stored into basins (Ahmarruzaman, 2010).In Indiathe approved law
was in 2005, and heating plants must treat at least 25% of fly ash in civil engineering in 50
km from appropriate power plant (Larry, Shuangzen, 2006).
In China the fly ash is also used to cement and concrete. The coal sources content lots of
sulphur (Lan, Yuansheng, 2007).
Wang, Baxter and Fonseca worked the study of SEM analyses (scanning electron
microscopy), EDX (energy dispersive X-ray) a ESEM (environmental scanning electron
microscopy) of concrete, which was contained of 75% cement and 25% biomass fly ash
mixed with coal fly ash. The results showed, the particles in concrete change their
morphologhy and chemical composition, thanks to puzzolanic activity. Thy coal fly ash is
different from biomass fly ash. Biomass fly ash has irregular shapes and coal fly ash has
spherical shapes (Wang et al., 2007). The fly ash with smaller particles has stronger
connective effect (Rodriguez de Sensale, 2006).
Utilization of fly ash in road construction
Efforts to use fly ash to road construction lead to use fly ash as (Krličková, 1998):
- Heat isolating layer
- Material for underlying layer of road paved by cement
- In function of cement binder or admixture with aggregate
The most often way to use fly ash in road construction is using it in stabilized subgrade.
Important is its puzzolanic property. Thy fly ash could partially substitute cement or cement
binder (Krličková, 1998). Cement is used as binder and requirements for properties of fly ash
are set in technical standard STN 72 2070. For using of fly ash from many sources have to be
proved, it doesn´t content dangerous elements and hasn´t unfavourable effect to mechanic
properties of mixture.The amount of fly ash in mixture as substitute of cement is commonly at
the most 30% of cement weight (STN 72 2067). For road construction is necessary to know
granulmetric structure, compactness and freezing of fly ash (Krličková, 1998). In Europe the
fly ash from combustion of wood i sused to road construction (Greene, 1988).
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UTILIZATION OF FLY ASH IN SLOVAKIA
Two power plants and heating plants combust coal and other combust biomass (paper
mills, pulp mills, wood processing plants, other heating plants and other) in Slovakia.
The most of waste from combustion of coal in Slovakia arise in power plant Nováky
(ENO). ENO resides in Zemianske Kostoľany and i tis situated near coal mines and chemical
plant Nováky in district of Prievidza. It secures delivery of electric energy and heat water for
heating of cities Prievidza, Nováky, Zemianske Kostoľany and for industry organizations.
There is combusted lignite from Slovakia in ENO (www.seas.sk).
Company BetónRacio, spol.s.r.o. secures distribution of fly ash from power plant Nováky
and secures certification of fly ash into concrete in Technical conditioning house.
The fly ash from power plant introduces proper mixture to concrete from ecological,
technical and economicl perspective. BetónRacio, s.r.o. secures for its customers
(www.betonracio.sk):
- Transport of fly ash to concrete factory,
- Provision of certification of fly ash and provision it to purchaser,
- Proposal, verification and working out of conclusive tests for concrete with fly ash,
- Verification of recipes with using of fly ash and assessment of economy and costs,
- Assaying,
- Working out of administration devices for fly ash processing requests,
documentation and methodical instruction of leading of evidence.
In production of energy and heat in U.S. Steel in Košice (USSK) hard coal is combusted.
From beginning of production 80-90kt fly ash (cca 40kt) and slag (cca 50kt) waste has been
increased per year. It hasn´t been utilized up to the present, because this fly ash contents 1014% rests of unburnt coal and it mustn´t be utilized in civil engineering (Michalíková et al.,
2005). In the Slovakia fly ash concrete was used for construction od water dams and to
transport concrete. The first wide utilization of fly ash in ČSFR was in water dam Orlík
(Mezencevová, 2003) .PORFIX, pórobetón, a.s., Zemianske Kostoľany is situated near ENO.
Production process was started in 1959. In company is processed fly ash from power plant
Nováky for production of aerated concrete (www.porfix.sk). In Slovakia is in place fly ash
from anthracite from power plant Nováky and hard coal from Cech Republic for production
of aerated concrete (Mezencevová, 2003).
However, there are well known ways of utilization of fly ash in other branches, the fly
ash is still mostly stored to landfills.
In the present the waste from combustion from power plants and heating plants are
defused by mixing with water and drove to landfills. This way is simple, but it doesn´t oblige
requirements of environment. It could come to contamination of soil and underground water
sources by harmful substances in sphere of several kilometers.
CONCLUSION
It can be stated, the fly ash from combustion of coal and biomass is utilized insufficient
amount. Much research from abroad point many possibilities of utilization fly ash, but many
of them haven´t been apllied in practise.
The most utilized fly ash is from coal in civil engineering, also in Slovakia. The law
requierements are missing in Slovakia for other branches of industry. The fly ash combusted
in US Steel Košice isn´t utilized, because of high amount of burnable remains. It could be
utilized in agriculture.
In many plants there is hydraulic transport of fly ash, which devalue the fly ash and it
isn´t possible to use it in civil engineering. It´s necessary to remove this negative factor and
work out the technical standards for other industry sectors.
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On the base of research from abroad, it could be proper to investigate also slovak fly
ashes and test them to utilization. Utilization of fly ash from other factories in Slovakia should
have economic and environmental significance.
Slovak plants produce also fly ash from combustion of biomass. There are missing
requirements and technical standards fot using it. The biomass fly ash is appropriate as
adsorbent, to agriculture and with mixing it with coal fly ash in civil engineering too.
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Abstract
The genus Crocothemis Brauer, 1868 contains 10 specimens, one of them C. erythraea expands to the Central
Europe. It is distinctively a rich deep red coloured dragonfly that belongs in Afro-tropical faunistic element. It
has tendency to expand in the central and north part of Europe in the last decades. Currently the north part of
border extends to the area of north Poland. The first record is confirmed in 1968 from a gravel pit near
Komárno from the Slovakia. In present, there are known 125localities of specimens of C. erythraea (n= 361,
213♂, 40♀, 7 exuviae, 35 larvae, 66 sex undetermined). They were found at 91localities and belong to 52
squares of grid total mapping 432, which expand to the area of Slovakia. The most common types of
reproductive habitats of C. erythraea are oxbow lakes –plesiopotamal (9 localities) and gravel pits (5 localities).
In terms of hypsometry C. erythraea is a lowland species. The average altitude of occurrence is 221.4 m a. s. l.,
the minimum of occurrence is in 95 m a. s. l. and the maximum is in 683 m a. s. l. (1 note). The highest
frequency of occurrence is in the altitude from 100 to 150 m (25 notes = 42 %), there are 11 notes from
hypsometrical interval 150-200 m a. s. l. = 17 %.
Keywords
Crocothemis erythraea, distribution, hypsometry and habitat preference, Slovakia

INTRODUCTION
10 species of genus Crocothemis Brauer, 1868 occur in each zoogeographical region.
There is one specimen become from Australian geographical region, 5 specimens from
Neotropical (South American) region and 4 specimens from Ethiopian, Indo-Malaysian and
Palearctic region. There are Crocothemis erythraea (Brullé, 1832) and C. servilia (Drury,
1773) in Eurosiberian and Mediterranean subregion of Palearct. The nominate subspecies C.
e. erythraea is known such as thermophile, Ethiopian faunistic element that expand in Africa
and Madagascar, in the west and south of Asia, in Middle East and in Mediterranean. C.
erythraea has started to spread to the north direction in the last decades. The most northern
occurrence (53° 25´ latitude N.) was recorede in northwest Poland (Wedzonka, 2007; Bernard
et al., 2008). In the past, the specimens has been known from foursites during years from
1915 to 1930, in 60´s and 80´s it is known 1 locality. From the 90´s of 20th century the
expansion of C. erythraeait has been confirmed.
The similar species C. s. servilia expandsto tropical Asia and Japan. The west border of
spread area is in Turkey. The morphological and ecological similarity and sympatric
occurrence of both species in southeast Turkey (Dijkstra & Kalkman, 2001) maycause missdetermination. However, this applies to the territory of occurrence of both species. In fact,
both species are enough caryo-taxonomically and ecologically different, in addition it is
necessary because of determination (Lohmann, 1981). It is therefore astonishing that
Hungarian odonatologists confirm the occurrence of C. servilia in new articles from Hungary
(Jakab et al., 2002).
The expansion of C. erythraea is a fact that is joined with other one – climate changing
and warming in the last decades of 20th century. This species is often used such as a model
example that reflects climate changes. There are some studies that provide description C.
erythraea in the 70´s and 80´s; e.g. Stark (1970) offers an overview of samples (1959- 1961)
in the area with ponds around Graz and the first finding in Styria in Austria, later other
authors confirmed the occurrence data of C. erythraea. Ašmera and Dolný (1989) analysed its
occurrence in former Czechoslovakia. The authors summarised data from the 30´s from
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Germany, moreover they confirmed this species on breeding ponds near Trnávka (north
Moravia)in 1980. Mocek (1998) published the records of C. erythraeafrom from oxbow lakes
from the east part of the Czech Republic. In addition the author offers information of samples
in in the Czech Republic and Moravia from the 90´s of 19 th; from the 30´s and 50´s of 20th
century. Later,in several papersthe records of larvae were confirmed-, an autochthonous
occurrence of C. erythraea. The autochthonous reproduction of C. erythraea was confirmed
in the southeast Germany in 2004; number of species -17 exuviae on flooded gravels and
sands (Schneider et al., 2005). Khrokalo (2010) published the expansion of C. erythraea in
Ukraine, moreover she summarised its expansion to the central part of Europe; Ott (2010) in
Germany and neighbouring countries. Holuša (2008) summarised data of the Czech Republic.
Up to 2007 Broad Scarlet registered 392 data from 200 localities;dominant habitats are ponds,
sands, gravel pits and moats.
The oldest data of occurrence of C. erythraea has published Mocsáry (1899) the research
has been done in surrounding of Sobrance in the east part of Slovakia. Jacob (1969) published
its occurrence (3♂♂, 8.8.1968) from the gravel pits near Komárno. David (1986, 1990)
confirmed occurrence of C. erythraea in Hrádocké channels of Váh river (1♂, 14.7.1984)
and Vozokanské channels of Hron river (93♂♂2♀♀ 8L) After the year 2000 the research of
dragonflies has become more intensive in the Slovak Republic caused more information and
data. Masaryková (2001) confirmed the occurrence of C. erythraea in Banská Bystrica town
(1♂, 2000, Badín), or Šácha (2011) in Liptovská kotlina(7♂♂3♀♀ 5 exuviae, 2001,
Okoličné). David (2011) published the summation of samples up to year 2010. There are
interesting data (10 ♂♂, 2008-2009) of the north border of expansion, in addition
hypsometric one of the occurrence from gravel pits in northern part of Slovakia
(Párnica,Oravská vrchovina highlands) (Janeková and David, 2012).
By now there have not been realised a targeted research of life bionomy of dragonfly C.
erythraea in Slovakia yet, our paper try to add more information of this species. We analyse
the expansion of C. erythraea in the Slovakia and the preferences ofreproduction habitats.
MATERIAL AND METHODS
Altogether, 125 notes of C. erythraea in Slovakia is confirmed, except the own collection
(David – 52 notes) that are excerpted and published, too. The analysed material consists of
361 individuals of C. erythraea (213♂, 40♀, 7 exuviae, 35 larvae) and 66 samples that are not
sexually identified. Specimens come from 91 localities and they belong to 52 squares of grid
total mapping of Databases fauna of Slovakia (DFS). Samples contain the hypsometric data
and types of biotopes following Ružičková et al. (1996). The hypsometrical analysis has been
done in programme Statistika Cz. ver. 7.0 (StatSoft, Inc., 2004), database data and outputs of
graphs have been done by desktop ArcView 3.2 (Esri, 2011).
RESULTS
Dragonfly C. erythraea has been observed in 52 squares of grid total mapping DFS (Fig.
1). A repeated research has been done on gravel pits in Párnica (DFS 6881; 8 notes) and in 9
localities surround Bratislava (DFS 7769; 12 notes from 5 localities, and DFS 7969, 6 notes
from 4 localities). The highest number of mapping square DFS is from 1 to 2 individual.
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Fig. 1 Records ofCrocothemis erythraea in squares at Slovakia (orig.)

We have made the reconstruction of dispersion of C. erythraea in the Slovak republic,
because of existing data (Fig. 2). Spreading of this species begun in 60´sat Podunajská nížina.
It has expanded to the north thanks to Váh and Hronrivers. It has been confirmed in in 80´s
from Považie (Hrádocké ramená Váhu) and Pohronie (Vozokany). In 90´s there has been
confirmed the occurrence in Liptovská kotlina (Ivachnová). Šácha (2011) confirmed the
autochthonous occurrence of exuviae in ponds near Okoličné in Liptov in year 2001. Balázs
(in lit.) confirmed the occurrence of expansion C. erythraea in water reservoir in Hostice (1♂,
2♀) in Cerová vrchovina in 2013.

Fig. 2 Reconstruction of distribution of Crocothemis erythraea in Slovakia (orig.)

The hypsometrical characteristic is dynamic variable, which characterizes the degree of
vagility of species; however it indicates the changes of environmental conditions. The altitude
distribution of species (importance in economy or medicine) and its changes has the
significance because of population or prevention. The localities of occurrenceof C. erythraea
are in altitude between 95-683 m (n = 60). The average of an altitude for localities of
observations is 65 m, 95 %, the interval of significance is 27.4 m, and median is 133.5 m a. s.
l. We tested the altitude distribution of normality (H0: random selection comes from a set of
normal distribution. If p >pα => we cannot reject H0 of the statistical significance level 95%
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(pα = 0.05). The results of altitude distribution normality is in a histogram (8 altitude
categories), we used Shapiro-Wilk´s W test (Fig. 3).P value pα => we can reject H0 of the
statistical significance level 95%. This result means that C. erythraea does not have the
normal altitude distribution from the Slovakian localities. Mostly, 50 (55 %) records came
from the altitude between 100 - 149 m a. s. l, 14 notes (15 = %) is from the altitude interval
from 150 to 200 m a. s. l. There are only 3 notes that are from the altitude interval from 649 to
683 m a. s. l. The notes of larvae are from localities (n = 24), they have the average of altitude
169.58 m; median has the value 131 m a. s. l.

Fig. 3 The hypsometrical distribution of Crocothemis erythraea from Slovakian localities.

In the Slovak Republic,C. erythraea uses for reproduction 10 types of habitats (n = 26)
(Fig. 4). The larvae and exuviae have the highest frequency on river branches (plesiopotamal
and paleopotamal). It is characteristic backwater, overheating, or slowly flowing water, high
value of abundance of macrophyte vegetation.
Gravel pits with vegetation, fish ponds and oxbow lakes are also significant for the
reproduction.

Fig. 4 The reproduction habitats of Crocothemis erythraea that uses in Slovakia
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DISCUSSION
The number, 91 localities of C. erythraea occurrence are significantly affected by
intensity of researching. The Czech Republic registers 392 notes from 200 localities up to
year 2008 (Holuša, 2008). It is a result of relative high number of researchers of dragonflies
(around 20 active odonatologists), especially because of legwork in years 1900-2005; there
was a necessity to have enough data (monograph - Vážky České republiky). Nevertheless, we
consider that notes from Slovakia are sufficient for following conclusion:
 The dragonfly C. erythraea is currently expanded in lowlands and downs in southwestern Slovakia, in Orava and Liptov, too, they were confirmed by autochthonous
population of species;
 The centre of expansion is in lowlands, the altitude to 250 m (n = 76 notes, 83 %);
 Although the odonatological research in Slovakia in 60´s and 70´s absented, except of
area Turčianska kotlina, we can reconstruct the expansion of C. erythraea from area
Podunajská rovina (Komárno - 1968), floodplain Váh (Hrádocké ramená - 1984)
and Hron (Vozokanský luh - 1988, Banská Bystrica - 2000) to Liptovská kotlina
(2006) and Oravská vrchovina (2008). Species are expanded in the north parts and
basins or foothill regions of Slovakia. The occurrence has not confirmed in the east
part of Slovakia. In fact there was a research since 1995, in the east part of Slovakia in
Východoslovenská rovina, where are optimal habitat preferences of occurrence
species (PLA Latorica, Medzibodrožie), in Bukovské vrchy, too;
 The occurrence of larvae and exuviae is from habitats such as river branches
plesiopotamal and paleopotamal, material pits (gravel pits and sand pits), fish ponds,
small water reservoir etc., which are suitable for reproduction by other foreign authors
(Schneider et al., 2005; Stark, 1970; ) Holuša, 2008; Khrokalo, 2010; Ott, 2010).
Habitat preferences of species are not different in Slovakia and other European regions
for C. erythraea.
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4 GEOGRAPHY AND REGIONAL DEVELOPMENT

LANDSLIDES AND THEIR IMPACT ON LANDSCAPE STRUCTURE
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Abstract
The paper deals with the natural factors affecting landscape structure and its changes, especially landslide
activity in the area of Handlová Town. Landslides are a special problem of the Handlová Town. They are most
evident in three areas – around the Morovno housing estate, near the Kunešovská road, and the largest landslide
area is located in the southeast of the urban area of Handlová Town, which is a territory of the catastrophic
landslide from the year 1961. The paper specifically deals with the catastrophic landslide from 1961 since it had
the greatest impact on the changes in landscape structure in the study area and belongs to the largest natural
disasters that have occurred in Slovakia. We describe the development of the area before and after the landslide
and characterize its impact on the landscape structure from 1783 to 2013. At the end, we analyze scenarios of
possible development of the study area. The aim of the paper is to analyze landslides and their impact on the
landscape of the Handlová Town especially focusing on the catastrophic landslide in 1961.
Keywords
Landslide area. Handlová Town. Landscape structure. Landscape changes.

INTRODUCTION
Development of landscape is a long process which is affected by many factors. Based on
the specific natural factors affecting the formation of landscape and its changes, we chose the
Handlová Town as the study area.
The natural factors, which are the most of our interest, are geomorphological processes.
This is particularly landslides which are the most significant natural factor influencing
changes of secondary landscape structure in the study area.
Landslides occur and develop especially in geological structures that are favorable for
their development (margins of volcanic mountains, slopes formed by rocks with different
strength characteristics which are alternated, etc.). The origin, development, and activation of
landslides in these geological structures is caused by anomalous natural processes
(precipitation and temperature anomalies, increase in height and slope, etc.) as well as
artificial interventions (construction activities, mining activities, etc.) into the steady longterm development of slope (Wagner et al., 2008).
The common feature of landslides is that by removal, destruction, and impoverishment of
the soil and vegetation cover they are characterized mostly as a negative phenomenon which
disrupts and changes the elements of secondary landscape structure (SLS). Slope
deformations (landslides) are a particular problem in the whole study area. They are
particularly prevalent in the area of Handlovská Basin and on the edge of the slopes of
Vtáčnik mountain range (Fig. 1).
Study Area
Based on natural factors affecting the landscape (landslide activity), we chose the town of
Handlová from the area of Upper Nitra Region which is situated in the district of Prievidza in
the Trenčín Region. Handlová Town is, according to the cadastral area (8,555 ha), the largest
settlement of the Prievidza District and consists of three cadastral parts – Handlová, Nová
Lehota, and Morovno. The area is classified into four geomorphological units: Kremnické
Mountains, Žiar, Hornonitrianska Basin and Vtáčnik Mountains.
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Fig. 1 Study area and the occurrence of landslide areas in the Handlová Town

METHODS
The research area was conducted according to the methodical approach which consisted
of the following steps (Vojteková, 2013):
1. Delineation of the study area and acquisition of maps, literature, and other information
sources on the study area, its development, physical and human geographical
characteristics,
2. Geo-referencing of underlying maps,
3. Creation of physical maps using cartographic methods in ArcGIS 10.1 software,
4. Creation of a digital elevation model (DEM) based on contours, elevation points, river
network, and water bodies and the subsequent creation of hypsometric map, map of
relief orientation to cardinal points, and also maps of slope characteristics of relief
(Boltižiar, Vojtek, 2009),
5. Creating maps of SLS using cartographic methods in ArcGIS 10.1 software with
extensions. We conducted the identification and subsequent digitization of patches of
elements based on the interpretation of historical maps and orthophotos using analog
method "on screen". We interpreted historical maps and orthophotos from the periods:
a) map of the First Military Survey (1783-1785) in a scale of 1 : 28 800,
b) map of the Second Military Survey (1845) in a scale 1 : 28 800,
c) reambulated map (1936) based on the map of the Third Military Survey in a scale 1 :
25 000,
d) map from 1956 in a scale 1 : 25 000,
e) map from 1987 in a scale 1 : 50 000,
f) orthophotos from 2003 in a scale 1 : 2000,
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g) orthophotos from 2011 updated by field survey from 2013 in a scale 1 : 2000,
6. Analysis and assessment of SLS changes. After creating maps of SLS, we analyzed
and assessed SLS and its changes that have occurred during the period of 1783-2013
(230 years). These analyses and assessments of SLS were made based on the groups
of landscape elements as well as individual landscape elements of SLS and historical
documents about the study area,
7. Analysis and assessment of SLS of the study area based on natural factors affecting
changes of SLS,
8. Field surveys in 2012 and 2013 by which we investigated the current state of
landscape structure of sites of the Handlová Town.
RESULTS
Rigid volcanic rocks lie at relatively plastic bedrock consisting of either Paleogene shale
or Neogene clays. The influence of climatic conditions, deep weathering, and Neotectonic
movements caused gradual disintegration of these solid rocks giving rise to vast disrupted
areas (Hroncová, 2004).
The large rock collapses occurred at the edges of Vtáčnik Mountains below the Veľký
Grič, Malý Grič, and Biely Kameň. In the year 2010, there was a slope landslide in the town
of Handlová above the Lidl shop when the landslide was stopped by the support wall of the
shop. The slope was subsequently modified and stabilized.
The most observed landslide sites in the area include Handlová landslide from 1961,
Morovniansky landslide, and landslide on the Kunešovská road.
Landslide on the Kunešovská road
Landslide on the Kunešovská road is located within the urban area of Handlová Town on
its southeast edge. It is an old landslide area which in 1961, 1966, 1969, and 1992 showed
significant signs of landslide activation threatening houses, farm buildings, power lines,
roads, and indirectly also railway. In November 1998 based on alert of Kunešovská road
residents and professional judgment, a state of emergency was declared to this landslide area
(Wagner et al., 2008).
Engineering-geological survey of this site was carried out in November and December
1998 and in the spring months of 1999. Based on the results of the survey, a draft for
redevelopment of the area was prepared, which was carried out in the autumn months of 1999
with various modifications. The aim of remediation was to create an effective drainage system
and bedrock drainage using subhorizontal wells. Within the survey, a network of facilities was
developed enabling to carry out monitoring measurements (Jadroň, Mokrá, 1999).
The actual landslide slope is slightly inclined (5-15°) with smooth modeled relief with
altitudes of 450-500 m.a.s.l. From the geological point of view, the bedrock contains
Paleogene flysch rocks in the development of claystone layer. These are mostly subhorizontal
deposited clays significantly mixed with quaternary landslide deluvia which is composed of
inhomogeneous clay material with variable content of fragments of predominantly volcanic
rocks (Wagner et al., 2008).
Landslide –Morovno housing estate
Morovno housing estate is located on the northwestern edge of the Handlová Town. The
construction of housing estate was decided after the fact that all areas with more suitable
engineering-geological conditions for residential housing in the urban area of the town were
used. It is the first housing estate in Slovakia which was projected and built at slope
deformations between 1974 and 1977 (Nemčok, 1982).
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Therefore, the preparation of the construction was based on the condition that for
ensuring stability of residential buildings and railway lines, it was necessary to implement a
long-term functional drainage of slopes with permanent maintenance of drainage facilities and
implementation of control monitoring wells.
In this context, several basic shafts were built which fan-shaped arranged horizontal
drainage wells run into and also monitoring system of piezometers was built to observe
changes in groundwater levels (Šimeček, 2000).
The housing estate is located in a side basin with the bedrock of Paleogene flysch shale
layer which is covered by slope eluvia and landslides. Based on different engineeringgeological and hydrogeological conditions, this area is divided into the following separate
units: 1. Area above the railway arch without housing; 2. Malá Hôrka area with individual
housing construction, and 3. Jánošíkova road area (Wagner et al., 2008).
Handlová landslide from 1961
Handlová landslide from the turn of years 1960/1961, which was activated in the
southeastern part of the town, is one of the largest natural disasters that have occurred in
Slovakia (Fig. 2, 3). This landslide destroyed part of the town and communication lines
(remote power lines and public road from Handlová Town to Žiar nad Hronom Town).
It developed in an environment of Paleogene claystones and marly shales (bedrock of
landslide masses at the bottom of the landslide) over which there are layers of rocks of
Neogene age – Baden clays, claystones, and marlstones (they build the bedrock in the central
part of the landslide slope) and the highest part is called gravel series consisting of coarse
sand and gravel which comes out in the secluding part of the landslide. Over these sediments,
there are volcanic andesites and agglomerating tuffs forming partly the secluding area of the
landslide and as the debris occurring in lower slope positions. In terms of the formation and
activation of landslide motions, the most important are alternating permeable and
impermeable rocks within which there are lifting horizons of groundwater. Specific feature of
the area construction is the presence of permeable gravel positions in the upper part of the
landslide which still mediates water saturation of landslide masses. The total length of main
landslide current was 1800 m (sliding materials amounted to around 14.5 million m3). Current
on the eastern edge of the main landslide began to move about 14 days later and its length
reached 1 km and volume of sliding rocks amounted to about 5.7 million m3 (Nemčok, 1982).
A set of remediation work was carried out on the landslide focusing particularly on the
drainage of slope. In various stages of survey and remediation, also a network of monitoring
objects was built up and short-term monitoring was implemented (Wagner et al., 2008).
After subsequent large-scale engineering-geological and geotechnical surveys and
measures, it was decided to build a stabilization embankment in 1980. In the affected area, a
part the Handlovka stream with its tributaries was covered. The stabilization embankment is
registered as a water construction and the waste rock started to be stored in it from 1983. Until
2005, 3,582,380 m3 with a weight of 6,083,280 tons was stored. The area is being monitored
since 1993 (Wagner et al., 2008).
After the landslide stopped moving in the summer of 1961, subsequent movement
activities were recorded in 1967, 1970, 1977, 1992, 2008, 2009, and 2010.
In the secluding part of the landslide, the deformation is characterized by active slope
movement which is bound probably to a single block in which there is an inclinometer
borehole situated. In other wells, located in the lower parts of the slope, such anomalous
symptoms were not observed suggesting a favorable stabilizing effect of large-scale
remediation measures especially the stabilization embankment which ensures the landslide
slope (Ministry of Environment of the Slovak Republic, 2009).
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Fig. 2 Current of the catastrophic Handlová landslide in 1961
(http://www.geology.cz/aplikace/fotoarchiv/fotoarchiv.php?udalost=29)

Fig. 3 Houses destroyed by the Handlová landslide in 1961
(http://www.geology.cz/aplikace/fotoarchiv/fotoarchiv.php?udalost=29)

Impact of landslides on SLS
Landslides affect all groups of elements of SLS. In the study area, it is mainly the impact
on the group of elements of agricultural crops and group of elements of forest and non-forest
woody vegetation by carrying away agricultural and forest land. The group of residential
elements and recreational areas is affected by the destruction of residential buildings and
infrastructure. No construction can take place in areas prone to landslides. Furthermore, the
group of transportation elements and group of elements watercourses and water bodies are
affected by transferring roads and diverting watercourses. Group of technical elements is also
impacted by caving in mine workings, etc.
Impact of the Handlová landslide from 1961 on the SLS
Slope deformations in the study area represent a dominant barrier that significantly
affects the land use. Intensive remediation works along with stabilization measures were
carried out in the area (Hroncová, 2004).
Development of the groups of landscape elements of SLS in the Handlová Town during
the studied period of 1783-2013 was affected also by the landslide from 1961 (Fig. 4). Area of
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the Handlová landslide from 1961 used for an assessment of changes in SLS has
approximately 737.8 ha.
Prior to 1960 in the landslide area, the group of elements of permanent grasslands (ø
377.4 ha) and the group of elements of agricultural crops (ø 238.7 ha) prevailed regarding
their area. After the landslide in 1960, the group of elements of forest and non-forest woody
vegetation (ø 587.3 ha) prevailed. This was caused by overbuilding the landslide with
stabilization embankment and its following recultivation (especially planting out Picea abies).
The group of residential elements and recreational areas was affected by the landslide
especially in the composition of landscape elements. Before the catastrophic landslide (until
1960), the landscape element of individual housing covered approximately 2 ha of the study
area. After the year 1960, the area of this landscape element had only 0.8 ha. It was destroyed
as a result of the landslide, but the group of residential elements and recreational areas did not
extinguish because after the year 1985, a new landscape element of cottages and recreational
areas was built there (ø 3 ha).
Group of transportation elements and group of elements of watercourses and water bodies
were affected by the landslide mainly through the transshipment of the main road connecting
the Handlová Town and Žiar nad Hronom Town and regulation and overlay of the Handlovka
watercourse.
The landslide affected also the group of technical elements mainly by destroying and
overwhelming the mine workings.
Until 1960, the study area was used mainly for agricultural purposes, particularly for
grazing cattle and to a lesser extent for crops cultivation. Changes in the landscape structure
of the study area were particularly significant after 1960 when the landscape was changing
from agricultural to natural. The causes of the transition of agricultural landscape to natural
landscape after 1960 were instability and tendency for landslides which prevented the
agricultural utilization of the landscape. Subsequently, the Picea abies was planted out and
was mixed with other woody vegetation and during 50 years, it went through the plant
succession to the climax stage forming a mixed forest. This supported the stability of the area
after the year 1960 which led also to the transformation from agriculturally utilized landscape
to natural landscape (Oláhová, Vojtek, Boltižiar, 2013).
DISCUSSION AND CONCLUSION
The map of SLS for the whole period of years 1783-2013 represents a unique and timeextensive database (230 years) about the Handlová landslide in 1961. Based on this map, each
time period was analyzed in terms of SLS and its changes. Changes and assessment of SLS is
a topic of works by Feranec et al. (1997), Ložek (1990), Štěpánek (2006), Vojtek (2012), etc.
The paper deals mainly with natural factors influencing landscape structure or landscape
as such. These factors and their influence are dealt with e.g. by Gajdoš (2003) who describes
landscape changes in the Starohorské Mountains with an emphasis on forest landscape or by
Kilianová et al. (2009) who describe changes in landscape ecotones. As for the natural factors,
we focused on landslides. Their impact on landscape is described e.g. in the works of Jadroň,
Mokrá (1999), Nemčok, (1982), Stankoviansky, Barka (2007), Wagner et al. (2008), etc.
From the acquired results, we can outline scenarios for the possible further development
of the area. The area of catastrophic Handlová landslide in 1961 will be directed to natural
landscape unless there will be another landslide movement that could significantly affect the
landscape structure. Human impact will not be significant in the future since the study area is
geologically instable. The construction of new residential blocks or other structures is not
possible and agricultural production is limited. There are only small-area and narrow fields
because the heavy machinery cannot be used and the land can be cultivated only outside the
areas of remediation and stabilization works. The human impact would be probably seen
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mainly in the field of forestry (forest felling, planting new trees), recreation (gardening area in
the western part of the landslide), and monitoring and regulating the area in terms of landslide
activity (Oláhová, Vojtek, Boltižiar, 2013).

Vojteková, J. by ArcGIS 10

Fig. 4 Changes of SLS in the area of Handlová landslide from 1961
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Abstract
The paper points to the analysis of residential suburbanization which starts to be shown even in medium-sized
towns of Slovakia. Suburbanization has the largest range in the cities of Bratislava and Košice and in major
cities such as Nitra and Prešov. On the example of two medium-sized towns of the Nitra Self-governing Region Šaľa and Nové Zámky, we confirm the progression of suburbanization also in their hinterland. Suburban zones
tend to be characteristic mostly by new blocks of flats and family house buildings which thanks to cheaper prices
of real estates and land, better and cleaner air and greater privacy attract the population of from the city.
Character of the countryside is often disturbed, suburban environment is monofunctionally designed, there is a
loss of arable land, a violation of traditional rural buildings and because of the loosened construction, there is
an increase of traffic density in the hinterland of towns. The aim of this paper is, based on an appropriate
methodology, to highlight the features of suburbanization in the mentioned medium-sized towns and to confirm
its progression also by the subjective survey of the immigrated population in the rural municipalities in the
hinterland of these towns, which was carried out through questionnaires.
Keywords
Suburbanization. Medium-sized towns. Reasons for migration. Rural municipalities.

INTRODUCTION
Suburban processes in Slovakia were started after a period of socialism while they
affected cities of Bratislava and Košice. Later, they became evident even within large
(especially) regional cities of Slovakia. At present, however, this process is progressing and
intervenes also in medium-sized towns though to a lesser extent.
Especially medium-sized towns, compared to large cities, have the distance to targets
shorter and generally the movement from one place to another is also less time consuming.
The rural environment is not too far away from urban housing estates, a quieter environment,
cleaner air, cheaper land and housing prices, and proximity to the city are the main reasons for
immigration of population from the cities (Ouředníček, 2012, Repaská, 2013).
The issue of the process of suburbanization is elaborated in the Slovak literature at the
level of major cities of Bratislava (Šveda, 2011, Székely, 2013, Slavík et al. 2011, Novotný,
2010, 2011), Košice (Spišiak and Kulla, 2008, Dická, 2006)and at the level of regional cities
of Nitra (Czaková, 2010, Repaská and Dubcová, 2012) and Prešov (Lukáčová, 2011). Its
progress in small and medium-sized towns is less elaborated in the literature and the possible
spread of this process was shown by Repaská, Gažiová (2013) and Repaská (2011).
AIM AND METHODOLOGY OF THE PAPER
Similarly, as the definition of a city as well as the definition of a medium-sized town is
complex and unclear. In many countries the approach to the definition of medium-sized towns
is different. Medium–sized towns are conceived on one hand as immature, less-developed or
declining towns, in need for policy action from outside and from within in order to cope with
present day economic dynamics. Much of the debate about them is concerned with the
conditions of their survival and with the threats they are exposed to. On the other hand, small
or medium-sized towns are frequently celebrated as last resorts of true urban ambience and
idealized as the most appropriate linkage between the urban and the rural, a potentially
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sustainable form of urban structure. These basic differences can be observed all across
Europe, they do not differ so much from country to country but depend on ideological
positions.
In most countries, medium-sized towns are defined as urban units with a population
comprised between certain threshold values. The number of inhabitants is regularly the basis
for distinguishing the medium-sized towns from the larger urban agglomeration, as mediumsized towns and rural areas have already been delimitating when defining urban areas. Just as
an example, a large town in France (more than 50,000 inhabitants) is considered a mediumsized town in Spain or Poland (Schneidewind, 2006).
In Slovakia, a medium-sized town has population from 20,000 to 49,999 inhabitants.
Individual suburban zones of medium-sized towns were delineated in the publication of
Repaská, 2012, where the author worked with the period of 1998 - 2009. For the needs of this
paper, which illustrates the current progression of this process, the research was updated and
applied to the towns of Nové Zámky and Šaľa until the year 2012. As a basis, we used the
following indicators (Repaská, 2012):
- Decrease of population in cities,
- Migration decrease in cities,
- The proportion of immigrants to the municipalities from the studied medium-sized
towns out of the total immigrants of the municipality,
- The proportion of immigrants in the municipality from the medium-sized towns have
to be predominant over the proportion of immigrants from other directions.
The aim of this paper is, by the means of research, to highlight the progress of
suburbanization in medium-sized towns of the Nitra Self-governing Region (hereinafter
NSR).
After the delineation of suburban zones of the observed towns, we carried out a
questionnaire survey in the suburban municipalities focused on the reasons for migration as
well as on the coexistence of new and local residents. The survey involved only those
suburban municipalities in which new streets and new sites with family houses (or flats) were
currently created thus indicating newly immigrated residents.
DELINEATION OF MEDIUM-SIZED TOWNS OF THE NSR AND THEIR
RESIDENTIAL STRUCTURE
NSR is represented by 354 municipalities of which 339 are rural municipalities and 15
are towns with 5 medium-sized towns with the population from 20,000 to 49,999 residents.
Medium-sized towns of the NSR are Topoľčany, Nové Zámky, Komárno, Šaľa, Levice
(Fig. 1). All these towns are also district towns and concentrate 82,632 inhabitants of the
region, which is 11.7%. Their size represents 309.29 km2 which is 4.87% out of the total area
of the region (6,343.8 km2).
Medium-sized towns of the NSR are tertiary centers of the region along which there are
clearly developed residential developmental axes along watercourses. They create the basic
conceptional, residential and communicational frame of the population development of the
region with the residential nodes in Nitra, Nové Zámky, Želiezovce. According to the Slovak
Spatial Development Perspective 2001, they include also bordering centers of Komárno,
Štúrovo, and Šahy. The main residential axis is the Ponitrianska residential developmental
axis - axis of the towns of Topoľčany, Nitra, Nové Zámky, Komárno (Hrdina et al. 2001).
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Fig. 1 Medium-sized towns of the NSR

MIGRATION OF THE POPULATION FROM MEDIUM-SIZED TOWNS OF THE
NSR
The medium-sized towns of the NSR are relatively evenly distributed. During the
socialist regime, which represented an intensive and centralized industrialization, these towns
underwent an industrialization of agriculture in rural areas and population migration to urban
areas. Medium-sized towns provide more employment opportunities in the secondary, tertiary
and quaternary sectors as compared to small towns. The state mortgage and cheaper land in
rural areas have become an attraction for residents to buy a house with a garden in the
countryside. Opportunity to live in a family house contrasts with the less spacious housing in
a flat. Population migration occurred to the countryside which was an ideal linkage of the
place of employment with a place of living in the hinterland of the town.
From the town of Nové Zámky in the period of 1998 - 2012, 410 inhabitants immigrated
to rural municipalities of the NSR which is 25.5% out of the total number of immigrants from
medium-sized towns of the NSR. Immigrants from the town went to 73 rural municipalities.
In the case of the Šaľa town in the studied period, 268 inhabitants moved to rural
municipalities of the NSR representing 16.6% of the total number of emigrants from the
medium-sized towns of the NSR. Immigration took place in 28 rural municipalities of the
region (tab. 1). In both towns, the most intense immigration went into municipalities which
have common administrative boundaries with the town.
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Tab. 1 Immigration of population into rural municipalities of the NSR from towns of Nové Zámky
and Šaľa (1998–2012)

Total number of
immigrants in rural
municipalities emigrated
from towns of the NSR

From the town of
Nové
Zámky

1610

Number of
municipalities with
immigrants from
the town

Šaľa

Nové Zámky Šaľa

abs

%

abs

%

410

25,5

268

16,6

75

28

SUBURBAN PROCESSES IN THE TOWNS OF NOVÉ ZÁMKY AND ŠAĽA
Based on the methodology, it was found that 4 municipalities created the suburban zones
of the towns of Šaľa and Nové Zámky during the years 1998 - 2012 encircling the towns from
the west, east and in the case of the town of Nové Zámky from the north (Fig. 2). They were
represented by large municipalities with over 2,000 inhabitants.
Suburban zone of the Šaľa town has an area of 77.4 km2 and population of 7,491
inhabitants. Suburban zone of the town of Nové Zámky is larger by almost one third. It has
107.9 km2 and 11,093 inhabitants. Suburban municipalities became concentration areas for
most residents of the town and they are located in its near availability having common
administrative boundaries with the town. In neither case, they do not exceed the boundaries of
their district (Fig. 2).

Fig. 2 Suburban zone of the town of Nové Zámky and Šaľa in the period of 1998-2012

In today's modern society people deal with the issue of housing in different ways. The
modern ways and possibilities of how to secure their housing in a family house is that they let
construction company to build their house. Moreover, the question of financial security and
housing costs comes to the foreground. Architects, construction company as well as the future
owner of the house require the lowest possible costs associated with the construction and
future existence in the new building. Therefore, the current construction of houses ensures
saving of energy and housing costs but also nature protection.
Especially the housing question and the related construction of new houses is one of the
basic indicators of suburbanization. The price of lands and newly built houses are attractions
for urban residents who are willing to let go of old non-spacious apartments in the town and
replace them with new spacious houses in rural areas with more privacy and better air.
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According to the Statistical Office of the Slovak Republic, on average 112 inhabitants
immigrated into suburban municipalities of the town of Nové Zámky in the studied period.
Most of them (37.50%) immigrated to the Andovce municipality. Suburban municipalities of
the Šaľa town in the years of 1998 - 2012 recorded on average 116 immigrants. Most of the
residents (38.79%) immigrated to the Trnovec nad Váhom municipality. The predominant
reason for migration was, with the exception of the Komoča municipality, housing reasons
(Statistical Office of the SR, 2013).
In the municipalities of suburban zone (excluding the Komoča municipality) was also
conducted a questionnaire survey focused mainly on the causes and reasons for migration of
residents from the town to the countryside. Komoča municipality was excluded from this
survey because the survey was conducted in newly built sites of new family houses and flats
which are inhabited by newly immigrated residents of the towns of Nové Zámky and Šaľa. In
this municipality, except the revitalization of old houses, no other form of construction has
taken place and the newly constructed location with newly constructed family houses or flats
is absent in the municipality.
In the suburban zone of the town of Nové Zámky 8 blocks of flats are located with 57
inhabited housing units and 18 inhabited family houses.
The questionnaire was carried out in 55 households.
In the suburban zone of the town of Šaľa, 10 blocks of flats contain 66 housing units and
there are also 65 family houses. From the total number, 96 households were interviewed.
The questionnaire survey was predominantly attended by women in each municipality
(Fig. 3). The sample of surveyed respondents pointed to the population in the age category of
27-42 years old confirming one of the main features of suburbanization that residents of
younger age categories and young families with children move into the suburban zones (Fig.
4).

Fig. 3 Gender of respondents of the suburban zone of the Šaľa and Nové Zámky towns
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Fig. 4 Age categories of respondents of the suburban zone of the Šaľa and Nové Zámky towns

In terms of educational level, suburban locations consist mostly of residents with
university education and secondary education (Ouředníček, 2012). In case of the towns of
Nové zámky and Šaľa, this attribute is confirmed and mentioned types of education are
predominant (Fig. 5).

Fig. 5 Education of respondents of the suburban zone of the Šaľa and Nové Zámky towns

Given the fact that suburbanization is associated with the development of housing stock
and individual and collective construction of family houses, young families with children
ensure their living primarily through mortgage loans provided by banks or by the state
through the State Housing Development Fund. Young families with children go into debt and
repay the loan. The majority of them are employed with the amount of income above 601 €.
In all municipalities, we find also women on maternity leave which confirms migration of
young families with children (Fig. 6, Fig. 7).
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Fig. 6 Economic activity of respondents of the suburban zone of the Šaľa and Nové Zámky towns

Fig. 7 Gross monthly income of respondents of the suburban zone of the Šaľa and Nové Zámky towns

Construction of family houses took place gradually in the municipalities and the length of
housing of respondents relates with the completion of the construction of houses and flats. In
the case of municipalities of Andovce, Kráľová nad Váhom and Trnovec nad Váhom,
construction and approval of blocks of flats was completed 9 years ago, which determined the
mass population migration. In other municipalities, the inhabitants migrated and inhabited
their newly built family houses gradually (Fig. 8).
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Fig. 8 Length of housing of respondents of the suburban zone of the Šaľa and Nové Zámky towns

Based on statistical data, which included information on the reasons for migration of the
population, the main reason for migration can be considered housing reasons. This fact was
found also by subjective survey in suburban municipalities of the towns of Nové Zámky and
Šaľa so that another feature of suburbanization was also confirmed. According to this feature,
to possess a family house with a garden is one of the fulfilled dreams of every young family.
Respondents welcomed the purchase and construction of their own family house which at the
same time would not be located far from their parents. This motivating factor was confirmed
for 100% in the studied municipalities.
Suburbanization brings a lot of social consequences, which were analyzed in detail in the
publication of Gajdoš, Moravanská, 2011. For the needs of our paper, we also observed
interpersonal relationships in the municipalities and relations between neighbors, which
confirmed the most negative consequences of suburbanization. Immigrated population often
does not have interest in any activities in the municipality and does not engage in them. New
residents often remain isolated behind the walls of their house and without any contact with
the local population and neighbors. Alternatively, their superficial communication is limited
to a polite greeting. The sought privacy and rest by the new residents, different social and
economic status and envy of local inhabitants are the reasons why in the municipality there
are no or minimal neighborly relations. In the case of suburban municipalities of the towns of
Nové Zámky and Šaľa, the negative consequences of suburbanization were not confirmed.
Respondents expressed a positive relationship with their neighbors and also to the local
residents which is at the level of a conversation and mutual help (Fig. 9, Fig. 10).
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Fig. 9 Respondents' answers to the question on what is their relationship to their neighbors

Fig. 10 Respondents' answers to the question on what is their relationship to the local residents

One of the negative consequences of suburbanization is also ignoring social infrastructure
facilities in the municipality. Many immigrated residents do not use services provided by the
municipality, do not visit shops, their children do not attend nursery and primary schools,
health centers. On the contrary, they remain strongly tied to the town and services currently
provided by the town. In the case of suburban municipalities of the towns of Nové Zámky and
Šaľa, the mentioned fact was confirmed and respondents mostly do not use medical care
facilities, educational facilities, and shops with food goods (Fig. 11).
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Fig. 11 Respondents' answers to the question if they use facilities in the municipality

DISCUSSION
Suburbanization is a phenomenon that affects Slovak towns and causes the decrease of
their inhabitants. Availability of mortgage loans, the State Housing Development Fund and
other financial loans allow financial security for young people who want to invest in their own
housing in an appropriate and preferred environment which is provided by the countryside.
Cheaper properties, greater privacy, spaciousness of the house, ornamental garden, but also
relatively smaller distance to parents in the town, and initial anonymity of newly immigrated
residents are among the most important reasons for migration. This process gradually
penetrates also into smaller towns of Slovakia. Although it is shown in a small scale, yet it
causes a decrease in the population of the town and at the same time increase of the rural
population and its rejuvenation. On the example of medium-sized towns of Nové Zámky and
Šaľa, basic attributes of suburbanization were shown in suburban municipalities. These
attributes may include e.g. migration of young people and families with children who have
higher education (vocational or university education), they are employed, and the reason for
their migration was housing reasons. Within the medium-sized towns, we have not confirmed
negative social consequences of suburbanization which results in an anonymity and
individualism of newly immigrated residents. Immigrants responded to the local residents and
neighbors very positively which demonstrates social cohesion and mutual help. The reason
for not confirming this attribute could be based on the previous residence of respondents in a
smaller town which compared to the major cities of Slovakia shows more social contacts in a
relatively smaller area and higher cohesion. The larger the town population comes from, the
less integrated it is into the rural environment. Direction of the future paper will be based on
comparisons to other medium-sized towns in the NSR so that the mentioned impulse is
confirmed or excluded.
CONCLUSION
Suburban development in the NSR began after 2001 in the regional city of Nitra and
gradually spreads also to the medium-sized towns. This is evidenced by the confirmation of
suburbanization in the towns of Nové Zámky and Šaľa which form the suburban zone limited
to municipalities which have common administrative boundaries with the town. When
comparing suburban zones in the years 1998 - 2009 and 1998 - 2012, there are no differences
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in the number of suburban municipalities. Differences appear only in the number of
immigrants which increases each year. In the studied suburban municipalities, we confirmed
the basic indicators of suburbanization although to a lesser extent. It is obvious that the
suburban process changes the social environment of municipalities while suburbs are not
appealing to all residents, but only for certain social categories. People with higher education,
higher income groups and families with children dominate among them. On one hand,
demographic situation of the municipality is improving and on the other hand, however, this
difference can lead to tension which can escalate into conflict. The mentioned negative
consequences were not confirmed in the case of studied municipalities. Moreover,
municipalities are trying to create appropriate contact points for meeting their residents and
thus build also their relationships.
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Abstract
Managing the prevention, diagnosis and therapy of cancers is a difficult medical task with permanent
consequences for the development of population health status and the economy of health of care of each country.
Its incidence is increasing worldwide. Cancer stands for more than 70 diseases caused by uncontrolled division
of cells in various tissues. The key indicators for tracking cancers include mortality, incidence as well as
prevalence. Tackling the issue of development of incidence can be considered relevant topic of geographical
research. We can agree with the opinion that the fight against neoplasms, in order to be comprehensive, must
involve in itself the spatial aspect which is best applied especially in the field of medical geography.
Development of the incidence of selected types of cancers in the Nitra Self-governing Region will be analyzed for
men and women. From malignant cancers of men, we have chosen malignant Lung cancers, malignant Skin
cancers, malignant Prostate cancers, and malignant Colon cancers for the comparison of incidence in the period
of 2003-2008. Cancer incidence of women will be compared through the malignant Breast cancers, malignant
Skin cancers, malignant Colon cancers, and malignant Uterine body cancers. The result of these partial
analyses will be an assessment of the situation from the perspective of incidence development in the districts of
the Nitra Self-governing Region through selected cancer types.
Keywords
Cancers. Crude incidence rate. Mortality. Nitra Self-governing region.

INTRODUCTION
One of the problems that are currently gaining interest is the increasing proportion of
mortality from cancers not only in the world but also in Slovakia. Mortality from cancer is
increasing worldwide with an approximation of 12 million deaths a year. The WHO estimates
that up to 72% of all cancer deaths occurred in less and medium-developed countries. This
kind of disease is very often a reflection of improper lifestyle, stress as well as other
determinants leading to this disease. In this paper, our aim is the assessment of the incidence
of selected cancer types in the Nitra Self-governing Region in the period of 2003-2008.
METHODOLOGY
Incidence of selected cancer types will be analyzed in the districts of the Nitra Selfgoverning Region for the period of 2003 - 2008. When processing this topic, the basis will be
the database of the National Health Information Center of the Slovak Republic which
provided data on the incidence of cancers in all districts of the Nitra Self-governing Region.
In the paper, we will apply statistical, mathematical as well as cartographic methods.
Monitoring the incidence as well as mortality from cancers are the interest of medical
geography. Medical geography uses concepts and techniques of geographical disciplines for
the research of health issues (Meade and Earickson, 2005). In geographical literature, issues
of health and health status are being dealt by several authors. This topic is very relevant not
only in the field of health care but also in the field of medical geography both in Slovakia and
abroad. Since 1978, works with the topics of medical geography appear only sporadically.
The exception is the Atlas of Malignant Cancers Incidence in the SSR, 1989 by Pleško et al.
A comprehensive approach to the population health status through sickness rate but also
mortality is provided by Vilinová (2012, 2007, 2006). Another author or co-author of several
papers dealing with the topic of cancers in the Czech Republic is prof. Konečný. In his works
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he analyzes e.g. the prevalence of cancers in the Czech Republic (Konečný et al., 2008). His
other papers are devoted to the characteristics of individual cancer types in the Czech
Republic (Konečný et al., 2011, 2010). On the example of extending the mortality of men for
Prostate cancer at the level of districts in Slovakia, this topic is analyzed in detail by Kážmer
and Križan (2010).
CANCER DISEASES
The incidence of malignant cancers has globally an increasing trend that is observed also
in Slovakia. It is the result of multiple causes which include - increasing life expectancy, bad
lifestyle as well as population growth, and the actual increase of cancer incidence. Cancers are
important society-wide problem which is significant for the high incidence, frequency of
disability, and high mortality. As stated by Strnad et al. (1976), cancers endanger mostly
middle-aged and older people by their incidence and deadly potential. The mechanism that
causes malignancy is still a matter of conjecture. More than 99% of cancers, for which the
inhabitants of Slovakia died, were malignant cancers.
The structure of mortality of men from cancers in the Nitra Self-governing Regionin 2003
and 2008 is very similar. As for men, a dominance can be observed in the following types of
cancers (malignant Lung cancers, malignant Skin cancers, malignant Prostate cancers, malignant
Colon cancers). These four types created the proportion of 41% out of a total mortality of men
from cancers in 2003 and in 2008 this share increased to 47% (Fig. 1). In terms of mortality of
women from cancers in the Nitra Self-governing Region, we can point to the fact that the most
common types of cancer for which women died in the Nitra Self-governing Region were:
malignant Breast cancers, malignant Skin cancers, malignant Colon cancers, malignant Uterine
body cancers. Their shares amounted in the studied period to about 51% (Fig. 2).
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Fig. 1Structure of mortality of men from cancers in the Nitra Self-governing Region in 2003 and 2008
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Fig. 2 Structure of mortality of women from cancers in the Nitra Self-governing Region in 2003 and 2008

Specific measurements of cancer occurrence include prevalence and incidence. Incidence is
defined as the number of new diseases that occurred within a certain time to the total size of the
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population at risk. We consider it a direct estimation of the probability or risk of developing the
disease over a defined period.
As for men, we observed the development of cancer incidence in the following subtypes:
malignant Lung cancers (C 34), malignant Skin cancers (C 44), malignant Prostate cancers (C
61), malignant Colon cancers (C18). Development of the selected cancers incidence is diverse
and specific to each district of the Nitra Self-governing Region. Malignant Lung cancers were
the most common cancers of men for which men died in the Nitra Self-governing Region. The
incidence of this cancer type has an upward trend in the studied period and was the most
significant in 2007 in the district of Topoľčany (Fig. 3). A significant increase of incidence from
2006 to 2008 was in the district of Nové Zámky. In the second most common type of cancer,
which were malignant Skin cancers, the situation was the worst in the district of Šaľa because
we recorded the highest crude incidence rate of malignant Skin cancers in the region (Fig.4). In
2008, the value was 137/100 thousand men. Another type of cancer with a growing trend not
only in Europe but also in Slovakia are malignant Prostate cancers. The incidence of this
cancer type had an increasing trend during the studied period especially in the districts - Levice,
Topoľčany, and Šaľa (Fig.5). The incidence of malignant Colon cancers reached its maximum
in 2003 in the district of Nové Zámky. However, the lowest value in the incidence of this cancer
type was in the district of Topoľčany in 2006 (Fig.6).
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of Prostate cancer (2003-2008)
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Fig. 6 Crude incidence rates of men
of Colon cancer (2003-2008)

The most common cancer type for which women died in the Nitra Self-governing Region
were these malignant cancers - malignant Breast cancers (C 50), malignant Skin cancers (C 44),
malignant Colon cancers (C18), malignant Uterine body cancers (54 C), malignant Lung cancers
(C 34). Malignant Breast cancers have dominant position in cancer mortality of women with
an increasing trend of incidence in most districts of the Nitra Self-governing Region. The only
exception is the districts of Šaľa and Komárno where incidence from 2003 to 2008 gradually
decreased (Fig.7). Malignant Skin cancers took the second place regarding mortality from
cancer. The highest values of incidence of malignant Skin cancers were in the district of Šaľa,
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which in 2008 amounted to 155/100 thousand women (Fig.8). As for the malignant Colon
cancer of women, the leading position in the development of incidence was retained until 2007
by the district of Komárno (Fig.9). The highest increase in the incidence of this type (25/100
thousand women) was recorded in the district of Šaľa. Development of the incidence of
malignant Uterine body cancer is positive in the districts of Šaľa, Nitra, Zlaté Moravce
because there is a decrease in the incidence of this disease (Fig. 10).
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Fig. 10 Crude incidence rates of women
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Comparison of the incidence of malignant Lung cancers of men in 2003 and 2008 is different
because in 2008 there is an increase in the incidence of this cancer in the districts of Nové
Zámky, Levice, Zlaté Moravce and Topoľčany. The decrease in incidence occurs in districts of
Komárno and Nitra. Overall, the highest incidence rate of malignant Lung cancers was in the
Topoľčany District and the lowest in the district of Nitra (Fig. 11).
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Fig. 11 Crude incidence rates of men of Lung cancer in Nitra Self-governing Region
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In 2008, the incidence of men of Skin cancer increased significantly in the districts of Komárno,
Šaľa, and Zlaté Moravce (Fig.12). The same incidence rate, when comparing the years 2003 and
2008, retains only in the districts of Topoľčany and Nové Zámky. In 2008, the Levice District
was characterized by the lowest incidence rate of Skin cancer (49.3/100 thousand men).
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Fig. 12 Crude incidence rates of men of Skin cancer in Nitra Self-governing Region

The incidence of men of Prostate cancers in the districts of the Nitra Self-governing Region had
a growing character from 2003 to 2008 (Fig.13). In five districts of the Nitra Self-governing
Region, the incidence rate reached values higher than 52 cases/100 thousand mens. Very positive
incidence rates is reflected in the district of Komárno since this district reached the lowest
incidence rates in the studied years. In 2003, the value of incidence in this district was 36.5/100
thousand men and in 2008 it increased to 46.4/100 thousand men.
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Fig. 13 Crude incidence rates of men of Prostate cancer in Nitra Self-governing Region

Regarding malignant Colon cancers, we also recorded an increase in incidence (Fig.14). This
increase is specific to the districts - Nitra, Šaľa, Nitra, and Levice. On the contrary, incidence rate
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decreased in the districts of Nové Zámky and Zlaté Moravce. The district of Topoľčany
maintained its positive position in the incidence in 2003 as well as in 2008.
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Fig. 14 Crude incidence rates of men of Colon cancer in Nitra Self-governing Region

As for the incidence of malignant Breast cancer of women, there is a significant increase which
was in 2008 shown by increased incidence rate. In 2003, the lowest incidence rate was in two
districts of the Nitra Self-governing Region with the values lower than 70/100 thousand women;
however, the highest values were over 85.1/100 thousand women. On the other hand, the
situation changed in 2008 and there was a significant increase in the incidence rate. The most
positive incidence rates in 2008 are below the value of 86.5/100 thousand women. The
maximum of incidence was recorded in 2003 but also in 2008 in the district of Topoľčany
(Fig.15).
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Fig. 15 Crude incidence rates of women of Cancer breast in Nitra Self-governing Region
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The district of Komárno is specific for the high incidence rate of Skin cancer of women in 2003
but also in 2008 with the value of more than 85/100 thousand women. The most positive
situation, in terms of incidence from this disease, was in 2008 in the district of Zámky and Zlaté
Moravce. Overall, the lowest level of incidence was recorded in the district of Nové Zámky with
a value of 45/100 thousand women. The incidence of Skin cancer of women increased
significantly in 2008 in the district of Šaľa and Topoľčany (Fig. 16).
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Fig. 16 Crude incidence rates of women of Skin cancer in Nitra Self-governing Region

Spatial disparities of incidence of malignant Colon cancers of women are reflected also in the
districts of the Nitra Self-governing Region (Fig.17). The incidence of malignant Colon
cancers maintained the same level in the districts of Nové Zámky and Komárno, where the
highest level was reached. The incidence of malignant Colon cancers increased the most in
the district of Šaľa. A decrease in the incidence can be seen in the district of Topoľčany,
which is a positive trend.
2003

2008

Fig. 17 Crude incidence rates of women of Colon cancer in Nitra Self-governing Region

276

We observe also increase in the incidence of malignant Uterine body cancers because the
incidence rate of this disease increased in three districts of the Nitra Self-governing Region
(Fig. 18). In the district of Topoľčany, the situation is the worst from the aspect of high
incidence rate because it recorded the highest incidence rates in both years. The most positive
situation, in terms of incidence, is in the district of Levice which reached the lowest increases.
2003

2008

Fig. 18 Crude incidence rates of women of Uterine body cancer in Nitra Self-governing Region

DISCUSSION
The issue of malignant cancers is very complex. It was not possible to process this issue
in the full width but only through the chosen indicator of incidence in the territory of the Nitra
Self-governing Region. The largest increases in incidence were observed in the group of
Breast cancers of women. As for men, we observed the highest incidence values of malignant
Prostate cancers. An analysis of the values and trends in incidence and mortality of the Nitra
Self-governing Region shows the need for more intensive prevention. Programs of primary
prevention and education of the population must inevitably lead to the optimization of
lifestyle especially to activities that support non-smoking, anti-alcohol and obesity activities
as well as an increase in physical activity, healthy eating, and protection against sun radiation.
These measures, together with quality and global screening, aimed at detecting early stages of
selected cancers such as Breast, Uterine body and Colon cancer can change the unfavorable
development of incidence and mortality of malignant cancers in the Nitra Self-governing
Region (Pleško et al., 2003).
CONCLUSION
The paper was devoted to the issue of geographical distribution of the incidence of
selected types of malignant cancers in the territory of the Nitra Self-governing Region in the
period of 2003-2008. The results of analyses showed that the structure of mortality from
cancers has not changed between the years 2003 and 2008 in the Nitra Self-governing Region.
As for men, malignant Lung cancers, malignant Skin cancers, malignant Colon cancers, and
malignant Prostate cancers dominated. The structure of mortality of women from cancers in
the Nitra Self-governing Region is dominated by malignant Breast cancers followed by
malignant Skin cancers, malignant Colon cancers, and malignant Uterine body cancers.
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Development of incidence of these types of cancers regarding men or women is specific to
each district of the Nitra Self-governing Region. When observing cancer types of men, a very
unfavorable situation is in the district of Šaľa which in 2008 reached a high incidence rate for
Skin cancer, Prostate cancer but also Colon cancer. Regarding the selected cancer types of
women, the development of incidence is different and varies in each district of the Nitra Selfgoverning Region. The most significant growth, in terms of incidence of malignant Breast
cancers, was in the district of Topoľčany, which in 2008 reached the highest incidence rate in
the region. As for the incidence of Skin cancer of women, the least favorable situation was in
the district of Šaľa.
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Abstract
Estimation of N-year maximum discharges for profiles with direct observations is one of the key problems which
is being researched not only in hydrology, but also in geography. In the paper, we deal with the comparison of
several methods used for the estimation of maximum design discharges for the Vyčoma stream (Hájovňa Slače
profile). Particularly, we used the log-normal distribution, Pearson type III distribution, and Gumbel
distribution. To estimate their parameters, we used the method of moments and method of quantiles. Based on
the comparison of these methods, we determined the optimal concord between empirical and theoretical
probability curve of exceedence and chose the most suitable theoretical distribution for the determination of Nyear maximum discharges from a given set of values. Moreover, possible sources of uncertainties for the
calculation of design discharges are also discussed. Correct estimation of N-year maximum discharges is
important especially in flood protection e.g. in the development of flood maps or for water management
purposes.
Keywords
N-year maximum discharges. Vyčoma. Empirical curve. Theoretical curve. Distribution.

INTRODUCTION
Determining maximum design discharges for profiles with direct observations belongs to
important tasks not only in hydrology, but also in geography. Estimation of N-year discharges
is one of the key problems in flood protection e.g. in the development of flood maps (Vojtek,
Boltižiar, 2010) and they also play equally important role for water management purposes.
Design maximum discharges are quantities derived from the values of peak flows and
they are given by the chosen significance which is a measure of the possibility of reaching or
exceeding in the future. The significance is usually given as the mean return period or
probability of reaching or exceeding a given value. Therefore, it is a N-year (QN) or p-percent
maximum discharge (Qp). 100-year maximum discharge (Q100) is a discharge that will be
reached or exceeded once every hundred years on average (but not every hundred years)
(Szolgay, Kohnová, Hlavčová, 2003).
In addition to the maximum peak flows from each hydrological year, for the estimation of
N-year discharges we often use also discharges measured during the historic floods. The set,
from which we select maximum discharges, should be accurate, uninterrupted, and reasonably
long depending on the varying return period of N-year discharges. Its accuracy depends on the
accuracy of direct measurements. In addition, this set should be homogeneous which means
that data should be collected from the periods when there was no significant anthropogenic
intervention into the hydrological regime of the watercourse (Podolinská, Šipikalová, 2008).
To determine N-year maximum discharges in gauging profiles, we construct empirical
and theoretical probability curves of the maximum discharges (Mosný, 2002).
Empirical curves provide basic information on the set of time series of maximum
discharges which determine the calculations of theoretical probability curves and their
parameters (Makeľ et al., 2003). Determination of N-year maximum discharges only on the
basis of empirical curves is not possible because the measured time series of maximum
discharges are not long enough. Therefore, it is necessary to proceed to the construction of
theoretical probability curves of the maximum discharges.
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The most important issues in the calculation of theoretical probability curve are its
concord with empirical curve, the choice of theoretical distribution and methods of estimation
of its parameters. Based on hydrological practice, for the determination of N-year maximum
discharges at gauging profiles the most commonly used are gamma distribution, log-normal
distribution and Pearson type III distribution (Mosný, 2002, Makeľ et al., 2003). As for the
parameter estimation, the method of moments, quantiles, and maximum likelihood are used.
The resulting empirical and theoretical curves are then compared and it is advisable to
use several types of theoretical distributions and parameter estimation, which can determine
the optimal concord of empirical and theoretical probability curves.
Deviation of empirical points from the theoretical probability curve can sometimes be
significant. The reasons may be: length of observations, quality and reliability of observed
data or homogeneity of conditions of runoff creation (Makeľ et al., 2003).
In connection with the development of knowledge in determining flood discharges, the
need to intensively deal with the overall philosophy of the approach to identifying N-year
maximum discharges has begun to be emphasized. Therefore, the aim of this paper is the
estimation of N-year maximum discharges on the example of Vyčoma watercourse in the
profile of Hájovňa Slače using statistical-mathematical methods and their mutual comparison.
METHODS
The gauging station of Hájovňa Slače on the Vyčoma watercourse was in operation from
1975 to 1999. It is 13.5 km away from the mouth of Vyčoma watercourse into the Nitra River
and it is located at an altitude of 246 m.a.s.l. at the following coordinates: 18° 20' 50'' N and
48° 32' 23'' E. The reason for choosing this gauging station is the fact that there were several
floods on the Vyčoma watercourse before. Therefore, there is a presupposition of the
occurrence of flood situations in the future.
For the processing of N-year maximum discharges for the profile of Hájovňa Slače, we
used a set of the highest annual peak flows measured at this gauging station (tab. 1). The set
of annual maximum discharges is relatively short; however, it meets several criteria for
determining N-year maximum discharges. Mainly, it is an uninterrupted homogeneous set of
annual peak flows which is longer than 20 years and in a given profile there was no
substantial disruption during this period affecting the hydrological regime also by human
activity.
Tab. 1 Annual peak flows (Qmax) on the Vyčoma watercourse - Hájovňa Slače gauging station
(SHMI)

Hydrologic year
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Qmax (m3.s1
)
29.12.1974
2.180
12.1.1976
1.950
12.2.1977
3.810
14.4.1978
1.649
3.5.1979
1.852
20.11.1979
0.915
12.3.1981
1.471
23.9.1982
2.389
25.3.1983
2.444
18.5.1984
2.380
11.8.1985
3.440
14.6.1986
3.385
12.2.1987
2.624
Date

Hydrologic year

Date

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
-

23.8.1988
11.7.1989
8.4.1990
24.2.1991
27.3.1992
18.3.1993
18.4.1994
27.4.1995
22.6.1996
13.2.1997
19.4.1998
22.6.1999
-

Qmax (m3.s1
)
3.401
1.584
0.684
2.426
1.934
1.433
3.991
1.887
3.511
3.012
1.769
10.450
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In terms of the most accurate estimation of N-year maximum discharges for the Vyčoma
watercourse (profile of Hájovňa Slače), we used the following methods of mathematical
statistics and probability: log-normal distribution, Pearson type III distribution, and Gumbel
distribution. To estimate the parameters, we used the method of moments and method of
quantiles. Calculations were then analyzed and compared with each other.
RESULTS
For the reason of comparison, the determination of N-year maximum discharges at the
gauging profile of Hájovňa Slače required to construct the empirical curve and several types
of theoretical curves of the maximum discharges.
Empirical curve of the maximum discharges
Empirical curve is constructed from a set of measured values of annual peak flows which
is in most cases and also in our case relatively short.
To construct the empirical probability curve, we firstly ordered the set of values in a
descending way and each element was assigned the probability of exceeding Pm according to
the most widely used formula in hydrology by Čegodajev, where m is the ordering number of
the element in a descending arranged set and n is the number of elements in a set (Mosný,
2002):
Pm 

m  0,3
100
n  0,4

(1)

The calculated empirical probabilities of exceedence and their corresponding values of
discharges are shown in tab. 2 and fig. 1. The empirical probability curve and their statistical
characteristics provide basic information about the set of observed time series of maximum
discharges which determines all methods for the calculation of theoretical curves and their
parameters.
Our set of maximum discharges does not allow to determine N-year maximum discharges
directly from the empirical probability curve. It is therefore necessary to balance empirical
curve and extrapolate it to the desired lower probabilities (larger N-year discharges) with the
use of theoretical probability curves.
Tab. 2 Probabilities (P) and discharges (Qmax) of empirical curve on the Vyčoma watercourse Hájovňa Slače gauging station

No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

P%
(Čegodajev)
2.8
6.7
10.6
14.6
18.5
22.4
26.4
30.3
34.3
38.2
42.1
46.1
50.0

Qmax (m3.s1
)
10.450
3.991
3.810
3.511
3.440
3.401
3.385
3.012
2.624
2.444
2.426
2.389
2.380

No.

P % (Čegodajev)

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
-

53.9
57.9
61.8
65.7
69.7
73.6
77.6
81.5
85.4
89.4
93.3
97.2
-

Qmax (m3.s1
)
2.180
1.950
1.934
1.887
1.852
1.769
1.649
1.584
1.471
1.433
0.915
0.684
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Fig. 1 Empirical probability curve on the Vyčoma watercourse - Hájovňa Slače gauging station

Theoretical curves of the maximum discharges
The most important question in probabilistic assessment of maximum discharges from
the measured data is the concord of empirical and theoretical probability curves and selection
of the most suitable type of theoretical (curve) distribution and methods of estimation of its
parameters.
In hydrological practice, asymmetric distribution primarily occurs, where hydrological
sets are bounded by finite maximum and minimum values. The most commonly used type of
asymmetric frequency distribution is a binomial distribution, especially, Pearson type III
distribution. For sets with greater asymmetry, log-normal distribution is rather used. To
estimate their parameters, the most widely used are the method of moments and method of
quantiles (Herber, 1984, Fendeková, 1989, Mosný, 2002, Makeľ et al., 2003, Trizna, 2004).
Basic parameters for the construction of asymmetric frequency distributions are the
arithmetic mean x, coefficient of variation Cv, and coefficient of asymmetry Cs. The selection
of the type of theoretical frequency distribution is affected mainly by the mutual correlation of
Cv and Cs. When Cs ≥ 2Cv, it is recommended to use the Pearson type III distribution while for
Cs> 3Cv it is preferable to use a log-normal distribution. The size of Cv also affects the choice
of methods for calculating the parameters (Fendeková, 1989, Trizna, 2004).
In our case, we used Pearson type III and log-normal theoretical (curves) distributions
and also methods of moments and quantiles for estimating their parameters as they fulfill the
condition of mutual relations of Cs and Cv. For comparison, we used also a Gumbel (curve)
distribution in addition to the mentioned two distributions.
Pearson type III and log-normal (curve) distribution - method of moments
Basic parameters, which are the arithmetic mean x, coefficient of variation Cv, coefficient
of asymmetry Cs, and also coefficient Ki for each value of the element xi, are the same for
both distributions and were calculate according to the following formulas (Herber, 1984,
Fendeková, 1989, Mosný, 2002, Trizna, 2004):
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In our case, the arithmetic mean has the value of 2.663, coefficient of variation 0.694, and
coefficient of asymmetry 3.015. The calculated values of basic parameters are burdened with
certain errors which were quantified for the arithmetic mean and coefficient of variation
according to the following formulas (Fendeková, 1989, Trizna, 2004):

x 

Cv
n

1  Cv
100
2n
(6)
2

 100

C 
v

(5)

The size of arithmetic mean error σx reaches 13.9% and the coefficient of variation σCv
17.2%. According to Fendeková (1989), the size of arithmetic mean error and the coefficient
of variation points to the fact whether the set of empirical values is long enough to calculate
the parameters of the curves. The arithmetic mean error is less than 15% indicating a
sufficiently long set of values, but on the other hand, the error of coefficient of variation is
more than 15% and for this reason, the set of values of annual maximum discharges could be
slightly extended. However, this is not possible as the gauging station of Hájovňa Slače
operated only during the mentioned 25 years.
After determining the size of distribution parameters x, Cvand Cs, we defined auxiliary
values of the theoretical curve of Pearson type III distribution and log-normal distribution
using Foster-Rybkin tables (Fendeková, 1989, Mosný, 2002, Trizna, 2004). From the tables,
we subtracted the deviations ΦP% from the mean x = 1 and Cv = 1 for selected Cs and various
percentages of probability P (%).
The values of theoretical probability curve of the maximum discharges Qp were
calculated based on the formula (Herber, 1984, Fendeková, 1989, Mosný, 2002):

Q p  ( P % .C v  1).x

(7)

To transfer the probability of maximum annual discharges on a mean return period of
maximum annual discharges 1 x in N-years, we used the following formula (Mosný, 2002,
Makeľ et al., 2003):

P

1
ln(1 

P
)
100

(8)

Maximum annual discharges (QP) for different probabilities of exceedence (P) and mean
return periods (N) calculated based on the method of moments for the Pearson type III
distribution are shown in the tab. 3 and for the log-normal distribution in tab. 4.
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Tab. 3 Maximum annual discharges - Pearson type III distribution (method of moments)

P (%)
Φp%
Qp
N (year)
P (%)
Φp%
Qp
N (year)

0.1
7.100
15.78
999.50
80
-0.640
1.48
0.62

1
4.050
10.15
99.50
90
-0.661
1.44
0.43

5
1.970
6.30
19.50
95
-0.665
1.43
0.33

10
1.130
4.75
9.49
99
-0.666
1.43
0.22

20
0.390
3.38
4.48
99.9
-0.667
1.43
0.14

50
-0.400
1.92
1.44
-

Tab. 4 Maximum annual discharges - Log-normal distribution (method of moments)

P (%)
Φp%
Qp
N (year)
P (%)
Φp%
Qp
N (year)

0.1
7.470
16.47
999.50
80
-0.710
1.35
0.62

1
3.780
9.65
99.50
90
-0.840
1.11
0.43

5
1.850
6.08
19.50
95
-0.930
0.94
0.33

10
1.140
4.77
9.49
99
-1.040
0.74
0.22

20
0.510
3.61
4.48
99.9
-1.120
0.59
0.14

50
-0.280
2.15
1.44
-

Pearson type III, log-normal and Gumbel (curve) distribution - method of quantiles
The basis for the method of quantiles was to determine quantiles of K5% = 6.20, K50% =
2.38 and K95% = 0.80 for the probabilities of 5, 50 and 95% by which we determined the
skewness index (S) (characterizes the set asymmetry) using the formula (Fendeková, 1989):

S

K 5%  2 K 50%  K 95%
K 5%  K 95%

(9)

The resulting skewness index (S) has a value of 0.42. In the case of Pearson type III
distribution, for our skewness index we found the coefficient of asymmetry Cs = 1.5 and
deviation values Φ5%-Φ95%= 3.09 and Φ50% = -0.24 by using the table from the work of
Herbert (1984) and Fendeková (1989). These values were then used to calculate the mean
square deviation (σ) and the long-term mean (x) which then entered into the calculation of the
coefficient of variation Cv based on the formulas:



K 5%  K 95%
 5%   95%

x  K 50%   50% .
(10)
Cv 

(11)


x

(12)

After the calculations, we had the parameter values for σ = 1.75, x = 2.80, and Cv = 0.62.
Using the auxiliary deviations for Cs = 1.5, which are listed e.g. in the work of Fendeková
(1989) or Trizna (2004), and other parameters, we determined the values of theoretical
probability curve of the maximum discharges (Qp) by the means of previously mentioned
formula. The maximum annual discharges for different probabilities of exceedence (P) and
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the mean return periods (N) calculated for the Pearson type III distribution based on the
method of quantiles are provided in tab. 5.
Tab. 5 Maximum annual discharges - Pearson type III distribution (method of quantiles)

P (%)
Φp%
Qp
N (year)
P (%)
Φp%
Qp
N (year)

0.1
5.280
12.03
999.50
80
-0.820
1.37
0.62

1
3.330
8.62
99.50
90
-1.020
1.02
0.43

5
1.960
6.22
19.50
95
-1.130
0.82
0.33

10
1.330
5.12
9.49
99
-1.260
0.60
0.22

20
0.690
4.01
4.48
99.9
-1.310
0.51
0.14

50
-0.240
2.38
1.44
-

To calculate the parameters of log-normal distribution, we used the same formulas as for
the Pearson type III curve. Based on the skewness index (S), we found the coefficient of
asymmetry Cs = 2.0 and values of deviations Φ5%-Φ95%= 2.99 and Φ50% = -0.24 using the
table from the work of Herbert (1984) and Fendeková (1989). The mean square deviation has
the value σ = 1.81, long-term mean x = 2.81, and coefficient of variation Cv = 0.64. For the
coefficient of asymmetry Cs = 2.0, we used the relevant curve deviations (Fendeková, 1989)
and determined the maximum annual discharges (Qp) for different probabilities of exceedence
(P) and the mean return periods (N) (tab. 6).
Tab. 6 Maximum annual discharges - Log-normal distribution (method of quantiles)

P (%)
Φp%
Qp
N (year)
P (%)
Φp%
Qp
N (year)

0.1
6.250
14.10
999.50
80
-0.770
1.42
0.62

1
3.520
9.17
99.50
90
-0.970
1.06
0.43

5
1.890
6.23
19.50
95
-1.110
0.81
0.33

10
1.250
5.07
9.49
99
-1.280
0.50
0.22

20
0.610
3.92
4.48
99.9
-1.420
0.25
0.14

50
-0.240
2.38
1.44
-

Gumbel distribution was used for the processing of flood peak flows, but later this
distribution proved to be unsuitable because it often overestimated the flood discharges
(Herber, 1984). Its disadvantage is that it has a single constant value of the coefficient of
asymmetry Cs = 1.139. This distribution has two parameters (a, q) and two quantiles K5%=
6.20% and K95% = 0.80%. The parameters a, q were calculated according to the following
formulas:

a

4.067
K 5%  K 95%

q  0.27.K 5%  0.73.K 5%
(13)

(14)

Parameter a has a value of 0.753 and parameter q has a value of 2.258. The maximum
annual discharges Qp for different probabilities of exceedence (P) and mean return periods (N)
were quantified using the calculated parameters and standard deviations from the center (zp)
which are listed e.g. in the work of Herbert (1984) based on the formula:

285

1
Qp  q   z p
a

(15)

The values of theoretical probability curve of the maximum discharges Qp according to
the Gumbel distribution are shown in tab. 7.
Tab. 7 Maximum annual discharges - Gumbel distribution (method of quantiles)

P (%)
zp
Qp
N (year)
P (%)
zp
Qp
N (year)

0.1
6.907
11.43
999.50
50
0.367
2.75
1.44

1
4.600
8.37
99.50
80
-0.476
1.63
0.62

5
2.970
6.20
19.50
90
-0.834
1.15
0.43

10
2.250
5.25
9.49
95
-1.097
0.80
0.33

20
1.500
4.25
4.48
99
-1.527
0.23
0.22

The calculated values of probability of individual theoretical curves of exceedence and
their corresponding maximum annual discharges are provided in fig. 2. These curves were
compared with the empirical curve of exceedence. Based on this comparison, we determined
the optimal concord between empirical and theoretical probability curve of exceedence and
also the most suitable theoretical distribution for the determination of N-year maximum
discharges from a given set of values. In our case, the most suitable curve appears to be the
log-normal distribution using the method of moments which best balances the empirical line
of the maximum discharges.

Fig. 2 Comparison of empirical and theoretical curves of exceedence of maximum discharges on the
Vyčoma watercourse - Hájovňa Slače gauging station

286

DISCUSSION AND CONCLUSION
When estimating N-year discharges by direct methods, we meet with several
uncertainties (Szolgay, Kohnová, Hlavčová, 2003, Kohnová et al., 2005).
The first uncertainty arises from the quality of underlying data because we had to rely on
direct observations which were provided by the SHMI. We used the set of annual peak flows
of 25 years of observations at the Hájovňa Slače gauging station. According to Makeľ et al.
(2003), this set should be uninterrupted (homogeneous) and longer than 20 years, which in
our case meets this requirement. On the other hand, Solín (2005) points out that a reliable
estimation of 100-year flood in a particular gauging station would require 500 years long
observation series, which is not met by any gauging station in Slovakia. Therefore, statistical
methods are applied for the estimation of N-year discharges.
The use of statistical methods brings also the statistical uncertainty arising from their
substance. This is particularly the choice of the type of exceedence curve, choice of method
for parameters estimation, the length of set, deviation of estimations from short sets of
observations, etc. Therefore, we used several types of distributions and methods of estimation
of their parameters which enable us to choose a theoretical probability curve that best
balances the empirical curve. A similar approach was applied by Mitková, Kohnová,
Pekárová (2004) who compared estimations of maximum seasonal discharges on the Danube
River - Bratislava. They used several types of distributions and methods for parameter
estimation for the POT (Peak Over Threshold) method and DVWK (1999) approach which is
a German technical standard for choosing design floods. Their results point to the fact that the
choice of method and its subsequent statistical analysis has a significant effect on the resulting
values of estimations of design discharges. The difference in estimations of Q 1000 between the
methods of DVWK (1999) and POT in a given profile was 8.4% and for shorter return
periods the difference in estimations was smaller.
By balancing the empirical curve of exceedence with the theoretical curves, we obtained
only N-year maximum discharges as the time-spatial indicators from the gauging station of
Hájovňa Slače in the upper part of the Vyčoma stream. Determination of N-year maximum
discharges outside the gauging stations requires using different approaches.
It is obvious that the determination of N-year discharges cannot be considered
unambiguous calculation procedure with a clear outcome. It is a task that can be solved by
using several statistical methods. In terms of practical usability, the results of different
estimations using various methods could be, in principle, considered equivalent if conditions
of proper use of each method were fulfilled. As a consequence, this means that the resulting
N-year quantity has to be chosen from a range of results of used approaches, which may also
be significantly different (Szolgay, Kohnová, Hlavčová, 2003).
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Abstract
The paper analyses the attractiveness of the Poprad district in tourism in terms of demand of domestic and
foreign tourists. It subsequently identifies the sending markets, for which was the Poprad district most attractive
in our chosen interval 2004-2013. Attractiveness of the location was evaluated through unpublished statistic
data of the number of visitors staying in accommodation establishments, the number of overnight stays and the
average length of stay. Descriptive statistical analysis was complemented by the coefficient of the attractiveness
that takes into consideration also the size of the sending markets. We concluded that the Poprad district is
significantly more attractive for domestic than for foreign visitors. The analysis also showed segmentation of
foreign visitors, where it outweighs the high attractiveness of the Poprad district on the one side from the
perspective of the neighboring countries and very strong attractiveness of the location for the Baltic States on
the other side. The present paper focused on the geographical segmentation of the market can be useful for the
marketing area as a tool for the development of tourism in the Poprad district in the future.
Key words
The attractiveness of tourism. The Poprad district. Domestic tourism. Outbound tourism.

INTRODUCTION
Attractiveness of the territory is according to Bornhorst et al. (2010) express of its
attractiveness in relation to decision of the visitors. The approaches to the evaluation of the
attractiveness are different. In general, they can be divided into two basic groups - the
approache which is based on the aspect of the offer. It can be realised in the territories with
different scales, from the national to the local (Oremusová, 2009; Hasprová, 2000; Kulla,
2000), which rates the potential of the territory. The another approach is based on the aspect
of the demand, which is realized through hard statistic data (e.g. Krogmann, 2005;
Královicsová, 1999; Mitríková et al., 2012). This paper is based on the Gučík et al. (2004)
define the attractiveness of the destination as the ability to arouse interest of the destination, to
attractthe visitors and to satisfy their demand.
The aim of this paper is to examine the attractiveness of the Poprad district in the sector
of tourism from the aspect of satisfied demand domestic and foreign tourists. We
subsequently identify the sending markets for witch was the Poprad district most attractive in
our chosen interval of years 2004-2014. The interpretation of the visit rate of the Poprad
district from the perspective sending markets brings a coherent picture of the attractiveness of
the Poprad district from the perspective of satisfied demand of the sending countries.
METHODS
The analysis of attractiveness of the Poprad district from the aspect of selected sending
countries will be implemented on the basis of unpublished data from the Statistical Office of
the Slovak Republic about thevisit rate ofaccommodation establishments according to country
of residence during the period 2004-2013 and freely available demographic statistics.
Statistically, tourists can be characterized by WTO as carriers of demand for tourism, who
were staying in the target site for at least 24 hours. Their purpose is to spend their leisure
time, while they spent a night in the hotel (hostel, pension) resp. in the private
accommodation (Pásková and Zelenka, 2002).
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The attractiveness of the location we are going toevaluate through three basic parameters,
namely the number of visitors staying in accommodation establishments in the district,
number of overnight stays in accommodation establishment and the average length of stay.
Descriptive statistical analysis is subsequently completed by the coefficients of attractiveness
(ka1, ka2) of destination. These coefficients used Pompurová (2012) in her work. The
proposed indicator eliminates the deficiencies associated with the size of potential markets
and expresses the percentage of the total population of the selected market, which visits goal
destination, resp. how many of them realize one overnight stay at the target site.
Pompurová (2009) indicates that the coefficient ka1 (1) expresses the share of the
population of the market, which on average, visits destination annually. If the ratio is equal to
or greater than 100%, it means that on average each citizen of the sending market visits
destination at least once a year. This indicator has the form:
∑
∑

∑
∑

, kde

(1)

– thenumber of visitors of the target site (destination) from the sending market for the
period i,
– thenumber of visitors of the sending market for the period i

As the author indicates, in case of staying in more accommodation establishments in the
target site, it occurs to multiple counting tourists. Coefficient ka₁ ignores the length of stay at
the target site, which informative value of the attractiveness of the visited area is at least
equal. Coefficient ka2 is therefore considered to be more relevant. It allows to interpret the
share of the population of the sending market, which on average realises one overnight stay
per year at the target site. If the coefficient takes a value equal to 100% or higher, it means
that on average each inhabitant of the sending market realised at least one overnight stay per
year at the target site.
∑
∑

∑
∑

, kde

(2)

– the number of overnight stays of the target site from the sending market for the period
i,
– the number of inhabitants of sending market for the period i

RESULTS
Poprad District is located in the west of the Prešov region with an area of 1,105.1 km². It
is composed of 29 municipalities, of which three belongs status of the city (Poprad, Vysoké
Tatry, Svit). Natural preconditions together with developed infrastructure of the tourism
create favourable conditions for the development and implementation of tourism.
Whole territory of the district falls under the Tatra region tourism with international
importance. Although the offer of the region does not createsuch a variety of attractions as
e.g. Liptov, unique natural landscape of the High Tatras completely dominates its
attractiveness. To the undoubtedly dominant natural assumption associated withwalking and
ski tourism and downhill skiing (TatranskáLomnica, Štrbské Pleso) belongs alsoactivities
associated with long-term potential in improving knowledge of cultural heritage (Ždiar
Poprad - Spišská Sobota, Batizovce) or the spa tourism with therapeutic function (Vysoké
Tatry). In the following subchapters we analyse, whether this assumptions of tourism were
subsequently reflected into analysis of the visit rate, resp. the attractiveness of the Poprad
district.
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The visit rate of the Poprad district in tourism
In the analysed period ten years (2004-2013) were accommodated in accommodation
establishments of the Poprad district overall 3,918,397 visitors (on average 391,839 per year),
what represents 10.81% (second position within the all district in SR) of the total number of
tourists accommodated in SR for this period.
The domestic tourism participated 59.98% on the total visit rate and the outbound tourism
40.02%. The most foreign tourists were from The Czech Republic (34.93% from the total
number foreign tourists), Poland (18.59%), Germany (11.58%) and Hungary (9.51%), less
from Ukraine (4.79%), Austria (2.7%), Russia (2.01%). The remaining countries do not
exceed a limit 2% from the total number foreign visitors.
During monitored period, excluding the years 2005-2009, was on the basis of statistic
materials recorded the stable increase of the number of visitors, who were accommodated in
the Poprad district, where the number of all visitors increases year to year by an average
of 4.99%.The most dynamics increase was recorded in 2007, when a number of tourists
increases by 7.15% year on year. Conversely, in 2009 was recorded decrease by 18.05%,
a reason was the situation connected with economic crisis and also an introduction of the
euro. The number of tourists increases a total of 12.78% in the period 2004-2013, while we
register until 30.03% increase domestic tourists, however until 19.59% decrease foreign
tourists. Maximal increased number of tourists from Ukraine (from 6,320 in 2004 to 15,308 in
2013), Russia (from 3,309 to 5,431) and Czech Republic (from 58,782 to 60,409).
Significantly more pronounced are decreases foreign tourists from Hungary (from 25,678 to
9,698) and Germany (from 28,449 to 13,526).
During monitored decade we recording 13,340,310overnight stays by tourists in the
Poprad district (12.1% from the total number of overnight stays in SR), which corresponds on
average to 1,334,031 overnight stays per year. To the domestic tourists belong 56.94% from
the total number of overnight stays during monitored period, the remaining 43.06% belong to
the foreign tourists. The most overnight stays during period 2004-2013 realised Czechs in the
Poprad district (37.59% from the total number of overnight stays foreign tourists), Polish
people (16.79%),Germans (14.44%), Hungarians (7.14%), Ukrainians (6.2%), less Austrians
and Russians (equally 2.22%). The number of overnight stays by other inhabitants of the
sending markets on average did not exceed the line 2%.
In the development of the number of overnight stays we can see repetitive cycles, which
are characterised by phases of gradual increase, resp. stabilization. Similarly like analysis of
the visit rate, was year 2009 characterized by more pronounced decrease, when the number of
overnight stays decreased by 14.24% year on year, what actually represents decrease by
201,296 overnight stays. This decrease is also connected with the financial crisis and with the
introduction of the euro (1.1.2009), what reflected also the behaviour of the potential
participants of tourism in the Poprad district.
Since the year 2010 followed the yearly increases on average 6.03%. In comparison years
2004 and 2013 it was occurred to the 20.06% increase of the overnight stays number of
domestic tourist and conversely, to the 28.31% decrease of the overnight stays number foreign
tourists. The average length of stay is in generally an indicator, which influences economic
functions of tourism in a country. On average it acquired comparable values in the period
2004-2013, which ranged between 3.23-3.88. Because Slovak average for monitored period
acquires the value 3.05, the length of stay is above the average in the Poprad district. To the
domestic tourists accrued 3.24 days, to the foreign tourists 3.65 days. On the average the most
day stays spent in the Poprad district tourist from Serbia and Montenegro (5.24), Bosnia and
Herzegovina (5.07), Croatia (4.92), Ukraine (4.74), Germany (4.57) and Belarus (4.23).
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Attractiveness of the Poprad district in the tourism
The domestic tourism
On the basis of values of the attractiveness coefficient of the target site ka1 (1), which
includes a size of sending markets, it can be concluded, that in analysed period 2004-2013
was the Poprad district attractive for 4.36% inhabitants of Slovak Republic, who visited it
once a year on average and they accommodated in accommodation establishments in Slovak
Republic (tab. 1). The monitored area was in domestic tourism most attractive in 2013 from
the perspective of satisfied demand, when the value of attractiveness coefficient was 5.27%.
Conversely, this indicator acquired minimum in 2004, when on average only for 3.71%
inhabitants of Slovak Republic was the target site attractive.
For monitored period of ten years it is characteristic gradual increase of attractiveness,
which was interrupted only in years 2009 and 2011. The average annual increase for other
period was 6.51%, while we can see the most pronounced increase in 2012, when the
attractiveness coefficient ka1 (1) has increased by 13.89% compared to previous year.
Very strong attractiveness of the Poprad district in domestic tourism confirmed also the
values of coefficient ka2(2), according to them until 14.1% inhabitants of Slovakia realised on
average one overnight stay per year in the Poprad district in monitored period 2004-2013 (tab.
2).
For comparison we mention, that each inhabitant of Slovakia stayed during night in
domestic accommodation establishments 1.2times.
Equally, indicator ka1 and also indicator ka2 acquire the maximum values in 2013, when
16.57% Slovak realised on average one overnight stay in the Poprad district. Conversely,
minimum appertains to year 2005, when the attractiveness according to the indicator reached
12.42%. The attractiveness of the Poprad district during the analysed period decreased only in
years 2005 (10.72% decrease) and 2011 (5.48% decrease). During other years of the analysed
period the attractiveness of the Poprad district according to coefficient ka 2 increased at an
average rate 5.13%. We can see the largest increase in year 2012, when the attractiveness of
the district increased by 12.93%.
The active outbound tourism
We can say, that the attractiveness of the Poprad dictrict in the active outbound tourism
was significantly lower during the analysed period 2004-2013. In connection with individual
segments of tourists according to sending markets we can say about significantly lower
attractiveness of the Poprad district.
From the perspective of potential (the size) source markets was the district most attractive
for tourists from Czech Republic in analysed period, from which on average 0.53% per year
visited the territory and accommodated in it, what is to a great extent affected by common
history of both countries.Less attractive was for Hungarian (ka 1=0.15), Latvian (ka1=0.10),
residents of Lithuania (ka1=0.09), Estonia (ka1=0.09), Poland (ka1=0.08) and residents of
Alpine States - Liechtenstein (ka1=0.06), Austria (ka1=0.05), a Germany (ka1=0.02).
Very less attractiveness of the Poprad district for individual sending markets
demonstrated also coefficient ka2. We can see possitive values in residents of Czech Republic,
where 2.09% of Czech population realised on average one overnight stay during analysed
period in the Poprad district. Significantly less attractive was this locality for Hungarian
(ka2=0.41), Estonians (ka2=0.31), a resident of Lithuania (ka2=0.26), Poles (ka2=0.25),
Latvians (ka2=0.25), Austrians (ka2=0.15) and Germans (ka2=0.10).
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Tab. 1 The values of attractiveness coefficient of the Poprad district in tourism according to indicator ka1
sending market/year
Albania

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

Average

Ranking

0.00010

0.00006

0.00025

0.00016

0.00003

0.00006

0.00042

0.00064

0.00018

0.00004

0.000193825

39

Belgium

0.01097

0.01217

0.00932

0.01255

0.00866

0.00826

0.01012

0.00810

0.00733

0.00854

0.009601815

17

Belarus
Bosnia and
Herzegovina
Bulgaria

0.00087

0.00170

0.00215

0.00453

0.00337

0.00390

0.00429

0.00356

0.00571

0.00489

0.003498845

28

0.00010

0.00021

0.00088

0.00580

0.00499

0.00083

0.00068

0.00021

0.00120

0.00117

0.001608181

33

0.00124

0.00125

0.00209

0.00745

0.00118

0.00200

0.00260

0.00126

0.00262

0.00314

0.002483255

30

Czech Republic

0.57656

0.51872

0.49783

0.58827

0.57997

0.42305

0.43603

0.53087

0.56155

0.57444

0.528729656

2

Denmark

0.00978

0.01502

0.01146

0.00949

0.00824

0.00474

0.00412

0.00469

0.00579

0.00803

0.008136238

19

Estonia

0.03967

0.03297

0.05679

0.13761

0.15085

0.09643

0.09705

0.08867

0.09168

0.08650

0.087821813

6

Finland

0.02517

0.01287

0.00949

0.00866

0.00904

0.00817

0.00764

0.00848

0.00602

0.00544

0.010098283

16

France

0.00241

0.00233

0.00202

0.00219

0.00180

0.00151

0.00165

0.00136

0.00173

0.00163

0.001862414

32

Greece

0.00078

0.00063

0.00084

0.00074

0.00132

0.00089

0.00086

0.00076

0.00125

0.00047

0.000854344

36

Netherlands

0.01396

0.01224

0.01063

0.01120

0.00782

0.00684

0.00598

0.00734

0.00672

0.00556

0.008830632

18

Croatia

0.01705

0.02285

0.01758

0.01822

0.01528

0.01281

0.00804

0.00620

0.00381

0.00331

0.012514806

15

Ireland

0.00208

0.00316

0.00447

0.00719

0.00888

0.00473

0.00668

0.00322

0.00646

0.00505

0.005192996

26

Iceland

0.00034

0.00000

0.00800

0.00033

0.00285

0.00063

0.00346

0.00628

0.01095

0.02423

0.005708124

25

Serbia and Montenegro

0.00856

0.00478

0.00872

0.00761

0.00237

0.00435

0.01098

0.00699

0.00645

0.00542

0.006623419

22

Liechtenstein

0.00000

0.00000

0.00286

0.00853

0.00283

0.00000

0.01393

0.00553

0.00822

0.51849

0.056039749

8

Lithuania

0.07111

0.06035

0.06146

0.15043

0.11825

0.08697

0.06276

0.08108

0.09242

0.09411

0.087895859

5

Latvia

0.03883

0.07730

0.10081

0.24728

0.17018

0.07855

0.07574

0.06372

0.08123

0.08227

0.101591518

4

Luxembourg

0.00242

0.00173

0.00213

0.00126

0.00269

0.01884

0.01813

0.00391

0.01791

0.01117

0.008019088

21

Macedonia

0.00163

0.00039

0.00049

0.00005

0.00073

0.00195

0.00073

0.00097

0.00083

0.00082

0.000859682

35

Malta

0.00225

0.01291

0.01160

0.01430

0.00368

0.13482

0.00556

0.00530

0.00311

0.01376

0.020729905

11

Moldova

0.00030

0.00022

0.00014

0.00034

0.00031

0.00275

0.00146

0.00095

0.00051

0.00110

0.000807184

37

Hungary

0.25382

0.22201

0.22386

0.17110

0.14877

0.10225

0.08627

0.08605

0.09214

0.09787

0.148414186

3

Germany

0.03447

0.03154

0.02946

0.02824

0.01933

0.01727

0.01545

0.01384

0.01505

0.01680

0.022143148

10

Norway

0.00590

0.00649

0.00597

0.00714

0.00612

0.00581

0.00504

0.00461

0.00459

0.00548

0.005716256

24

Poland

0.06739

0.07365

0.08788

0.10384

0.12177

0.05817

0.05497

0.06566

0.06626

0.06248

0.076205922

7

Portugal

0.00015

0.00024

0.00004

0.00022

0.00045

0.00056

0.00048

0.00294

0.00051

0.00076

0.000635971

38

Austria

0.07579

0.06960

0.06025

0.05194

0.05693

0.03531

0.04565

0.03250

0.04131

0.04130

0.051056155

9

Romania

0.00433

0.00454

0.00773

0.01161

0.01141

0.00836

0.00778

0.00696

0.00783

0.00992

0.00804619

20

Russia

0.00230

0.00207

0.00225

0.00204

0.00129

0.00134

0.00138

0.00272

0.00292

0.00377

0.002208164

31

Slovakia

3.71137

3.78183

3.96156

4.25564

4.61994

4.28562

4.41905

4.36613

4.97245

5.26619

4.363977354

1

Slovenia

0.01142

0.01106

0.01073

0.01646

0.01930

0.01314

0.02956

0.01249

0.01450

0.02006

0.015871877

13

Spain

0.00130

0.00113

0.00089

0.00122

0.00086

0.00089

0.00144

0.00133

0.00122

0.00104

0.00113136

34

Switzerland

0.01931

0.01659

0.01401

0.02032

0.01048

0.01278

0.01501

0.00897

0.01116

0.00978

0.013841466

14

Sweden

0.00641

0.00482

0.00420

0.00533

0.00658

0.00338

0.00879

0.00493

0.00603

0.01099

0.006145149

23

Italy

0.00304

0.00241

0.00302

0.00356

0.00292

0.00223

0.00228

0.00220

0.00202

0.00213

0.002578954

29

Ukraine

0.01332

0.01345

0.01933

0.02036

0.01474

0.00778

0.00850

0.01788

0.01371

0.03374

0.016280796

12

UK

0.00477

0.00504

0.00629

0.00671

0.00669

0.00377

0.00346

0.00262

0.00367

0.00367

0.00466902

27

Source: Own processing acoording to unpublished statistic data of the Statistical Office of the Slovak Republic during period 2004-2013
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Tab. 2The values of attractiveness coefficient of the Poprad district in tourism according to indicator ka2
sending market/year

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

Average

Ranking

Albania

0.00010

0.00006

0.00048

0.00022

0.00032

0.00016

0.00159

0.00244

0.00032

0.00004

0.00057

39

Belgium

0.04321

0.04430

0.03765

0.04260

0.03243

0.02875

0.03792

0.02943

0.02318

0.02501

0.03445

17

Belarus

0.00725

0.00616

0.00762

0.01980

0.01713

0.01407

0.02040

0.01470

0.01949

0.02109

0.01477

26

Bosnia and Herzegovina

0.00023

0.00031

0.00174

0.02953

0.03296

0.00354

0.00271

0.00055

0.00576

0.00428

0.00816

30

Bulgaria

0.00350

0.00981

0.00705

0.01466

0.00346

0.00473

0.00624

0.00392

0.00808

0.00697

0.00684

32

Czech Republic

2.56911

2.12983

2.03794

2.36466

2.28203

1.59195

1.68058

2.05421

2.05488

2.09610

2.08613

2

Denmark

0.03111

0.05383

0.03403

0.02421

0.02091

0.01154

0.01070

0.01620

0.01552

0.03213

0.02502

22

Estonia

0.08629

0.09626

0.16266

0.48126

0.60458

0.39117

0.31014

0.34106

0.35119

0.32261

0.31472

4

Finland

0.08893

0.04480

0.03511

0.01941

0.02802

0.02281

0.02089

0.02030

0.02453

0.01227

0.03171

18

France

0.00572

0.00520

0.00491

0.00479

0.00398

0.00329

0.00415

0.00322

0.00377

0.00368

0.00427

33

Greece

0.00231

0.00219

0.00344

0.00187

0.00346

0.00197

0.00205

0.00167

0.00398

0.00099

0.00239

36

Netherlands

0.05571

0.04510

0.04029

0.03904

0.02880

0.02384

0.02121

0.02234

0.02159

0.01887

0.03168

19

Croatia

0.08995

0.12204

0.08281

0.09134

0.07560

0.05819

0.04395

0.02898

0.01534

0.00777

0.06160

12

Ireland

0.00429

0.00895

0.01357

0.02007

0.03082

0.01239

0.01987

0.00844

0.02106

0.01976

0.01592

24

Iceland

0.00034

0.00000

0.01434

0.00163

0.00571

0.00157

0.00661

0.01036

0.02973

0.03107

0.01014

28

Serbia and Montenegro

0.04605

0.02100

0.04903

0.04715

0.00933

0.02097

0.06511

0.03451

0.03029

0.02330

0.03467

16

Liechtenstein

0.00000

0.00000

0.00573

0.02559

0.00283

0.00000

0.03065

0.00553

0.00822

0.53206

0.06106

13

Lithuania

0.25708

0.23054

0.17964

0.43616

0.33574

0.24700

0.17524

0.19603

0.24807

0.24250

0.25480

5

Latvia

0.10459

0.19958

0.28372

0.60185

0.43599

0.18337

0.18694

0.12957

0.15767

0.20451

0.24878

7

Luxembourg

0.00571

0.00672

0.00533

0.00441

0.00475

0.06221

0.07648

0.01016

0.04535

0.03724

0.02584

21

Macedonia

0.00330

0.00079

0.00216

0.00005

0.00132

0.00473

0.00156

0.00219

0.00155

0.00223

0.00199

37

Malta

0.00300

0.05017

0.04025

0.05399

0.00858

0.55411

0.03454

0.01566

0.01269

0.05269

0.08257

10

Moldova

0.00030

0.00039

0.00078

0.00095

0.00087

0.01368

0.00803

0.00258

0.00208

0.00435

0.00340

34

Hungary

0.74390

0.61700

0.58707

0.48644

0.41573

0.26548

0.23246

0.22568

0.24128

0.26714

0.40822

3

Germany

0.17125

0.15526

0.13912

0.12260

0.08977

0.07901

0.06511

0.05760

0.06142

0.06988

0.10110

9

Norway

0.01612

0.01455

0.01463

0.01653

0.01697

0.01629

0.01361

0.00908

0.01284

0.01841

0.01490

25

Poland

0.22409

0.23977

0.30100

0.34317

0.39541

0.19829

0.17638

0.21059

0.22198

0.21071

0.25214

6

Portugal

0.00028

0.00046

0.00017

0.00048

0.00139

0.00134

0.00117

0.00844

0.00141

0.00136

0.00165

38

Austria

0.22643

0.23007

0.17563

0.15109

0.17050

0.10302

0.14465

0.09619

0.12470

0.11813

0.15404

8

Romania

0.01620

0.01744

0.03315

0.04550

0.04328

0.03001

0.02447

0.02214

0.03183

0.03884

0.03029

20
29

Russia

0.01343

0.01156

0.00223

0.01130

0.00682

0.00597

0.00580

0.00983

0.00948

0.01259

0.00890

Slovakia

13.90142

12.41832

12.76395

12.95203

14.12738

14.50197

14.53815

13.74172

15.51634

16.56964

14.10309

1

Slovenia

0.02530

0.03339

0.03020

0.03606

0.05213

0.04340

0.12575

0.02234

0.03751

0.06766

0.04737

14

Spain

0.00352

0.00349

0.00208

0.00258

0.00199

0.00231

0.00393

0.00403

0.00274

0.00228

0.00289

35

Switzerland

0.05341

0.04605

0.03506

0.05316

0.02594

0.03027

0.04210

0.02085

0.03065

0.02615

0.03636

15

Sweden

0.01983

0.01213

0.01103

0.01455

0.01507

0.00781

0.02648

0.01365

0.01637

0.02769

0.01646

23

Italy

0.01019

0.00696

0.00891

0.01317

0.00855

0.00583

0.00609

0.00564

0.00521

0.00508

0.00756

31

Ukraine

0.08195

0.07704

0.10973

0.11623

0.08215

0.04057

0.03883

0.05419

0.05123

0.11699

0.07689

11

UK

0.01317

0.00502

0.01728

0.02021

0.02321

0.01410

0.01146

0.00727

0.00991

0.01077

0.01324

27

Source: Own processing acoording to unpublished statistic dataof the Statistical Office of the Slovak Republic during period 2004-2013
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DISCUSSION AND CONCLUSIONS
We analysed the attractiveness of the Poprad district on the basis of available data by
means of absolute numbers domestic and foreign tourists and their overnight stays in the
accommodation establishments. We achieved the results, which indicate what percentage of
total population of target market visit the monitored area (the attractiveness coefficient ka 1),
resp. how many of them realised one overnight stay per year in target site, what reflects the
attractiveness coefficient ka2. These coefficients compare the real visit rate of the Poprad
district with potential (ideal) visit rate with a view to a size of sending markets.
We made conclusion trough the statistic analyse, that the Poprad district is markedly
more attractive for domestic tourists than for foreign tourists. During the analysed period
belonged to the first six sending countries with the largest number of tourists of the Poprad
district Czech Republic, Poland, Germany, Hungary, Ukraine and Austria. Ranking of first six
most significant source markets of the analysed district from the perspective of number of
overnight stays is slightly modified: The Czech Republic follows Poland, Germany, Hungary,
Ukraine and Austria.
From the perspective of potential (the size) individual foreign markets and the share of
population, which on average visits the Poprad district per year, is this area most attractive for
Czech Republic, Hungary, Latvia, Lithuania, Estonia and Poland. According to share of
inhabitants, who realised minimum one overnight stay in the Poprad district per year is this
locality attractive for Czech Republic, Hungary, Estonia, inhabitants of Lithuania, Poland and
Latvia.
The analyse showed significant geographic segmentation, where on one side outweigh
high attractiveness of the Poprad district from the perspective of neighbouring countries and
on the other side very significant attractiveness of the locality for Baltic States. In first case
(Czech Republic, Hungary, Poland) is dominant parameter „neighbourhood of the countries“
and assumptions connected with it. In second case is larger distance compensated by the
attractiveness of the district from the perspective of mountain landscape existence.
The paper analysed the attractiveness of the Poprad district in tourism in detail from the
aspect of satisfied demand of domestic and foreign tourists, while submitted geographic
segmentation of the markets can be usable for the marketing like a tool to the next tourism
development in the Poprad district.
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OF MICROREGION TERMAL
Michaela Žoncová, Alena Dubcová
Department of geography and regional development, Constantine the Philosopher University in
Nitra, Tr. A. Hlinku 1, 949 74 Nitra,Slovakia, michaela.zoncova@ukf.sk, adubcova@ukf.sk
Abstract
Rural landscape had been underlying structural changes for last two decades and primary agricultural function
of rural area was displaced by other non-productive functions. Function of tourism and other functions linked to
tourism became one of the most importantin microregion Termal. Nowadays, rural population is employed in
various branches and therefore structure of economic branches is changing in time. These changes, negative or
positive, we verified through gross and net index of diversification and it was monitored using the Lorenz curve
and spatial changes were displayed by map outputs. The aim of this paper is to review the changes that have
occurred in communities of microregion Termal in observed ten-year period from 2001 to 2011, then to assess
the degree of diversification in communities and compare it with the level of the microregion Termal, region,
district and country. The intention isalsoa demonstration of theimportance ofthe growingimpact of tourism
onchangesin the structure ofeconomic branchesin rural communities.
Keywords
Diversification. Rural landscape. Microregion Termal. Index of diversification.

INTRODUCTION
Rural landscape fulfilled especially production function, in elapsed years. Primary
agricultural function is weakening in behalf of non-production functions such as tourism. In
consequence of tourism development the status of landscape is changing and there are new
elements with different functions in landscape. After 1989, the economy was transformed
from a centrally planned economy to a market economy, whereby privatization, enterprise
restructuring, market liberalization were the main elements of the reform (Roland, 2000). The
new stage of rural development in Slovakia occurred firstly during the transformation after
1989 and then after Slovakia joined the European Union in 2004. These changes led to the
disintegration of many rural agricultural cooperatives, state farms and enterprises and private
enterprises got at forefront. In the 80s of the 20th century diversification of agriculture began
to appear by reason of rural renewal and recovery (Marsden, 2002).
Concept of diversification is derived from Latin word “diversus” – quite different,
diverse, facing the various parties, distributed in different places and “facere”, what means to
act. This implies basic understanding of the meaning of diversification as differentiation,
changes, variations and increasing of diversity inside the whole is consequence of that
(Moulis, 2010). Diversification means differentiating; it is strategy that tries to reduce risks by
not relying on one product, but it divides its activities into different areas, its assets into
different companies, names etc. Diversification occurs in all human activities such as
agriculture, industry and services.
In rural country it is mainly diversification into non-agricultural activities. According to
Svobodova (2011) is the diversification of the rural economy a way how to increase the
number and variety of job positions in the current rural country and the leading towards
achievement a balanced and stable socio-economic development of the interest area should be
the aim of diversification. Hrabánková (2006) defines spheres leading to the diversification of
the rural economy, supported by the dotation programs. She includes here also a
diversification towards non-agricultural activities, supporting the creation and development of
small businesses, promoting tourism, protecting natural and cultural heritage and the trend
towards sustainable development and out of this point diversification has an impact on
landscape.
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Microregion Termal is the area of interest, which consists of thirteen communities Radava, Podhájska, Bardoňovo, Travnica, Bohemia, Hul, Pozba, Dolný Ohaj, Veľké Lovce,
Dedinka, Kolta, Vlkas and Maňa. In terms of regional classification, microregion is part of
Nové Zámky district and Nitra self-governing Region. Podhájska is center of microregion and
it is well-known because of thermal swimming pool and thanks to it journal TREND ranked
Podhájska to 4th place of the most attractive thermal swimming pools and aquaparks in
Slovakia in 2013 on the ground of income. Surface of microregion amounted to a total of 20
639 631 ha. Communities of microregion performed primary agricultural function. In 2013,
agricultural land forms as many as 80.5% of the total area of the microregion (Statistical
Office of the Slovak Republic, 2014). Rural settlements look for resources for further
development and want to work out the most of their potential. Their aim is on the one hand
sustainment of agricultural production and its diversification, but also rural development
towards recreation and tourism, to improve the lives of rural inhabitants (Pělucha - Viktorová
- Bednáriková, 2009). Gradually, it is changing the sectorial structure of the economies of
rural communities. Indexes of diversification offer good possibilities for assessment of
sectorial diversity of the industrial structure, which Mládek (1972) has introduced into Slovak
literature.
METHODS
Todeterminethe degree ofeconomic branches diversification inthe rural communities, we
used gross and netindex of diversification. Gross index ofdiversification(GIDi) is value
calculated asthe cumulative sum ofthe percentagesof sub-sectors of the economy on the
number ofworkers employedin the region (Kulla, 2005). Grossindex ofdiversificationcan take
at 16 economic branches maximum value of 1600 and minimum value of850. The value of
1600represents the lowestdegree of diversification, whichoccurs when in theterritorial
unitislocatedjust oneeconomic branch.
Value of850represents the highestlevel ofdiversification, because there are all
industrieswiththe same percentage located intheterritorial unit. Then wecalculated thenetindex
of diversification(NID) according to the formula1:
(1)
NID– net index of diversification in region i,
GIDi – gross index of diversification in region i,
GIDr – gross index of diversification in region of higher level,
GIDmax – maximum value of gross index of diversification.
Values of NID are between 0 and 1000. When NID is 0, then the region has the highest
level of economic branches diversification and when NID is 1000, then the region has the
maximum specialization (Mládek et al., 1983). On the ground of results we divided
communities into five categories – from the most diversified to at least diversified. The
statistical data were obtained from the 2001 and 2011 Population and Housing Census and
from Regional Statistical Office in Nitra. However, there was used different classification of
economic branches, in both censuses. In 2001, there were 16 economic branches and in 2011
there were 83 economic branches, which were identified in the area of interest (Tab. 1). We
united both classifications into the 16-member classification of economic branches and then
we calculated gross and net index of diversification.
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Tab. 1 Percentage of economically active population in branches in communities of microregion
Termal in 2001 and 2011
community

A

Kolta

12,6
16,5
Vlkas
16,3
Veľké Lovce 22,3
Trávnica
20,2
Radava
19,4
Pozba
19,5
Bardoňovo 20,6
Čechy
22,9
Dedinka
17,9
Dolný Oháj 24,9
Maňa
24,0
Podhájska
13,7
Hul

community
Kolta

A

21,0
Hul
23,0
Vlkas
29,0
Veľké Lovce 23,3
Trávnica
34,4
Radava
19,9
Pozba
23,2
Bardoňovo 18,3
Čechy
19,9
Dedinka
26,6
Dolný Oháj 27,4
Maňa
31,8
Podhájska
14,4

B

4,0
2,0
11,1
12,4
9,8
6,2
8,7
12,5
3,1
12,4
5,8
5,4
7,5
B

8,8
5,6
10,3
15,3
8,2
9,0
10,8
8,8
8,5
11,2
4,2
6,4
8,1

Percentage of economically active population in individual branches in 2001
C
D
E
F
G
H
I
J
K
L
M
N
O

10,0
6,1
4,4
8,7
7,9
8,7
12,6
9,7
6,1
8,5
9,5
5,2
6,6

11,8
9,0
8,9
7,5
5,4
6,9
10,5
10,9
8,4
9,1
6,5
7,8
6,8

22,9
11,4
4,4
5,2
11,2
5,5
6,1
7,5
29,0
11,7
10,7
4,3
10,9

5,2
15,3
17,0
5,0
6,7
20,6
5,8
3,6
4,6
7,0
11,1
8,4
13,5

1,5
5,0
2,2
3,1
5,3
2,5
1,8
9,7
3,1
1,8
3,4
9,8
4,9

4,5
6,8
3,0
3,1
4,6
3,2
8,7
2,2
3,1
2,6
3,8
3,8
3,8

2,7
0,9
0,7
2,9
3,3
3,7
3,6
1,4
0,8
1,8
1,1
2,3
4,3

1,0
0,0
0,0
1,2
0,0
0,7
0,4
0,3
0,0
2,1
0,1
0,9
3,0

2,1
0,7
0,7
1,1
2,5
2,5
2,5
1,1
2,3
1,0
1,4
0,8
2,3

1,5
0,7
1,5
0,9
0,5
1,2
4,0
0,8
0,8
1,6
1,1
0,4
6,0

0,4
0,6
1,5
0,8
1,2
2,0
1,4
1,9
0,0
0,5
0,5
1,4
0,9

0,4
0,9
0,0
0,5
0,4
1,0
0,4
0,3
0,0
0,8
1,8
0,9
0,9

0,3
0,2
0,7
0,0
0,7
0,2
0,0
0,0
0,8
0,0
0,1
0,2
0,0

Percentage of economically active population in individual branches in 2011
C
D
E
F
G
H
I
J
K
L
M
N
O

11,2
14,2
14,5
12,0
10,3
13,1
7,5
8,0
7,8
11,7
12,4
8,8
10,0

8,9 9,5 8,2
0,0 4,5 16,5
6,2 3,4 13,8
5,1 4,1 5,5
6,6 4,2 6,8
8,7 5,2 12,6
9,1 5,0 6,6
5,6 9,4 7,1
7,8 15,6 5,7
6,9 8,6 7,2
7,9 5,7 11,8
6,9 3,8 9,3
7,2 7,0 11,0

3,9
5,9
0,0
3,7
4,2
4,1
2,5
2,7
5,0
2,3
3,4
3,6
5,9

3,9 5,7 0,5
5,0 11,5 0,0
3,4 7,6 0,0
5,5 6,4 0,3
3,6 6,8 0,6
6,6 5,2 0,3
6,6 5,8 0,4
2,9 7,1 0,0
3,5 9,2 0,0
3,2 5,4 0,9
5,5 5,1 0,4
4,6 6,9 0,2
4,7 5,3 2,8

3,0 5,3 0,3
2,5 3,9 0,2
2,1 2,8 0,0
5,1 3,3 1,0
1,8 4,4 0,8
3,3 3,3 0,8
5,4 7,5 1,2
3,5 12,7 1,2
4,3 6,4 0,0
4,9 4,0 0,9
2,5 4,7 0,8
0,1 10,1 0,2
5,7 11,0 0,4

0,6
1,1
0,7
1,2
1,2
0,5
0,4
0,6
0,0
0,3
1,6
1,2
1,1

P

18,9
23,9
27,4
25,4
20,2
15,6
14,1
17,3
15,3
21,2
18,0
24,3
14,8
P

0,9 8,2
0,0 6,1
0,0 6,2
0,2 8,2
0,2 6,2
0,5 6,8
0,0 7,9
0,6 11,5
0,7 5,7
0,6 5,4
0,1 6,6
0,1 5,9
0,0 5,5

Economic branches:
A
industry
B
construction
C
wholesale and retail, repairing of motor vehicles, motorcycles and consumer goods
D
public administration and defense, compulsory social services
E
agriculture, hunting and similar services
F
transport, stowage and communications
G
health and social wokr
H
education
I
real estate, renting and business, research and development
J
forestry, timber harvesting and similar services
K
hotels and restaurants
L
other public, social and personal services
M
manufacture of electricity, gas, and water supply
N
finance and insurance
O
raw material mining
P
unknown sector

Source: 2001 and 2011 Population and Housing Census
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There is also population without economic branch (unknown branch), what can distort
results of indexes. We consider the population of the community working in the economic
branch, what means, that we examined population living in the community, working in the
branch as in community as outside the community. We didn’t take into account commuting
into other communities. We divided economic branches into 16 categories (Tab. 1).
Lorenz curve is graphic form of expression of specialization or diversification and
concentration or deconcentration, respectively, which is used for the graphic presentation of
spatial effects. The greater curvature of the resulting curve with respect to a diagonal of the
graph is, the region has bigger level of specialization and concentration of economic branches.
On the other hand, when the curve is closer to a diagonal of the graph, it reflects higher level
of diversification, deconcentration of economic branches (Kulla, 2005). Axis of the graph
represent the cumulative sums of the studied phenomena percentages (0-100%), or one axis
expresses studied phenomena and the other axis represent their value as a percentage. Shape
of the curve established by connecting points, which reflect the (cumulative) value of studied
phenomena in percentage, reproduces the level of their difference.
For spatial analysis of economic branches diversification software ArcGIS 10.1 was used,
by which we analyzed the spatial changes of the gross index of diversification.
RESULTS
At first, we assessed diversification ofmicroregionTermalas a wholecompared to
higherterritorial unitsandthe district ofNové Zámky,Nitra self-governing regionand
theSlovakRepublicfor the year2011 (fig. 1).

Fig. 1 Lorenz curve of diversification of economic branches in 2011
Microregion Termál reached the greatest curvature of the Lorenz curve, what means that
the microregion has the lowest degree of diversification and on the other hand the Slovak
republic has the smallest curvature, what indicates the highest degree of diversification. In this
comparison, the Slovak republic reached the highest degree of diversification, and then Nitra
self-governing region, Nové Zámky district and microregion Termál followed.
From the point of view of comparison of the gross index of diversification in
communities in microregion Termál in 2001 and 2011, we found out that in all communities
degree of diversification increased. Values of GIDi may vary in this case in range 850-1600;
it applies that the lower the value is, the higher is the degree of diversification. The biggest
change occurred in Čechy and on the other hand, the smallest change was identified in
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Trávnica. Likewise, in the observed period microregion Termál was diversified, too (Tab. 2).
Podhájska was the most diversified community of microregion in both study years. In 2011,
Kolta, Pozba and Bardoňovo were included into the group of the most diversified
communities, where Kolta recorded the biggest increase, because it made progress from the
category of less diversified to category of the most diversified.
Tab. 2 Gross and net index of diversification in communities of microregion Termal in 2001 and 2011
2001
2011
community
GIDi change
NID change
GIDi
NID
GIDi
NID
Kolta
1297,90 111,09 1197,73 -26,86
100,17
137,95
Hul
1317,28 168,10 1287,43 202,12
29,85
-34,02
Vlkas
1339,26 232,77 1323,45 294,05
15,81
-61,28
Veľké Lovce
1317,13 167,65 1229,53 54,30
87,60
113,35
Trávnica
1268,19 23,65 1263,22 140,31
4,97
-116,66
Radava
1268,98 25,98 1213,93 14,50
55,05
11,48
Pozba
1237,55 -66,52 1195,44 -32,72
42,11
-33,80
Bardoňovo
1287,74 81,19 1203,24 -12,79
84,50
93,98
Čechy
1348,09 258,76 1212,06 9,71
136,03
249,06
Dedinka
1285,23 73,80 1240,69 82,79
44,55
-8,99
Dolný Oháj
1301,52 121,74 1244,60 92,79
56,92
28,95
Maňa
1305,66 133,91 1273,49 166,53
32,17
-32,62
Podhájska
1179,89 -236,18 1133,05 -191,97
46,84
-44,21
Microregion Termál 1260,15
1208,25
51,90
Intensity of diversification
the most diversified
more diversified
avarage diversified
less diversified
at least diversified

GIDi/NID change
decrease increase

Vlkas was at least diversified in both years. Net index of diversification shows us the
status of communities with respect to the whole microregion and according to Mládek (1983)
ranges in value from 0 to 1000, whichever it applies that the lower the value is, the higher is
the degree of diversification. Based on the values of NID we detected an increase of
diversification in six communities (Veľké Lovce, Kolta, Bardoňovo, Radava, Dolný Oháj,
Čechy) and a decrease in seven communities (Hul, Vlkas, Trávnica, Pozba, Dedinka,
Podhájska, Maňa). Four communities reached negative values of NID, what is caused by fact
that value of GIDi of community was lower than value of GIDi of microregion. That means
that community has a higher level of diversification than microregion. Therefore there was
negative numerator when we calculated NID. The result is caused by the fact that in
communities, where NID was negative; is noticeable more balanced representation of
employment in different branches than in microregion. This phenomenon can be monitored by
the Lorenz curve (fig. 2), where we have chosen representative communities with a maximum
and minimum value of NID in 2001 and 2011, and we compared them with the value of the
microregion.
In 2001, Podhájska reached the lowest value of NID (negative value), but it means that
the level of diversification was higher than level of the microregion. This phenomenon is
visible on fig. 2 on left, where the curve of Podhajska is less curved; it is going closer to the
diagonal. On the other hand, Čechy reached the maximum value of NID in that year. The
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curve of Čechy is much more curved than the curve of microregion Termal what means that
in the community of Čechy was lower level of diversification than in the microregion.

Fig. 2 Lorenz curve of economic branches diversification in 2001 a 2011
In 2011, Podhájska reached the lowest value of NID and Vlkas reached the highest value
of NID. The facts can be observed as the previous phenomena in 2001 on fig. 2 on right side.
Therefore, there are all negative values of NID displayed below the higher territorial units in
the graph on fig. 2, in this case below the Lorenz curve of microregion Termal. That means
that the community with such values exceeds in diversification compared with a microregion.
Total increase/decrease of economically active population employed in the sector "hotels
and restaurants" is visible on fig. 3, where increase is visible in almost all communities. On
the other hand, there is decrease of employment in the sector "Agriculture, hunting and
similar services" in almost all communities.

Fig. 3 Employnment of population in selected branches in communities of microregion
Termal in 2001 and 2011
Position of tourism in Podhájska has a positive impact on community development in
terms of diversification of economic activities and on the development of communities
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of microregion. There isn’t also the phenomenon of specialization in tourism, because
population is employed in other sectors than just in tourism. This fact is evident also in the
surrounding communities, where can accumulate other economic sectors linked to tourism.
Number of beds in accommodation facilities in Podhájska increased from 2001 to 2011 by
167 beds and the number of economically active population employed in the tertiary sector
increased by 48. Population of Podhájska has also increased by almost half (532 to 1062).

Fig. 4 Diversification of economic branches in microregion Termal in 2001 and 2011
Spatial changes in the diversification of economic branches are shown on fig. 4, where
noticeable increase of diversification is visible in almost all communities. Visible is also
a higher concentration of diversification around Podhájska in 2001 and also in 2011. We also
examined the intensity of changes in the period. The largest increase of diversification
occurred in Čechy, Kolta, Veľké Lovce and Bardoňovo, because there were found all
economic branches with balanced percentage of employments.
DISCUSSION AND CONCLUSION
Changing function of rural landscape is also reflected in the employment of the rural
population. There is decrease of employment in agriculture and there also occurs
a redistribution of employment in other sectors.
Based on the research of diversification of economic branches in communities of
microregion Termál, we found out that the structure of economic branches has diversified in
the observed year period. All communities recorded an increase in terms of gross index of
diversification. In comparison with the regions of higher level, we found out that
diversification of microregion Termál is at a lower level than the Slovak Republic, but
compared to the center of the microregion – Podhájska, microregion achieved worse values of
diversification. Inhabitants are employed in various economic branches also by reason of
increasing importance of thermal swimming pool in Podhájska, what is related with the rising
importance of other branches such as accommodation, restaurants and sports and cultural
facilities. In Slovak geography, Mládek - Mišík (2002), Mládek - Veselka (2002), Dubcová
(2000) engaged with question of cartographic representation of diversification and
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Oremusová (2009) with economy of microregion Termál. With the increasing importance of
tourism, there isn’t any specialization to this branch, but there occursalso the development of
other related branches and structure of economic branches becomes more diversified.
However, there is noticeable decrease of the importance of agriculture in almost all
communities. The highest degree of diversification was found out in Podhájska, Pozba, Kolta
and Bardoňovo, because they made progress and reached better values than microregion. On
the other hand, Hul and Vlkas reached some of the lowest levels of diversification in both
study years. Index of diversification and Lorenz curve are a suitable tool for monitoring the
diversity of economic branches in the area. Based on the results, there is possibility to explore
development zones and also economic branches that shape the development of the area.
ACKNOWLEDGEMENT
This paper is published thanks to the financial support of the project UGA VII/19/2014
named: Development of rural space by diversification.
LITERATURE
Dubcová, A. 2000. Vývoj priemyslu a formovanie teritoriálno - priemyselných jednotiek na území
Ponitria. Nitra: FPV UKF.
Hrabánková, M. 2006. Příprava podmínek pro využití prostředků EU v období 2007 – 2013. In
Euromagazin, vol 7. 2006, p. 14-15.
Kulla, 2005. Transformácia priemyslu Bratislavy po roku 1989. Dizertačná práca. Bratislava:
Univerzita Komenského.
Mmádek, J. 1972 Niektoré miery teritoriálnej špecializácie priemyslu Slovenska. In Geografický
časopis XXIV. 1972-3, p. 213-234.
Mládek a kol. 1983. Cvičenia zo socioekonomickej geografie. Bratislava: Univerzita Komenského.
192 s.
Mládek, J. – Mišík, B. 2002. Špecializácia priemyslu. In L. Miklós, red. 2002. Atlas krajiny
Slovenskej republiky. 1. vyd. Bratislava: MŽP SR, Banská Bystrica: SAŽP SR.
Mládek, J. – Veselka, J. 2002. Ekonomická štruktúra obyvateľstva. In L. Miklós, red. 2002. Atlas
krajiny Slovenskej republiky. 1. vyd. Bratislava: MŽP SR, Banská Bystrica: SAŽP SR.
Moulis, P. 2010. Alternativní možnosti podnikání na venkově, diverzifikace zemědělské činnosti,
příklady dobré praxe z tuzemska i zahraničí. In Živá vesnice, Sborník příspěvků. Klatovy: Úhlava.
Oremusová, D. 2009. Geografické aspekty regionálneho rozvoja mikroregiónu Termál. Nitra : FPV
UKF. 146 s. ISBN 978-80-8094-559-6
Masrden, T. – Bristow, G. 2002. The social management of rural nature: understanding agrarian-based
rural development. In Environment and Planning, vol. 34, p. 809 – 825
Pělucha, M. – Bednaříková, D. – Viktorová, D. 2009. Možnosti nastavení efektivní politiky rozvoje
venkova EU. In Acta Oeconomica Pragensia, vol. 5, 2009.
Roland, G. 2000. Transition and Economics: Politics, Markets, and Firms. Cambridge : MIT Press.
ISBN 0262182033
Statistical Office of Slovak Republic, 2001. Population and Housing Census. [online] Available at
<http://census2011.statistics.sk/tabulky.html>[Accessed 10 June 2014].
Statistical Office of Slovak Republic,2011. Population and Housing Census. [online] Available at
<http://sodb.infostat.sk/sodb/sk/2001/format.htm> [Accessed 10 June 2014].
Svodovová, H. a kol. 2011. Synergie ve venkovském prostoru. 1. vyd. Brno: GaREP. 114 s. ISBN
978-80-904308-8-4

304

MUNICIPAL SOLID WASTE PRODUCTION AS A NEGATIVE
IMPACT OF TOURISM: A CASE STUDY OF THE MUNICIPALITY OF
DONOVALY
Marek Civáň, Alfred Krogmann
Department of Geography and Regional Development, Faculty of Natural Sciences, Constantine
the Philosopher University, Nitra, Trieda Andreja Hlinku 1, 949 74 Nitra, Slovakia,
marek.civan@ukf.sk, akrogmann@ukf.sk
Abstract
The paper is focused on the relation between the yearlong utilization of the Donovaly tourism resort and the
production of municipal solid waste that is highly influenced by incoming tourists and their consumption. In the
first part we concentrate on the delimitation of the researched area, its attractive features for running of tourism
and legislative characteristics of waste and related concepts. The second part of the study lies in the issues of
waste production in the various tourism destinations around the world and brings an overview of the waste
handling solutions. The main section is based on the connection among tourist flows in the ParkSnow Donovaly
resort, final production of municipal solid waste (MSW) and the recreational facilities in the particular rural
areas, what means a determination for the MSW production. Besides that are evaluated monthly amounts of
created MSW, what confirms a real impact of tourism to the selected issue. Finally are concluded the presented
information and we design some possible solutions for actual situation and its future improvement.
Keywords
Waste. Municipal solid waste. Municipality of Donovaly. Impacts of tourism.

INTRODUCTION
Tourism has reached a worldwide massive development since the 2 nd half of the 20th
century, what has created an imbalance between natural environment and tourism in general
(Mason, 2003). A progressive transformation of the original destinations to the yearlong
tourism resorts has brought own pros and cons. These processes have affected mostly
“western” countries, but after the fall of the Iron Curtain they have not avoided Slovakian
tourism centres. To the most aggrieved localities have belonged especially mountain resorts,
whereas waterparks using thermal springs located in their neighbourhood have reached a
massive aggrandizement, too. The municipality of Donovaly can be categorized within the
first group of destinations. It has become an example of the complex yearlong tourism centre
in Slovakia, owing to its recreational potential and consequent concentration of tertiary sector,
what resulted to attendance with the international representation (Čuka, 1991). A complex
tourism centre is the centre equipped for the tourism needs and usually containing shops,
restaurants, accommodation facilities, sport venues and places for free-time activities
(Pásková, Zelenka, 2002). The space-time changes that have affected the municipality of
Donovaly has brought many benefits (either financial or nonfinancial), but also some negative
features, such as issues connected with the produced waste.
The aim of the paper is to point out to the interconnectedness between the tourism and the
production of municipal solid waste in the attractive tourism destination, which is represented
by the municipality of Donovaly.
METHODS
For the creation of this paper to the comprehensive form and consequent logical structure
were used various research methods and techniques. The primarily applied was an analytic
method, which consisted in the thoroughgoing analysis of relevant and professional literary
sources and the selection of information and material needed for the paper processing. In
regard of using many databases, statistics and numerous data were used also mathematical
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and statistical methods applied in the tabular outputs, where the changes of the selected
parameters were evaluated.
The main part of the theoretical knowledge what meant a basis for the following steps of
research, were gained especially from printed publications (monographs or papers in scientific
journals). The elementary geographical characteristic of the municipality of Donovaly was
acquired from Čuka and Baran (1991) and Čuka (1992), who focused on the tourism aspects
in the mentioned tourism centre. The issues of waste, its production and problematic scopes
were evaluated by Petrík (2005) and especially by Kolinová (2010), who pointed out to the
ecological load of the researched tourism centre. Tourism matters from the wider point of
view were available within the publications from Mason (2003), Theobald (2005), Mourek
(2006), Goeldner and Ritchie (2012) and Williams (1998), whose monographs contained
various ideas connected with the tourism impacts on waste production and natural
environment.
Electronic resources bringing additional and useful information were very helpful,as well.
The basic characteristic of the waste was obtained from the Act 223/2001 on waste and on
amendment of certain acts. In the electronic form were also available papers from Gidarakos
et al. (2006), Kuniyal et al. (1998) and Mateu-Sbert et al. (2013), who made precisely studies
about the waste production in the various destinations in the world. For the comparison and
subsequent evaluation were used statistical data (MSW production (t), number of inhabitants)
that are available free on the website of the Statistical office of the Slovak republic (2014).
Through the field research and interviews with the Mayor of the municipality Donovaly
were acquired valuable data and information about the recreational equipment of the selected
municipality and MSW production. We were also in touch with the management of the
ParkSnow Donovaly resort. Thanks to this communication were acquired data about seasonal
attendance in this resort that is the main tourism subject in the municipality. Based on the
mentioned data we made following evaluations that contributed to the research targets. We
would like to add that these statistics contained only tourists of the mentioned resorts and
there were not travellers, who travelled to municipality of Donovaly, but have not visited
ParkSnow Donovaly resort.
THEORETICAL AND METHODOLOGICAL BASIS
Issues of municipal waste in the Slovak legislation
Considering the fact that in Slovak republic are the matters of waste production its
handling, and waste management system stipulated within the Act 223/2001 on waste and on
amendment of certain acts, it is important to define basic terminological concepts connected
with the topic of research.
Waste can be defined as a movable thing, which the owner gets rid of, wants to get rid of
it or is obliged to get rid of it in accordance with the Act 223/2001 on waste and on
amendment of certain acts.
In terms of the mentioned act we can define a municipal waste. It is the waste coming
from households that is created within the territory of municipality by the activities of natural
persons and waste of similar characteristics and composition that is produced by legal person
or natural person, who is an entrepreneur; besides waste produced by immediate performance
of activities producing business object or activities of legal person or natural person, who is
an entrepreneur. As a household waste is considered waste from immovable assets serving for
natural persons for their individual recreation, such as gardens, cottages, chalets, for parking
or storage of vehicle used for household needs, especially from garages and parking areas.
Municipal waste is the all waste produced in the municipality during the process of cleaning
of public roads and places that are the property of municipality or in the trust of municipality,
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also by public green areas maintenance, including parks, cemeteries and other green areas
located on the plot belonging to the legal persons, natural persons and civil associations.
In Slovakia, there is a municipality responsible for waste handling. It is valid for the all
waste – including minor construction waste – created in the territory of the each municipality.
The categorization of waste is set within the Decree No. 284/2001 Coll., which sets up
the Waste Catalogue. It contains of the list of groups, subgroups and types of waste.
Summarily, there are 20 groups, whereas the last one consists of municipal waste (household
waste and similar waste from business, industry and institutions) including their components
from separate waste collection. Within the selected group can be identified three subgroups,
which are divided into particular types of waste.
Impacts of tourism on waste production in the world
Waste as a negative incidental product coming from tourism and related activities affects
various parts of the world, hence these issues got a global dimension. Goeldner and Ritchie
(2012) draw attention to the fact that among 12 aims for an agenda for sustainable tourism is
an environmental purity, which lies inminimizing the pollution of air, water, and land and the
generation of wasteby tourism enterprises and visitors. Mourek (2006) points out that the
issues of waste are critical in mountainous resorts that usually have more sensitive
environment than other destinations. The most frequent problem is the accumulation of
rubbish on tourist trails. Theobald (2005) says that one goal for carrying capacity is grounded
in the reduction of municipality solid waste and implementation of processes for its further
utilization.
Williams (1998) talks about the relation between tourism and waste production within the
case study of Italian coastal resort Rimini located on the Adriatic coastline. The River Po and
its tributaries transport considerable volumes of urban, agricultural and industrial wastes into
the Adriatic, to which is added waste from the coastal resorts themselves. The limited tidal
range in the Adriatic has meant that pollutants have gradually accumulated, leading to
localised eutrophication of the water and the formation, during the summer months, of algal
blooms and floating rafts of mucilage.
Theobald (2005) pays attention on the fact that tourists are used to dropping litter in the
nature, what contributes to the environmental damage of the country. From one mountain
alone in Great Britain during the summer months, almost a ton of litter a day (mainly
discarded lunch wrappings) is brought down from the summit, whereas from the New Forest
in Southern England approximately 25,000 empty bottles are retrieved each year.
Gidarakos et al. (2006) made a study in the selected area of Crete (Rethymnon,
Heraklion, Lassithi) in order to find out the composition of MSW in dependence of seasons.
The investigation was carried out repeatedly at seven landfills and one transfer station in
Crete, in four phases. Each sampling phase corresponded to a season (autumn, winter, spring,
summer). The results showed a significant decrease of organic waste as a reflection in the
changes of society's consumer customs. A study proved an impact of tourism on the
composition of MSW. Not only did increase the amount of MSW during the main season
(from May to October), but high fractions of materials like aluminium cans and glass bottles
(especially non-refillable ones) and paper and/or plastics packaging materials are
representative characteristics of intense tourist activities and greenhouses operation.
Kuniyal et al. (1998) concentrated their research to the mountain area called the Valley of
Flowers in the Himalayas. They focused on the perception of MSW by tourists during August,
which is known for the highest number of visitors, because of flower blooming, what is the
main attraction in this region.The problem with waste was registered among 70% visitors, but
only among 65% stall keepers. This issue was not reflected by residents in front o tourists.
The authors concluded that based on daily solid waste generation, every shop requires at least
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three dustbins with a capacity of about 35 kg per a season. Three dustbins could be designed
for three broad segregated wastes.
The connection between tourism and MSW production was studied also by Mateu-Sbert
et al. (2013) in a case study of Spain island Menorca. The results showed a rapid increase of
municipal waste, usually from May to October that are the typical summer months. In the
weakest month (December) was produced only 110.8 tons per a day, whereas the number of
inhabitants reached 80,009. But, during August, there were evaluated 81,757 inhabitants, but
the number of waste got 270.3 tons per a day. There is a strong tourists' influence to the waste
production, because in August, the population of tourists (106,024) was higher than number
of original inhabitants.
RESULTS
Researched area
From the administrative point of view is the municipality of Donovaly located in the
District of Banská Bystrica, which means an administrative unit on the LAU I level. In the
light of wider territorial relations, this district is the part of the Region of Banská Bystrica
(NUTS III) that consists of total number of 13 districts. The Region of Banská Bystrica
belongs to the Central Slovakia, what represents unit on the NUTS II level. Within the scope
of the closer territorial relations, the municipality of Donovaly neighbours with the other six
villages – Staré Hory, Podkonice, Motyčky, Baláže (district of Banská Bystrica), Liptovská
Osada and Liptovské Revúce (district of Ružomberok, Region of Žilina).
In terms of physical geography, the most important characteristics are the
geomorphological determinateness of the area, because they may predict the attractiveness for
the tourism development. The selected municipality is located between the Veľká Fatra
Mountains and Starohorské vrchy Mountains, whereas it belongs to the protected area of the
Low Tatras National Park. Based on Čuka and Baran (1991) can be said that the natural
potential in Donovaly creates particularly favourable location conditions for the development
of tourism as the phenomenon. There is a highland, from medium up to deeply sawn relief
with the relative vertical segmentation from 180 to 470 meters with altitudes from 670 up to
1,402 m a. s. l. Mostly for winter sports are very tempting slopes with the medium (from 15°
to 30°) and high (more than 30°) level of relief inclination. Within the light of the snow cover,
its average height presents 40 cm, whereas its average maximal level can reach 80 cm. The
length of snow cover is usually from 130 to 160 days, but it strongly depends on the climatic
conditions, altitude and relief orientation.
Within the scope of human geographyand size categorization of municipalities in
Slovakia,we can find out that regarding to the low number of inhabitants (219) in 2013, the
municipality of Donovaly belongs to the group of small rural municipalities from 200 to 499
inhabitants. The area of the municipality reaches 17.50 ha (Statistical office of the Slovak
republic, 2014). From the point of transport geography, the E77 road crosses Donovaly in the
direction between Banská Bystrica and Ružomberok, and it is fully utilized not only by
residents and tourists, but it displays an important thoroughfare between central and northern
parts of Slovakia. Hence it is markedly a transit communication being used by the road
transport.
Municipality of Donovaly as a tourism destination
Over a long period, the tourism centre Donovaly has been attractive mostly for lovers of
winter sports (because of its natural conditions), who are used to travelling there mostly in
this term. The most known and dominant tourism subject in the municipality is ParkSnow
Donovaly resort that offers many attractions not only during winter (skiing runs, cross308

country skiing, snowpark, etc.), but summer (toboggan run, paragliding, rope centre, etc.), as
well. Thanks to the wide range of products and tempting offer, the municipality has
successfully transformed to the yearlong destination with the domination of the winter period
(Tab. 1).
Tab. 1 Number of visitors at the ParkSnow Donovaly resort (2007 – 2013)
Year
Winter season
Summer season
Total
n
%
GI
n
%
GI
n
GI
2007 187,833 96.31 100.00 7,205 3.69 100.00 195,038 100.00
2008 199,445 89.72 106.18 22,863 10.28 317.32 222,308 113.98
2009 147,588 81.80 74.00 32,838 18.20 143.63 180,426 81.16
2010 157,895 83.82 106.98 30,469 16.18 92.79 188,364 104.40
2011 150,284 75.64 95.18 48,396 24.36 158.84 198,680 105.48
2012 177,938 80.76 118.40 42,381 19.24 87.57 220,319 110.89
2013 153,479 77.89 86.25 43,577 22.11 102.82 197,056 89.44
GI – growth index

Based on the statistical data we can summarize that, the final tourist flow in the
ParkSnow Donovaly resort oscillates about the number 200,000 tourist per a year. The
considerable effect on the final attendance has especially winter season. Absolute and relative
attendance during winter depends on the length of the snow cover and climatic conditions,
which are together main determinants for incoming travellers. In the light of summer season is
noticed an increasing trend from 2007 to 2011, whereas in the last year was registered the
maximum rate of tourists. Subsequently the attendance decreased, but it has stabilized at the
level from 40 to 50 thousands of tourists per a year, what means approximately one-fifth share
on the whole year attendance. The growth index shows annual moves in the selected
parameters and has reached a negative result only in two of seven years (2009, 2013), what is
a positive finding. An interesting paradox is that the GI values varied among seasons within
the all years – besides 2008, when the increase in winter and summer season was reached.
Municipal solid waste production in the municipality of Donovaly
The issues of municipal solid waste production in the researched area were the matter of
research of professionals in the past, too. A transportation of created waste and its position
briefly assessed Petrík (2005) through the connection with environmental infrastructure.
A detailed study focused on ecological features (including waste) in the municipality of
Donovaly presented Kalinová (2010). In the eighties of the last century, there were seven
illegal landfills destroyed, what contributed to the better environmental image of the territory.
The separate waste collection has started in 2000 and these activities have been still
improving and the number of dustbins for separate waste collection has been on the increase.
The author also comments the producers of the created MSW. She realized that the biggest
producers are one-day travellers. Based on her results, one tourist produces 0.2 kg of waste a
day, what strongly surpasses the productions coming from households of typical residents of
municipality.
We focusecloser on the aspects of the MSW production in dependence on the number of
inhabitants of Donovaly municipality. Based on the free available data on the website of
Statistical office of the Slovak republic that show the average amount of produced waste per 1
capita, we try to evaluate the share of tourists and residents on the final number of produced
MSW (Tab. 2).
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Tab. 2 MSW production in the municipality of Donovaly (2007 – 2013)
Year nIN nTOURISTS nMSW/1INSK. nMSW-MOD nMSW/1IN.-MOD nMSW/1TOURIST
(kg)
(t)
(t)
%
(t)
%
–MOD
2007 206 195,038
309.14
437 63.68 14.57 373.32 85.43
2008 207 222,308
327.80
472 67.86 14.38 404.14 85.62
2009 211 180,426
322.14
460 67.97 14.78 392.03 85.22
2010 214 188,364
333.00
447 71.26 15.94 375.74 84.06
2011 230 198,680
327.32
462 75.28 16.30 386.72 83.70
2012 222 220,319
323.77
480 71.88 14.97 408.12 85.03
2013 219 197,056
n/a
523
n/a
n/a
n/a
n/a
IN – inhabitants; MOD – municipality of Donovaly; MSW – municipal solid waste; INSK –
inhabitants of Slovakia; n/a – not available

The production of MSW in the researched area did oscillate from 437 t (in 2007) to 523 t
(in 2013), what represents an increase on the level of 19.68%. When we compare the change
in the number of inhabitants between 2007 and 2013, there is registered the increase only on
the level of 6.31%. Within the light of average MSW production per 1 capita in Slovakia,
there is a significant share of tourist at the final number of created MSW in the municipality
of Donovaly. Despite the fact, the parameter of MSW production per 1 capita has been on the
decrease since 2010, the total number of produced waste in Donovaly has grown. This finding
is in proportion with the rising number of attendance, what confirms tourists' impact on the
amount of MSW in the municipality. We can summarize that domestic residents contribute to
the final amount of MSW production just on the level from 14% to 16%, what is less than the
one-sixth participation. Incoming travellers, who consume products and services, create much
more waste (about 85%), whereas this share has not oscillate in dependence on the number of
attendance in the ParkSnow Donovaly resort. The presented results affirm that the issues of
MSW production are very actual and acute, too.
The production of MSW can be estimated from another point of view, based on the
internal structure of the municipality. Donovaly consists of total number 18 rural parts,
whereas in 13 of them are located tourism facilities. With regard to the absence of accurate
statistical data about MSW production at the level of rural parts, we estimate the production
of municipal solid waste (Tab. 3) based on the equipment of the objects used for tourism
(mostly accommodation facilities and restaurants).
Tab. 3 Equipment of tourism facilities located in the rural parts of the municipality
of Donovaly (2013)
Rural part
Beds
Chairs
Rural part
Beds
Chairs
n
%
n
%
n
%
n
%
Centrum I.
2,437 29.04 910 48.28 Mišúty
565
6.73
40
2.12
Centrum II.
531 6.33 190 10.08 Mistríky
570
6.79
80
4.24
Centrum III.
181 2.16 140 7.43 Polianka
406
4.84
50
2.65
Centrum IV.
828 9.87 80 4.24 Bully
284
3.38
0
0.00
Vrchbáň
994 11.84 265 14.06 Hanesy
144
1.72
0
0.00
Pod Magurou
779 9.28 90 4.77 Sliačany
118
1.41
30
1.59
Donovaly
555 6.61 20 1.06 Total
8,392 100.00 1,885 100.00

From the point of recreational equipment of the particular rural parts can be formed a
hypothesis that the highest concentration of created waste in the municipality should be
located in its central part (Centrum I., II., III. and IV.). There is together almost the one half of
the whole accommodation capacity of the researched area, whereas there is located
approximately 70% of the all chair capacity, as well.
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The seasonality of MSW production can be evaluated based on the monthly statistics of
the waste production in the large-volume waste containers with capacity from 5 to 10 m3
(Tab. 4). These data are valid for 2013 and we would like to add that there is not counted
waste coming from dustbins of smaller volume (110 l). In short and a long of it, large-volume
waste containers has reached total amount of 415.57 tons and smaller dustbins collected only
107.04 tons. In terms of share annual production, large-volume waste containers participated
on the final amount of waste on the level of 79.52% and hence we consider these data as
reliable and objective.
nMSW
(t)

I.
56.99

Tab. 4 Monthly MSW productions in the municipality of Donovaly(2013)
II.
III.
IV.
V.
VI.
VII. VIII. IX.
X.
XI.
XII.
38.50

57.68

19.77

31.88

24.82

48.42

32.40

27.99

21.97

31.72

23.42

Total
415.57

From the point of view of the monthly MSW productions is evident the impact of the
main winter season with the first maximum in January and later in March. The summer
season does not reach so high volume of MSW, but there is registered the second (and
smaller) maximum in July. On the other side, there are two minimums (April, October) and
during each of these months was the production of MSW on the level of 20 tons. In
comparison of the weakest (19.77 t) and the strongest month (57.68 t) is seen a great
difference that cannot come only from the yearlong residents. The number of MSW
production in April gets just on third (34.16%) from the volume of MSW produced in March.
The impact of tourists on the MSW production is significant and real.
DISCUSSION AND CONCLUSION
Waste as an unfavourable product of tourism is an open problem in the various parts of
the world and it affects negatively especially the host community. In terms of Slovakia is not
easy to square up to with production of the waste that significantly exceeds production of
home population, whereas the municipality does not get any financial subventions. Donovaly
is the small municipality, but on the other hand, it is a popular yearlong tourism centre, where
tourists boldly affect the final volume of created municipal solid waste. With regard to a longtime tradition of the centre for winter sports and recreation is anticipated and understandable
that it is the period of the year with the highest visitor rate, what reflects in the volume of
monthly MSW productions. We pointed out that the incoming tourists create approximately
85% of the all MSW in the municipality, what is a real problem for so small community. The
growth of MSW production between 2007 and 2013 does not display changes in residents'
population structure, but it speaks about favourability among the tourists. We made a
prediction that within the light of localization can be assumed that the highest number of
waste should be collected in the central part of Donovaly, because of recreation equipment of
the particular rural parts.
Donovaly tourism centre pays off for its yearlong utilization by the oversized volume of
waste. We recommend finding future solutions for small municipalities (such as Jasná) that
are popular and attractive tourism destinations. Waste handling should be supported from the
regional or national government, because the expenses do not depend only on the amount of
waste, but also on the distance of landfill, transport, etc. The positive finding is that the
researched municipality provides separate waste collection, what shows an optimistic
environmental sign of rural self-government in the way of waste handling.
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Abstract
This paper presents the tourism in the village of Močenok from the point of view of the cycle tourism, based on
the example of designed and built part of cycle route. Subject of the analysis is existing cycle route with the start
of realisation in 2010 under the title “Cycle route on the Močenok Dam” and designed Phase II of the cycle
route construction that will extend Phase I. In this paper we would like to show up pros and cons of cycle
tourism in the village. On the example of existing and designed cycle route, and based on the gained results we
would like to design measures and improvements of cycle tourism and popular tourism in Močenok. Results are
evaluated through SWOT analysis and addressed objects are depicted through GIS. The aim is to point on
current and potential state of this type of recreational or sport tourism in the area. The paper implies
possibilities of future development of cycle tourism and cycle routes in the village and its near surrounding.
Key Words
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INTRODUCTION
Cycle tourism is nearly connected to the concept of tourism. In professional literature,
Gučík et al. (2006) defines tourism as a set of activities focused on needs satisfaction
connected to travelling and place of stay of men out of the permanent residence, usually in
their free time. It is many-sided branch that includes transport, tourist facility serving for
board and lodging, tourism infrastructure, travel agency services, guide services, tourist
informative systems and other services connected to concomitant programs. In tourism, public
and private sector work. System development of tourism and its management within both
sectors can lead not only to economic contribution, but also other positive assessment in form
of preservation of traditions, cultural customs, environment protection and it is important
factor of peaceful coexistence (Otepka and Habán, 2007). We can divide tourism according to
various criteria (e.g. according of selected activities, etc.). The nearest concepts of cycle
tourism are terms of recreational and sport tourism. The most significant factor is the
recreation. It is one of the basic tourism types. Tourism is part and activity of the tourism (e.g.
hiking, cycle tourism, water tourism) (Orieška, 2010). Recreational tourism is form of tourism
in which participants are motivated by recreation. It is one of the first and prevailing forms of
the tourism (Pásková and Zelenka, 2002). Sport tourism relates to recreational tourism and it
is destination in suitable nature environment connected with various sport activities that
require physical abilities. E.g. it covers tourism, for which the change of the area is typical,
while man has to make physical effort for relocation (Gučík, 2000).
Cycle Tourism and its development
Cycle tourism relates recreational and sport tourism. Monolingual dictionary of Tourism
defines cycle tourism as one of the forms of tourism, active travelling for getting to know
natural, social curiosities in certain area by bicycle (Pásková and Zelenka, 2002). According
to the Tourism Development Strategy of the Slovak Republic, cycle tourism is defined as type
of tourism, for which the bicycle is needed and development is experienced, what is related to
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need of contemporary man to come back to nature. It relates simplicity of hiking with benefit
of tourism by car; it uses its advantages and replaces deficiencies. Success of Slovak cycle
tourism depends on the connection of three factors – interesting cycle system; nice theme for
rambles and getting to know of country; and man thoughts(Hlatký, 2014).
Cycle tourism is getting more and more popular, new technologies and people with desire
appear. Nowadays, it is common to go after the work go for a trip, alone or with friends; or
for a weekend or holidays travel to mountain and ride a bike, enjoy beautiful nature. New
trails appear, mainly with the ambition of use as cycle tourism. Cyclists not only share these
information, but also promote it in various ways (Dubcová et al., 2011).
Slovakia has very good conditions for construction of cycle ways of recreational
character in extravilan and natural environment. It is possible to implement not demanding
trails in flat areas and near to river, on the other side, mountainous areas have great potential
for more demanding trails (Ľupták et al., 2010). In Nitra Region, where Močenok belongs,
according to local-administrative classification of self governing region, cycle tourism is
relatively popular form of tourism. Natural conditions favour to it, because in whole region
are good conditions for cycle tourism, mainly because of relatively small elevation difference
in region (Dubcová et al., 2010).
Cycleways
In creation of cycle transport concept in BratislavaSchwarz et al., (2011) define cycle
route as a road adapted to cyclists, where construction realization itself depends on local
conditions and suggestions. In Slovakia, cycle route is according to STN 01 80 28 (Slovak
technical standards) defined as demarcated direction of cycle-tourist marked road, or design
of cycle-tourist marked road, pathway, etc. crossing periphery of towns, villages and
extravilan, leads the state roads, purpose road in wood, mountain or field environment. In
planning, designing, realizing and using of cycle routes STN documents are relatively
important. Besides STN 01 80 28 cycle touristic marking which deals with characteristics and
situation of cycle routes, we can state STN 73 61 00 projecting local roads which defines
functional group of local roads of type D. We can divide cycle routes differently based on the
factors influencing them (terrain, way of use etc.). Types of cycle routes can be divided as
marked cycle routes, cycleways and roads for cyclists – cycle lines, greenways, embankment
greenways and terrain trails (Dubcová et al., 2011). In planning, designing, realizing,
evaluating and promoting cycle tourism through cycle routes, GIS (Geographic Information
Systems) could serve for us as a good tool. Through GIS we can depict cycle routes in space.
Use of GIS in Cycleway Depicting
IS are generally understood as special case of information system. Information are
derived from fact interpretation, which are symbolically represented by real objects. Term
GIS is often used for appellation of geographically oriented computer technology, integrated
systems for different applications. GIS is made up of software, hardware, data, people
forming personal security, which purpose is to process, analyse and present geographic
information. GIS process geographic data in digital form. Basic feature of geographic data in
GIS is that they need to include position coordinates. Distance and so coordinates that we
need states GPS according to following relation:
)
(
)
(
)
, where x, y, z are 3D coordinates of user or
√(
point; xi, yi, zi are coordinates of concrete satellites; c is light speed; ti is time interval that
elapses among dispatch of satellite signal and its acceptance; Di – calculated distance to
satellites; i = 1, 2, 3 (Field Technique manual, 2014). By processing various geographical data
in GIS new digital map arises with new geographical information (Geographic Information
Systems, 2014).
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Software programs that are mostly used in 3D depiction of cycleways are ArcGIS,
GRASS GIS. One area of GIS use is transportation, or bicycle transportation. It is possible to
use GIS as tool for cartographic processing, creation and presentation in digital map form
(Fig.1), database save map and its registering and inventorying, and analytical mean for needs
of 3D modelling (Bílová, 2007). GIS outputs are presented in paper (Fig. 1, 2, 3, 4).

Fig. 1 Example of GIS usage in cycle routedesigning (Rolko, 2011)

Cycle Tourism in village Močenok
Village Močenok is located in SW Slovakia. From the point of view of territory-legal
classification Močenok belongs to district Šaľa, H. Kráľová, Šoporňa, Dlhá nad Váhom, Šaľa,
Trnovec nad Váhom a Cabaj – Čápor. Močenok is by expanse the biggest village of Šaľa
district. It is bigger by its expanse of cadastral area than district town Šaľa (Cifra,
2008).Expanse of Močenok is 46,39 km2. Village
is situated in fertile area in SW margin of hilly
area of Nitra between the river Váh and Nitra.
Brook Dlhý kanál flows through the village. N
and NE part is slightly undulated, while S and SW
part is flat. Village is situated in mild climate with
high number of sunny days during the year.
Traffic axes are roads Hájske, Horná Kráľová,
Močenok, Šaľa, Nitra (Hochel, 2003). Described
area is situated in warm climate area characterised
as warm and dry with mild winter and longer
sunshine. According to history of Močenok,
culture is adequately developed.
According to Economic and Social
Development of village Močenok Programme, Fig. 2 Delimination of cadastral area of urban
infrastructure of cycle transport was absent till
area Močenok (Galková, 2014)
2010 – the first part of cycle route was
constructed. Cycle route has improved
connection of two sides of urban area that are significantly far away. For the development of
tourism it is possible to think about connection of the village to sightseeing regional cycle
routes(Coplák, 2006).
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„Cycle route on Dam“
In 2008 ÚPN-O Močenok (Territorial plan of village Močenok) suggested construction of
cycle route alongside Dlhý kanál flowing river area NS direction. These plans were
successfully realised since 2010, when first part of cyclewayoccured and in 2011 Močenok
permitted to design another project for follow-up of first part of cycle route.
Built part of the cycle route – Phase I
Cycling route in the village built since 2010 (Fig.
3). The financial envelope for building of cycle route
was ensured by Močenok (Močenok Magazine,
2010). Cycle route was made relatively quickly
because the project has been drawn up for this event in
the same year (construction company STRABAG
implemented Ltd.) since in the construction of cycle
track were no major obstacles that would impede its
implementation.The track is long over 531 m, the
beginning of the section of the dam on the way
HI/5623 (Fig. 6) and the end at Mill Street (Fig. 7). In
the past, in the area of cycleway grassland with ruts
was located there, and it was used by the citizens of the
Fig. 3 Built bike trail - Phase I(Galková, 2014)
urban area for recreational walks, sports (running,
cycling) or as a suitable green belt (dams) for training
the local sports clubs during the winter months.Building aspects of the cycle route are designed as
follows: green vegetation- bicycle path - green vegetation (0.5 m - 3.0 m - 0.5 m). The trail is paved and
the surface is coated with modified asphalt concrete. Within the fixed traffic signs, at the beginning and
the end of the section vertical road traffic signs mounted: C 8 - The path for cyclists and C 18 - End of
command (Fig. 8) (Gontko, 2010).Currently, the route is widely used by citizens of the village
Močenok not only for cycling, but also for skating, running and walking. The advantage of the project is
the easy accessibility to citizens, good situatedness of the cycle route near the centre of the village, quite a
good asset relief road (the main road leading through the centre of the village) and women playground.
Designed part of the cycle route – Phase II
Project for building the second part of cycle route was elaborated in 2011. Financially it
should be ensured by village Močenok. After the
construction of the cycle route, it will join
locality Pri Kamennom moste (Fig. 10) with
street Mlynská (Fig. 9), which will follow the
cyclewaybuilt in the previous step (2010). The
total length of the proposed route should be
1863.09 m width in the crown of the dam, about
3.0 m.On the whole length of its course, as in the
first stage, it will pass in parallel
with the streamDlhý kanál on
the left-hand dike (Fig. 4).
Regarding the building of the
construction, it will be similar to
Fig. 4 Designed bike trail – Phase II
the first stage, respectively, with similar
(Galková, 2014)
parameters (similar slope, used material ...). The
proposed road signs are not identical to the
markings on the route constructed in the first stage, because the pavement is designed as a
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common bicycle and pedestrian walkway, therefore according to the road signs, no
pedestrians should be walking there. The newly proposed labeling will serve not only for
skaters and cyclists, but also pedestrians (Rolko, 2011).

Fig. 6 Beginning existing
bicycle paths - Phase I

Fig. 7 End of the existing
bicycle paths - Phase I

Fig. 9 Top of the proposed
bicycle paths - Phase II

Fig. 8 Connection of cycleways

Fig. 10 End of the proposed
bicycle paths - Phase II

(Autor: Galková, 2014)

METHODS
The methodology used for the cycle route in this case was relatively simple; it is based on
the analysis, synthesis, induction and deduction. It is composed of the following steps:
Defining of locality, respectively target selection of the work (territory of existing and
proposed cycle route); the collection of primary and secondary sources related to the topic.
Observing period in this case was the first half of the 2014.
The next step was summary of available information about the locality, solved in terms of
natural conditions, characteristics of the territory, their own knowledge of the local inspection,
available materials (documents, photo documentation, data for GIS, project documentation,
etc.). In the paper GIS are used (Fig. 2, 3, 4) as a suitable tool for the representation of the
cycle route.
Based on the collected information SWOT analysis of the cycle route has been prepared,
where is considered the greatest number of factors affecting the 'system' cycle route - active
vacationers. SWOT analysis was aimed at identifying the strengths and weaknesses (Tab. 1),
opportunities and threats (Tab. 2) of the examined object cycle route. The analysis is
evaluated in the end of the article.
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RESULTS
SWOT analysis
SWOT analysis presents the factors affecting cycle tourism (cycle routes) as a kind of
sport or recreational tourism in the village Močenok. The analysis considers the general
factors and factors directly touching the object cycle route.
Tab. 1 SWOT analysis - strengths and weaknesses

-

-

-

-

-

-

-

-

Strengths
Common
Urban area Močenok has within tourism
favorable opportunities for cycling - natural
or man-modified corridors or open areas, a
sufficient number of sunny days and the
overall climate.
Urban area
Močenok counts on the
development of this kind of tourism in its
"strategic" documents.
Urban area Močenok has in its cadastral area
sufficient number of potential natural routes
(along a stream in the woods, the fields, or a
combination.
Village is trying to spend quite a decent
financial resources for the development of
tourism and cycling (the village is quite large
and has in comparison with other villages
quite sufficient resources.
As part of its cadastral area the village has a
favourable area isolated from busy roads and
disturbances settlement environment (large
rural area as well as parts of the urban area
are nearby watercourse relatively well
insulated against stressors).
The village has good conditions for the
development of local cognitive cycle tourism
in terms of cultural heritage.
There is a fairly well spread recreational and
sport tourism.
Considerable interest of citizens in cycling
and also other forms of recreation - skating,
running, walking.
Village
presents
and
increase
its
attractiveness by building routes.

Weaknesses
Common

-

-

-

-

Specifically, the cycle route

-

-

-

-

-

Specifically, the cycle route

-

Bicycle transport and cycling is not
part of any nationwide strategy and
supporting documents.
The possible weather conditions in the
area.
Cycleways which can be connected to
create a cycle-(missing link with a
larger area) absent near the village.
Weak and lengthy of municipal funds
from other sources (different funding,
sponsors).
Weaker promotion of cycling and also
cycling community.
Bureaucracy in handling projects.

Possibility to use it not only for cyclists but
also for skaters and pedestrians.
Suitably selected surface of cycling routes.
Appropriate use of the landscape potential of
the watercourse as a migration corridor.
Appropriately incorporated into the element
urbanized area (not to destroy the aesthetic

Shortness biking trails (in terms of its
use to migrate between the district
town and village and longer cycling
trips).
Start and end of the route is close to
local roads.
Weaker security (especially at the ends
of the cycling route - flow into the
busy roads).
Lumber unresolved congested traffic
crossing the bridge that connects
existing and proposed cycle route
Faulty traffic signs in the first stage of
cycle paths (but can be removed
without problems) - Stage I built
cycleways cannot use the signs
pedestrians.
The design of the proposed II. stage of
cycle paths appropriately located lack
of interest on the break and rest.
Quite long and costly part of cycleway
for maintenance (mainly grass cutting
edge in the path).

318

appearance of the landscape).
- Made in terms of current legislation.
- Strengthening the dam crest watercourse.
- Support of village citizens to build routes.
- Length of cycle paths (suitable for short-term
recreational sport - which is in the village
about the most widespread form of sport
recreation).
- There are located facilities where people can
have some refreshment.
- The possibility to park in close proximity to
bicycle paths.
- Cycle route will improve migration of
population through urban communities
(reducing over time) without affecting
disturbances (cycle route does not pass
through one point over any communication).
- Undemanding cycling routes (suitable
modified flat terrain without all the hard
sections).
- Take bicycle paths wide age population
(from children to retired people)
- Near to built section of line, there is
playground.
Author: Galková, 2014
One of the advantages respectively the strengths is the appropriateness and favourable
conditions within the locality of current as well as proposed cycle route. In the strengths we
can still pick up people's interest in cycling and supporting the village.
Weakness of cycle route is quite hard to find, because it is a suitable form of Dlhý kanál
dyke use. Nevertheless, we can mention slight weaknesses in security and not entirely
satisfactory traffic signs, and of course finance. All these negatives, however, can be removed
for greater involvement of competent.
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Tab. 2 SWOT Analysis - Opportunities and Threats

Opportunities
Common
The possibility of linking existing
cycleway with other villages in the area
- Attracting visitors from nearby villages (in
completing
the
overall
cycling
infrastructure)
- Expansion of local infrastructure routes
- Publicizing the village in form of this type
of tourism
- When considering interconnection of
routes, putting the village on the "map of
cycling"
- A wider choice of sports recreation in the
village
- The possibility of a link to the "natural"
route either in the forest or field trails
- The willingness of village and competent
to build up new routes
Specifically, the cycle route
- Future projected increase in route length
with the possibility of a link to any
surrounding unimproved tracks
- Alternative option of commuting or.
migration of local population without
disturbances (transport)
Author: Galková, 2014
-

Threats
-

-

Common
Not yet developed specific projects in
the area for the linking of cycleways
Weak financial support
from the
competent
Tourism in the village mainly focused
on cultural events
Specifically, the cycle route
The cost of maintaining routes in the
future (reconstruction, modernization)
In further expansion of cycleway
possible obstacles such as different
structures, or crossing the major
communication can occur

In terms of opportunities, it is possible to talk about the future expansion of cycle routes
with quite different options of its’ eventually links to other routes (either naturally or
artificially constructed). We could probably find threats in a traditional article of costs or
finance and in cycle route projects that are currently not in sight. Anyway, it should be noted
that the positives outweigh the negatives.
Proposed measures and improvements of cycle tourism in village
Based on the findings of the survey, cycle tourism on the example of existing and
designed cycle route infrastructure, conducted in the first half of 2014, we suggest the
following improvements and measures:
 In form of direct support of village incessantly increase and motivate citizens to use the
potential of the country (whether artificial or natural) for recreational and sport purposes;
 To involve the largest possible number of people in different age groups in the village in
programs dedicated to tourism;
 To create conditions and projects for further development of cycle routes in the area;
 To maintain good care of the established infrastructure for cyclists in the village;
 To create a document defining the main priorities of village tourism, which would include
a proposal of possible routes in the administrative area of the village as it has for this type
of recreation suitable conditions.
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CONCLUSION
Nowadays, biking enjoys quite great popularity among the people, because the
movement, which is necessary for human health is associated with the cognition of the
country, culture, recreation, leisure and free time spent in nature.
Specifically for cycle route in the village Močenok positives were largely discussed, that
supports the theory of increased concern of people in Slovakia in cycling. The big advantage
is the further expansion of existing routes in the near future and its further expansion to a
larger timeframe, what will have positive effect for the local and regional recreation and sport
tourism. By linking of the designed II. stage with the first cycle route, which is already built
to leave a trail almost 2,4 km long. Activity of village and positive views of citizens on
cycling in the village are predetermines for its further expansion.
Nowadays, thinking of people about biking is positive, which is proofed by the results of
this paper. However, it should be stressed, that there are some weaknesses in terms of support
and methodological guidance from the competent authorities (state and public administration).
With more activity, promotion and winning of common sense over bureaucracy, nothing
prevents the development and use of cycle tourism in Slovakia as an appropriate form of sport
and recreational tourism.
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5 MATHEMATICS

CALCULATION OF THE ARITHMETIC MEAN IN
THESIXTHGRADEOFELEMENTARY SCHOOL–HOW TO
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THEIRSHORTCOMINGS AT THE SAME TIME
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Department of Mathematics, Constantine the Philosopher University in Nitra, Nitra, Tr. A.
Hlinku 1, 949 74 Nitra, Slovak republic, antal.csaky@ukf.sk
Abstract
The study deals with arousing the interest of students on the lessons of Mathematics. It is a very hard task for
teachers to attract students' interest in Mathematics, so we give a concrete example and its solution with a new
teaching method. In this case we were succesful in arousing the interest of students. Calculation of the arithmetic
mean is a compulsory curriculum in the sixth class of primary schools. We prepared the students a practiceoriented task which they had to solve with a German method called “silent written communication” (SWC). The
practice-oriented task together with this teaching method can help in arousing and maintaining students'
interest. The study describes the advantages and disadvantages of the method with a special regard to the
diagnostical phase of the teaching process. The task was tested on sixth grade students. 19 average and 8
talented students solved the task. Due to the method we have received a detailed picture of the students'
knowledge acquired on the subject and revealed their shortcomings. Understanding the text of the task caused
the students the biggest problem. They also made a lot of numerical errors in adding up three-digit numbers.
Most students applied calculation of mean correctly. The talented students had problems with rounding
numbers.
Keywords
Calculation of the arithmetic mean, Students' interest, Practice-oriented task, Silent writing communication

INTRODUCION
Arousing the interest of students in Mathematics is one of the largest, if not the most
perpetual problems for Mathematics teachers. Thanks to didactics specialists there are now
various methods and didactic materials available for the teachers to apply on the lessons.
Some students love Mathematics, they make homework and classwork with pleasure, while
the other half of the students not. This problem is not new. Zoltán Dénes, who tried to make
reforms in teaching Mathematics, already pointed out this fact (Klein, 1980).
Pupils, who dislike Mathematics during their primary school years, usually have a huge
disadvantage. We all know what an important role Mathematics has in the development of
personality, problem solving, creativity and logical thinking. This drawback could be
prevented with the help of primary schools (Thalmeiner Szabó, 2011).
The authors of this study have a same research goal: arousing students’ interest, but they
use two different methods.
One of us tries to arouse the pupils’ interest and bring Mathematics closer to them with
practice-oriented tasks. The other wants to achieve the same goal by applying various
teaching methods. This study would like to show an example of combining the two
approaches. The students' interest in Mathematics can be influenced by a lot of factors:
classmates, family, the teacher, teaching method. The study deals with a factor that can be
easily influenced: the right choice of the teaching methods and teaching materials. It’s
enough to add a little interest and a bit of extra work from the teacher’s side.
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METHODS
Reforms in the teaching of Mathematics in recent Slovakia started with the 2009/2010
school year. From this time on, teachers have to put big emphasis on practice-oriented tasks.
Several studies have proved the efficiency of such tasks in arousing students' interest. For this
reason, we used a practice-oriented example in our study. We applied a method called “silent
writing communication”(SWC), in German: Stumme Schreibgespräch.
Silent writing communication
Silent writing communication is a written teaching method successfully implemented in
the learning process in Germany. Its name covers its main feature, that is, the students’ nonverbal cooperation with the use of paper and pen.
At the beginning of the lessons pupils are divided into groups. Each group receives a
paper on which is written an “impulse”. The “impulse” can be a sentence, a definition, a
verbal task, a question, a formula, an idea or a picture. Students have to respond to this
impulse. Their response can be a continuous text, thoughts, questions or drawn images and
symbols (Cafiková, 2012).
Many non-traditional teaching methods, such as SWC are unknown in Slovakia. A
detailed description of the method can be found in the book by Barzee, Büchter and Leudersa
titled Mathematik Methodik. The book Simsen (SMS) im Mathematikunterricht - Stumme
Schreibgespräche by a collective of authors Gerbode - Richter – Schluckebier deals with a
research connected to the method.
The authors' previous researches prove the flexibility of the method. It can be used at all
stages of the learning process: motivation, exposure, fixation and diagnostic phase. We can
adjust it according to our wishes at every stage of the learning process. A detailed description
of the teaching method developed for each phase of the teaching process can be found in the
article New teaching methods based on silent written communication (Cafiková, 2013).
This study deals with applying SWC in the diagnostic phase of teaching process.
The goal of this phase is the verification of the acquired knowledge and skills of students.
Applying SWC requires a different approach and creating a different learning environment for
achieving the goals of this phase. The best is when pupils are divided into two, maximum five
member groups, so that all members can be useful in solving the tasks. A paper of A2 size
might be sufficient for the work. It is important for the teachers to know their students well
because they have to create homogeneous groups in order to avoid possible suppression of
some pupils in each group. The teacher should intervene in forming the groups if necessary.
Each group should be given the same assignment, for example in the form of a verbal task.
Alternatively the group of better students should work with larger numbers of the same task to
make their work last as long as the other groups’. After the discussion the teacher explains
why the students had to calculate the task. He shares the solution and explains how the
students could make use of solving the task in the future in other tasks. Before implementing
the teaching method, teachers should be familiar with its advantages and disadvantages
(Cafiková, 2013).
Advantages of using the teaching method in the diagnostic phase:
+ a new teaching method motivates students to work and co-operate,
+ develops graphomotoric skills, creative and logical thinking,
+ written form forces students to express themselves briefly ,
+ pupils continuously pay attention to what other students in their group write to avoid
missing of any information,
+ each student is trying to engage in work and think independently,
+ more pupils can write simultaneously,
+ en some cases, students understand the process of solution better when it is explained by a
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classmate,
+ everything is written on paper, so students can read whichever idea during the work without
someone always repeating them,
+ pleasant environment in the group,
+ competitiveness between groups motivates the members of each group to cooperate.
Disadvantages of using the teaching method in the diagnostic phase:
- stronger personalities in the group can suppress the weaker ones,
- students can be demotivated if they cannot solve the task,
- in some cases, it may be more difficult for the co-workers to understand each other,
- when solving the task, disagreement can occur,
- illegible writing can lead to confusion. (Cafiková-Vidermanová, 2012)
Research sample
The research focused on the sixth-grade students of the elementary school in Benková
street, Nitra. Calculation of the mean is a compulsory curriculum in this class. The students
learned the syllabus given a half year before the study. We tested our prepared task on 27
students. 19 of 27 study in a traditional educational from, the other 8 take part in a special
education for talented students. The students were divided into homogenous groups (5
traditional and 4 talented groups) according to SWC. The members of each group used pens
of different colours.
Task
Mr. John, Mrs. Vierka, Mr. Ivan, Miss Andrea and Mr. Andrew live in the same block of
flats. Each of them earns a different amount of money per month. We know the following
information about their salary:
1) Mr. John earns 456 euros a month.
2) Mr. Andrew earns € 15 less than Miss Andrea.
3) Mr. Ivan earns a third of what earn Mr. Andrew and Mr. John earn together.
4) Ms. Andrea earns 9 euros more than Mrs. Vierka.
5) Mrs. Vierka earns twice as much as Mr. John.
Task 1: Find out how much do the exact people earn. Put them in the order according to the
salary they get per month (from largest to smallest).
Task 2: Calculate the mean of the salary of the five people. Round the result to two decimal
places.
Task 3: Ms. Lubica has also moved to the apartment. Her salary is 152 euros more than half
of Mr. Andrew’s payment. How much does Ms. Lubica earn? How did the mean of the salary
of the inhabitants change after Ms. Lubica’s move (did it increase or decrease)?
RESULTS
Our goal was to arouse the students' interest. In addition, we wanted to know whether
students were able to use the calculation of the mean in a practice-oriented task. We were also
interested what difficulties students encounter while solving the task.
The first group (Fig. 1) of students distributed the tasks among each other. The student
writing with the orange pen solved the first task with a minor error. The second task had been
started by the student writing with the yellow pen, but he could not finish it. The student with
the orange pen helped him by writing down which numbers should he add up. After this two
other students (one writing with the grey and the other with the green pen) calculated the
example. The one with the green pen was invited by the orange one to calculate: “Hana, rieš!“
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(„Hana, solve!“), because the orange one had already known the result:“Ja viem.“(“I know it.“). This
can be clearly seen in the first picture.

They solved the second question together as well. This proves that they could use the
calculation of the arithmetic mean. The resulting number of this task was not accurate because
of the error caused in the first question. In addition, when adding up the 5 numbers an error
was made again (by the student with the grey pen). They completely misunderstood rounding.
They rounded 732 to 73.2, so they only put the decimal point a place left. We observed high
inaccuracies in calculations. Furthermore, only one student of four was able to use calculation
of the mean correctly. On the other hand, the application of the method had a positive
outcome: it motivated students for cooperation.

Fig. 1

In the second group (Fig. 2), each student started working separately on the first task.
Then they compared the results and discussed who had it right and who wrong. Subsequently
the students writing with the purple, brown and green pen tried to calculate the mean of the
salaries. The one with the green pen checked the purple one. He wrote him down that his
calculation was wrong and how the mean had to be calculated. The second picture shows that
the student with the brown pen started calculating the mean correctly, but he crossed it out
later and continued wrong. We can state that only 1 of 5 students could use the calculation of
arithmetic mean correctly, but because of the error made in the first question, his calculation
wasn’t good either. The students helped each other in calculation, but their cooperation was
not enough to solve the problem correctly.
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Fig. 2

In the third group two students were solving the problem. They worked separately, but
they constantly checked each other. They both made mistakes in determining the salaries of
inhabitants and they both used the calculation of the mean well. The expressions “more” and
“less” caused the students problems in applying them into Mathematics. During the work they
also shared information about results in sports. It can be said that both students were aware of
the concept of the calculation of the mean and could use it well, but they made a lot of
counting errors, so their result was not good either.
The fourth group (Fig. 3) consisted of 3 students. Only one of them (the student with the
black pen) solved the problem. The others only circled the results. The one with the black pen
solved the first task correctly. He used the calculation of the mean correctly in the second task
with only a minor numerical error. This can be seen on the third picture. This group tried to
solve the third question as well, but they didn’t succeed. They applied the calculation of the
mean correctly here, too. Unfortunately, we did not succeed in motivating two students in this
group and we failed to find out whether they knew how the mean is calculated.
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Fig. 3

The fifth group consisted of 5 students. The fourth picture (Fig. 4) shows that they
discussed the strategy of solving the task at the beginning. The student writing with the blue
pen advised that each of them should count the salary of one person. They started to work
separately and they all got wrong results because of misunderstanding the task and accepting
each other’s wrong results. Only two of them started working on the second task. They used
the calculation of the mean correctly. Unfortunately, the student with the blue pen crossed out
his calculation, so we were not able to assess it. It can be said that this group was the most
cooperative. They adjusted to the method the best. The biggest problem for this group was the
interpretation of the task and its mathematicizating.

Fig. 4
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The talented students were divided into groups of two (Fig. 5). Two students extremely
gifted in Mathematics solved the problem separately for their own request. All of them solved
the task correctly. Most of them were calculating in head. All of them applied average
calculation correctly, but they had problems with dividing with five and rounding. The two
extremely talented students were the only students who solved all three questions perfectly.
Their solutions can be seen in the fifth picture. The groups of two didn’t cooperate, they
worked separately.

Fig. 5
DISCUSSION
Thanks to the method we discovered the students’ shortcomings in the average
calculation. We discovered that less than half of the students can calculate the mean correctly
and they all had problems with the interpretation of the task - except for the talented students.
Compared to an average written test this method forced students to work together. We
could repeatedly observe mutual help within the groups, which helped them to solve the
second task. Students checked and corrected each other's results. As for a disadvantage we
can say that the students accepted each other’s wrong results. The talented students didn’t
have problem with solving the task. They only made errors in rounding.
We can summarize the following: students need to solve more practice-oriented tasks, to
practice the interpretation/mathematicization. This caused them the biggest problem. In
addition, the “average” students have great shortcomings in adding up and dividing three-digit
numbers. Common work was evaluated positively by the students. It was easily observable,
which student worked alone and who needed help.
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Abstract
The aim of the article is to show how researchers may devaluate their efforts to understand patterns in a given
scientific discipline, if the choice of mathematical-statistical methods to evaluate the results of the experiment is
inadequate for the nature of the data collected. We show that the results of parametric and non-parametric test
can vary. The paper shows two examples concerning the assessment of the effect of nominal variable on the
value of cardinal variable. Neglecting the conditions for use of parametric test may lead to a different result then
in the case where we take the violation of conditions into account and use a non-parametric alternative instead
of a parametric test. In the first example, the assumption of homogeneity of variability was met, but the
assumption of normality of distribution was not. The result of the parametric and non-parametric test was
different. In the second example, neither the assumption of homogeneity of variability, nor the normality of
sample were met, however, the result of the parametric and non-parametric test was the same.
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INTRODUCTION
The use of parametric methods is bound to fulfil a series of necessary conditions. In some
cases, the researcher has data, on which it would be very laborious to decide whether the
conditions for using parametric methods are met, or he has only few data, and therefore the
conditions for using parametric methods cannot be verified, but he can still use some of the
non-parametric methods. For their simplicity, non-parametric tests are used when it comes to
preliminary or indicative findings. We can then assess whether it is advisable to process the
experimental data using more complex and computationally demanding parametric method _
(Markechová, Tirpáková, Stehlíková, 2011). In case of random variables, examined, for
example, in technology, the normal distribution assumption is usually fulfilled. Random
variables dealt with by researchers in psychology or pedagogy often do not meet the
assumption of normality of distribution of a variable (Clauss, Ebner, 1988). In case of a large
size of the sample many parametric tests tend to be insensitive to the violation of the
assumption of normal distribution; we can rely on the laws of large numbers and the central
limit theorem (Markechová, Tirpáková, Stehlíková, 2011). For each non-parametric test there
is usually in case of large sample size an asymptotic test based on normal or χ 2-distribution
(Hendl, 2006). Parametric methods are also not applicable if we only have qualitative
variables or order (Markechová, Tirpáková, Stehlíková, 2011). For example, when assessing
the performance of the entity in pedagogical practice, we often encounter ordinal scales
(excellent, very good, good, sufficient, insufficient; passed, failed; correct, incorrect)
(Komenda, Klementa, 1981). Data obtained from questionnaire surveys also usually do not
include variables that would be selection from the normal distribution, therefore when
evaluating a questionnaire, we use non-parametric tests for ordinal variables, where the null
hypothesis is mainly related to compliance of medians in the compared sets (Řezanková,
2007). The subject of testing does not necessary have to be only the parameter of populations
(arithmetic mean, variance), but we may also be interested in other matters, such as
distribution parameters, e.g. the difference between distribution of the observed characteristic
in two populations, differences in other mean values, e.g. medians (Ferjenčík, 2009).
There are three main classes of non-parametric procedures (Hendl, 2006):
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1. Finding out the frequency of deviations of a certain sign – we count the number of
positive and negative deviations. For example, we assign all values laying above a certain
value a positive sign, all the others a negative sign. Thus we convert interval variables into
dichotomous. This is the principle of a sign test.
2. Counting with orders which are assigned to the values of variables after lining up
according to size, and thus we convert the task to evaluation of data in an ordinal scale. These
methods are called order methods.
3. The third type of non-parametric methods works with data in their original form, while
using the same test statistics as parametric tests, but the corresponding p-values are calculated
in a different way. It uses the Fisher permutation approach and we talk about the permutation
test. Permutation tests are non-parametric because they do not require any assumptions
concerning population and they do not require the random sampling condition. Freeing from
the assumption of random sampling is extremely important especially for experimenting in
behavioural sciences. Lulbrook and Dudley (1998) point out that according to the search of
252 medical journals studies, only 4% of them complied with the principles of random
sampling from the defined population for creating control and experimental group, and data
from the sample were obtained based on the availability rather than randomness. Fisher, as an
author of the methods of analysis of variance, considered the randomized assignment to
groups as the basis of experimental work and statistical inference, and also was the first to
deal with permutation tests. Determining the exact p-levels of significance for non-parametric
methods is based on discrete sampling distribution constructed using the Fisher permutation
principle.
MATERIAL AND METHODS
The data used in this paper come from a research of The International Social Survey
Programme (ISSP) 2012. The ISSP research Slovakia 2012 consists of three parts. The first
two parts present two models of international comparative ISSP research. The first module
was the module Health (ISSP 2011), carried out for the first time in Slovakia, but also within
the ISSP. The second in the research was the module Family, work and gender roles IV (ISSP
2012), which had already been conducted in Slovakia in 2002. The third part was focused on
the perception of social changes in times of crisis from the perspective of the public.
Questions in the part Health are focused on two main topics: a) health status and health care,
b) opinions on the health system and its functioning. The research includes a large portion of
socio-demographical variables focused on the respondent, his/her partner and household,
which is a standardized and obligatory part of the ISSP modules. The author of the research
is Vladimír Krivý from the Sociological Institute of the Slovak Academy of Sciences. Data
were collected during the period 25.10.2012 - 10.12.2012. The choice of the sample and field
data collection for the ISSP research Slovakia 2012 was secured by the research agency TNS
Slovakia. Respondents were chosen for the research through a stratified multistage probability
selection. From 2544 dwellings they collected 1128 valid and 26 incomplete interviews,
which were not included in the data set. This represents a return of 45.4% (ISSP Slovakia
2012).
Theoretical bases from the introduction will be applied on an example of statistical
hypothesis testing using parametric one-way ANOVA and non-parametric Kruskal-Wallis
test.
ANOVA is a method for comparing averages of several basic sets. We monitor the effect
of a factor (qualitative variable) on the values of quantitative variable. The name “Analysis of
Variance” comes from the fact that comparison of averages is based on the analysis of
variance. ANOVA can only be used if the following conditions are met:
1. Samples come from basic sets with normal distributions.
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2. Samples are independent from each other.
3. Variances of the basic sets are equal.
For one-way ANOVA we assume that the level of mean values of several basic sets
depends only on one factor. If the factor has k levels, values of the observed characteristic X is
categorized into k groups – sets. The value of the observed characteristic X with the i-th level
of factor during the j-th observation is denoted
and the number of elements of the i-th
group are denoted , where
,
. If
, we are
talking about the balanced model. If the values of the observed characteristic X are
categorized into k groups with an unequal number of observations, we are talking about the
unbalanced model. We will work with it. We will denote number of observation in each group
∑
,
. For the overall number of observations it is true that:
We are
testing the hypothesis
against the hypothesis
: “not all
are
equal”. The test criterion will be F. To calculate its values we will put together so called table
of analysis of variance for an unbalanced experiment, which generally has the following
form:
Tab. 1Table of analysis of variance for an unbalanced experiment
Variability

Degrees of
Freedom

Sum of squares

Variance

Overall

∑∑

Between
groups

∑

Residual

∑∑

value

∑

The total variability , which is expressed as the total sum of squares of variance, is also
divided into two components – inter-group variability and residual variability . It is true
that
If the null hypothesis
is true, F test statistics has the Fisher-Snedecor distribution. The
tested hypothesis
is rejected at the significance level , if the value of the test criterion F
) (
) is tabulated critical value of the
exceeds the critical value (
Fisher-Snedecor distribution.
If we reject the test hypothesis
in favor of the alternative
hypothesis , which means that not all mean values are the same, we will be identifying
which sets have statistically significant difference in mean values. For this we use for example
Duncan test.
The non-parametric analogy of one-way ANOVA is Kruskal-Wallis test. It allows to test
the hypothesis
that k independent sets come from the same distribution. It is a direct
generalization of the Mann-Whitney test for
independent sets. Let us denote by
range of each sample. Let
. We order all n elements into
a non-decreasing sequence and assign each element its order. Let be the sum of orders of
elements from the i-th sample. The test statistics is the statistics
(

)

Which has, in case that the null hypothesis
degrees of freedom.

∑

(

)

is valid, asymptotically

distribution with
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The null hypothesis
is rejected at the level of significance if
(
), where
(
) is a critical value of the
distribution with
degrees of freedom. The
relationship can be used in case that the samples have ranges greater than 5.
Otherwise, the value K is compared with the tabulated critical value
of the Kruskal-Wallis
test. The tested hypothesis
is rejected at the level of significance , if
.
If the data sequence includes identical values, they are assigned the average order value and
∑

(

)

test criterion value is divided by the correlation factor
, where p is the number
of classes with the same order and is number of orders in the i-th class.
If we reject the test hypothesis
in favour of the alternative hypothesis
i.e. the samples
are not from the same distribution, it is necessary to find out which samples are statistically
significantly different. To do this, we use, for example, the Neményi method.
RESULTS
The observed characteristic in the first example is number of hours worked per week,
including overtimes in paid work. It is a cardinal variable. The second observed variable is
current marital status of the respondent. This is a nominal variable with levels: married and
living together, married, but living separately, single, widowed, divorced, partner. We will
identify whether the current marital status of the employee has statistically significant effect
on the number of working hours per week. We will use one-way analysis of variance. Let us
watch the influence of the factor A, which is the current marital status of the employee, on the
values of the observed characteristic X (number of working hours per week).
A factor has 6 level, so
We test the null hypothesis
against
the alternative hypothesis : not all are equal, while refers to the average number of
working hours per week with the i-th level of A factor (
)
At first, we verify the assumptions for using parametric one-way analysis of variance.
The first condition is the normality of the distribution of the observed characteristic in each
subset, i.e. the number of working hours per week is to have a normal distribution in a group
of married living together, married living separately, single, widowed, divorced and partners.
This assumption is verified by the Shapiro-Wilk test. The null hypothesis of this test is: The
observed characteristic has a normal distribution. The acceptance or rejection of this
hypothesis is decided based on the p-value test. The chosen significance level is
If
the p-value of the test is less than the chosen level of significance
, we reject the null
hypothesis in favour of the alternative hypothesis.
The result of the Shapiro-Wilk test is in the table 1.
Tab. 1 Testing of normality of hours worked per week
Marital status

Shapiro-Wilk
Statistic df Sig.
married and living together ,821
390 ,000
married, but living separately ,855
8 ,108
single (never married)
,811
89 ,000
Working hours
widowed
,686
18 ,000
divorced
,796
51 ,000
partner
,762
14 ,002

These results imply that the number of hours worked per week is normally distributed
only in the subset of married not living together in one household. The assumption of
normality of distribution for the use of parametric ANOVA is not met.
We will yet verify the validity of the assumption of homogeneity of variances. Using the
Levene’s test we will test the null hypothesis that the variances of the number of worked
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hours per week are the same for each type of marital status. The result of this test is shown in
the Tab.2
Tab. 2 Test of homogeneity of variances
Working hours
Levene Statistics df1 df2 Sig.
1,952
5 564 ,084

Based on the p-value of the Levene’s test,
, which is higher than the
significance level
, therefore we do not reject the hypothesis of homogeneity of
variances. This condition for using ANOVA is therefore satisfied.
To be correct, in respect to the violation of normality, we should use the non-parametric
analogy of the one-way ANOVA – the Kruskal-Wallis test. Yet, in practice we often
encounter neglecting the assumption of normality with the reference to the validity of the
central limit theorem. We want to find out whether some type of test (parametric or nonparametric) has an effect on rejecting or accepting a null hypothesis on homogeneity of
variances depending on marital status, or not.
Firstly, we will carry out a parametric test – one-way ANOVA. The results are shown in
Table 3.
Tab. 3 Results of ANOVA
Working hours
Between Groups
Within Groups
Total

Sum of Squares
1119,757
51290,890
52410,647

df
5
564
569

Mean Square
223,951
90,941

F
2,463

Sig.
,032

As the p-value is a small number (
)
, we reject the tested hypothesis
and accept its alternative – marital status has a statistically significant influence on the
number of hours worked per week. Thus, at the number of worked hours are statistically
significantly different at least between two types of marital status.

Fig. 1 The average value of hours worked per week
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Table 4 shows the results of the non-parametric analogy of the one-way ANOVA – the
Kruskal – Walis test. As the p-value is a large number, larger that the significance level
, we do not reject the hypothesis at the level of significance
. According to
the results of the non-parametric test, marital status does not affect the number of hours
worked per week.
Tab. 4 Result of Kruskal – Wallis test
Number of hours worked per week
Chi-Square 9,383
df
5
Asymp. Sig. ,095

In the second example, we will examine whether the household income differs with
respect to the type of settlement. Household income is a cardinal variable. Type of settlement
is a nominal variable taking five levels: city, midsize city, suburbs or outskirts of a big city,
village, dispersed settlement and farm.
Firstly, we will verify the conditions for the use of the parametric one-way ANOVA –
normality of distribution and homogeneity of variances.
Tab. 5 Result of testing of normality of household income
Type of settlement

Shapiro-Wilk
Statistic df Sig.
big city
,815
30 ,000
suburbs or outskirts of a big city ,728
5 ,018
Household income midsize or smaller city
,912
171 ,000
village
,913
203 ,000
farm or dispersed settlement
,936
9 ,538

Normality of distribution will be reviewed based on the p-value of Shapiro-Wilk test.
Household income has a normal distribution only in the group of people living on a farm or in
a dispersed settlement, for all the other types of settlement it does not have a normal
distribution. The first condition for the use of a parametric test is not met.
The second assumption is homogeneity of variances.
Tab. 6 Test of homogeneity of variances
Household incomes
Levene
df1
Statistics
2,521
4

df2

Sig.

413

,041

Since the p-value of Levene’s test is lower that the chosen significance level
,
we reject the tested null hypothesis of homogeneity of variances. Nor the second condition for
using a parametric test is not met.
Nevertheless, for illustration we will show and compare the result of the parametric oneway ANOVA and non-parametric Kruskal-Wallis test.
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Tab. 7 ANOVA result
Household income
Between Groups
Within Groups
Total

Sum of Squares
7144393,890
94957710,705
102102104,596

df
4
413
417

Mean Square
1786098,473
229921,818

F
7,768

Sig.
,000

Tab. 8 Result of Kruskal – Wallis test
Household income
Chi-Square 32,207
df
4
Asymp. Sig. ,000

Based on the result of the parametric one-way ANOVA we reject the tested null
hypothesis that the household income does not differ with respect to the type of a settlement.
We receive a similar result using the non-parametric Kruskal-Wallis test.

Fig. 2 Average values of household incomes

CONCLUSION
The theoretical part of the paper addresses parametric and non-parametric tests.
Parametric tests in general require meeting several conditions that need to be verified before
using the chosen test. If these conditions for use of parametric test are not met, we choose its
non-parametric analogy. The paper shows two examples concerning the assessment of the
effect of nominal variable on the value of cardinal variable. Neglecting the conditions for use
of parametric test may lead to a different result then in the case where we take the violation of
conditions into account and use a non-parametric alternative instead of a parametric test. In
the first example, the assumption of homogeneity of variability was met, but the assumption
of normality of distribution was not. The result of the parametric and non-parametric test was
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different. In the second example, neither the assumption of homogeneity of variability, nor the
normality of sample were met, however, the result of the parametric and non-parametric test
was the same.
If the choice of mathematical-statistical methods is inadequate to the nature of data,
researchers can devalue their efforts in understanding patterns in a given scientific discipline.
In general, the departure from the normal probability distribution results in much larger errors
than failing to meet the conditions as equality of dispersions or independence of
measurements (Markechová, Tirpáková, Stehlíková, 2011). If we use a parametric test for the
statistical evaluation of the results of research, we can get distorted conclusions (Markechová,
Tirpáková, Stehlíková, 2011).
In addition to the many advantages of non-parametric tests, we could ask ourselves – if
we can use non-parametric methods instead of parametric, why do we ever use parametric
tests and why it is not enough to use non-parametric tests? One reason is the different nature
of the question – non-parametric test do not directly answer the question about different
arithmetic averages; the second is the nature of variables – from nominal to ratio variable.
Non-parametric methods are primarily designed for nominal and ordinal variables, and
therefore are less sensitive to the variability of data. To reject the null hypothesis using a nonparametric test require much larger and more significant differences than when using a
parametric test. We call this competence of statistical test to reject a null hypothesis in case it
is really invalid statistical power of the test, and it is the statistical power of non-parametric
tests that is the reason why in deciding, if possible, we prefer parametric tests before nonparametric (Ferjenčík, 2009).
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Abstract
This paper describes a pedagogical experiment. It was realized with a group of 18 pre-service elementary school
teachers. The goals of the experiment were firstly, to find out, if the pre-service elementary teachers are capable
of understanding the concept of Eulerian graphs without any prior knowledge from graph theory, and secondly,
to find any weak parts of the prepared lesson plans. To avoid any problems with no previous knowledge from
graph theory we decided to use students’ experiences with drawing pictures without moving the pen away from
the paper and drawing each line exactly once. This is possible only if the picture is a diagram of an Eulerian or
semi-Eulerian graph. From the analysis of the lesson we identified, that students handled the process from
solving the particular tasks to formulating a hypothesis very well, but they needed some help from the teacher to
prove the hypothesis.
Keywords
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INTRODUCTION
The content of mathematics education is full of important topics and useful knowledge. Its
importance or usefulness is clear to teachers and educators, but for students it is often hidden.
Therefore it is necessary to show them that mathematics is an essential part of our world. This
means that the content of mathematics education has to be strongly connected to our lives. We
can find many fields of human activities like work, sports, free time activities, science and
technology, that use mathematics and we don’t even realize it. These fields are rich sources of
problems for mathematical education. This brings the change of curriculum, but we also need
a change in the process of teaching. Solving problems requires a more creative approach then
offered by transmissive teaching. We think that inquiry-based learning should be
implemented more in mathematics education.
In this paper we want to briefly describe an experiment, which was carried out with a
group of 18 pre-service elementary teachers. We prepared an inquiry-based lesson about
Eulerian graphs. As an introduction to the topic we used a special case of the Chinese
postman problem. Because the students had no previous knowledge from graph theory, we
used the fact, that a diagram of an Eulerian graph can be drawn without moving a pen away
from the paper and each edge is drawn exactly once. In (Pavlovičova et al., 2009) is described
a similar way of teaching this topic for pupils at the primary level.
We have two main goals. We want to find out if the pre-service elementary teachers are
able to solve the problem related to Eulerian graphs without any previous knowledge from
graph theory. Our second goal is to test the prepared learning material and find any potential
to refine and expand it.
INQUIRY-BASED LEARNING
Inquiry-based learning (IBL) has many definitions. According to Alberta Learning: “inquirybased 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)

340

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 analyzing 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)
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.
EULERIAN GRAPHS
The concept of Eulerian graphs is well-known thanks to the famous problem of seven
bridges of Konigsberg. This problem can be found in any book about graph theory (see
Palumbíny, 2014; Anderson, 2002). The solution of the problem and discovery of Eulerian
graphs was also the first result in graph theory. Today it is used for motivating students in
learning graph theory. Shortly in the following paragraphs we will explain the concept of
Eulerian graphs and some of its applications.
A trail in a graph containing all edges of the graph is called Eulerian. A graph which
contains a closed Eulerian trail is called an Eulerian graph. A graph which contains an open
Eulerian trail is called a semi-Eulerian graph. The following two theorems expresses
conditions for existence of an Eulerian trail in a graph.
Theorem 1:
Let G be a connected graph. G is Eulerian if and only if every vertex has an even degree.
Theorem 2:
Let G be a connected graph. G is semi-Eulerian if and only if it contains precisely two
vertices of odd degree.
We don’t state the proof of this theorem, because it isn’t our goal. The proof can be found
in (Palumbíny, 2014, page 131; Diestel, 2005, page 21).
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Eulerian trails are closely related to the Chinese postman problem. The postman delivers
mail to people living in his district. The problem is to find an optimal route for the postman to
deliver the mail and walks the shortest distance or spends the least time. We can assign a
graph to the district, where each edge represents a street and vertices represent crossroads or
dead ends. Edges of the graphs are labelled by real numbers denoting length of the street or
time needed to deliver the mail on this street. The best case is if the graph is Eulerian or semiEulerian. In other cases, the problem can be solved by using the Edmonds algorithm. This
algorithm uses also Dijkstras algorithm for finding a shortest path in a graph and finding a
perfect matching in a complete graph with minimal labeling. We used only unlabeled graphs
in our experiment. This is a special case, which can be obtained by labelling all the edges of
the graph by one number.
An Eulerian trail contains every edge precisely once. Therefore it gives us a guide, how to
travel around the graph, visit all the vertices and use each edge only once. If we draw a
diagram of a graph and use an ordering of edges from an Eulerian trail, we can do it without
moving a pen away from the paper. All the edges will be drawn once because the Eulerian
trail contains each edge exactly once. We will use this connection between Eulerian trails and
drawing in the experiment. It will be based on a real-life content derived from the Chinese
postman problem in an unlabeled graph. .
In the following sections we will call a vertex with odd (even) degree an odd (even)
vertex. Also we will use a formulation “draw a picture without moving the pen away from the
paper”. We mean by this that the picture is drawn without moving the pen away from the
paper and every line is drawn exactly once.
METHODOLOGY
Research questions
The experiment was carried out to find answers to following two questions:
1. Are the pre-service elementary teachers capable of understanding the concept of
Eulerian graphs without any previous knowledge from graph theory by an inquirybased approach?
2. What are the weak parts of the prepared lesson plan that showed up during the
lesson?
Methods
We used qualitative methods of data collection and analysis (Hendl, 2005). Because our
field of study was the teaching process, we decided to create a video recording of the lesson.
This enables repeated observation of the lesson. After the lesson, the video recording was
transcribed.
Description of the experiment
The experiment was carried out on 18 pre-service elementary teachers. They had no
previous knowledge from graph theory. Therefore we used common language instead of the
standard graph theory terminology. We posed the problem below. It is derived from the
Chinese postman problem, but all the graphs are unlabeled. The optimal route is found only
for Eulerian and semi-Eulerian graphs. We have two reasons for this. First the teaching goal
of the lesson is to characterize Eulerian graphs. Secondly the general solution of the Chinese
postman problem is based on more knowledge from graph theory (Dijkstras algorithm,
matching in graphs).
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Problem: The postman has to deliver the mail to people living in certain streets. He
doesn’t wants to pointlessly walk too much, so he needs to plan his route optimally. The best
case is to walk through each street only once. The following six pictures show the streets,
where he needs to deliver the mail. Which pictures is it possible to find an optimal walk? Find
out under which conditions it is generally possible....

Fig. 1

The students realized almost immediately after reading the problem, that it is related to
drawing a picture without moving the pencil away from the paper. This fact is not surprising,
because this is a well-known game. Its concept is equivalent to the concept of Eulerian trails
in a graph. The students tried to draw the pictures individually and discuss their drawings in
groups. After the individual work they showed one way of drawing them on the blackboard.
All pictures except 3 and 4 can be drawn in this way. The students correctly suggested that
pictures 3 and 4 cannot be drawn this way. So they divided the pictures into two groups. First
group contained pictures 1, 2, 5 and 6, and the second group pictures 3 and 4. This gave the
answer to the first question of the problem. In the next phase we aimed our attention on the
first group in hope of finding the answer to the second question. We started to discuss how
they approached to the drawing of the pictures. We illustrate it by transcription of the
discussion. We use code T for teacher S1, S2, S3 for students and S for group of students.
T: Have you used any strategy to draw the pictures or you tried it randomly?
S1: Randomly.
T: Have you started always from the same vertex?
S1: No, I tried different vertices.
T: Which vertices have you used in the picture 2?
S1: The one on the left side.
S2: I used the up left corner of the square.
S3: The left bottom corner of the square.
T: Did you manage to draw the picture from all of these vertices?
S: Yes.
T: What about the first picture? Which vertices you used as a start?
S: The vertex on the left side.
T: Have you tried any other vertex?
S: No, it lures to use this one, because it is separated from others.
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T: Try now the upper vertex on the right side.
S3: It will be the same, but backwards.
S2: I know what you are leading up to. It will be possible to draw it from any vertex.
At this point the students tested all the vertices of picture 1 to determine from which
vertices we can start to draw. For picture 1 they found only two such vertices. That falsified
the student hypothesis for picture 1 from the last reply in the transcript. Also they inspected
the other three pictures. This led to dividing the first group of pictures into two new groups.
One contained pictures 2 and 5, which relate to the Eulerian graphs. The other contained
pictures 1 and 6, which relate to semi-Eulerian graphs.
From this point we sought the answer to the question: Why some pictures can be drawn
from any vertex, other from certain two and other cannot be drawn from any vertex? Finding
the correct hypothesis we document by the following transcript.
T: Why are those two vertices in pictures 1 and 6 so special?
S1: There are three lines meeting at the vertex.
T: What about the others?
S1: There is only one.
S2: Does it relate to the odd or even number of lines meeting at the certain vertex?
The last question led the students to count the number of odd vertices in all of the pictures.
Their findings were as follows: pictures 2 and 5 have only even vertices, pictures 1 and 6 have
two odd vertices, and pictures 3 and 4 have six odd vertices (more than two). Now they were
able to formulate the correct hypothesis: The picture can be drawn without moving a pen
away from the paper if it has zero or two odd vertices. If it has no odd vertices, we can start
from any vertex. If it has two odd vertices, we can start from one of it and end in the other
one. Verifying this hypothesis needed more guidance from the teacher. Students got some hint
from the teacher. This is documented by following transcription.
T: Count how many times you come into a vertex and how many times do you leave it. Do
it on pictures 1 and 2.
S1: For all vertices?
T: Yes.
S2: I can only leave or come in the first vertex in picture 1.
T: That’s right.
S3: It is always the same for even vertices.
T: And what about the odd vertices?
S2: They are different. They cannot be same, because the sum would be even.
T: How big is the difference?
S2: One.
S3: It is always one.
This counting of coming and leaving a vertex helped them to realize that every visit of a
vertex is linked with drawing two lines, what explains the even degree of a vertex. With this
knowledge it was easy to explain the case of odd vertices.
After verifying the hypothesis students started a discussion about the creating an Eulerian
graph from a non-Eulerian one. They tried it on the picture 4 by removing a line and replacing
by a new one. They created two new graphs. We can see them on figure 2. The first graph is
Eulerian, but the second one remains to be non-Eulerian.
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Fig. 2

Another discussion was started by a student telling about her own experience with a man,
who promised to pay her twenty Euros for drawing the following picture without moving a
pencil away from the paper and draw every line once. All the students agreed that this picture
cannot be drawn in this way. The conclusion of this discussion was that it had to be a trick.

Fig. 3

FINDINGS
By means of the observation and transcripts of the lesson we summarize the most
important findings. The main finding of the experiment is that the pre-service elementary
teachers without any knowledge from graph theory are capable to understand the concept of
Eulerian graphs. They handled the investigation of the problem from the beginning to the
formulation of the final hypothesis very well. From the transcriptions, we can see that
students had no problems understanding the tasks and finding Eulerian trails. They also
realized that in some graphs they can use any vertex to start the drawing and in some only
certain two vertices. This fact helped to identify the condition for the existence an open or
closed Eulerian trail. This gives a positive answer to research question 1.
As for the research question 2, we found some parts of the lesson that needs to be
reviewed. Proving the hypothesis was the weakest part of the experiment. First, they couldn’t
formulate any arguments to prove the hypothesis. Therefore they got a hint of counting the
number of coming in and leaving a vertex. After counting these numbers they realized that for
even vertex every time they come in to the vertex they have to leave it. This explains the even
degree. For odd vertices it is similar, but they leave the starting vertex once and never come
back to it, and come in to the end vertex and never leave it. This gives the proof of the
hypothesis, but it is only one implication of the theorem 1 and 2. Another problem appeared
in realizing, that the proved hypothesis could be an equivalency, because the students
supposed, that the previous arguments prove both implications.
In addition, we want to mention some findings that appeared from the analysis. What is
positive is the willingness of students to discuss and their contributions to a discussion. Also
the context of the problem and connection to students’ experiences formed a good basis to
construct a new knowledge. It made easier for students to understand the problem. As an
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evidence of using students’ previous experiences is also the final discussion. It was
unexpected, but it stimulated the discussion of using the newly discovered knowledge.
CONCLUSION
The inquiry approach used in the described experiment showed us, that students can learn
the concept of Eulerian graphs even without any previous knowledge from graph theory. The
requirement of previous knowledge is eliminated by using the equivalent concept of drawing
a picture without moving the pen away from the paper and each line is drawn exactly once.
This is a positive finding, because we can incorporate this topic into mathematics education
and we don’t necessary need to define terms like walk, trail, path and cycle in a graph.
We also wanted to find weak parts in the prepared lesson plan. As we mentioned before,
there were some problems in proving the hypothesis. The students needed more help from the
teacher as we expected. We will make some adjustments in this part of the material prior to
further use.
Finally, we want to say that the topic of Eulerian graphs is not a necessary knowledge for
elementary teachers. We classify it rather as an additional knowledge. We think it can be used
in the primary level of education, because the pupils are familiar with the concept of this topic
and the mathematical background is quite simple.
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INTRODUCTION
The knowledge of mathematics is a key for solving economic problems in both
microeconomics and macroeconomics. Microeconomics are trying to solve two basic
problems - finding consumer and producer optimality and finding economic equilibrium
(Holková, 2007). Both problems are solved mainly by application of theory of functions of
one or multiple variables and their derivatives (but others can also be applied - vector and
matrix calculus or statistics). Mathematical knowledge is therefore a base condition for
economic education and mathematics have been classified as core course in undergraduate
programmes on most of universities of economics. The paper compares the contents and
amount of mathematics lectures in selected undergraduate programmes in fields of study
3.3.15 - Management and 3.3.16 - Economics and Management.
SELECTED APPLICATIONS OF FUNCTIONS IN MICROECONOMICS
Demand Function and Supply Function
Demand is an economical utility that represents the relationship between the quantity of
goods and services that buyers are able and willing to buy, and the price that they are
willing to pay. From mathematical point of view this is a relationship of two variables and
where depends on . The most simple demand function can therefore be expressed as
( )

( )

Each demand function is decreasing. This is due to the empiric law of demand that can be
interpreted as: When the price increases, the amount of bought goods and services decreases.
In economics linear an quadratic demand functions are usually used but the function may be
different (e.g. hyperbolic or exponential). Some example demand functions can be:
( )
( )
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( )
Supply is an economical utility that represents the relationship between the quantity of
goods and services that suppliers supply at the given price . Similarly to demand, from
mathematical point of view, supply is a relationship of two variables and where depends
on . The most simple supply function can therefore be expressed as
( )

( )

The empiric law of supply applies: When the price increases, suppliers increase the
amount of supplied goods and services. Therefore each supply function is increasing. Some
example supply functions can be
( )
( )
( )
The balanced state of market is called market equilibrium. In this state supply is equal to
demand. The problem is finding equilibrium quantity and the associated equilibrium price
. The equilibrium price
can be calculated by fixing the quantity in both supply and
demand functions and comparing the results. The equilibrium quantity
can then be easily
calculated by substituting
either into demand function or supply function (the result will be
the same as the quantity has been fixed before).
In most trivial cases both supply function and demand function are linear and finding the
equilibrium leads to solving a simple linear equation. In case non-linear functions are used for
either supply or demand, more complex equations need to be solved in order to find the
equilibrium.
Production Functions
In economics, production functions represent the relationship between physical inputs
and physical output of a production process. From the mathematical point of view, production
function is a function of multiple variables (depending on the number of inputs) and can be
expressed as
(

)

( )

where represents the output and represents the -th input (e.g. capital, labour, land or
technology). Given that the majority of production processes are only considering two factors
- labour and capital , the associated production functions are usually functions of two
variables in the form
(

)

(

)

meaning that if the producer uses units of capital and
period of time, the output is units of the product.

units of labour during a certain
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During product analysis the time span needs to be considered and therefore production
functions can be classified into two categories - short-term and long-term. Short-term
functions are simplified by the fact that one of the inputs (capital ) is constant and therefore
it is a function of one variable.
A basic property of a long-term production function is the substitution of inputs. This
means that to achieve a constant volume of production, a decrease of a single input is
compensated by an increase of another input or inputs. The variable is therefore a constant
)
and the equation describing such relation can be expressed as (
. Economy
calls the graphic representation of this function the isoquant. Fig. 1 shows an isoquant map isoquants for different volumes of production . Points and are situated on the same
isoquant, meaning the production in both is equal.

Fig. 1 Isoquant map

The higher the production is, the farther the isoquant is from the origin ( ). This can
be demonstrated using a production function of two variables. Figure 2 shows the example for
function
.

Fig. 2 Function

)
The isoquant is the part of the graph for which (
, in this case a hyperbola.
It is apparent that the higher the production is, the farther away the resulting hyperbola is
from the origin.
Economic literature also classifies production functions by other criteria:
By number of variables
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single-factor, that only relate a single variable
double-factor, that relate two factors
multi-factor, that relate multiple variables

By graph shape
 linear, for example
(



parameters
and
represent the marginal productivity of and - the absolute
gain triggered by adding a single unit of capital or labour.
exponential, where the most significant is Cobb-Douglas production function
(



)

)

where is a parameter and and represent the elasticity of production
in
relationship to and - the relative (in percent) gain triggered by increasing capital
or labour by 1%.
more complex, for example production functions with constant or variable elasticity
of substitution (CES, VES).

Another notable classification is also general, special, substituting and limiting.
(Holková, 2007). The theory of production functions is nowadays a requirement for managing
business processes. These functions are used for determining the extent of substitution of
factors of production or solving optimization problems.
Marginal Analysis
Marginal analysis is an approximation method using the derivative of a function or partial
derivatives for function of multiple variables (Allen, 2007). A marginal function associated
with a given function ( ) is a relationship that determines the difference of functional value
when a single variable is increased by 1: from to
or
.
The derivative of function ( ) in the point is defined as
(

( )

)

( )

(

)

And the approximate value of the derivative can be expressed as
( )

(

)

( )

(

)

During the production of thousands of products, a single product can be considered a
small enough value (close enough to zero) to be substituted into the derivate. The result is a
marginal function - a relationship that determines the difference of functional values when a
single variable (number of products) is increased by 1. The difference can be calculated as the
value of the derivate in the point :
( )

(

)

( )

(

)
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This method can be used to determine the increase of overall costs when producing one
more product. Marginal costs are exactly the costs required to produce the last product. If
these are lower than the value of the product itself, it is efficient to expand the production.
Otherwise the production needs to be reduced. Applying these rules, the production reaches
an optimal point where marginal costs are approximately equal to the value of a single
product.
Function Elasticity
The function that represents how a variable reacts to the change of a variable
derivative. Its approximate value can be calculated as
( )

(

)

( )

(

)

The differential calculus uses the differentials
( is a very small
of
and . Formally, the derivative is therefore a ratio of differentials
( )

(

is the

) and

in place

)

The changes that the derivative represents are absolute (not relative). For that reason the
value of the derivate is not sufficient to be used in some economic applications. An example
might be a producer that produces two products A and B. Table 1 represents sales data.
Tab. 1 Example sales for Products A and B
Product A
Product B
Original price
1
10
New price
5
14
Sales for original price
200
100
Sales for new price
120
20
Price difference
4
4
Sales difference
-80
-80

It might look that in both cases consumers react to the same price change in the same way
- by lowering the amount of bought products by 80. When the derivative is used as the metric
for the representing the difference in sales, both products show the same result
( )

(

)

Using a percentual metric, the results are quite different. For product A, the price has
increased by 400% which resulted into a 40% decrease in sales. For product B, however, the
price has increased by 40%, but the sales decreased by 80%. It is apparent that the derivative
is not a relevant metric in this situation. It makes sense to introduce another metric, that
represents the relative differences.
The elasticity

of function ( ) is defined as a ratio of relative changes

and
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(

or, substituting

)

( )
( )
( )

(

)

The numeric value of elasticity of function ( ) represents the approximate percentual
change in the functional value when the variable changes by 1%. In the previous example,
the elasticity of demand function is
for product A and
for product B.
MATHEMATICS IN STUDY PROGRAMMES AT UNIVERSITIES OF ECONOMICS
The students get the basic knowledge of functions during primary and high school
studies, where the content is given by Slovak NationalEducation Programme. The majority of
students of universities of economics are graduates from technical high schools, while
graduates from grammar schools are in minority. In the Slovak National Education
Programme ISCED 3A for group of programmes 63, 64 Economics and organization, trade
and services, the section about mathematics and information literacy states "Students learn to
recognize basic function types and functional relations and solve related equation types (both
numerically and graphically). Students understand the concept of function, they are able to
find its domain and codomain, draw its graph and determine some of its properties." (Štátny
inštitút odborného vzdelávania, 2009) The standards for grammar schools are quite similar.
The difference is that they also include explaining the basic concept of differential based on
its graphic representation. This knowledge is not sufficient for studies at universities of
economics. Mathematics is therefore a necessary part of education even at the university. This
part compares the approach to teaching mathematics in selected study programmes based on
contents and amount of lectures.
Comparison of Contents of Mathematics Courses
For practical reasons, the most common contents of mathematics courses have been
classified into the following categories: 1. Elementary functions and their properties, 2. Limit
and derivative of a function of one variable, 3. Integral calculus of function of one variable, 4.
Infinite series, 5. Differential equations, 6. Functions of multiple variables, 7. Economic
applications of functions of one variable, 8. Economic applications of integral calculus, 9.
Economic applications of functions of multiple variables, 10. Linear algebra, 11. Other propositional calculus, probability, other economic applications.
Tab. 2 Contents of mathematics courses in study programme Management
Source of data - study plans valid on 1.5.2013
Topic
University
Course
Sem.
1 2 3 4 5 6 7 8 9 10 11
Faculty of
Management,
1 Comenius
University,
Bratislava

Mathematics I

1.

X X X

-

-

-

X X

-

-

X

Mathematics II

2.

-

-

-

X

-

X

-

-

X

-

X

Mathematics III

3.

-

-

-

-

X

-

-

-

-

-

X
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Faculty of
Management
Science and
2
Informatics,
University of
Žilina

Mathematical
Analysis 1

1.

X X X

-

-

-

-

-

-

-

X

Mathematical
Analysis 2

2.

-

-

X X

-

-

-

-

X

Faculty of
Management,
3
University of
Prešov

Mathematics

1.

X X X X

-

X

-

-

-

X

X

City
University of
4
Seattle,
Trenčín

Calculus and
financial
mathematics

3. *)

X X

-

-

X

-

-

-

-

*)

-

-

-

-

Mathematics are taught in three trimesters (fall, winter and spring) of the second year.

Tab. 3 Contents of mathematics courses in study programme Economics and Management
Source of data - study plans valid on 1.5.2013
Topic
University
Course
Sem.
1 2 3 4 5 6 7 8 9 10 11
Faculty of
Management,
1 University of
Economics,
Bratislava
Faculty of
Operation and
Economics of
2 Transport and
Communications,
University of
Žilina
Faculty of
Business
3
Economy,
Košice
School of
Economics and
Management of
4
Public
Administration,
Bratislava

Mathematics

1.

X X X

-

-

X X X X

-

-

Mathematics A

1.

X X

-

-

-

X X

-

X

X

-

Mathematics B

2.

-

X X X

-

X

-

-

X

Mathematics

1.

X X X

-

-

X X X X

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

It is important to point out the following findings:
 Mathematics are not taught at all in study programme Economics and Management
at School of Economics and Management of Public Administration in Bratislava.
 Economic applications of functions are taught only in four study programmes
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Only 50 lectures of mathematics are taught at City University of Seattle in Trenčín,
which is significantly less compared to other universities.

Comparison of The Amount of Lectures of Mathematics
Tab. 4 The amount of lectures of mathematics in study programme Management
Source of data - study plans valid on 1.5.2013
Amount of lectures of mathematics
University
Sem. 1
Sem. 2
Sem. 3
Total
per week per week per week
Faculty of Management,
1 Comenius University,
4
4
4
144
Bratislava
Faculty of Management
2 Science and Informatics,
5
5
120
University of Žilina
Faculty of Management,
3
3
36
University of Prešov
City University of
*)
*)
*)
4
50
Seattle, Trenčín
*)

Mathematics are taught in three trimesters (fall, winter and spring) of the second year.

Tab. 5 The amount of lectures of mathematics in study programme Economics and Management
Source of data - study plans valid on 1.5.2013
Amount of lectures of mathematics
University
Sem. 1
Sem. 2
Sem. 3
Total
per week per week per week
Faculty of Management,
1 University of Economics,
4
48
Bratislava
Faculty of Operation and
Economics of Transport
2
8
8
192
and Communications,
University of Žilina
Faculty of Business
3
4
48
Economy, Košice
School of Economics and
Management of Public
4
Administration,
Bratislava

We have already stated that one of the programmes does not teach mathematics at all.
The amount of mathematics lectures is compared in the remaining 7 cases. The lowest amount
of lectures is 36 - 3 lectures per week over a single semester. The amount of 48 lectures or 4
lectures per week over a single semester appeared twice. 50 lectures over a single, ten weeks
long trimester were found at City University of Seattle in Trenčín. Others teach significantly
more lectures of mathematics - 120, 144 and 196 lectures over two or three semesters.
CONCLUSION
The paper states that the contents of basic mathematics courses in selected undergraduate
study programmes consists almost entirely of function theory and its applications. Some
programmes introduce more topics, however those are only prerequisites for the main topic of
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functions application. The approach of universities of economics to mathematics teaching
differs in several ways, which is expected. The differences observed even in study
programmes with the same name have, however, highly exceeded the expectations. The
biggest difference has been observed in the programme 3.3.16 Economics and Management.
At Faculty of Operation and Economics of Transport and Communications of University of
Žilina, mathematics is taught for two terms with a total of 192 lectures, while in the same
programme at School of Economics and Management of Public Administration in Bratislava,
mathematics is not taught at all. These differences are also reflected into the quality of
economic lectures based on mathematics and finally into a different profile of graduates
within the same study programme. Such differences can and should be eliminated during the
process of accreditation of the study programme.
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Abstract
A game is an integral part of people’s life. People play not only in the childhood but even as adult persons with
their children or with their friends. Sometimes it is the best way to create new experiences and knowledge. Many
of them are very appropriate for integrating in the mathematics education, which is normally regarded as a
difficult and boring subject. This paper tries to give advice on the board games that could be used in the
mathematics education. We know that teachers do not have enough time to bring them to mathematics lessons in
the school. But they can be used in elective classes. They could motivate students and develop geometrical
imagination, mathematical and logical thinking of the pupils. They give them chance to be active in other
situation than in normal lesson. They can develop not only skills of gifted pupils. They give the slow learners the
chance to win and to be successful.
Keywords
Board games. Mathematics education. Pupils. Knowledge.

INTRODUCTION
Games of all kinds are important part of the childhood of every person. Children get to
know the surrounding world through games; they learn to understand its rules and laws.
Games also develop personal characteristics, such as the ability to wait for one’s turn, the
ability to lose, the ability to win. Well-chosen games can develop relationships between
teachers and pupils, among children themselves or in the household between parents and
children. The games presented in this paper should help to develop mathematical and logical
thinking of the children. The selected board games can be used in the household, in the
school, in elective classes or in parent centres. They give the children the chance to be active
in situations in which for some reasons physical activity is not possible.
GAMES AND THE EDUCATION
A game is a natural feature of children; they are active, initiative and creative during the
game. We can find games as a topic in education in published papers and books of many
home and foreign authors.
Professor Hans Dieleman a doctor Donald Huisingh state that games help to learn by
active doing without any real consequences for the external environment. Game playing leads
to formation of the team, mostly games that encourage communication and cooperation. They
improve achievements of the team. Games are not real and pupils are not afraid to examine
alternative solutions. They help to create knowledge of an individual. An important
characteristic of games is fun. (Dieleman, Huisingh, 2006)
Games are not a goal but a medium and have more functions. They snatch the pupils from
the known environment, because the situation in the game is always somehow unusual,
extraordinary and makes the pupils to think and to act in other way than they usually do.
(Franc, Zounková, Martin, 2007)
The teacher can discover through the games which pupils have adequate knowledge of
the actual theme or what causes his pupils problems. They are also a good motivation tool.
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GAMES AND MATHEMATICS
Professor Šedivý writes about the games that they help the pupils to create mathematical
concepts through the manipulation with objects within the game, through verbalisation of
their activities, ideas and poses. (Šedivý, 2008)
Novotná reminds four basic functions of games:
 Motivation – intrinsic need of the pupil to participate on the game changes into
the interest in activities (mathematical) related with played game eventually in the
mathematics
 Instrumental – the goal of game playing is experiences and knowledge acquisition
for example through manipulation with geometrical objects or with numbers
 Diagnostic – teacher and pupil can see what the pupil knows and what he should
learn
 Existential – relates to the development of each child, his nature and creativity
Games can be used in any phase of the lesson. Very important is a good organisation and
enough necessary material. (Novotná, 2006)
In the paper, there are presented games suitable for development of combinatorial
thinking and logical thinking and games suitable for development of geometrical imagination.
Pupils are in the first contact with combinatorics in the first grade of elementary school
(school years 1 to 4). Combinatorial tasks are integrated to the solving of application tasks
and tasks that develop specific mathematical thinking. In this age, simple combinatorial tasks
can be solved that are engaged as propedeutics of combinatorics. In geometry pupils should
construct simple bodies of the blocks and cubes according to a plan of the body. (ŠVP ISCED
1, 2009)
In the next level of elementary school (school years 5 – 9) pupils should continue in these
tasks. Important role in every age has manipulation with the objects. Pupils learn to create
groups of items and to solve tasks about their count from different fields of life. They should
know rule of sum and rule of product; create graphs, diagrams and tables. Through games and
manipulative activities pupils should acquire experiences with the organisation of concrete set
of items according to a chosen rule. (ŠVP ISCED 2, 2010)
POSSIBLE BOARD GAMES
We decided to present board games, because they are available in the stores and teachers
don’t have to create them at home. There exist many of board games; we concentrated only on
some of them.
Set
Set is a kid’s board game. It involves such skills as counting, memory, probability, and
strategy and it is suggested for players of age 6 and up.
In SET, each card contains 1-3 objects, with all of the objects on a card having the same
colour, shape and shading, e.g., two purple shaded ovals. Colours, shapes, and shadings come
in three different types: green, purple and red; oval, diamond and squiggle; and solid, shaded
and outlined.
All players compete simultaneously and try to claim sets of cards in a single pass through
the deck. A set consists of three cards that are either all alike or all different in each attribute.
For example, if all three cards have the same number of objects, but three different shapes,
shadings, and colours, then those cards are a set; if two of the cards have a common attribute
that is not shared by the third, they are not a set.
To play, one person takes the deck and lays out twelve cards face up. The first person to
spot a set collects those three cards; if the player was mistaken, then this player cannot claim a
set until after another player has done so. After someone has claimed a set, the cardholder lays
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out three more cards. (If all players agree that no sets can be claimed, then the cardholder lays
out three more cards. These cards aren't replaced after someone claims a set.) Whoever claims
the most sets wins!

Fig. 1 Set

Through playing this game players develop their combinatorial skills and concentration,
because they have to look very carefully to find right set of cards. The have to combine the
cards under the rules of the game.
There are more possibilities to use this game. It could be interesting for the pupils to look
for the number of sets that can be made from the cards. They can check if there are in force
the sum rule and the product rule.
Online
version
of
the
Set
game
is
available
on
the
pages
http://www.thebreretons.com/setgame/ and http://tao-hra.dimension17.com/. Similar games
are Unikato, Swish, Quickomino, Quirkle or Set Cubed.
In the beginning, first grade pupils can group cards like they want to see them all and to
they realize they can make different groups of cards. Teacher can let them to list all attributes
they found. Then, they can play the game. The first version of this game was described.
Players look for three cards that belong in the set according to the listed rules, which were
introduced and shown. If it is too difficult for the pupils to play individually, teacher can play
it first with whole class and then they can play in pairs. Thus, the game will so develop
pupil’s ability to communicate and to cooperate.
Reverse version of game could be interesting. The teacher will show his pupils already
created sets. He can show them all sets at once or one after another. The pupils have to
analyse all the sets and define rules for the created and shown sets of the cards.
At the end of playing pupils can try to make sets according to their own formulated rules.
One or two pupils say rules they formulated and their classmates create them from the cards.
That version can be played by older, second grade pupils.
Block by Block
Block by Block is a creative building game. It is for children in age of 8 years or older.

Fig. 4 Block by Block
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The puzzle consists of seven pieces. Sixty puzzle cards show 60 three-dimensional
structures for players to replicate using the seven pieces. Each of the pieces, based on three or
four connected cubes, is unique. One is an L shape, another a T, and they get more
complicated from there. If a player is stumped and can't figure out how to build the Long
Wall, the Snake, or the Bad Dog, there are helpful clues on the back of the cards. Players also
can use the pieces to invent their own structures. Originally known as the Soma Cube, Block
by Block is an excellent way to develop and refine spatial perception skills. It includes
drawstring bag for storage.
There are more similar games: Brick by Brick, Square by Square, Shape by Shape,
Architecto or Top This! and some other games.
The game Block by Block is one of the games suitable for development of geometrical
imagination. It is suitable for the first and also for the second grade of elementary school. In
the first grade of elementary school pupils should construct simple bodies of blocks and
cubes. It is activity for the whole lesson. Teacher and pupils can work with it from time to
time during the whole class.
At the beginning of playing this game pupils can compare each part of puzzle. They find
out which of them is the biggest and smallest. They can compare count of cubes, which the
figures consist of. They become familiar with puzzle this way and then they can try to build
some own bodies. Teacher can tell pupils, which and how many tiles they should use. Or he
can let them to use tiles that they want. Each pupil can present how he built his body.
After that teacher can give the pupils cards that show structures. They can work alone or
in pairs. It will probably last longer to build the first structures from the picture. It is possible
that teachers help will be necessary. After some time, in the next lesson teacher can manage
the lesson as a competition in building of shown structures.
Second grade pupils can use the puzzle also to build various structures. They can then
learn to draw side view, top view and front view with it. Teacher can choose structures from
the cards or build own structures. It is also possible to calculate volume and surface of puzzle
tiles. It is up to teacher, what role the puzzle will play in his lesson.

36 Cube
The 36 Cube is a puzzle designed by Derrick Niederman and manufactured by ThinkFun.
It consists of a base with a 6×6 array of pedestals of different heights. There are also 36
hollow rods that fit onto these pedestals. There are six colours of rods, and of each colour
there are 6 rods of different lengths. The aim is to place the rods on the base so that they all
reach the same height, and that each row and each column contains rods of all six colours.
There are 6 pieces of each height, so there are 6! ways to arrange the pieces of a
particular height on the corresponding pedestals on the base. This leads to a total of 6!6 =
139,314,069,504,000,000 ways of arranging all the pieces so they all reach the same height.
As with all matching puzzles this number is not a good representation of the puzzle's
difficulty, since you would rarely continue placing pieces after you already have two of the
same colour in a row or column.

Fig. 5

36 Cube and example of solution
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This brain-teaser is designed for children in age of 8 and more years. It develops not only
geometrical imaginations. It is also suitable for development of combinatorial thinking. It is
possible to search and find number of all solutions of it.
This brain-teaser is advisable for middle school pupils. It can be used at least in the
motivation phase of education process. It takes more time, because it is more complicated
than other games and puzzles.
The 2% Club
Einstein's Riddle' is said to have been invented by Albert Einstein as a boy. It is said that
he claimed only 2% of the world's population would be able to solve it. This ingenious puzzle
set has been based on Einstein's Riddle, but this version is much more solvable and has been
broken down into 84 challenges with increasing levels of difficulty. This is how it works. In
front of a player is a row of houses. Each is home to a different person and in some cases,
their pet. Combining the clues that you are given with logical deduction, your challenge each
time is to work out who lives where. The concept is brilliant and the puzzles fantastic.
Fig. 6 The 2% Club

The game includes 5 houses for the persons and pets, 5 persons, 5 pets and 84 playing
cards with individual challenges. On the other side of each card we can find the right solution.
Each card is marked according to the number of needed persons and pets. It is recommended
for children in age of 6 and more years. It is suitable for development of logical thinking.
Classical Einstein's Riddle is a word problem written on a paper. Because of that it is
difficult to solve it for some players. The 2% Club game is easier, because player can
manipulate with figures and he can choose if he wants to play only with persons or with
persons and pets too. But in spite of this he can make a mistake and the solution can be
incorrect.
Chess
The most famous game that shoul be mentioned is chess. Chess is a popular game of
strategy between 2 players.It is played on a chessboard, a checkered gameboard with 64
squares arranged in an eight-by-eight grid. It is one of the world's most popular games, played
by millions of people worldwide in homes, parks, and clubs, online, by correspondence, and
in tournaments.
It is not necessary to introduce this game and its rules in some special way, because it is
much known. Connection of mathematics and chess can be found in couple of publications.
For example Serbian mathematician and computer scientist Miodrag Petkovic wrote a book
Mathematics and Chess. He published here 110 problems with solutions. There are many
other authors who give attention to this theme.
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Fig. 9 Chess

In the elementary school pupils can solve tasks like for example: “How many ways exist
to choose 2 fields on the chessboard so, that they have different colour?” with help of chess
table and chess figures. This task leads to combinatorial role of product.
In the middle school pupil can solve also tasks with help of chessboard that lead to
permutations, combinations or variations. For example: “How many possible ways exist to
place eight rooks on the chessboard so, that they don’t attack each other? “
CONCLUSION
Games are a good instrument to teach mathematics, because they motivate. Pupils learn
mathematics through games without knowing it and they have fun with the games. Even older
pupils like playing games. There is no reason why not to use this liking for educational goals.
We chose desk games and brainteasers, because they are available in all stores and teachers
do not have to produce them very long. They can be played not only in the classes at school
but also in elective classes. Teachers don’t have to create them on their own, because there are
many games in the stores that can be used.
It would be good not only for the pupils but for the teacher too, if the whole one lesson
would be devoted to the games suitable for development of combinatorial thinking. The
teacher would have the opportunity to draw from the experiences of the pupil with the game
in the next lessons. And it is for the pupils always more easily to remember knowledge that is
connected with some previous activity.
All listed and presented games are applicable not only in the first grade of elementary
schools. They can be used in the second grade too. It is no problem to play them with older
pupils in middle schools. They also like to have fun in mathematics.
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Abstract
Mathematics education meets many challenges nowadays. One of the most interesting challenges is to show
pupils the importance of mathematics knowledge, skills and competencies for their everyday life and for their
future work. This touches the problem of context of mathematics tasks, which pupils meet on their mathematics
lessons dominantly. The role of mathematics textbooks and other supporting material is crucial in answering the
challenge of mathematics knowledge usefulness. Finding the „good real“ context for mathematic problems is not
an elementary problem for authors or teachers. Many problems in textbooks are labelled as „pseudo-reality“
context problems but, on the other hand, many sources for good contexts exist around. One possibility is
considering the interdisciplinary approach in mathematics, art and history.The submitted article deals with
blueprint patterns in terms of geometric projections. The strong tradition of blueprint manufacturing and using
has been dated since 18th century in geographical region of Slovakia. The history of blueprint patterns and
ornaments is in an interesting story, which can open deeper understanding of mathematics knowledge of
geometrical symmetries in plain in real life situation, considering real, historical material. Activities, which
combine mathematics, art and history, have been prepared and piloted as the result of interesting
interdisciplinary topic introduction in mathematics lessons. An evaluation of activities, which had been
implemented in education at a high school of arts and in education of university students in mathematics teacher
training study programme, is also included in the article.
Keywords
Geometrical symmetries. Wallpaper symmetry groups. Slovak blueprint geometrical patterns. Stamping.
Ornament designing. High school of arts pupils. Student teachers of mathematics.

INTRODUCTION
Studies in mathematics education show a lack in pupils’ motivation to learn mathematics.
This fact has several negative impacts:
• many fields in the world of work rely on an understanding of mathematics,
• many decision-making processes in society, politics, economy, ecology etc. require a
basic understanding mathematics principles,
• pupils who are less motivated to learn mathematics are less likely to become motivated
teachers in these fields.
Mathematics teachers often use different contexts in tasks. They dominantly follow
textbooks, in which the context of tasks is often arbitrarily chosen and mathematics is used
with little regard towards learning for real life or work. Developing materials that are
designed to increase the competences in mathematics and show interdisciplinary approach at
the same time is an interesting challenge for researchers in the field of mathematics education,
for authors of tasks and problems with new or innovative contexts. The main idea is finding
topics and activities for mathematics lessons, which follow the interdisciplinary learning and
show close connectivity and collaboration between mathematics and different real life
situations.
We have found very interesting context, rich of mathematics ideas, which can deeper
mathematics competenciesof pupils, mainly by active manipulative work and studying shapes
in plane, and show interdisciplinary approach among mathematics, art and history: the Slovak
blueprint.
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WHAT IS BLUEPRINT?
It was the Dutch who on their trade voyages encountered a new way of fabric coldprinting with the use of indigo blue. In the 17th century, the technique was further spread to
German towns and eastwards to the rest of Europe.
The first mention of blueprint use in the Slovak region is dated back to 1798, having been
identified in a book of the fabric dyeing guild in Levoča. The oldest preserved piece of
blueprint from our region is estimated to be made in Kremnica (1783) and in Dobšiná (1784).
The natural source of the blue dye used in blueprint is Isatis tinctoria, or woad. This plant
was shipped in Europe from India at the end of the 17th century by the Dutch seafarers and
traders.
There are two ways of blueprinting – the negative blueprint for which bright patterns on
dark blue background are typical, and the positive blueprint for which the opposite is
characteristic. The former one is more popular and more used in Slovak folk blueprint.
Blueprinted fabrics were used for dress tailoring, curtains, bed clothing and other home
accessories. The positive blueprint is typical decoration of fabrics and other products in the
Netherlands and Germany.
From the half of the 19th century to 1946 there were blueprinting workshops in almost all
Slovak towns. Nowadays, the blueprinting trade is becoming more and more popular again.
The patterns and ornaments were painted on linen by hand, or imprinted from wooden
stamps. The patterns, which had been painted with a brush or imprinted from a stamp, remain
white (or have the original colour of the fabric). The patterns varied in the many Slovak
regions. There are only a few preserved patterns in form of the original linen, stamps and
other products, or in form of their pictures and photos.
THEORY OF WALLPAPER SYMMETRY GROUPS IN BLUEPRINT ORNAMENTS
Some blueprint patterns (Fig. 1) can be referred to as elements of wallpaper symmetry
groups, which actually represent the mathematical term for re-appearing plane patterns. These
groups are based on symmetries of the patterns. A wallpaper pattern is an ornament formed in
an infinite bidirectional repetition of a single motif. Following these terms, it can be said that
a wallpaper pattern is a kind of ornamentation with internal order. The ornament formation is
not that simple; it requires abstraction, fantasy and imagination of some extent, and also
intuitive or conscious geometric knowledge.

Fig. 1 Original blueprint patterns used on gift postcards, The Centre for Folk Art Production

The theory of wallpaper symmetry groups assumed importance at the end of the 19th
century, simultaneously with the numerical theory of crystallographic groups. That is why the
very first thinkers of the wallpaper symmetry groups were crystallographers, such as A.
Bravais, E. S. Fjodorov, A. Schoenflies, W. Barlow, and H. Hilton. In 1891, seventeen
wallpaper groups were classified for the first time by the Russian crystallographer E. S.
Fedorov. Since then, more and more works by designers and historians have appeared,
studying the ornament development in various cultures from both the artistic and the
mathematical point of view.
364

One of the most important terms is the term of symmetry. The symmetry of a pattern is
defined as an identical planar geometric projection which reflects the pattern to the same
image. The wallpaper groups serve for identification of the single patterns in ornaments, using
principles of symmetries. On the other hand, symmetries of a pattern can be classified in
terms of groups. In this case, symmetries of a blueprint wallpaper correspond to an identity
subgroup of Euclidean space, elements of which are identical planar geometric projections.
Thus, blueprint ornaments might be analysed according to identical geometric projections, i.
e. axial and central symmetry, rotation, translation, glide reflection, and identity.
Figure 2 depicts a brief analysis of two blueprint patterns with the use of wallpaper
symmetry group theory. There is one elementary area marked in each of the patterns, and this
area is periodically repeated, thus forming the pattern.

Fig. 2 Elementary areas of patterns

IMPLEMENTATION OF BLUEPRINT ISSUE IN MATHEMATICS EDUCATION
Symmetries, which can be found in blueprint patterns, and also the way of pattern
formation, were the source of inspiration for a math lesson activity we prepared for the high
school of arts pupils and university students.
The first activity: Stamping
Students were provided with basic information about the blueprint, its history and usage
in the past and at present. Next, they were given stamps of various motifs and sizes. Students
were asked to use the stamps in order to create their own patterns inspired by the blueprint.
Later on, their patterns were analysed and divided into a few groups according to principles of
the ornament formation, i. e. the symmetry type, the periodicity of the pattern (the rhythm
from the artistic point of view) and the stylization extent. Images 3 and 4 depict selected
student designs following principles of symmetry, periodicity, and the pattern rhythm.

Fig. 3 Patterns designed by high school students
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Fig. 4 Patterns designed by university students

As an additional task, the high school students designed products using the blueprint
pattern (Fig. 5). The university students stylised pictures using the patterns and stamps, e. g.
the picture of a heart using the heart-shaped stamp (Fig. 6).

Fig. 5 Product design based on a blueprint pattern

Fig. 6 Stylised picture

Another type of student designs was a visually interesting picture, yet without following
any ornament formation principles which were monitored (Fig. 7).

Fig. 7 Visually interesting picture stamped by a high school student

The second activity: Ornament designing
The stamping activity and pattern designing was followed by further activities, variously
modified for the high school and the university students. The university students continued
with designing the blueprint pattern using a grid, in order to make them find out that there is
always a grid in a pattern, and consecutively they designed blueprint patterns in the dynamic
software GeoGebra. Our aim was to inspire the university students in their own creative
approach to setting tasks and problems for their future pupils, for we consider this to be the
essential point in making mathematics education more up-to-date. The university students
designed their own patterns using the grid (Fig. 8).
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Fig. 8 Patterns in the grid

Next, the students were asked to design ornaments in GeoGebra. They created abstract
geometric ornaments and stylised geometric ornaments (Fig. 9).

Fig. 9 Abstract and sylised geometric ornaments

For the high school students three lessons were prepared, focusing on better
understanding of symmetry and identical planar projections. The expected results of their
work were designs of geometric patterns based on axial symmetry (reflection). They were
asked to design three blueprint ornaments in the grid, using only compasses and rulers,
moreover meeting the following conditions:
a) The first ornament will be projected through parallel axes of symmetry (at least three
axes). A few samples are depicted in Figure 10.

Fig. 10 Parrarel axes of symmetry

b) The second ornament will be projected through axes of symmetry intersecting in one
common point and forming angles of the same size (at least four axes). A few
samples are depicted in Figure 11.
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Fig. 11 Intersect axes of symmetry

c) The third ornament will be projected through axes, some of which are parallel and
some of which are intersecting them (at least four axes, Fig. 12).

Fig. 12 Parrarel and intersect axes of symmetry

RESULTS
Having finished activities, we were interested in the students’ opinions on them: 95% of
the university students and 83% of the high school pupils think they would be able to profit
from the knowledge acquired via the activity. The high school students positively appraised
the following activities: they could to create their own patterns; the stamping was a highly
manipulative activity; they acquired new knowledge about the blueprint; they could try a new
manipulative technique. They would like to know more about: the blueprint, the imprinting
technique, the possibilities of the blueprint use at present. The university students positively
appraised designing their own patterns, making the ornaments; they were interested in the
blueprint history; they would like to know more about products and possibilities of the
blueprint in nowadays fashion, artistic trades and in education.
CONCLUSION
As discussed in many studies in mathematics education (Kooij, 2010; Mousoulides,
2010) mathematics competencies in most countries in the world are derived from PISA
framework (OECD, 2002). The school mathematics education is described as the study of
patterns in four overarching ideas: quantity, shape and space, change and relationships, and
uncertainty. The blueprint context can open the new window to active and motivating
mathematics lessons in natural studying patterns, shapes and geometrical ornaments.
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Abstract
Applications and modelling are an important theme in mathematics education. There are many educational
studies that have deal with it. We shall centre on the modelling in mathematics education. The goal of this paper
is to show a couple of definitions of the terms model and mathematical modelling. We want to illustrate the
process of mathematical modelling through a model that was created by Blum. It consists of seven steps that are
related and that interlock. In the paper we shall present a brief description of the model, explanation of Blum’s
individual steps and a list of many possible different research situations in which the model can be applied. We
shall show the creation of mathematical models step by step in the form of two concrete tasks inspired by
everyday life. We shall use appropriate equations for the description of problematic situations. The tasks we
chose are suitable for mathematics education in the secondary school.
Keywords
Mathematical model. Mathematical task. Modelling cycle.

INTRODUCTION
According to ISCED 2 (International Standard Classification of Education) the teaching
of mathematics should lead to building of a relationship between mathematics and reality, to
provide experience with regard to the mathematisation of real life situations and with creating
mathematical models. The results of external testing of 9th grade primary schools pulpis in
the last few years have shown that pulpis have problems with mathematical modelling.
Mathematical modelling and its teaching has increased attention throughout the world in
recent years. ICTMA (The International Community of Teachers of Mathematical Modelling
and Applications) attends to enquiries of teaching and learning of mathematical modelling in
primary schools, secondary schools and universities.
Mathematical modelling relates to eight mathematical competences that are measured in
PISA. Therefore, it is necessary to pay attention to mathematical modelling. It is important to
create modelling task for pupils to help them to eliminate the above mentioned problems.
MODELS AND MATHEMATICAL MODELLING
There are many definitions of the terms model and mathematical modelling. The term
model is defined in the Dictionary of Mathematics as
a) a mathematical representation of a process, device, or concept by means of a number
of a number of variables which are defined to represent the inputs, outputs and states
of the device or process, and a set of equations and inequalities describing the
interaction of the these variables.
b) A mathematical theory or system together with its axioms (Parker, 1997)
Lesh (2002) defines models as conceptual systems (consisting of elements, relations,
operations, and rules governing interactions) that are expressed using external notation
systems. A mathematical model focuses on the structural characteristics of a relevant systems.
According to Blum (1993) the term mathematical modelling may mean the process of
model building, leading from a real situation to a mathematical model, of an applied problemsolving process, or again any manner of connecting the real world with mathematics.
Cheng (2001)says that mathematical modelling is a process of representing real world
problems in mathematical terms in an attempt to find solutions to various problems.
The process of mathematical modelling can be represented by a seven – step model as
proposed by Blum (2009):
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Fig. 1 The modelling cycle (Blum, 2009)

The starting point is a real situation which it is necessary to understand and with regard to
which a situation model has to be constructed. The situation has then to be simplified,
idealized and made into a real model. This model has to be mathematised. The
mathematisation transforms the real model into a mathematical model. Working
mathematically yields a mathematical result. This mathematical result is interpreted in the real
world as a real result. The real result must be verified and interpreted.
In addition to the presented cycle there are a number of other cycles. These mathematical
cycles can be used for many different research purposes. For example:
 analysing authentic mathematical modelling processes retrospectively in order to
understand and validate the process that might form the basis for important
applications and decisions. Such analyses can serve as a basis for selecting and
designing modelling problems and situations that are representative in some way
of authentic applications of models.
 identifying key elements in mathematical modelling competency.
 analysing student´s modelling work retrospectively in order to determine which
part of the cycle they have been working on, which paths they have been taken
and the types of difficulties they have experienced during their modelling
activities.
 as a tool for supporting student´s modelling work and their related metacognition.
 as a didactic tool for planning modelling courses or project(Which part of the
modelling cycle should the students work with? How can they be challenged
according to the design of the didactic situation or interaction with the teacher
during the activity?)
 as a way of defining and analysing a curricular element in mathematics teaching
(Kaiser, 2006).
From the previous research mentioned in the literature it follows that mathematical
modelling is important because:
 it helps students ‘to better understand the world
 it supports mathematics learning (motivation, concept formation, comprehension,
retaining)
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 it contributes to the development of various mathematical competencies and
appropriate attitudes
 it contributes to an adequate picture of mathematics (Blum, 2009)
MATHEMATICAL TASKS
In this part of the paper we shall present three tasks and will build corresponding mathematical
models.
Example 1:The Sun

The Sun is the brightest and nearest star in the sky. It came
into existence about 4,7 billion years ago. It weighs 2.10 30kg,
its diameter is 1 392 000 km and its surface area is 6.1012km2.
That is why we rate it among the above–average stars of our
galaxy (Milky Way). If we could drive from the Earth to the
Sun at a constant speed 90 km/h, it would take about 190
years. What is the approximate distance between the Earth
and the Sun?
Fig. 2 The Sun
(Source: http://astronomy.wz.cz/info_slnko.php)

Solution:
First, we mark: time – t (h), speed – v (km/h), distance – s (km). According to the text of the
task we know that the car is moving at a speed of 90 km/h. Thus, it travels 90 kilometres in
one hour. We illustrate the distance for different times in the following table.
Tab. 1The distance travelled by the car

v(km/h)

t(h)

s(km)

90

1

90 = 90.1

90

2

90+90 = 90.2

90

3

90+90+90 = 90.3

.
.
v.

.
.
t.

.
.
.

v.t

Then, the distance travelled by the car is
s  v.t . (1)
We convert years to hours
190 years  190.365 days  190.365.24 h  1664400 h .
We evaluate equation for given values of the variables.
s  90.1664400  149,796.106 km .
The approximate distance between the Earth and the Sun is 149,796.106 km .
Example 2: The Cable car
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Lomnický štít (2632 m.a.s.l) is the most popular and
most famous peak of the High Tatras. The peak has
been made accessible by a cableway from the
Skalnaté pleso (1751 m.a.s.l.) since 1940. The speed
of the cableway is 4,1 m/s. The time needed to get to
the summit is 8,8 min. What is the approximate
walking distance from the base terminal to the
Lomnický štít?

Fig. 3 The cableway in the High Tatras
(Source: http://www.vt.sk/aktivity/vylety-lanovkami/lomnicky-stit/)

Solution:
We simplify the real situation. We model it using a rectangular triangle (Fig. 4).

Fig. 4 The rectangular triangle

By using the Pythagorean Theorem we get
a 2  b2  c 2 ,
from this
c  a 2  b2

 2 .

We calculate the length of the side a through the use of the equation from example 1.
Thus
a  4,1.8,8.60  2164,8 m, b  2632 1751  881 m.
By substitution in (2) we get

c  2164,82  8812 ,
from this
c  1977, 42 m.
The walking distance is approximately 1977,42 m.
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Example 3: The European hare
The European hare (Lepus europaeus), also known as the
brown hare, is able to run at a speed of 70 km/h. Would
the hare catch the bus (connection 102506 1) between
Tornaľa and Rožňava if it caves Tornaľa 6 minutes later
than the bus? Justify your claim.

Fig. 5 The European hare
(Source: http://sk.wikipedia.org/wiki/Zajac_po%C4%BEn%C3%BD)

Fig. 6 Connection route

Solution:
According to the timetable we know that the bus must travel 35 km (from Tornaľa to
Rožňava) in 35 min. Thus, it is moving between those towns at an average speed of 60 km/h.
The brown hare runs from Tornaľa to where it catches up with bus in a time of t (h) at a speed
 6 
of 70 km/h. The bus travels the same distance in 6 min more than the hare 
h.
 60 
Therefore
6 

70t  60  t   (3),
 60 
from this
t  0,6 h .
Then, the distance from Tornaľa to the place where the hare catches up with the bus is
s  70.0,6  42 km.
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The hare would not catch up with the bus between Tornaľa and Rožňava. According to the
timetable, the distance between towns is 35 kilometres, which is 7 kilometres less than the
hare needs. If it started running 1 minute earlier, it would catch up with the bus in Rožňava.
We exemplified the situation in all cases using the appropriate equations. In effect, we
created adequate mathematical models for each situation. Mathematical model is a
simplification of the real situation. In the course of its creation we ignore some facts. Look for
example with regard to task 2. In our mathematical model we imagine that the cable used to
haul the cable car is tight. In reality (see Fig. 7) it is the case. The speed of the cable car is not
linear. It moves faster at the beginning and slows down towards at the end.

Fig. 7 The real situation of the cableway

The trajectory between the base terminal and the Lomnickýštít is not flat. Rather,it is bumpy
and it hasa flat dip. If we want to create a mathematical model that would accord with
reality,it would be too complicated and insolvable for the pupils.
CONCLUSION
The aim of this paper is for reader to become familiar with the concepts of models and
mathematical modelling. By using the above mentioned examples we have shown how to
form mathematical models relating to real situations. In the course of their creation it was
necessary to discover the relationships between the given variables and to construct the
corresponding equations. The illustrative examples are suitable for pupils attending secondary
school.
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Abstract
The aim of this study was to develop non-linear height-diameter model for predicting tree height of some host
woody species in presence of Viscum album. For this purpose it was used the data of tree inventory of the castle
park in Lednice which was drawn up in winter periods of the years 2011 to 2013. For the detailed analysis only
the most frequently host species was added (Acer campestre, Juglans nigra, Tilia cordata and Tilia
platyphyllos). For characterization of this relationship the one-way analysis of covariance was used. In this case
the tree height was used as continuous response variable, the “presence” of mistletoe as categorical explanatory
variable (factor) and diameter at breast height (DBH) as covariate (which was logarithmed). To evaluate the
model performance it was used total 10 criteria (adjusted R 2, Akaike Information Criterion, Schwarz Bayesian
Information Criteria, root mean square error, Mallows’ Cp, Bozdogan’s ICOMP, CAICF information criteria,
MSresidual, mean difference and mean absolute difference). Due to our results we can conclude that except of Tilia
cordata, the impact of mistletoe is not statistically significant. The predicted main effect of DBH is statistically
significant in every cases, but the interaction between presence of mistletoe and DBH is also not significant in
every cases. Although, the impact of mistletoe was not statistically significant, the adjusted R2 values showed
that all models in case of uninfected individuals produced nearly identical fits explaining approximately
45–60 % of total variation in height, but in case of infected individuals ranging only 15–30 %.
Keywords
Viscum album. host woody species. non-linear regression. statistical modelling. model performance criteria.

INTRODUCTION
The relationship between tree height and diameter at breast height (DBH) an important
element in growth and yield models, in carbon budget and timber volume models, and in the
description of stand dynamics (Ahmadi et al., 2013). The relation between the tree height and
its diameter at breast height varies among stands (Calama and Montero, 2004) and depends on
the growing environment and stand conditions (Sharma and Zhang, 2004). A wide variety of
model forms have been proposed for height-diameter for different species and different forest
regions. The approaches used for developing height-diameter models have varied from being
simple to complex, including linear and non-linear models (Krisnawati et al., 2010).
According to Niklas (1995) the relationship between the tree height of specific species and
their trunk diameters is typically non-linear.
Also a lot of scientific publications deal with the relationship of diameter at breast height
and tree height for infected and healthy trees. In case of Parrotia persica (which was infected
by Viscum album), it was proved that infected trees in a same diameter have lower height than
uninfected individuals (Kartoolinejad et al., 2007). This may be because of the decrease in
host growth as a consequence of mistletoe damages. Because mistletoe takes water and
dissolved inorganic compounds directly from the xylem of their host (Zuber, 2004).
The selection of appropriate criteria to assess the model performance is a critical
consideration. There is no single criterion for selecting the best regression model from a
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number of models (Draper et al., 1998; Aertsen et al., 2010). Using multiple measurements of
performance instead of single measurement is common and more objective approach (Dawson
et al., 2007; Aertsen et al., 2010). The most commonly used criteria to evaluate the model
performance are the coefficient of determination (R2) (Pearson, 1896) and its modification
(adjusted coefficient of determination – R2 adj). The root mean square error (RMSE) is a wellaccepted goodness-of-fit indicator describing the difference in observed and predicted values
in the appropriate units (Harmel et al., 2007; Aertsen et al., 2010). The Akaike Information
Criterion (AIC) is considered as one of the most reliable criteria for comparing models with a
range of parameters. The model with smallest AIC is considered optimal (Burnharm et al.,
2002; Logan, 2010; Sharma, 2009). Schwarz Bayesian Information Criteria (BIC)is outwardly
similar to AIC. The constant added to the likelihood function penalizes models with more
predictor terms more heavily (and thus select more simple models) than AIC (Logan, 2010).
Mallows’ Cpis an index resulting from the comparison of the specific model to a model that
contain all the possible terms (Mallows, 1973; Faraway, 2005). Bozdogan’s ICOMP criterion
is designed to estimate the loss incurred in modeling, parameter redundancy, parameter
stability, and error structure of the models in one criterion function. CAICF information
criteria include with penalty the natural logarithm of the determinant of the estimated Fisher
information matrix (Bozdogan and Haughton 1998; Spiegelhalter et al., 2002).
MSresidualsrepresents the mean amount of variation unexplained by the model, therefore the
lowest value indicates the best fit. Other frequently used indicators are mean difference (MD)
and mean absolute difference (MAD) (Ahmadi et al., 2013).
The aim of our study was to develop a non-linear height-diameter model for predicting
tree height of some host woody species in presence of mistletoe. Our hypothesis is that the
slope of regression curve in case of infected trees will be significantly lower.
MATERIALS AND METHODS
The research locality Lednice is situated in southern Moravia at an altitude of 165 m
above the sea level, and is the most important centre of occurrence of the European mistletoe
(Viscum album L.) in the Czech Republic (Procházka, 2004). Average annual temperature
(1961–1990) is 9.3 °C and average annual precipitation for the same period 481 mm. The
castle park in Lednice is approximately 170 ha large (without pond) and includes more than
10,000 trees which were individually evaluated in winter periods (usually from December to
March) of the years 2011 to 2013. The following data were recorded pre-eminently to tree
inventory:
 Taxon: for this purpose we used the scientific nomenclature according to Erhardt et al.
(2008)
 Identification of individuals: serial section number, serial department number, serial
number of the tree (Pejchal and Šimek, 1996)
 Basic dendrometric quantities: tree height (with accuracy of 1 m), diameter of breast
height (with accuracy of 1 cm). Measured in practice by common methods (Machovec, 1982)
 Presence of mistletoe: uninfected (0) and infected (1) individuals
 Theinfection degree: it wasthe ratio of the volume of each mistletoe individual to
foliagecrown. The followingscalewas used(Spálavský, 2001): 0 – No infection:nomistletoe
was found on the tree (0 %), 1 – Rareoccurrence: mistletoe takesupone-tenthofthe
activeassimilativecrown volume(1–10 %), 2 – Scatteredoccurrence: mistletoe occupiesabout
one-tenth to one-third of the activeassimilativecrownvolume(11–40 %), 3 – Abundant
occurrence: mistletoevolumeis higher or approximately equalled tothe volume ofthe
activeassimilative partof thecrown (41–70 %), 4 – Massoccurrence: mistletoe takes upa
substantialpart of the crown(71–100 %).
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For the detailed data analysis only the most frequently host species was added: Acer
campestre L. (total: 1266, infected: 533), Juglans nigra L. (total: 117, infected: 83), Tilia
cordata Mill. (total: 515, infected: 292) and Tilia platyphyllos Scop. (total: 447, infected:
170). For the better results (in case of infected individuals) some levels of infection degree
were excluded (degree 1 and 2) from the analysis and others were merged (degree 3 and 4).
For characterization the relationship between the tree height and diameter at breast height
with presence of mistletoe the one-way analysis of covariance (ANCOVA) type I (sequential)
sum of squares was used. In this case the tree height was used as continuous response
variable, the “presence” of mistletoe as categorical explanatory variable (factor) and DBH as
covariate (which was logarithmed). The best-fitting curve was obtained by the method of
ordinary least squares (OLS). Coefficient of determination (R2) was used for measurement of
how close the data are to the fitted regression line. After the analysis all accepted statistical
models were checked pre-eminently with the help of diagnostics plots. The data processing
and evaluating was carried out in Microsoft Office Excel 2010 and statistical analyses were
performed using the statistical program R version 3.0.3. (R Core Team, 2014) with additional
packages “BaylorEdPsych” (Beaujean, 2012), “hydroGOF” (Zambrano-Bigiarini, 2014) and
“MuMIn” (Bartoń, 2014). For editing R scripts the Tinn-R code editor was used (Faria, 2013).
RESULTS AND DISCUSSION
Due to our results we can conclude that the impact of mistletoe is not statistically
significant in case of Acer campestre (F1,768 = 0.79, p = 0.37, ηp2 = 0.001), Juglans nigra
(F1,61 = 0.14, p = 0.70, ηp2 = 0.002) and Tilia platyphyllos (F1,306 = 4.26, p = 0.04, ηp2 = 0.01).
However, in case of Tilia cordata (F1,324 = 10.25, p = 0.002, ηp2 = 0.03) the presence of
mistletoe is already significant.
The predicted main effect of diameter at breast height is statistically significant in every
cases: Acer campestre (F1,768 = 740.51, p < 0.001, ηp2 = 0.49), Juglans nigra (F1,61 = 77.02, p
< 0.001, ηp2 = 0.56), Tilia cordata(F1,324 = 509.48, p < 0.001, ηp2 = 0.61) and Tilia
platyphyllos (F1,306 = 351.40, p < 0.001, ηp2 = 0.53).
The interaction between presence of mistletoe and diameter at breast height is also not
significant in every cases: Acer campestre(F1,768 = 740.51, p < 0.001, ηp2 = 0.005), Juglans
nigra (F1,61 = 0.07, p = 0.79, ηp2 = 0.001), Tilia cordata(F1,324 = 0.33, p = 0.57, ηp2 = 0.001)
and Tilia platyphyllos (F1,306 = 0.03, p = 0.85 ηp2< 0.001).
The following table (Tab. 1) show the relationship between the tree height and diameter
at breast height for different host woody species with presence of mistletoe. For this purpose
logarithmic regression model was fitted. In case of infected individuals the coefficient of
determination (R2) showed much lower relationship.
Tab. 1 Logarithmic tree height-diameter model for different host woody species with presence of
European mistletoe (Viscum album)
Viscum album
Taxon
Uninfected individuals
Infected individuals
Acer campestre
height = - 6.33 + 5.85*log(DBH)
height = 2.76 + 3.43*log(DBH)
r2 = 0.48
r2 = 0.15
Juglans nigra
height = - 14.53 + 8.57*log(DBH)
height = - 18.01 + 9.61*log(DBH)
r2 = 0.60
r2 = 0.19
Tilia cordata
height = - 8.54 + 6.72*log(DBH)
height = - 8.78 + 7.35*log(DBH)
2
r = 0.46
r2 = 0.32
Tilia platyphyllos height = - 9.9 + 7.53*log(DBH)
height = - 13.85 + 7.93*log(DBH)
r2 = 0.51
r2 = 0.15
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The next table (Tab. 2) shows the estimated regression parameters, standard error (SE), tand p-value (which shows if the parameter is statistically significant or not) of fitted
logarithmic models for all host woody species with presence of mistletoe.
Tab. 2 Parameter estimates for the different non-linear height-diameter models
Viscum
Taxon
album
Parameter Estimate
SE
t-value p-value
No
a
-6.33
0.72
-8.84
< 0.001
log(b)
5.85
0.22
26.10
< 0.001
Acer campestre
Yes
a
2.76
5.39
0.51
0.61
log(b)
3.43
1.34
2.57
0.012
No
a
-14.53
4.19
-3.47
0.002
log(b)
8.57
1.24
6.88
< 0.001
Juglans nigra
Yes
a
-18.01
14.88 -1.21
0.24
log(b)
9.61
3.70
2.60
0.01
No
a
-8.54
1.52
-5.64
< 0.001
log(b)
6.72
0.49
13.80
< 0.001
Tilia cordata
Yes
a
-8.78
4.34
-2.03
0.05
log(b)
7.35
1.07
6.90
< 0.001
No
a
-9.90
1.37
-7.25
< 0.001
log(b)
7.53
0.44
17.08
< 0.001
Tilia platyphyllos
Yes
a
-13.85
15.24 -0.91
0.37
log(b)
7.93
3.40
2.33
0.03

The following table (Tab. 3) shows the measures of performance for all eight (four
uninfected and four infected) non-linear growth functions modeled in this study. The adjusted
R2 values indicate that all models in case of uninfected individuals produced nearly identical
fits explaining approximately between 45–60 % of total variation in height. In case of infected
individuals this fitting is much lower, the values ranging between 15–30 %.
Tab. 3 Performance criteria of the different non-linear height-diameter models for calibration data
Model
Acer campestre
Juglans nigra
Tilia cordata
Tilia platyphyllos
performance
Infected
Infected
Infected
Infected
criteria
No
Yes
No
Yes
No
Yes
No
Yes
2
Adjusted R
0.48
0.15
0.60
0.19
0.46
0.32
0.51
0.15
AIC
3848.5
217.3
215.3
200.0
1285.6
631.1
1558.0 229.7
BIC
3862.3
222.6
219.9
204.3
1295.8
639.1
1568.9 234.2
Bozdogan’s
3847.2
217.2
213.5
200.9
1284.0
631.1
1556.6 230.3
ICOMP
CAICF
3875.5
228.7
225.6
207.6
1305.7
646.5
1579.4 237.2
Mallows’ Cp 8159.7
569.9
1055.7
1078.3
4126.7
2459.3 4462.7 1915.7
RMSE
3.33
3.63
5.25
5.53
4.26
4.75
3.98
7.17
MAD
2.61
2.84
3.71
5.21
3.30
3.63
3.13
6.29
MD
< 0.001 0
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
MS residual
11.1
13.9
29.33
32.68
18.3
22.98
16.0
54.73

Figure 1. shows the logarithmic regression relationship between the tree height and
diameter at breast height graphically with regression curve for four different host species in
the presence of mistletoe. Uninfected trees are indicated by blue color and infected trees by
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red color. From the graph it is obvious that the relationship between the tree height and DBH
is not linear – this phenomenon was proved by other studies (Niklas, 1995; Ahmadi et al.,
2013). It is also obvious that there are no big differences between the slope of uninfected and
infected trees. However, in case of Tilia cordata, these differences was statistically
significant.

Fig. 1 Logarithmic tree height-diameter model for different host woody species with presence of
European mistletoe (A – Acer campestre, B – Juglans nigra, C – Tilia cordata, D – Tilia platyphyllos)

The following table (Tab. 4) shows the basic statistics in case of tree height and diameter
at breast height for different host woody species with presence the mistletoe. This table
indicates the number of evaluated individuals (separately for uninfected and infected
individuals) which were added to the analysis, mean, mode, standard deviation (SD) of data
and minimum and maximum values. The largest tree height (21.5 m) and the largest diameter
at breast height (92.5 cm) values was observed in case of infected individuals of Tilia
platyphyllos. The SD value ranging from 4–8.4 in case of tree height and from 16–31.5 in
case of diameter at breast height.
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Tab. 4 Basic statistics for dendrometric variables (tree height and diameter at breast height) of
uninfected and infected trees
Viscum
Number
Variable
Taxon
album
of trees Mean Mode
Min
Max
SD
No
733
12.1
12
2
26
4.6
Acer campestre
Yes
39
16.5
20
8
26
4.0
No
34
13.6
7
3
31
8.4
Tree
Juglans nigra
Yes
31
20.5
15
11
33
6.2
height
No
223
12.0
12
3
32
5.8
(m)
Tilia cordata
Yes
105
20.9
20
7
35
5.8
No
277
13.1
10
1.5
31
5.7
Tilia platyphyllos
Yes
33
21.5
15
7.0
34
7.9
No
733
27.1
20
3
120
16.1
Acer campestre
Yes
39
59.3
50
12
100
21.2
No
34
34.9
60
10
96
25.3
DBH
Juglans nigra
Yes
31
57.5
40
35
125
19.6
(cm)
No
223
25.4
15
6
95
16.2
Tilia cordata
Yes
105
62.2
65
16
125
25.0
No
277
24.6
20
5
131
15.6
Tilia platyphyllos
Yes
33
92.5
100
34
150
31.5

It is interesting that except for Tilia cordata the impact of Viscum album was not
statistically significant when it was studying the relationship between the tree height and
diameter at breast height. Our study also prove that height-diameter relationship is not linear.
We tried to use logarithmic regression, but it is imaginable that this relationship may better
characterize by fitting other types of regression model.
Since the height-diameter relationship in a forest varies due to the variability in site and
stand conditions, a single height-diameter relationship may not be appropriate for estimating
all the possible relationships that may be found within a forest (Krisnawati et al., 2010). There
are two possible alternative approaches for estimating tree height. The first is to develop a
height-diameter model separately for each stand and the second is to use generalized heightdiameter models in which variability in site and stand conditions is considered by including
additional stand variables as well as tree diameter (e.g.Bi et al., 2000; Staudhammer et al.,
2000; Sánchez et al., 2003; Sharma et al., 2004; Krisnawati et al., 2010). The first approach
is, however, time-consuming and costly, whereas the second is practical and could provide
more accurate height estimates (Ahmadi et al., 2013). In case of presence of other factors (e.g.
in our cases the impact of mistletoe), this modelling may be more complicated.
CONCLUSION
It is apparent from the model statistics that each growth function was equally fitted to the
tree height-diameter data. The models accounted for approximately 45–60 % (in case of
uninfected individuals) and 15–30 % (in case of infected individuals) of the total variation in
height. However, it is possible that other types of regression model will be better fit and
characterize this relationship; therefore in the near future we are going to study the other type
of regression models (e.g.Chapman-Richards, Schnute, Lundqvist/Korf, Weibull, Modified
Logistic and Exponential). It will be also task to study the influence of other factors (e.g. tree
vitality, development stage, crown canopy etc.) for better understanding the tree height and
diameter at breast height relationship, mistletoe occurrence and its distribution. It will be also
important to detect differences among hosts.
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Abstract
We are in contact with written text every day. Readability of the writing is fundamental importance in the flow of
information. Reseach and application of results in countries of the Visegrad group significantly lagge behind the
Anglo-Saxon countries.For the Slovak language a relevant metrics determining readability of the text was not
developed. Method of measuring of difficulty of the text is pointed out the scale LIX. We point out the
incorrectness of downloading of metrics, which are set for the others languages. In this work we have set criteria
for the instrument of difficulty of the text that are not language-specific. These criteria allow a choice of
structure of the instrument of difficulty of the text from a wider group of structures. We assume submission of the
instrument as a result of the application of these criteria. The value of explanatory parameters given by
statistical processing 40 text boxesm where the length of the text was 10 sentences, is introduced.
Keywords
Text, Rreadability, Formula, LIX

INTRODUCTION
Prussian school system with study texts with graded difficulty was the base of the school
reform in the U.S.A. Horacius Mann dedicated himself to it. The first school with these
textbooks began its action in 1847. In 1920s the teachers recognized the relation between the
length of the sentences of the study texts and its difficulty. The US army (as in Prussia) also
recognized the importance of the adaptation of the readability of written materials to the
intellectual level of the target group. From the half of the 20th century the fast development of
the works dedicated to the determination of the difficulty of written texts using the statistic
methodsbegins. This happened in the Anglo-Saxon countries. Civil Service (for example tax
administration) codified the difficulty of the readability of tax forms. For detailed
development look for example DuBay (2004).
Due to the development of computation technique, the Anglo-Saxon countries begin fast
development of analysis of the readability of the texts. The number of works dedicated to the
readability in 1950 crossed 10 000. The biggest contributors are the informatics sciences
(more than 1300 publications). First pedagogical scientist publications appeared in indexed
magazines in the beginnings of the 1980s and today they form cca. 5% of all the publications
(550). None of the works about the readability in the pedagogical sciences published in
indexed magazines were from the countries of Visegrád Group (Slovak Republic, Czech
Republic, Hungary and Poland).
Fast development of new qualitative level (Fig. 1.)begins in 2010, when commercial
companies explored new solutions based on the recognition of written text, its voice
reproduction. The algorithms solve the text recognition and the creation of correct intonation
of voice reproduction (for example reduction of unnatural intonation in the voice annunciation
of the state of account in the bank). Nowadays, the big challenge in this field is the
recognition and translation of the speech and the voice reproduction.
Between the most active science fields, which dedicate to text readability are the medical
science (the pedagogical sciences are in the 6th place). The common fact in the medical texts
is the mixture of common language and the Latin language with the high number of specific
words. The similarity with physical texts (common language, mathematic formulas and
specific words) can be seen here.
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B
A
Fig. 1 A - The number of citations in a particular year dealing with readability in the last 20 years
(10 the most active fields of science by Thomson Reuters database). B - The number of Published
Items in a particular year in the last 20 years in the field of computer (by Thomson Reuters
database).

In the Czech Republic and the Slovak Republic Gavora (1992), Průcha (1997, 1998)
dedicate the basics of the issue in a theoretical level, we can´t say if they used the existing
statistical datas.
We can not average, if the text fulfills the educational level of the student. Only by use the
formula, but the clarity of the text and the intellectual level of the text can be determined by
readability formulas. We said that this problem was studied in different countries, but we
didn´t study this problem from point of view of statistical approach in Slovak Republic.
Under the statistical approach we understand the using of tools of mathematical statistics, in
order to define a measure of clarity on the basis of correlations clearly identifiable characters
(ex. numbers of long words - words composed of a large number of symbols) with intelligible
estate text. We are in contact with the application of foreign formulas and units designed for
foreign language texts on the Slovak texts. The Slovak language, like other languages, is
specific. It contains number of verbal and name shapes distinguish the sentence and word
structures, the length of words, the use of prepositions, and other joints. Of the above
mentioned reasons (but also others) must not only take on another scale, foreign, language,
and use it for analysis Slovak text, but adapt coefficients for each language separately.
READABILITY FORMULAS
The most used readability formulas in Slovakia is the LIXformula, Mistrík´s formula,
Nestlerová´s formula. In the next chapter we will explain the LIX readability formula and we
will show you the application of LIX on the Spanish, the Check and the Slovak schoolbooks.
The LIX formula
In the book „Teaching from text and didactical information“ is the LIX formula is
specified like a universal readability formula. The LIX formula is made by Swede
Björnsson(Björnsson, C.H: Läsbarhet. Stockholm: Liber,1968).
LIX formula is:
(1)
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This formula uses two variables:
– average length of sentence as expressed in number of words, in list of 200
sentences,
– average length of word with more than 6 letters in list of 2000 words.
Files of sentences (syntactic factor) are made by 20 samples with 10 sentences which are
chosen systematicaly from different parts of the textbook. The file of words (lexical factor)
are made by 20 samples with 100 words. LIX Reading score:
–
points .................... very easy text
–
points .................... fairly easy text
–
points .................... fairly difficult text
–
points .................... very difficult text
Björnssonova’s LIX formula is equipped byperformancestandardsof textbooksfor each class
(Průcha, 1987).
The example of results of the three physics textbooks
We analysed these three textbooks (Vachek et al., 2001), (Rovira, 1999), (Bednařík et al.,
2000):
We used the LIX formula for all three textbooks and we have this reading score:
Reading score by LIX formula for (Vachek et al., 2001):
Reading score by LIX formula for (Bednařík et al., 2000):
Reading score by LIX formula for (Rovira 1999):

Now we can see, that by the LIX Formula are all three texts in the same level,so all three
texts are very easy texts. We can see that the Slovak and the Check books have simillar
reading score, bottom bound in the very easy text reading score. The Spanish book has
reading score, high bound in the very easy text reading score. For that reason, it is pssible to
say, that all three texts are on the same level. But we can see, in Spanish language is more
difficult construction of sentences, length of words. The LIX formula does not include the
language difference and we can´t use the same formula for Slavic languages and Romance
languages. These types of languages are substantialy different. So we think, that texts in
Slovak and Check schoolbooks are less difficult than text in Spanish schoolbook (Škorecová,
2013).
THE FORMULA, WHITCH WE NEED...
We saw, that all formulas, whitch we have for Slovak text aren´t usable. We need
a formula which can allocate a reading score to school grade level. With this type of the
formula we can say if the studying text is on the appropriate level. In the world we have some
formula, which allocate a reading score to school grade level. It is Flesch-Kincaid formula
and we want to produce something like this for Slovak textbooks.
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FLESCH – KINCAID GRADE LEVEL
(6)

Fig. 2 Flesch´s Reading Ease Score (DuBay, 2004)

Fig. 3 Flesch´s 1949 analysis of the readability of adult reading materials (DuBay, 2004)

If we want to make a formula for Slovak language, we may aadapt the constants in
FLESCH - KINCAID GRADE LEVEL for the Slovak language or create a formulawhich will
be based on a similar principle, but with other variables.
In fact, our program requires two steps: a) the determination of the variables and the
structure of metrics, b) the determination of explanatory parameters of metric. If we want to
create a new formula, we will use this methode:
We choose next variables:
- the number of letters,
- the number of syllabels,
-p the number of word, in list of 10 sentences.
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That being supposed that the texts are on the same level, we proved to be the most suitable
option as follows:
(7)
where is a readability score. Method of least squares, we determine the value of the
explanatory parameters
We calculated with requirement that the texts are in the same level in the textbooks of
Slovak language and because of that we chose the index I=1. Assuming that index is 1, was
produced like the most convenient variant of the combination of the variables the variant
number (7). By using bilateral Student t-test it is possible to say that the probability of the
correctness of the null hypothesis on significance level of 0, 1 is 3, 89885. 10 -11 . Null
hypothesis is the affirmation: theoretical dependence (7) coincides with the experimental data
only due to the random fluctuation; in the reality they are statistically independent, it means,
the correlation is 0.
Correct metrics must verify two basic criteria: 1) for the texts of the same difficulty
bringing back the same value (except of the level of uncertainty coming from the statistics), 2)
for the texts of the different difficulty bringing back different values (over the level of
uncertainty coming from the statistics).
Our accession resolving, in this zero approximation, problems with the determination of
the difficulty of different examples of text (which attend on determination of the coefficients
b0, b1, … in the metric). It reduce the space of the usable metrics and parameters b usable for
the metrics of difficulty convenient to the first fundamental criteria.
RESOLUTION
By repeating the action for different textbooks (for higher/lower grades) it is possible to
constrict by next analysis possible forms for the equation of the readability, it means to meet
the second fundamental criterion. By the same action it is possible to explore the scale which
is approximating to the scale mentioned in Flesch-KincaidGrade Level. Constat that the
correctness of the measure increases with the number of the variables, but our object is to
adapt the measure to the wider amount of the people and make it applicable on the shorter
texts, it means, on the texts including for example 10 sentences, which is the reason why we
have restricted the choice of the mentioned variables. In spite of the lower number of the
variables, the mentioned formula will be statistically important in term of the demonstrability
of the difficulty of the text.
How we have mentioned, the importance of the measure serving to the determination of
the difficulty of the text is obvious. The measure, which will be adapted to the study texts of
Slovak language we will apply to the study texts of Physics and by this we would like to
contribute towards the clarity and the readability of the study texts, especially in the textbooks
of Physics.
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Abstract
Ceramic materials are considered as dielectrics with ionic conductivity where polarization effects play an
important role. These effects take place when an external electric field is applied or when this field is removed.
The measurement of the polarization current was performed using electrometer Keithley 6514 that measured
and recorded the current. The measuring circuit contained the power supply (Tesla BS 525 with a voltage of
7 V). The depolarization current was measured without supply when the sample was directly connected to the
electrometer. The polarization and depolarization currents were measured on a green kaolin sample at room
temperature. The kaolin samples were in prismatic shape with dimensions 10×10×20 mm with two kanthal wire
electrodes ( 0.4 mm). Since the polarization current did not reach zero value after long time, it was determined
that both the ions and electrons are the charge carriers. Theoretically, the both currents should decrease
exponentially in time if only one mechanism is present. Non-exponential relationship between the ionic current
and time, which was experimentally found, indicates several polarization mechanisms. The polarization and
depolarization processes are completed in 50 min.
Key words
Kaolin. Polarization. Depolarization. PDC technique.

INTRODUCTION
Traditional ceramics, in spite of their thousand years use, are still studied to improve their
mechanical and thermophysical properties or to optimize a firing process. A green ceramic
material, which is a mixture of minerals (particularly kaolinite, illite, quartz, feldspar and
calcite), is a complex structure with pores partially filled with water. A green (unfired)
ceramic body is dried and then thermally treated in a kiln or laboratory furnace up to
1000 °C. Some of the minerals change their structure, e.g. kaolinite and illite become
metakaolinite and metaillite during dehydroxylation between 450 °C and 700 °C and -quartz
changes into -quartz at 573 °C. Then metakaolinite lattice collapses and Al-Si spinel appears
around a temperature of 950 °C. Metaillite also partially changes into spinel phase but it
mostly changes into glassy phase above 900 °C. When the mixture contains calcite, gehlenite
and anorthite are created between 900 °C and 1000 °C (Gualtieri et al., 2006; Hanykýř et al.,
2000; Ptáček et al., 2010; Escalera et al., 2012; Traoré et al., 2003; Ruotsala, 1963; Kurama et
al., 2009; Wattanasiriwech et al., 2009).
Different analyses are used for the research of properties of ceramics. However, a
measurement of the electrical properties of the green ceramic materials is not very current.
For example, DC conductivity of kaolin and a mixture of kaolin with calcite waste were
studied in a temperature range 20 °C – 1100 °C in (Podoba et al., 2013; Podoba et al., 2012)
Ceramic materials are considered as dielectrics with ionic conductivity where
polarization effects play an important role. These effects take place when an external electric
field is applied or when this field is removed. In the first case, new (induced) dipoles are
created and permanent dipoles are oriented. In the second case, the induced dipoles disappear
and permanent dipoles randomize and return to their original state. Electronic and ionic
polarizations are always present in ceramics described above. They are very fast and cause a
jump of the electrical current when an external electric field is applied.
An ionic-relaxation polarization, which is often met in glasses and low matrix density
ceramics, is based on oriented jumps of the weakly bound ions.
When the external field is applied, these ions migrate in the field and local zones of the
uncompensated charge of different signs are created. These zones represent macroscopic
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dipoles (Oreškin 1965). Since traditional ceramics contain different minerals, they are
inhomogeneous. The polarization processes run with different speed and intensity in these
minerals which result in zones with different volume charges creating so called structural
polarization. The both polarization, the ionic-relaxation and the structural polarization, are
slow and linked with dissipation of the electrical energy. And, in addition to that, ions migrate
in relatively large distances which causes a very measurable DC electric current (Oreškin,
1965).
When the external electric field is applied to ceramic sample, a jump of the current
followed with slow decay is observed. This decay can be described by a power function
I

a
a
or I 
,
n
t
(t 0  t ) n

(1)

where I is the current, t is the time and a, n, t0 are constants determined experimentally. The
first formula gives I =  for t = 0, therefore the second formula is more appropriate.
The current can be also described as a sum of the exponential decays
N
 t
I   ai  i exp  
i 1
 i


 .


(2)

Terms in the sum represent N different polarization mechanisms. A relaxation mechanism
has relaxation time i and ai  i is its part (weight) in the total polarization. The relaxation
time depends exponentially on activation energy, i.e. on the potential barrier, which the ion
must undergo (via hopping) and the ion migration length. It explains long decay time of the
polarization current.
We note that polarization and depolarization currents (PDC) are also measured to
evaluate insulation properties of such materials as transformer oil and polymers. A relatively
high voltage, up to 2000 V, is applied in this technique (Abhishek et al., 2012; Muhamad et
al., 2009; Jamail et al., 2013; Saha et al., 2004). The polarization current is built up from two
parts, one part is related to the conductivity of the sample and another part is related to the
activation of the different polarization processes within the sample material. A course of the
both currents is shown in Fig. 1.
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Fig. 1 The course of the polarization current (black line)
and depolarization current (gray line)

We note that the PDC technique (measurement of the polarization and depolarization
currents) does not allow determine which type of ions is responsible for ionic currents.
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The aim of this work is to study the polarization and depolarization currents in green
ceramic samples.
EXPERIMENTAL
Sedlec kaolin, see its chemical composition in Tab. 1, was sieved and mixed with
distilled water to obtain a plastic mass with a water content of ~20 wt.%. The plastic mass
Tab. 1 Chemical composition of Sedlec kaolin (wt.%)

LOI
12.95

SiO2
45.80

Al2O3
37.31

Fe2O3
0.98

TiO2
0.17

CaO
0.58

MgO
0.46

K2O
1.17

Na2O
0.58

was pressed in a template together with electrodes. The sample has a prismatic form
101020 mm and two kanthal wires (0.4 mm) serve as electrodes. The distance between
the electrodes is 3 mm, see Fig. 2. Such an arrangement is chosen in order to minimize the
surface electric current of the sample (Csáki et al., 2014). After 5 days of free drying in the
open air, the samples contained 1 - 2 wt. % of physically bound water.
o

1

2o
PS

EM
o

Fig. 2 Location of the electrodes in the sample and electrical scheme.
PS – DC power supply, EM – electrometer, 1, 2 – contacts of the dip-switch

To measure the polarization current, we applied a simple scheme, where electrometer
Keithley 6514 was used for measuring and recording the current. The measuring circuit which represents a serial connection of the power supply, the sample, and the electrometer
(Blumenthal et al., 1974) - was fed with the DC power supply Tesla BS 525 with a voltage of
7 V. The electrometer is directly connected to the computer that displays a relationship
between the current and time as visible in Fig. 1. When the dip-switch in Fig. 2 is on the
contact 1, the polarization current is measured up to reaching its steady value. Then the dipswitch is connected on the contact 2 and the depolarization current is measured.
RESULTS AND DISCUSSION
When the sample is stored in the open air, it contains some amount of the physically
bound water. This equilibrium moisture of the sample was determined from the difference
between the mass of the sample stored in the air and the mass of the same sample after drying
at 110 °C for 2 h. We found that the sample contains 1.5mass% of the physically bound
water. This water is located in pores and covers faces of the crystals. Specific surface area of
kaolin is 19 m2/g (Plešingerová et al., 2011) and similar values can be assumed for other
green clay ceramic materials. Let us estimate a thickness of the water layer in the pores of the
kaolin sample.
The volume of the sample is 2 cm3 its mass is 2.904 g and its porosity is 45 % (Podoba et
al., 2013). According to results described above, the sample contains 1.5 mass% of the
physically bound water, i.e. 0.045 g. The mass of one water molecule is 310-23 g, i.e. about
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1.51024 water molecules are located in the sample. The diameter of the water molecule is
2.810-10 m, its area is 6.1510-20 m2. The surface area, i.e. the total area of the kaolinite
crystal faces in the sample of the mass 2.904 g is 55.1 m2. To cover this area with
a monomolecular layer, 8.961020 water molecules are needed. Since we have 1.51024
molecules in the sample, there are 1674 monomolecular layers on the crystal surfaces.
Dipoles of the water molecules can easily rotate, so orientation polarization can take place in
such relatively thick layers. A similar picture can be expected in illite or illite/kaolinite
ceramic clays.
Finally, we have the porous sample with relatively thick water layers on the kaolinite
crystal surfaces. Since the experiment is run at room temperature, the properties of the sample
can be considered as stable.
The current was measured using the scheme shown in Fig. 2. When the dip-switch was
put in the position 1, the current increased immediately. This current jump is not visible in
Fig. 3. It is caused with electronic, ionic and orientation polarizations that are very fast. When
these fast polarizations are over, the current decreases slowly due to slow polarizations and
due to slow space charge formation near electrodes and finally reaches constant value. As
stated in (D´ujanga et al., 2002; Yuan-Chang et al., 1990), this experiment can determine type
of the charge carriers in the sample. When the current is constant and independent of time, the
carriers are electrons. When the current decreases to zero, the carriers are ions. And, when the
current decreases to a constant non-zero value, the carriers are both electrons and ions. The
last case we have in Fig. 3 where only first 50 minutes of the experiment are showed. The
current is constant for the next 12 hours and then the dip-switch is connected to the position 2
and depolarization current is measured.
5,0
y = 1.449x-0.8461 + 0.2763
R2 = 0.975

Current / μA

4,0
3,0
2,0
1,0
0,0
0

10

20

30

40

50

Time / min

Fig. 3 Polarization current. Experimental points (o) and regression function (line)

The PDC technique does not allow distinguish which kinds of the ions participate in the
currents. A chemical formula of kaolinite, which is the main component of kaolin, is
Al2O3.2SiO2.2H2O. Impurities, which are listed in Tab. 1, are sources of the ions K+, Ca2+ and
Na+. Beside that, the self-ionization of water H2O + H2O  H3O+ + OH− and the reaction
H2O → H+ + OH− occur in the water layers. This implies a complex picture of the ionic
conductivity and several mechanisms of the polarization and depolarization must be expected.
The polarization current is a superposition of the ionic current Ii(t), which is time
dependent, and constant electronic current in μA
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I p  I i (t ) 

U
 1.449t 0.8461  0.2763 ,
R

(3)

where R = 25.54 M is the resistance of the sample for steady state, i.e. I  const. , and U is
the voltage of the power supply. Theoretically, the ionic current should decrease
exponentially if there is only one polarization mechanism in the sample as follows from
Eq.(2) for N = 1. Non-exponential relationship between the ionic current and time indicates
several polarization mechanisms.
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Fig. 4 Depolarization current. Experimental points (o) and regression function (line)

The depolarization current is shown in Fig. 4. When the dip-switch is connected to the
position 2, i.e. the power supply is turned off, the electronic current vanishes immediately.
The depolarization current is equal to the ionic current that decays to zero according to

I dp  I 0dpt b  0.5125t 0.804

.

(4)

Differentiating the equations (3) and (4) we obtain
dI p
dt
dI dp
dt

 1.226t 1.846 [μA/min],

(5)

 0.412t 1.804 [μA/min].

(6)

Both equations describe polarization (5) and depolarization (6) rate. The exponential
factors in Eq. (5) and (6) are almost the same. The difference between these factors is only
2.3 %. This small difference suggests the same mechanism for both processes.
CONCLUSIONS
The polarization and depolarization currents were measured on a green kaolin sample at
room temperature. It was determined that both ions and electrons are the charge carriers. The
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both currents decrease in time according to power function which relates to several
polarization and depolarization mechanisms. The polarization and depolarization processes
are completed in 50 min. The rate constants of both processes are almost identical.
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Abstract
The modelling of users’ behaviour on web sites is an important and current topic. The aim of this paper is to
introduce the problematic and to offer a methodology which will be the basis of a future dissertation thesis. Log
files are essential resource in the analysis of users’ behaviour; they record every step the user takes on the web
site. We introduce the basis of knowledge discovery and pre-processing phase, which is an important part of
modelling users` behaviour. The methodology is designed based on two future goals, the first is focused on
optimizing the data preparation in web usage mining, especially in the prediction task; and the second is focused
on modelling of the web users’ behaviour based on time. The presented methodology can help us to create a
model for knowledge discovery, which can be used for maintenance planning, backup planning or adjustments of
the web portal. Acquired knowledge can be used for personalization of the web portal.
Keywords
web log mining, user behaviour, knowledge discovery

INTRODUCTION
The topic “modelling the behaviour of web users” is a current topic. Modelling provides
insight not only on the behaviour of users but also reveals the possibility to enlarge portals or
information systems. Users’ modelling can be done not only on the basis of users’ behaviour
on web portal but also on the basis of users of the information systems. This can help us to
find the errors that were left in the information system during the implementation. Users’
behaviour modelling in information systems can be also focused on their web interfaces,
which provide remote access to employees using the system, or web interface connecting the
information system to e-shop. By tracking the behaviour of customers of e-shop, we can
optimize the information system, the way that we also increase profit of the e-shop. That way
we can also detect shopping habits of customers, for example a customer that orders a
computer, will also probably order a monitor, so we can offer him/her various monitors, when
he/she views the window with computers. Aim of this paper is to present the intention of our
dissertation thesis that will discuss the process of knowledge discovery based on the use of
the Web (Web Usage Mining). Especially the phase of preparing data, which is the most timeconsuming phase of the entire process and data modelling based on time that absents in Web
Usage Mining.
RELATED WORK
Web Usage Mining involves understanding of user behaviour when he interacts with the
Web site. After understanding user behaviour the Web site can be reorganized according to
the user requirement. M. Eirinaki et al. (2003) spoke of Web Personalization as a domain that
is gaining momentum not only in research area but also in the industrial area, where there
exists a variety of tools and applications addressing one or more modules of the
personalization process. Enterprises expect that by exploiting information from their Web
server logs, they may discover interactions between their Web site visitors and products
offered through their Web site. Also W. Kong et al. (2011) introduced a paper, where they
analysed using Web mining techniques the user behaviour on a health provider’s website.
Based on the results they also gave suggestions of how to redesign the website to be more
intuitive to users. V. S. Tseng et al. (2007) proposed a novel data mining algorithm named
Temporal N-Gram for constructing prediction models of Web user navigation by considering
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the temporality property in Web usage evolution. Through experimental evaluation the
proposed model was shown to outperform other approaches in terms of prediction precision.
V.V.R. Maheswara Rao et al. (2010) introduced a novel data structure incremental frequent
pattern Tree (IFP-Tree) which can reduce the computing cost of analysing the rapidly growing
log file. It avoids the generation of candidates, reduces number of scans and allows interactive
mining. X. Yu et al. (2012) presented a novel approach of data pre-processing and relation
mining methods, which can help web site designers to improve the layout of web pages and
make the web pages more comfortable for web users. M. Jalali et al. (2009) proposed a model
for online prediction through Web usage mining system. They developed an approach to
classify the user navigation pattern that predicts user future intensions. M. Munk et al. (2011)
were modelling probabilities of accesses to the categories of web parts of portal, where the
probabilities were estimated using multinomial logit model. The results of the analysis are
important for further correction and improvement of web portal parts.
LOG FILES
Essential resource in the analysis of user behaviour is log file. The log files in different
web servers maintain different types of information. The basic information presented in the
log files are (Grace, 2011):
 User name: This identifies who had visited the web site. The identification of the
user mostly would be the IP address that is assigned by the Internet Service provider
(ISP). This may be a temporary address that has been assigned. In some web sites the
user identification is made by getting the user profile and allows them to access the
web site by using a user name and password. In this kind of access the user is being
identified uniquely so that the revisit of the user can also be identified.
 Visiting Path: The path taken by the user while visiting the web site. This may be by
using the URL directly or by clicking on a link or through a search engine.
 Path Traversed: This identifies the path taken by the user with in the web site using
the various links.
 Time stamp: The time spent by the user in each web page while surfing through the
web site. This is identified as the session.
 Page last visited: The page that was visited by the user before he or she leaves the
web site.
 Success rate: The success rate of the web site can be determined by the number
downloads made and the number copying activity under gone by the user. If any
purchase of things or software made, this would also add up the success rate.
 User Agent: This is nothing but the browser from where the user sends the request to
the web server. It’s just a string describing the type and version of browser software
being used.
 URL: The resource accessed by the user. It may be an HTML page, or a script.
 Request type: The method used for information transfer is noted, methods like GET,
POST.
A Web log is a file to which the web server writes information each time a user request a web
site from that particular server. A log file can be located in three different places (Grace,
2011):
 Web Server: The log file that resides in the web server notes the activity of the client
who accesses the web server for a web site through the browser. The contents of the
file will be the same as introduced above. In the server which collects the personal
information of the user must have a secured transfer.
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Web proxy server: A proxy server is said to be an intermediate server that exists
between the client and the Web server. Therefore if the Web server gets a request of
the client via the proxy server then the entries to the log file will be the information
of the proxy server and not of the original user. These web proxy servers maintain a
separate log file for gathering the information of the user.
Client browsers: This kind of log files can be made to reside in the client’s browser
window itself. Special types of software exist which can be downloaded by the user
to their browser window. Even though the log file is present in the clients browser
window the entries to the log file is done only by the Web server.

An example of a log file can be seen on Figure 1, where the accesses to web server within one
session are highlighted.

Fig. 1 Example of a log file with highlighted entries

From the highlighted part we can see that the user with IP address 81.0.116.236 accessed to
the web site www.ukf.sk from the search engine zoznam.sk and he/she browsed the pages ouniverzite and studium. The user used Firefox browser and accessed to the web portal on 14.
November 2011, at 00:34:40 am. IP address, web browser and time of access identify one
session of the user (Munk, 2012). Every log file is partly different and not all information is
recorded, like in log file from Figure 1, where Path Traversed and Visiting Path are missing.
KNOWLEDGE DISCOVERY
Large amount of data, which is recorded to log files, offers a little informative value. In
order to evaluate these data, the concept of knowledge discovery was created. According to
Fayyad, the knowledge discovery can be seen as a process that involves data selection, data
pre-processing, data transformation, data analysis and interpretation of results (Fayyad, 1996).
Web traffic analysis can help us to understand the principle of knowledge discovery (Fig. 2).
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Fig. 2 Knowledge discovery principle

Data of the web site usage is recorded to a log file, where we can obtain information for better
understanding from the large amount of data. Such information includes, for example the
average visit length of the web site, the number of visits during a monitored period, statistics
about downloads or the average length of identified sequences (site visits). From sequence
analysis we obtain sequence rules that represent the acquired knowledge. It is required that the
found rules are not only clear but also useful. Only a fraction of discovered knowledge
(patterns of web users’ behaviour) is useful in terms of applications. In terms of usability, it is
possible to use only a portion of discovered knowledge.
Knowledge discovery can be divided into three basic areas:
 Knowledge discovery in databases (KDD);
 Knowledge discovery from texts (text mining);
 Knowledge discovery from the web (web mining).
This work is focused on modelling of the behaviour of the web users that is part of web
mining, which will be described in the following paragraphs.
Knowledge Discovery from the web (web mining)
Web mining implements data mining techniques to extract knowledge from the Web. The
principle is based on the best practices that serve to discover knowledge in databases but in a
web environment. Sometimes it’s necessary to adapt these practices mainly in data preprocessing phase. Web mining consists of three domains of knowledge discovery (Kosala and
Blockeel, 2000):
 Knowledge discovery based on web content (web content mining) – discovering of
useful information available online;
 Knowledge discovery based on the structure of the web (web structure mining) –
discovering of the structure of hyperlinks of the web site;
 Knowledge discovery based on the use of the web (web usage mining) – exploring of
users’ activities based on their browsing experience.
Pre-processing of web usage data
The process of web usage mining consists of six steps that are analogous to the process of
knowledge discovery from databases. In the following section we describe the pre-processing
according to Bensberg and Weiss (1999).
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The phase of data cleaning purifies redundant data from the log file, this data are not
relevant for knowledge discovery. Such information includes pictures posted on the web
portal. The log file records the accesses of any object placed on the web portal, also the
images, therefore they should be removed from the log file. In addition to images (.jpg, .jpeg,
.gif, .bmp, .png) at the stage of cleaning we remove style sheets (.css), scripts (.js), error calls
that can be identified based on the type of request and so on. After cleaning the log file from
unnecessary data, we will get solely user’s HTTP requests in basic forms. From this data we
do not know anything about the behaviour of users on the web; this data needs to be
transformed to transactions. This is done in the second phase; we divide individual entries
from the log file into categories. Each category such as an IP address, date and time of access
to the web portal is located in a separate column. When ordering the data by IP address, we
can observe a sequence of records of visits defining a session. Session can be identified by
various parameters based on different versions of web browsers, based on structure of viewed
pages or based on time spent on the web portal. , By using various methods we can obtain the
behaviour patterns of users on the web portal from the sessions.
The next step is reconstruction of activities of a web visitor. Reconstruction of the
activities is focused on retrograde completion of records on the path the user went through by
means of a back button, since the use of such button is not automatically recorded into the log
file. Having lined up the records according to the IP address we can search for some linkages
between the consecutive pages. A sequence for the selected IP address can look like this:
A→B→C→D→X. In our example based on the sitemap the algorithm can find out that there
does not exist the hyperlink from the page D to our page X. Thus we assume that this page
was accessed by the user by means of using a Back button from the one of the previous pages.
Then, through a backward browsing we find out, on which of the previous pages a reference
to page X exists. In our sample case we can find out that there does not exist a hyperlink to
page X from page C, if C page is entered into the sequence, i.e. the sequence will look like
this: A→B→C→D→C→X. Similarly, we shall find that there does not exist any hyperlink
from page B to page X and so we add page B into the sequence, i.e.
A→B→C→D→C→B→X. Finally, algorithm finds out that page A contains the hyperlink to
page X and after the termination of the backward path analysis the sequence will look like this
A→B→C→D→C→B→A→X. It means, that the user used Back button in order to transfer
from page D to C, from C to B and from B to A.
DESCRIPTION OF THE USER BEHAVIOUR MODELLING
In modelling of user behaviour we start from the prepared log file that is cleaned from
unnecessary data. Consequently, it is necessary to choose the right method which identifies
the user sessions so we can fully reconstruct the user activities. Before determining the model,
we will create an independent variable TIME which will take values from 0 to 23, that will
correspond to hour of access.
Denote by
the probability of choosing the web portal category by a visitor in the
hour , where
. Since ∑
, there are
parameters.
Let
be the number of accesses in the hour to category with observed value . Then
∑
is the number of accesses in the hour . The probability distribution of , in the
case is given, is multinomial,
[
]
.
(1)
The probabilities
of choosing category with respect to the hour
multinomial logits that we’ll model. The multinomial logits are logarithms
{
},

we get from
(2)
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where

is the probability of last (reference) category. We assume the following model
,
(3)

where

is a line vector, is a constant and is a vector of regression coefficients, for
. There are
equations which contrast each of categories
with the category . The probabilities
can be obtained from formulas
∑

.

(4)

Maximum likelihood estimation of the parameters of the model (3) proceeds by maximization
of the multinomial likelihood (1) with the probabilities
viewed as functions of and
(Munk, Vrábelová, Kapusta, 2011).
RESEARCH METHODOLOGY
The future work will be aimed at the process of knowledge discovery based on web usage
(Web Usage Mining, WUM). Especially at the phase of preparing data, which is the most
time consuming phase of the whole process and modelling of data based on the time spent on
the portal that absents in the field of WUM. From these aspects two main goals of the work
resulted, the first is focused on optimizing the data preparation in WUM, especially in the
prediction task; and the second one is focused on modelling of the web user behaviour based
on the time.
The first goal will consist of following tasks:
 Design and implementation of algorithms identifying the sessions (time/structure
oriented heuristics) and reconstruct activities;
 Optimization of algorithms identifying sessions and reconstruct activities in terms of
accuracy, time and memory efficiency;
 Experimental evaluation of the relevance of optimized algorithms used for preprocessing of data from a log file;

Design a methodology of pre-processing data of web usage in regard to the
specificities of prediction.
The second goal will consist of following tasks:
 A draft of predictions methods, where the task of discovering knowledge lacks in the
field of web usage mining;
 Optimization of modelling and evaluation algorithms in regard to the specifics of the
web site;
 Design a methodology for modelling the behaviour of web users depending on the
time and evaluation of acquired knowledge.
CONCLUSION
This paper introduces the problematic of log files, knowledge discovery and modelling of
user behaviour on web portals. With the help of the model we can compare the behaviour of
users on various web portals and point out any errors of the portal. Deficiencies can affect
web traffic and marketability. With the presented methodology we can create model for
gathering knowledge, which can be used for maintenance planning, backups, shutdowns and
adjustments of the web portal. Acquired knowledge can be used for personalization of the
web portal.
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Abstract
The presented paper deals with the possibility of using Rough Sets Theory in insurance industry. Insurance
frauds cause significant economic losses. Each insurance company has built a department that specializes in
detection insurance frauds. These frauds mean for insurers damages in the millions per year. Department of the
liquidation of insurance claims solves two seemingly contradictory tasks. On the one hand it tries to quickly
settle claim and to pay to the client insurance settlement. On the other hand it analyzes individual events and
detect fraudulent events and this analyze is time-consuming. Given the volume of insurance claims that are
handled it is necessary to ensure automated procedure for deciding whether some event may seem
characteristics of fraudulent behaviour or not. Using Rough Sets Theory (RST) could help to detect insurance
fraud. The first part briefly describes each part of this paper. The following part focuses on Rough Sets Theory
(RST) and its concepts and the algorithm for decision-making. The work continues with parts Detection of
insurance fraud. And finally it is mentioned using Rough Sets Theory in marketing of insurance companies.
Keywords
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INTRODUCTION
The objective of this work is the introduction of the possibility of using Rough Sets
Theory (RST) in insurance industry. According to the available information is about every
seventh reported events a fraud. It is not only about insurance claims that actually happened,
but also cases reported greater damage than was real. These frauds mean for insurers damages
in the millions per year. The liquidation process cannot be the excessively long time because
time from reported claims until the payment of compensation is very sensitively perceived by
clients. For fight with insurance frauds is fundamental effective choice of suspicious
insurance claims. Using Rough Sets Theory (RST) could help to detect insurance fraud.
The following part of this article pursues Rough Sets Theory, in general. Next section
engages in concepts of RST and algorithm for decision-making. Afterwards the paper deals
with detection of insurance fraud and marketing in insurance industry. The paper concludes
with a summary.
ROUGH SETS THEORY
RST applies data pattern comparison based on the concept of an information system with
indiscernibility data and the indiscernibility relation, where the data is inconsistent or
uncertain. The data is clustered into classes called elementary sets. Selection of
feature/attribute is fundamental in data processing that consists of relevant object patterns.
More information concerning attributes can be found in other literature.
The objects in a class may have a relationship with the corresponding features/attributes,
and expert knowledge is used to process attribute extraction. Each basic set is independent of
the others. It could be extract knowledge from each fundamental set used in the real world.
(Shyng, 2007)
Rough Sets Theory is a powerful mathematical tool to handle vagueness and uncertainty
inherent in making decisions. The concept of Rough Sets Theory is founded on the
assumption that every object of the universe of discourse is associated with some information.
For example, if objects are assets listed on a market, the information about the assets are
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composed of their price behaviour and economic characteristics. Objects characterized by the
same information are indiscernible in view of their available information. The indiscernibility
relation generated in this way is the mathematical basis of the Rough Sets Theory. The most
important problems that can be solved by Rough Sets Theory are: finding description of sets
of objects in terms of attribute values, checking dependencies (full or partial) between
attributes, reducing attributes, analysing the significance of attributes, and generating decision
rules. (Tay, 2002)
RST is an approach to uncertainty. Rough Sets Theory is possible to imagine as
a realization of this uncertainty. RST is used for the detection of imperfect knowledge from
data. The most important advantages of this theory are:
 RST provides an appropriate algorithms for revealing hidden characteristics in the
data.
 RST demonstrates the relationships that can not be found using statistical methods.
 RST allows the use both qualitative and quantitative data.
 RST finds a minimum set of data that is suitable for classification.
 RST creates a set of data using decision rules.
There is a different approach to measurement uncertainty. The level of uncertainty
provides decision maker information such as the degree of vagueness corresponding concept,
degree of inaccuracy solutions etc. Some approaches are based on the measurement of the
called "Shannon's entropy". Other approach defines the level of uncertainty as the
"uncertainty index" which is based on the distance of fuzzy sets from some other nearest crisp
set. (Valecký, 2006)
CONCEPTS OF RST AND THE ALGORITHM FOR DECISION-MAKING
An information system is a pair
(
) where is a non-empty, finite set
called the universe and is a non-empty, finite set of attributes. Elements of U are called
objects and interpreted as, e.g. cases, states, processes, patients, observations. Attributes are
interpreted as features, variables, characteristic conditions etc. For each
, is called the
domain of , is an information function. (Bazan, 1999; Tay, 2002)
An example of information function can be the following. Table 1 contains 4 students
that are described by means of four attributes (level in math, physics, biology and global
evaluation).

Student
1
2
3
4

Tab. 1 Data table with examples of classification (Greco, 2001)
A
B
C
D
Level in Math
Level in Physics Level in Biology
Decision class
Good
Good
Bad
Good
Medium
Bad
Bad
Bad
Bad
Bad
Bad
Bad
Good
Bad
Good
Good

The components of the date table are:
{
}

{
}

{
}

{
}

{
}

{
}

), taking values (
The information function (
on. (Greco, 2001)

)

(

)

and so
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A special case of information systems called decision tables or attribute-value table.
(
) , where is
A decision table is an information system of the form
a distinguished attribute called decision and the elements are called conditions. (Bazan,
1999; Tay, 2002)
One can interpret the decision attribute as a kind of classifier on the universe of objects
given by an expert, a decision-maker, an operator, a physician, etc. In machine learning
decision tables are called training sets of examples. (Shyng, 2007)
Due to imprecision which existed in the real world data, there are always conflicting
objects contained in a decision table. Here conflicting objects refer to the two or more objects
that are indiscernible by employing any set of condition attributes, but they belong to different
decision classes. Such objects are called inconsistent. This decision table is called inconsistent
decision table. In the Rough Sets Theory, the approximations of sets are introduced to deal
with inconsistency. If
(
) is a decision table,
and
, then the Blower and B-upper approximations of X are defined. (Tay, 2002) The lower and the upper
approximations of a set X in basic rough set model can be seen in Figure 1.

Fig. 1 The lower and the upper approximations of a set X in basic rough sets model

DETECTION OF INSURANCE FRAUD
According to the available information is about every seventh reported events a fraud. It
is not only about insurance claims that actually happened, but also cases reported greater
damage than was real. These frauds mean for insurers damages in the millions per year.
(Softec, 2014)
Insurance companies have the steps for the detection of insurance fraud inserted directly
into the process of liquidation. The liquidation process cannot be the excessively long time
because time from reported claims until the payment of compensation is very sensitively
perceived by clients. For fight with insurance frauds is fundamental effective choice of
suspicious insurance claims. (Softec, 2014)
The standard in the insurance companies is that the claim adjusters focus on the insurance
claim with the higher sum insured, or the date of reporting of events just after the conclusion
of the contract and under. Such claims may be relatively easy to select from system of
insurance company. (Softec, 2014)
However, there are patterns of insurance fraud which is not so easy to detect. It is both
a different suspiciousness coincidence of date, accumulating a number of claims on one party
(the policyholder, agent), the accumulation of indemnity on a single bank account or address
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of the policyholder.These and other suspicious aspects of insurance claims can be processed
with various tools in bulk across all present claim and sorted according to degree of
suspiciousness. In addition, from these finding is possible to create a combination of
suspicious aspects that create more complex pattern of fraudulent behaviour. An example may
be the selection of claims where there was a traffic accident without calling the police, the
damage is on an older car and the insurance contract is not older than a month. Clustered and
weighed aspects of insurance claims create a ranking of insurance claims, which the insurance
company should devote the priority. (Softec, 2014)
By using such mechanisms can be records information about suspected or confirmed
frauds transfer into primary insurance in a production system. From there they can be used
also in the processes that precede the actual claims settlement - when reporting a claim (e.g.,
using questions about the insured event on the call centre) or already in acceptance of
insurance contracts. (Softec, 2014)
Total time verification of claims that are not suspicious, can be kept to the minimum
necessary for processing the event. For insurance companies, this is a significant competitive
advantage. (Softec, 2014)
MARKETING IN INSURANCE INDUSTRY
Understand trends of customer consumption, purchasing behaviour and intents is very
important in different areas as marketing or sales. Customer satisfaction with products or
services is a crucial key to reaching successful business. Contentment of costumer is a
fundamental issue in keeping customers, so measuring the impact of buying behaviour on
customer satisfaction is deciding to understand customer needs. The retention of customers is
given by customer satisfaction. The fulfilment of needs of customers is associated to
satisfying customer expectations. (Shyng, 2007)0
The insurance industry requires face-to-face contact with clients in order to providing
services that satisfy needs of clients so that they continue buying insurance. This is the
principal source of revenue for the insurance industry. Because to its specialized character, the
insurance industry needs information update in order to make some changes in products or
services to attract potential clients. A market survey is the best source of data. The results
could provide information about clients such as their needs, service requirements, and
purchase intentions. (Shyng, 2007)
The purchasing decisions and processes of clientscan be analysed, and the prospering of
marketing strategies and management operations can be proposed. The results may be
completely applied by managers to decision-making about strategies and processes related to
clients purchasing. (Shyng, 2007)
A lot of articles pursue purchase intentions, insurance audits, purchase channel studies,
methodologies for investigating clients purchasing intentions, and client satisfaction. Many
research works were dealt with the problem in order to simplify the parameters, such as social
parameters, and try to use statistical tools to analyse data. This approach, though, is only good
for crisp types of data sets and some data values. If the data value is uncertain or continuous it
must be apply fuzzy sets. (Shyng, 2007)
Rough Set Theory is applied in the study to analyse the features of data and content. This
theory can deal with imperceptible, uncertain and vague data. Analysis of the attributes of
combination values using Rough Set Theory has been a few papers. (Shyng, 2007)
CONCLUSION
The presented article dealt with the possibility of using Rough Sets Theory in finance,
especially in insurance. Insurance frauds cause significant economic losses. Each insurance
company has built a department that specializes in detection insurance frauds. These frauds
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mean for insurers damages in the millions per year. Department of the liquidation of insurance
claims solves two seemingly contradictory tasks. On the one hand it tries to quickly settle
claim and to pay to the client insurance settlement. On the other hand it analyzes individual
events and detect fraudulent events and this analyze is time-consuming. Given the volume of
insurance claims that are handled it is necessary to ensure automated procedure for deciding
whether some event may seem characteristics of fraudulent behaviour or not. Using Rough
Sets Theory (RST) could help to detect insurance fraud. The first part briefly described each
part of this paper. The following part focused on Rough Sets Theory (RST) and its concepts
and the algorithm for decision-making. The work continued with parts Detection of insurance
fraud. And finally it was mentioned using Rough Sets Theory in marketing of insurance
companies.
ACKNOWLEDGEMENT
This paper is published thanks to the project “Inovace a podpora doktorského studijního
programu” (INDOP), reg. č. CZ.1.07/2.2.00/28.0327.
LITERATURE
Bazan J. G. etc.,Rough Set Algorithms in Classification Problem,1999, p.1-40. Available at
<http://logic.mimuw.edu.pl/Grant2003/prace/FRSMBazan1.pdf> [Accessed 24 June 2014].
Chen, Wei-Shing. Analysis of a customer satisfaction survey using Rough Sets theory:
A manufacturing case in Taiwan. Asia Pacific journal of marketing and logistics 21.1 2009: 93105.
MCB
University
Press.
Available
at
<http://www.emeraldinsight.com
/journals.htm?articleid=1764921> [Accessed 24 June 2014].
Greco, Salvatore. Rough sets theory for multicriteria decision analysis. European journal of
operational research 129.1 Feb 2001: 1-47. Elsevier. Available at <http://www.sciencedirect
.com/science/article/pii/S0377221700001673> [Accessed 24 June 2014].
Pawlak,. Rough sets and decision analysis. INFOR. Information systems and operational research
38.3 01 Aug 2000: 132-144. INFOR Journal. 30 Jun 2014.
Pawlak,. Rough sets and intelligent data analysis. Information sciences 147.1-4 Nov 2002: 1-12.
Elsevier. 30 Jun 2014.
Pojišťovnictví. Softec [online]. 2014. Available at <http://www.softec.cz/reseni/pojistovnictvi/>
[Accessed 24 June 2014].
Shyng, Jhieh-Yu. Rough Set Theory in analyzing the attributes of combination values for the
insurance market. Expert systems with applications 32.1 Jan 2007: 56-64. Elsevier. Available at
<http://www.sciencedirect.com/science/article/pii/S0957417405003076#> [Accessed 24 June
2014].
Tay F. Economic and financial prediction using rough sets model. European journal of operational
research. 2002-09; Volume 141, p. 641-659. Available at <http://www.sciencedirect.
com/science/article/pii/S0377221701002594> [Accessed 24 June 2014].
Valecký, J. Přístupy k měření míry neurčitosti v portfoliových modelech na bázi fuzzy lineárního
programování. 3. Mezinárodní konference Řízení a modelování rizik. 2006. Available at
<http://www.ekf.vsb.cz/export/sites/ekf/rmfr/.content/galerie-dokumentu/2006/prispevky/JiriValecky.pdf> [Accessed 24 June 2014].
Ye, Mingquan. Anonymizing classification data using rough set theory. Knowledge-based systems 43
May 2013: 82-94. Butterworth Scientific Ltd. 30 Jun 2014.

411

COMPUTER ASSISTED TRANSLATION – A CURSE OR A BLESSING
OF TRANSLATOR’ S CRAFT?
Jarmila Haláková
Institute of Translation Studies, Faculty of Arts, Charles University in Prague, Hybernská
3, 110 00Praha 1, Czech republic, celebrio@celebrio.eu
Abstract
Computers have changed our lives significantly. What could be done without them can not be done today.
Operating of shops, writting an essay to school, preparing newspaper articles – this an even much more is now
tightly connected with assistance of computers. The translation industry is not an exception. Translation has
evolved from a profession practiced largely by individuals to an industrial sector that is project-based, largely
outsourced and that encompasses a wide range of services in addition to translation. We have to face turbulent
changes in translation services in terms of growing competition and wider demands of clients. Unfortunatelly,
computer assisted translation often finds its confusing explanation among customers of translation agencies. It
should be made clear that there are still people, not robots or computers behind their translation. However, is
this “computer addiction” purely beneficial or are there any threads we should be aware of in terms of
translation industry? This article tries to bring a bit different point of view on computer assisted translation.
Keywords
Computer assisted translation. Translation agency. Foreign language. Quality. Client. Operational environment.

INTRODUCTION
How do you imagine a translator? Is it an elder lady or a young guy stuck in the papers,
working alone, fenced behind a stack of dictionaries, paper, and all sorts of documentation
material? Or is it that kind person from the translation agency you were talking to last week
when you needed an official translation of your school certificate for your new employer?
Elder, young, kind – whatever adjectives you might connect with your experience in the field
of translation there is something else unifying their performance – computer assistance.
As a service, translation has customarily been postponed until the last phases of production,
when all other aspects of product development have been completed. Translation has
inevitably been associated with the end of the process, either as an update of a manual or the
manual itself, as a letter to a client, a best-seller to be introduced to a new cultural community,
a contract establishing legal bounds between two parties, or the marketing material of an
international corporation.
Let’s start with a deffinition of computer assistance in translation or CAT.
Computer-assisted translation is sometimes called machine-assisted, or machine-aided
translation. How does this system work?
 A CAT tool breaks texts into segments (sentences or sentence fragments) and presents
the segments in a convenient way, to make translating easier and faster. In some tools,
for example MetaTexis, each segment is presented in a special box, and the translation
can be entered in another box right below the source text.
 The translation of each segment is saved together with the source text. Source text and
translation will always be treated and presented as a translation units (TU). You can
return to a segment at any time to check the translation. There are special functions
which help to navigate through the text and to find segments which need to be
translated or revised (quality control).
 The main function of a CAT tool is to save the translation units in a database, called
translation memory (TM), so that they can be re-used for any other text, or even in the
same text. Through special "fuzzy search" features the search functions of CAT tools
can also find segments which do not match 100%. This saves time and effort and helps
the translator to use consistent terminology.
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Some advanced computer-assisted translation solutions include controlled machine
translation (MT). Integration of MT into computer-assisted translation has been implemented
in various ways by various parties, especially by the language industry. Although this type of
technology is neither widely known nor available to individual translators, carefully
customized user dictionaries based on correct terminology significantly improve the accuracy
of MT, and as a result, they improve the efficiency of translation process.
Translation memory software
Translation memory (TM) programs store previously translated source texts and their
equivalent target texts in a database and retrieve related segments during the translation of
new texts.
Such programs split the source text into manageable units known as "segments". A
source-text sentence or sentence-like unit (headings, titles or elements in a list) may be
considered a segment, or texts may be segmented into larger units such as paragraphs or small
ones, such as clauses. As the translator works through a document, the software displays each
source segment in turn and provides a previous translation for re-use, if the program finds a
matching source segment in its database. If it does not, the program allows the translator to
enter a translation for the new segment. After the translation for a segment is completed, the
program stores the new translation and moves onto the next segment. In the dominant
paradigm, the translation memory, in principle, is a simple database of fields containing the
source language segment, the translation of the segment, and other information such as
segment creation date, last access, translator name, and so on. Another translation memory
approach does not involve the creation of a database, relying on aligned reference documents
instead (e.g. SDL Trados or Star Transit).
Some translation memory programs function as standalone environments, while others
function as an add-on or macro to commercially available word-processing or other business
software programs. Add-on programs allow source documents from other formats, such as
desktop publishing files, spreadsheets, or HTML code, to be handled using the TM program.
Language Search Engine Software
New to the translation industry, Language Search Engine software is typically an Internet
based system that works similarly to Internet search engines. Rather than searching the
Internet, however, a language search engine searches a large repository of Translation
Memories to find previously translated sentence fragments, phrases, whole sentences, even
complete paragraphs that match source document segments. It leverages more from
translation memories than traditional translation memory software. Language search engines
are designed to leverage modern search technology to conduct searches based on the source
words in context to ensure that the search results match the meaning of the source segments.
Like traditional TM tools, the value of a language search engine rests heavily on the
Translation Memory repository it searches against.
Terminology management software
Terminology management software provides the translator a means of automatically
searching a given terminology database for terms appearing in a document, either by
automatically displaying terms in the translation memory software interface window or
through the use of hot keys to view the entry in the terminology database. Some programs
have other hotkey combinations allowing the translator to add new terminology pairs to the
terminology database on the fly during translation. Some of the more advanced systems
enable translators to check, either interactively or in batch mode, if the correct source/target
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term combination has been used within and across the translation memory segments in a
given project.
Alignment software
Alignment programs take completed translations, divide both source and target texts into
segments, and attempt to determine which segments belong together in order to build a
translation memory database with the content. Many alignment programs allow translators to
manually realign mismatched segments. The resulting translation memory file can then be
imported into a translation memory program for future translations.
We have been witnessing a gradual remodelling of the translation profession and
transforming it from service into industry, that is to say, an economic activity concerned with
the output of a specific product and which manages complex processes, develops
synchronized goods, and which is based on team work, leverage of existing material (corpus),
and information technology. In this sense, the translation industry is pointing to a new set of
skills translators have to deploy if they are to act in a context of larger translation volumes,
faster delivery times, stricter customization demands, and global production teams. The
translator needs to develop the expertise of a project manager, a computer scientist, a
documentalist, a DTP specialist, a terminologist, a language engineer, an evaluator, a
localizer, and a technical writer. In this complex paradigm project management emerges as
the key element connecting crafts, needs, and expertise. Translation teams share data, clients,
targets, projects, people, and resources, and it is the task of project managers to plan, instruct,
monitor, and control large amounts of data quickly and accurately, not avoiding the problemsolving and decision-making process.
As an owner of a small translation agency based in Bratislava, I read and check CVs of
various applicants who are interested in cooperation with my company. Interestingly and
sadly enough, there are still many applicants who have never experienced working with any
tool of computer assistance in translation. It is not my task, nor an intention to glorify CAT
but taking into account the demands of European market with translation the translators with
no CAT experience have a miserable option to compete.
There are currently four universities in Slovakia where it is possible to study
translatology. Three out of them offer CAT courses to their students. I have conducted several
researches related to CAT skills of our translatology graduees. The results have been slowly
getting better but there is still a remarkable group of translators who finished their studies
when CAT was not know (or perhaps did not graduee in translatology). Should they be
motivated to take some additional courses? Do they even need CAT in the case they have
good clients who use to pay for their work and are satisfied with it? Recently, I came accross
a job offer for translator. The requirements are as follows:
“As a translation industry professional you will share our vision and values of providing high
quality translation services, and excellent customer care. The job role is based at our head
office near Nottingham, UK. Candidates must have the right to work in the UK, and be
available for an on-site interview. To be considered you need to have a masters level
qualification in translation, or a related discipline, an excellent working knowledge of CAT
tools, and be a strong team player.“
„Responsible for co-ordinating multi-lingual translation projects for high profile blue chip
clients, including selecting translators, proofreaders, and other suppliers such as
typesetting/DTP. Negotiating rates. Liasing with clients, including dealing with telephone and
email enquiries, handling quotes. Setting up translation memories, and Trados projects,
including updating TMs, QA checks, word counts, match discounts etc. Working as part of a
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small but highly skilled management team, you will be able to contribute to company vision
and direction, and have opportunity to develop your career as the business grows.“
Source: https://www.linkedin.com/jobs2/view/4040011?trk=jobs_jig_jobs
This is an excellent example how translation agencies of these days work – they are not
interested in “old fashioned“ translators. As mentioned above, project manager, computer
scientist, documentalist, DTP specialist, terminologist, language engineer, evaluator, localizer,
technical writer, psychologist – this very special package of skills is needed nowadays.
Translator-Client Relations
The client is buying the translator’s product. The translator is the vendor. As such, the
transaction terms belong to the translator. You do not buy a TV or a refrigerator, then tell the
seller how you intend to pay for it. The same thing is true of a translation. Translators are not
employees, but independent contractors. The lack of benefits and the existence of heavy tax
bills prove this. They should not let a “customer” bully them in their own “store”.
Being a translator and a translation agency managing director I have been interested in
various experience and opinion of my colleagues translators on this topic. As a memeber of
ProZ.com I have been observing the reactions and attitudes of translators to the CAT issue.
Generally speaking, vast majority of full time translators and freelancers see more benefits
resulting from working with CAT. Nevertheless there have been several contradictory ideas
such as:
CAT Tools
So-called CAT tools are the biggest hoax ever perpetrated on the translation community.
They are expensive to obtain and maintain, difficult to learn, and cumbersome to use. They
make the translator's task more difficult and diminish the quality of the final product, as well
as its value. They cannot perform essential Internet research, work with scanned documents,
or manipulate graphics. They are not intuitive, as a translator must be. They are demeaning to
the translator as a human being.
Circular Translation
So-called circular translation is a process wherein a completed translation comes back to
the translator, sometimes weeks after its submittal, so the translator can “edit the editor”. The
translator is expected to halt paying translation work and perform this nontranslation task free
of charge. However, some translators still wish to be “just“ translators not editors. You don’t
ask a barber to trim your nails, you ask a manicurist (though, he might be able to do this
service for you but definitely with charging you with some extra fee) . Once a translation
containing the translator’s best effort leaves his desk, it is up to the client, the client’s editor,
the end client, and the end client’s editor to make any changes in it. The translators should be
eager to learn and to get the feedback on their work but sometimes, the requirements of the
translation agencies are enormous.
Workflow Systems
The advent of so-called workflow systems has begun to impact my work. The client sets
up an internal system whereby you are expected to download source documents, then upload
target documents and invoices, effectively shifting document control functions to the
translator for no extra pay. First of all, you end up with an entire Rolodex full of user IDs and
passwords for the various workflow systems of different clients. Secondly, what could
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possibly be easier than the original time-tested system: You e-mail me a source document, I email you a target document, and you mail me a check.
Deadlines
CAT move the deadlines to a different dimension that has nothing to do with work
performance of a human being.
Editing
An extremely disturbing trend in the translation industry is the editing of source>target
documents by target>source translators. This is impermissible. If, say, an E>R translator was
qualified to edit R>E work, he or she would then be an R>E translator. If they are not
competent to translate it, they are certainly not competent to edit it. Who would you most trust
to repair your car ... a mechanic or a counter clerk at an auto parts store?
Payment
Some newly emerging agencies keep trying to persuade their translators to work by the
source word. This is like paying a carpenter for the wood he uses rather than the house he
builds. The translator must be paid for the words he actually produces, not the words from
which he produces them.
Moreover, translation business should be analysed as an industry with sheer volume of its
issues, questions and up-to-date information.
Translation workflow and Operational Environment
Current trends in the language industry indicate that the new methods implemented in
information management are pervading the translation world. In this respect, the field of
information engineering is already directing its procedures towards managing
interdependencies, since the complexity of producing documentation impels us to abandon the
silo perspective of product development, marketing communication, technical writing,
translation, and product support. A translation project's life-cycle must comply, then, with the
demands of a wider production environment which considers multilingual information
management in the form of information objects (IO). According to Hofmann and Mehnert, the
IO is a collection of information identified as a unit, and defined by its communicative
purpose, the specific user it is addressed to, the business entity it represents (a product line or
a corporate function), the information it provides (in a specific format and for a target
audience), and some publishing restrictions .
In the process of preparing the feasibility study, it is the project manager's task to inquire
about the following: translation's function, translation's environment, budget, standards and
format specifications,reliability requirements, technology to be used, company's resources,
quality assurance requirement (ISO 9000), team availability, deadlines and possibility of
meeting them, terms and conditions, as specified by the client, and subsequent assessment of
their practicality, training required and feasibility in terms of money, people and expectations,
outsourcing needs and logistic constraints, viability of other translation projects running in
parallel, etc.
With this information in hand, it is advisable to evaluate possible alternatives and options
in terms of time (can the project be completed quicker?), cost (can the budget be reduced?),
quality (can the quality be reduced and still be acceptable to the client, but more cost effective
and quicker to produce?) and resources (what parts of the project can be automated?).
Once project and stakeholder's requirements are formalised, the next stage in a translation
project life-cycle is planning. An essential aspect that needs to be kept in mind at all times is
that the project is a whole, from conception to delivery, and that all interrelated activities
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leading to completing the project must be perfectly identified and carefully planned, to the
extent that later, during project development, everyone participating considers the previous
and subsequent steps as part of the overall workflow. Since the project has a specific start and
a finish, a budget, and a set of tasks to be performed by a number of people in a certain time
period using different resources, the project manager has to devise a coherent plan where all
these items are adequately coordinated.
One of the first steps in planning is to identify key objectives and decide how to achieve
them. The best way to proceed is by breaking up the path leading to the objectives into work
packages (WP) and from these, decide who is responsible for performing each, assign lines of
responsibility, level of authority, and lines of communication inside and outside the WP. Each
WP has other elements, aside from people, associated to it: work calendars, resources, key
dates, budget, quality control, and reporting frequency. Finally, each WP produces a
deliverable (a subject specific glossary, the alignment of two files, a draft version of the
translation) which is either the input to the next WP or contributes directly to one of the key
objectives. A carefully devised plan will allow for the efficient completion of the project and
will also facilitate the manager's job if any readjustments are needed in terms of time, people
or budget.
Ideally, we would like our clients to understand that translation is a critical aspect in their
product development, in the sense that when products are conceived for a global market and
translation is placed at the core of the production line, many problems that may arise in later
stages of the product life (production, distribution, update, marketing) can be easily foreseen
so that solutions are planned in advance. Take, for instance, the case of web sites. The
complexity of keeping web sites conveniently updated in different languages is currently
imposing a challenge to many companies that did not plan how this task was to be achieved.
A single translator cannot usually keep track of the different changes the site might
experience at a particular time since different actors might be involved in the translation
process (the project manager, the translator, the editor, the engineer, the quality assurance
manager). In any case, it is important to stress the fact that only with careful planning can the
project manager envisage any needs the client might have in the future, even if the client does
not know s/he might have them. After all, is it so rare that one of our clients comes back to us
with a new version of an old job demanding a quick translation?
With good project management, scalability should be considered so that the translation
does not have to be rebuilt every time our client calls. The elements to be considered are, for
example, new formats for old translations, new communication means with the client, new
standards to be applied, new technology to be used in the translation process, new team
distribution (some of the translators may choose to work freelance or in-house). Only with an
efficient plan incorporating a flexible structure and a suitable operational environment can the
translation project be successfully carried out.
The operational environment
Much has been written on the tools and applications translators use on their daily work.
In fact, the notion of the translator's workstation was first conceived by M. Kay in 1980 (Kay,
1997). We have witnessed many changes since then, and many more still remain to be seen,
but the basic idea is still the same: technology at the hands of the translator and at each step of
the translation process.
The link between technology and project management is of key importance to translation
project management, since only with a set of good tools can the translation industry respond
to market requirements. In any case, it is important to remember how the human factor plays a
critical role in the whole process since the problem in translation occurs when technology is
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overvalued and too much reliance is placed on the machine-assisted part to the detriment of
the translator.
At the moment, the industry is using tools for term extraction, text segmentation, text
alignment, indexing, translation storage and reuse, machine translation, consistency check,
missing detection, and grammar check. And it uses them at different stages of the translation
process: during groundwork, translation or tender. The relationship among all of them is
shown in Figure 1. Obviously, different project characteristics would require different use of
tools but, normally, any translation job will start with preparing materials and documentation
so that the team can share resources and maintain linguistic and stylistic consistency thorough
the translated version. Accordingly, one of the first tasks is to specify glossaries to be used,
identify new terms to be included in the termbank and check translations for old terms (those
already used in previous projects). Ideally, this should be an automatic process and it will
imply comparing previous translations of the product, client-specific terminology, subjectspecific terms, or product-related names. At the moment, there are a number of software
packages for terminology extraction available in the market with different degrees of
sophistication.
Together with term management, and in order to provide the text with its translational
context, groundwork may involve processing previous source and target information,
consulting any related documentation, checking any visual aids explaining how things
described in the text work, the running application of the software to be translated, detailed
product description. This information is key to the translation team since it directly affects the
successful completion of the project and, therefore, needs to be available at any time in the
easiest and most effective possible form. Whenever the information takes the form of
previous source and target versions of the current text, it is advisable to feed it into the
translational databases, so that a translation memory program can later take full advantage of
it. Most translation memory packages include a tool for text segmentation and alignment. The
basic idea behind alignment is to match a source language segment with its corresponding
target language so that the matching pairs can be fed into the translational database. This is
sometimes seen as a time-consuming task which keeps translators from doing actual
translation. In my opinion, alignment is directly related to a key element in translation
management, namely, reusing materials, and the more you invest in an effective leveraging
process, the more efficient your project will be.
Other aspects of this phase may sometimes involve preparing texts for translation. In a
localization project, for instance, this involves identifying any potential problems such as
which strings in the code are translatable or which files are shared . In other projects this
might involve deciding whether machine translation can or should be used for some part of
the text as is, for instance, the case of the European Commission, where in 1996 alone
220,000 pages were run through Systran.
The translation phase of the project is, obviously, the core part of the project and, at the
same time, is only successful when the rest of the project phases have been adequately
planned and satisfactorily completed. It is also a delicate phase from the project manager's
point of view, since this is when resources are shared, information distributed among the team
members, and communication workflow decided upon. Translation memories, or translational
databases as they are now called, are currently the key tools. The availability of this tool is
vast at the moment and the choice of one or the other depends mostly on your project's
requirements.
TMs have come at last to fill this gap where, for the purposes of future projects, any
given translation work used to be wasted. After hours of laborious and careful work, once a
translation was finished and handed over to our client, we were able to save, at the most, a
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copy of the source and target text in different files, but with no efficient means of keeping a
record of the actual links between both texts. While we could certainly create, if any, our own
jerry-built databases for keeping track of our precious daily work, these were easily damaged
or lacked the standard flexibility and dependability needed for language management.
In recent years and with the advent of TMs, the translation professional has finally found
a tool which allows for these links between source and target text to be established, not only
in the personal brain of each individual translator--which was, in the end, the only reliable
place the whole translation process could be recorded--but in a robust and dynamic way
which can accordingly be reused in later work. Memory-based translation has then come as a
revolution in the translation market affecting the way translation is approached. Source and
target texts are automatically coupled and matched as pairs of corresponding sentences and
this material is easily retrieved in subsequent jobs. Nothing has to be translated more than
once, terminology is better maintained, increasing, then, translation consistency and quality;
reformatting of translated documents is almost no longer necessary.
As for Machine translation, although for fifty years research teams have been attempting
to mechanize this purely human activity of translation, the ultimate system capable of offering
an instant and perfect translation is still far from becoming a reality.
It is important to remember that MT applications should be selected after careful
consideration of your translation needs. Toy systems that can be purchased off the shelf are
just that, toys, and the tool you might want to use for automating your translations might need
some customizing before you can actually implement it in your operational environment.
Finally, the wind-up stage of the project should be considered as important as the rest. No
translation project is finished before sufficient time has been allocated for revision
(consistency and grammar check), detection of any fragments missing and, in the case of
localization projects, testing of the applications.
CONCLUSION
Translation seems to have converged towards the area of project management. The cause
is certainly globalization. Some years ago, the idea of translators working in a team scattered
around the world seemed science fiction, and language companies could only dream of
launching their products simultaneously in different corners of the world. With the advent of
new industry methods, new business strategies are called for. Similarly, new client demands
call for new management strategies. Therefore, when time to market and global issues become
an important factor the translation industry, failure to recognise project management aspects
(identifying unnecessary expenditure, challenging assumptions, generating alternative ideas,
promoting innovation, optimizing resources, saving time, money, and energy, simplifying
methods and procedures, eliminating redundant items, updating standards, criteria, and
objectives, among other things) can prove to be expensive.
The project manager's tasks would typically involve coordination, scheduling, and status
tracking, client contact, budget control, and resource management. As the single point of
responsibility, a project manager should have the ability to anticipate problems, integrate
stakeholders' expectations and needs, understand the operational environment, and cope with
change. In a word, if most of your translation team is in Europe, when holidays are
traditionally taken in August, and this is exactly the time when your client in the US wants the
translation job delivered, you had better plan for this low productivity period or the project
would certainly be less than a success. To be fair, you can always count on Christmas or New
Year for a more relaxed period with this same client.
CATs are tools. Any technology could be useful, useless or harmful - it is all about
people using those tools. I personally like computers and I enjoy some CAT tools and tolerate
the rest of them – it is all a part of the job. Anything created can (and usually is) misused. The
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world moves forward. Those who do not adapt in some way are usually just left behind.
Therefore, it is just up to the translators whether they understand CATs as a blessing in their
job or the worst possible curse.
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Abstract
The paper provides case study of reliability/item analysis of test utilization. The aim of the testing was to test
students' knowledge in the field of computational statistics. Test subjects were students of Computer Science at
the University of Constantine the Philosopher in Nitra. The experiment was realized on hours of Computer data
analysis using e-learning courses by completing the pre-test and post-test. Using Reliability / item analysis, we
analysed the reliability of both tests. We have identified problematic items, and we have proposed that items
need to be replaced or modified. Also we have presented a number of options, why certain items need to be
modified, respectively remove. On the basis of this article it is possible to analyse also other tests and it is
possible to understand how to optimize test to effectively testing exactly what should be tested. By using such
optimizations it is possible to create better tests.
Keywords
reliability, item analysis, computational statistics, e-testing

INTRODUCTION
Almost every teacher tests their students.He tested them to see if his teaching method is
correct and effective.But often we ignore the question of whether we really test the area of
knowledge and skills of students that we want to test.Therefore, there are several ways to
verify the reliability of the test.
In this paper we evaluate an experiment where we tested 82 students of Informatics at the
University of Constantine the Philosopher in Nitra.The question was whether the pre-test and
post-test are so reliable that these tests could be used in routine practice to test computational
statistics. For our purpose we consider the most appropriate Reliability / Item Analysis by
which we can identify unreliable test items.Based on their identification, we know that the test
questions are worded incorrectly or completely unsatisfactory.After their identification, we
proposed a way forward, i.e. whether it is appropriate entry edit, remove, or there is another
reason for the unreliability of the item or test.
WHAT IS COMPUTATIONAL STATISTICS?
Wegman defines computational statistics a collection of techniques that have a strong
“focus on the exploitation of computing in the creation of new statistical methodology”
(Wegman, 1988). Efron and Tibshirani refer to what we call computational statistics as
computer-intensive statistical method (Efron and Tibshirani, 1991). They give the following
as examples for these types of techniques: bootstrap methods, nonparametric regression,
generalized additive models and classification and regression trees (Martinez and Martinez,
2002).
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Tab. 1 Comparison between Traditional and Computational (Wegman, 1988)
Traditional statistics
Computational statistics
Large to very large sample size
Small to moderate sample size
Nonhomogeneous data sets
Independent, identically distributed data sets
High dimensional
One or low dimensional
Computationally intensive
Manually computational
Numerically tractable
Mathematically tractable
Imprecise questions
Well focused questions
Weak or not assumptions:
Strong unverifiable assumptions:
Relationship (nonlinearity)
Relationship (linearity, additivity)
Error structures (distribution free)
Error structures (normality)
Structural inference
Statistical inference
Iterative algorithms possible
Predominantly closed form algorithms
Statistical robustness
Statistical optimality

TESTING CONDITIONS
Pre-test and post-test of computational statistics tested students 2nd year of the Bachelor
of Applied Science degree and students of 3rd year of the Bachelor degree Teacher Training
of informatics of Department of Informatics. Testing was realized on the lessons of Computer
Data Analysis (CDA).The aim of this course is to teach students of Applied Informatics and
Teaching Informatics basics of field data mining, inference and exploratory analyze (Reichel,
2013). The course is mainly focused on practice, i.e. to solve tasks using analytical software.
Students work with a variety of basic as well as advanced, statistical data, methods, and
constants and draw conclusions from information (Reichel, 2014). Students were tested at the
beginning of the semester using the pre-test and at the end of the semester using the post-test.
Final evaluation of students of the subject PAD was significantly affected by the outcome of
their post-test.
Pre-test contains 7 items and post-test contains 10 items. Pre-test was focused mainly on
theoretical knowledge of descriptive statistics and the interpretation of simple graphs.We also
verified whether students understand the difference between exploratory and inferential
analysis and between dependent and independent samples.Post-test was focused mainly on the
ability of students to determine what statistical method they would use to solve a problem that
was described.In the post-test students using the chart should say whether the variable has a
normal distribution or not.In both tests, we verify that the students are able to identify the
types of variables and whether they can distinguish between non-parametric andparametric
tests.
RELIABILITY/ ITEMS ANALYSIS
To address the reliability of the tests, we used the Reliability / Items Analysis, by which
we identify items that decrease the reliability of the test.
Reliability/item analysis belongs to multidimensional techniques of research and helps to
judge quality – reliability of measuring procedure such as a scaleof a questionnaire as well as
to identify its suspicious items (Zahorec, Munk and Haskova, 2008). Reliability analysis is
used to verify the quality of the questionnaire or test. To estimate reliability in a direct way
Cronbach’s Alfa coefficient is used
̂

(

∑

),

(1)

where m is number of items of the questionnaire, s2 is variance of the scale of the
questionnaire,
is variance of the scale of j item of the questionnaire (Zahorec, Munk and
Haskova, 2009).
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Estimation of reliability can be calculated from average correlation coefficient ̅ of the
particular items. It is called standardized Cronbach‘s Alfa coefficient
̅

̅
(

) ̅

(2)

,

where m is number of the items (Reichel, 2014).
ANALYSIS OF TEST RELIABILITY
The table of correlations represents the dependence of individual items between them,
where each item represents one question of pre-test. The closer the correlation coefficient is to
value 1, the stronger the proportional dependency is (Zahorec, Munk, Haskova, 2008).
Greater dependence indicates that the two questions are testing the same skill or knowledge of
students.

Item1
Item2
Item3
Item4
Item5
Item6
Item7

Tab. 2 Correlation matrix of pre-test
Item1 Item2 Item3 Item4 Item5
1 0.238 0.097 0.079 0.105
1 0.019 0.323 0.025
0.238
0.097 0.019
1 0.169 0.215
0.079 0.323 0.169
1 0.108
0.105 0.025 0.215 0.108
1
0.088 -0.071 0.098 -0.077 0.234
-0.015 0.171 0.096 -0.025
0.21

Item6
0.088
-0.071
0.098
-0.077
0.234
1
0.185

Item7
-0.015
0.171
0.096
-0.025
0.21
0.185
1

Coloured correlation coefficients are statistically significant at the significance level 0.05

Relatively high correlations are between items no. 1-2, 2-4 and 5-6 and the lowest
correlations are for questions number 3 and 7. This means that items 3 and 7 would be
appropriate to remove, edit or replace.
Cronbach's alpha is 0.457 and standardized alpha is 0.459, so we can say that this test has
a reliability of 46%, which is moderately high value.However, in Table 4 we see that the mere
removal of any of the items (see column "Alpha if deleted") will not increase the reliability of
the test. Items 1, 4, 6 and 7 should be valued relatively high, but not higher than the total
Cronbach's alpha.
Tab. 3 Statistics of pre-test
7
Number of items in scale:
0.457278 Standardized alpha:
Cronbach's alpha:
0.109339
Average Inter-Item Correlation:

0.459033
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Item1
Item2
Item3
Item4
Item5
Item6
Item7

Tab. 4 Test statistics (pre-test) after elimination of a certain item.
Mean if deleted Var. if deleted StDv. if deleted Itm-totl correl. Alpha if deleted
43.82579
278.9277
16.70113
0.182482
0.433278
39.25092
274.5293
16.56893
0.263648
0.398187
40.00290
268.3082
16.38012
0.238019
0.406905
40.75368
256.1108
16.00346
0.192409
0.434421
43.19881
252.7412
15.89784
0.294345
0.376419
43.86329
305.8670
17.48905
0.147914
0.445647
41.00539
270.0674
16.43373
0.183136
0.434917

We tested the post-test in the same manner.Relatively high correlations are among several
items and correlations between items 1-3, 1-9 and 3-9 are even greater than 0.5. Only item
number 5 has a low correlation.
Item1
Item1
Item2
Item3
Item4
Item5
Item6
Item7
Item8
Item9
Item10

1
-0.2219
0.7102
-0.0527
0.1913
0.1246
0.2713
0.2728
0.5382
0.3436

Item2
-0.2219
1
-0.2183
-0.1243
-0.0836
-0.0075
-0.0854
-0.0485
-0.1778
-0.0282

Tab. 5 Correlation matrix of post-test
Item3 Item4 Item5 Item6 Item7
0.7102 -0.0527 0.1913 0.1246 0.2713
-0.2183 -0.1243 -0.0836 -0.0075 -0.0854
1 -0.1024
0.139
0.051 0.3185
-0.1024
1 -0.1426 0.2245 -0.1449
0.139 -0.1426
1 -0.0609
-0.06
0.051 0.2245 -0.0609
1 -0.044
-0.06 -0.044
1
0.3185 -0.1449
0.2632 -0.2568 -0.0997 0.1744 0.3772
0.5208 0.0388 -0.0647 0.2473 0.4463
0.2587 -0.0527 0.1913 -0.0288 0.1266

Item8 Item9
0.2728 0.5382
-0.0485 -0.1778
0.2632 0.5208
-0.2568 0.0388
-0.0997 -0.0647
0.1744 0.2473
0.3772 0.4463
1 0.3201
1
0.3201
0.0264 0.2095

Item10
0.3436
-0.0282
0.2587
-0.0527
0.1913
-0.0288
0.1266
0.0264
0.2095
1

Coloured correlation coefficients are statistically significant at the significance level 0.05

Based on the last two tables we conclude that the reliability of the test will increase
significantly after the removal of items 2, 4, and 5. Editing task would be sufficient for items
4 and 5. Removal or modification of these items could increase the reliability of 51.6% to a
value of between 60-70%, which is very good reliability of the test.
Tab. 6 Statistics of post-test
10
Number of items in scale:
0.515644 Standardized alpha:
Cronbach's alpha:
0.103999
Average Inter-Item Correlation:

0.512458
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Item1
Item2
Item3
Item4
Item5
Item6
Item7
Item8
Item9
Item10

Tab. 7 Test statistics (post-test) after elimination of a certain item
Mean if deleted Var. if deleted StDv. if deleted Itm-totl correl. Alpha if deleted
61.22500
232.1494
15.23645
0.587221
0.374961
64.97500
332.6494
18.23868
-0.221221
0.633268
61.72500
232.9244
15.26186
0.509598
0.391342
61.10000
321.1900
17.92177
-0.135102
0.580096
60.22500
309.8494
17.60254
-0.006094
0.536723
61.60000
274.0900
16.55566
0.185872
0.498773
63.75000
265.9375
16.30759
0.335508
0.458857
65.10000
256.3900
16.01218
0.275646
0.469801
63.22500
212.7494
14.58593
0.568141
0.351514
61.22500
269.8994
16.42861
0.250252
0.479866

PROBLEMATIC ITEMS
Table 2 shows that the question number 3 of the pre-test is problematic. This question is
intended to determine when the samples are dependent and independent ever.However,
students still did not confess in computing statistics, suggesting that they probably guessed the
answers.It was possible to choose between two options, so guess the correct answer was not
difficult.Similarly, question number 7 was focused on two choices and that was probably the
problem of reliability.
Problem reliability of the pre-test was mainly two-choice or three-choice answers.
Possibility of betting and ignorance of students significantly deteriorated reliability test
results.
Low correlation of the post-test was item number 5. Here, the problem is probably that
the task was too easy.Based on Figure 1, students should determine whether variable values
come from a normal distribution. Students evaluate such graphs almost the entire semester
and there were a few wrong answers.

Fig. 3Task number 5

Reliability will increase to 63.3% after eliminating of item number 2 and if we remove an
item number 4, reliability will increase to 58%.
CONCLUSION
Based on the Reliability / Item Analysis we revealed several problematic items, which we
should reword or remove.However, we cannot consider the results of pre-test analysis for
fully relevant, because since the beginning of the semester students did not have much
knowledge in the field of computational statistics. Therefore, most responses were guessing.
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Itis the reason of the low reliability of the test results.We can increase the reliability by adding
the same quality or better quality items.
Analysis of post-test results showed three problematic items. It is item number 5 on the
basis of low correlations and items 2 and 4 on the basis of reliability testing in the case of the
removal of these items.Reliability is increased by up to 13%, respectively 8%. If we remove
both items, we expect an increase up to 15 or 20%. Therefore, we recommend editing or
removing these items from the test.Reformulation is also required for item number 5.
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Abstract
This paper discusses application of Analytic Network Processes for assessmentand evaluation of software
product quality based on its purpose, particularly focuses on Quality Measurement Division (ISO/IEC 2502n)
from Software Product Quality Requirements and Evaluation series.ISO/IEC has developed Software Product
Quality Requirements and Evaluation (SQuaRE-ISO 25000 series) to replace ISO 9126 and 14598 Standards to
provide an all-inclusive specification and evaluation model for the quality of software products. One of the
reasons for the development of this new series is that every application system and software product needs
different quality property based on its purpose and context of use and it is crucial to take this in to account while
defining appropriate quality characteristics. These days there are countless on or off the shelf software solutions
for the same problem, using these software products is a matter of choice, since they all have their advantages
and weaknesses. Even with the new standard comparing alternative software solution and choosing a solution
that best serves our purpose is not an easy task. Analytic hierarchy process is used solve this problem however
this method does not allow dependencies among software characteristics which contradicts with the
international standard document, SQuaRE. The Analytic network process method, discussed in this paper can
model interdependencies and feedbacks among software characteristics and quality measures.
Keywords
Analytic Network Process. ISO/IEC 25000-SQuaRE. Quality model. Saaty’s matrix. Supper matrix.

INTRODUCTION
In the area of software engineering, the concept of software measurement is not new.
Since 1972, a number of software ‘metrics’, or ‘measures’, have been developed.Quality
frequently means the ‘fitness for use’ and the ‘ability to meet end-user’s requirements’ (Yeh,
1993). SQuaRE also defines quality as the capability of software product to satisfy stated and
implied needs when used under specified conditions (ISO/IEC 25000:2014).
Developing quality software starts from requirement analysis and design and while
evaluating its quality it is important to understand the effect of each phase of the development
on the next phase and on its overall quality, in addition to evaluating each phase
independently. ISO/IEC 25000 guideline also describes that achieving internal quality is
prerequisite for achieving external quality and internal and external quality measurements are
crucial for achieving quality in use (ISO/IEC 25000:2014). To increase overall customer
satisfaction as well as satisfaction with various quality attributes, the quality attributes must
be taken into account in the planning and design of the software (Stephan, 2002).
Another point to consider, while evaluating software quality is that not all quality model
characteristics and sub characteristics hold the same value for different purpose software. As
ISO/IEC 25000 guideline puts it as one of the reasons for the need of SQuaRE, every system
and software product needs different quality property based on its purpose and context of use.
This paper proposes a method that will measure dependencies among characteristics and sub
characteristics and prioritizes the characteristics and sub characteristics based on the purpose
of the software in hand (ISO/IEC 25000:2014).
PROBLEM MODELING
Comprehensive specification and evaluation of systems and software product quality is a
key factor in ensuring adequate quality. According to SQuaRE this can be achieved by
427

defining appropriate quality characteristics, while taking in to account the intended use of the
system and software product. It also suggests using validated or widely accepted measures. In
this paper, the possibility of applying Analytic network process for the assessment and
evaluation of software product is discussed.
Quality Measurement Division
The ISO/IEC 9126 series of standards consisted one international standard and three
technical reports. ISO then, recognized a need for further enhancement of ISO 9126, primarily
because of advances in information technologies (IT field) and changes in the IT
environment. Consequently, ISO has developed (SQuaRE – ISO 25000). One of the main
objectives of SQuaRE series and ISO 9126 series (which constitute the difference between
them) is the coordination and harmonization of its contents with the ISO standard on
software/system quality measurement process. In particular, the quality measurement division
(ISO 2502n) is composed of the following five documents to replace the four-part ISO 9126
series:
- ISO 25020: Measurement Reference Model and Guide
- ISO 25021: Quality Measure Elements
- ISO 25022: Measurement of Internal Quality
- ISO 25023: Measurement of External Quality
- ISO 25024: Measurement of Quality in Use
Quality measure elements are measures defined in terms of an attribute and the
measurement method for quantifying it, including optionally the transformation by a
mathematical function, used for constructing quality measures.
Non-executable software product during its development stages (such as request for
proposal, requirements definition, design, and specification of source code) is the subject of
internal measures of software product quality. External metrics specify measurements of
software behavior in testing and operating, and in cooperation with other software, hardware,
or system.Quality in use is the extent to which a product meets end user’s needs to achieve
specific goals. Evaluating quality in use validates software quality in specific user task
scenarios. The following picture depicts quality in use characteristics and their sub
characteristics
According to ISO/IEC25010 software product quality model is composed of eight
characteristics, which are further divided into subcharacteristics which can be measured
internally or externally. In addition, the quality in use model is composed of five
characteristics and their characteristics. The following pictures show software product quality
model characteristics and subcharacteristics for internal and external quality measure and
quality in use characteristics and their sub characteristics, consecutively.

Fig. 1 Product quality model
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1. Functionality Suitability:is the set of attributes that bear on the existence of a set of functions
and their specified properties. The functions are those that satisfy stated or implied needs.
2. Reliability: is the set of attributes that bear on the capability of software to maintain its level
of performance under stated conditions for a stated period.
3. Performance efficiency: is the set of attributes that bear on the relationship between the level
of performance of the software and the amount of resources used, under stated conditions.
4. Operability: is the set of attributes that bear on the effort needed for use, and on the individual
assessment of such use, by a stated or implied set of users.
5. Security: is a set of attributes that provide protection for the software against malicious attack
and other hacker risks.
6. Compatibility: is a set of attributes that enables the software to coexist and interact with
existing environment.
7. Maintainability: is the set of attributes that bear on the effort needed to make specified
modifications.
8. Portability: is the set of attributes that guarantee the ability of software to be transferred from
one environment.

Fig. 2 Quality in use model

1.
2.
3.
4.
5.

Effectiveness: attributes that relate to the goal and benefits of using the software to the
accuracy and completeness with which these goals could be achieved.
Efficiency: is the level of effectiveness achieved with respect to resources
Satisfaction: is the measure of how a software product meets user expectation
Safety: is the level of guarantee that the use of the software product do not lead to damage of
user health, economy, and environment.
Usability: attributes that relate to the effort users need to use the software.
DISCUSSION
As explained above ISO/IEC 25000 provides us with international standardization model
for analysis and evaluation of a software product in order to meet all expectations of
customers. Even if the idea of producing software that meets all product quality model
characteristics and sub characteristics from all viewpoints is perfect, it is unlikely. Therefore,
customers need to choose tolerable software/system that serves their purpose better. Stephan
also states that quality attributes are not always congruous with each other. Further explains
this in example “For example, the higher the functional complexity of the software, the harder
it becomes to achieve maintainability. Depending on the type of software and customers,
different weighting factors are needed for different quality attributes” (Stephen, 2002).
The following figure shows the relationship among quality measures, quality
characteristics, and alternative software solution.
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Fig. 3 Hierarchical structure of quality model

Analytic Network Process
Professor Thomas L. Saaty developed analytic hierarchy process (AHP) in 1970s then its
generalization ANP. AHP builds a hierarchy of decision items using comparisons between
each pair of items expressed as a matrix. Paired comparisons produce weighting scores that
measure how much importance items and criteria have with each other. ANP is a general
theory of relative measurement used to derive composite priority ratio scales from individual
ratio scales that represent relative measurements of the influence of elements that interact with
respect to control criteria. A hierarchy is a linear top down structure; a network spreads out in
all directions and involves cycles between clusters and loops within the same cluster (Saaty
2001, 2005). ANP unlike AHP allows feedback and loop for decision problems by obtaining
the composite weights through the development of a super matrix. Super matrix is a
partitioned matrix, where sub matrix is composed of a set of relationships between two
components or clusters in a connection network structure. ANP process has two parts; the first
part is a control hierarchy or network of criteria and sub criteria that controls the interaction.
The second part consists of a network of influence among the elements and clusters (Saaty
1996). The main steps of ANP process include: (1) identifying the elements and clusters; (2)
create the model; (3) determine the interdependencies; (4) construct pairwise comparison
matrices between the clusters and elements; (5) build super matrix (Gang, Daji, Yi, Yong,
2013).
ANP has been successfully applied to solve complicated decision-making problems. ANP
is used to develop an evaluation method for SWOT analysis (Ihsan and Metin, 2007), in the
independent information system project selection in two separate studies (Lee and Kim. 2000,
2001), ANP-AHP method is used for the analysis of benefits, opportunities, costs, and risks
(Diererik, 2007) and in many other problems for over a decade. ANP method developed in
this paper provides SQuaRE a measure and direction of changes of characteristics because of
a change of other characteristics and the change of the whole quality of software because of
these changes.
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Analytic Network Process for software quality model assessment and evaluation
Step one: identify relationships among different characteristics and sub characteristics, if
relationship occurs among sub characteristics or if there exists a bidirectional relationship, it
should be represented in a network otherwise in hierarchical structure. For instance if a
developer wants to develop a software that needs sorting algorithm with fastest run time it is
likely that a time space trade off should be done. Therefore, a software developer makes trade
off of characteristics based on the stated user requirement.
After understanding, interdependencies and relationships among characteristics a survey
should be conducted with software specialists or end users to decide importance of software
characteristics for a specific software product using Saaty’s 9-points ratting scale of
preference.
Tab. 1 The Saaty's 9-points rating scale

Intensity of
Importance

Definition

Explanation

1

Equal importance

Two activities contribute equally to the objective

3

Moderate
importance

Experience and judgment slightly favor one
activity over another

5

Strong importance

Experience and judgment strongly favor one
activity over another

7

Very strong
importance

An activity is strongly favored and its dominance
demonstrated in practice

9

Absolute
importance

The evidence favoring one activity over another
is of the highest possible order of affirmation.

2,4,6,8

Intermediate
values

When compromise is needed

Reciprocal of above
non-zero numbers

If activity I has one of the above nonzero numbers assigned to it when
compared with activity j, then j has the reciprocal value when
compared with i.

Step two: is formulating interdependencies and performing pairwise comparisons among
quality measures, quality characteristics, quality sub characteristics and alternative software
solutions. The proposed hierarchy and network model for software quality model is composed
of five levels; the first level is the best software product with highest quality. In the second
level are quality models, internal, external and quality in use models, the third and the fourth
level contains quality characteristics and sub characteristic, respectively. The last level is
composed of alternative software products.
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Fig. 4 Hierarchy and Network structure (a) Hierarchy (b) Network
The matrix representation for the above figure shown in fig 4a is as follows:

(1)
[

]

Where W21 is a vector, which represents the impact of best quality software on quality
models, W32 represents the impact of quality models on quality characteristics, W43 represents
the influence of quality characteristics on quality sub characteristics, W54 depicts the influence
of sub characteristics on each alternative software solution, I is the identity matrix, and zeros
represent those elements having no influence.

(2)
[
]
The above matrix represents the network structure of quality model shown in fig. 4b, with
the additional vectors W22, W33, and W44. W22 represents the interdependency among internal,
external and quality in use quality measures; that is to show how internal quality affects
external quality and how achieving quality in use depends on achieving these two quality
measures. W33 represents the effect and dependency among quality characteristics. As
mentioned at the introduction part of this paper achieving one quality characteristics could
guarantee achievement of other characteristics or result in a trade off with other characteristics
the same is true for quality sub characteristics and this is represented by W44.
Step three: is to assume that there is no dependency among quality measures (internal,
external and quality in use) and to determine their priorities with respect to the goal (Quality
software) using pairwise comparison, that is to calculate W21. Pairwise comparison for the
above matrix is performed the same way as AHP, using Saaty’s matrix. . The elements of this
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matrix are an estimation of importance of ith and jth criteria, using the above stated 1,3,5,7,9
scale.This is a 'reciprocal matrix’ that has all positive elements and has the reciprocal:
sii  1 i  1, 2,..., k
a  s ji  1/ sij

b  s ji  sik / s jk

i, j  1, 2,..., k

(3)

i, j  1, 2,..., k

The criteria weights or variant values are then normalized by geometrical mean of lines of
matrix S:
1/ k

 k

 sij 
j 1

vi  
i  1, 2,..., k
(4)
1/ k
k  k

 sij 

i 1  j 1

Step four: Inner dependence among quality measures is then determined by the impact of
each quality measure on every other using pairwise comparison. Since we established above,
in the problem formulation, in order to achieve quality in use achieving internal and external
quality is prerequisite. Inner dependence among characteristics and sub characteristics is
determined the same way. In this step the questions such as; what is the relative impact of
internal quality compared with external quality for achieving quality in use, W22? What is the
relative importance of functional suitability, reliability, performance efficiency, operability,
security, compatibility and portability on achieving maintainability, W33 ? And so on. Not all
quality models, characteristics, and sub characteristics influence each other, in a matrix this is
represented by zero.
Step five: calculate interdependent priorities of quality model, characteristics and sub
characteristics; i.e. WQm= W22 × W21, WQcharacteristics= W33 × W32, WQsubcharacteristics= W44 × W43.
Step six: determine the global importance degrees of quality characteristics by
multiplying interdependent priorities of quality model (WQm) with interdependent priorities of
characteristics (WQcharacteristics) obtained in step five and global importance degrees of quality
sub characteristics is then determined by multiplying this result with interdependent priorities
of quality sub characteristics (WQsubcharacteristtics).
Step seven: determine the importance of alternative software solution with respect to each
quality sub characteristics using pairwise comparison, W54.
Step eight: determine overall priorities of alternative software solution, reflecting the
interrelationships with global importance degrees of software quality sub characteristic by
multiplying global importance degrees of quality sub characteristics by W54.
CONCLUSION
Assessing and evaluating software product characteristics and sub characteristics
explained in Software product Quality Model (ISO/IEC 25010), of SQuaRE series, is one part
of assuring the needed quality of a software product. However, these characteristics and sub
characteristics have different effect on different software productsdepending on the purpose of
the software. ANP method discussed in this paper provides weight to determine priorities of
characteristics and dependencies among them. ANP method combined with the software
product quality model results a quantitative evaluation of a specific software product. Further
case study will be done in the future to prove the applicability of this method.
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Abstract
Resource-Constrained Project Scheduling Problem – RCPSP is one of the most popular topics of optimization
problems in the last decades. Many research workers occupy themselves with this problem and improve it,
however, leading company managers still have problems with source allocation for project activities and have
no overview of a current state of production. This article aims at using already known knowledge about RCPSP
and applies new characteristics in the field of resources, projects and their activities. A new fitness function of
minimization penalty costs of projects will be defined as an optimization criterion for project scheduling with
limited resources.
Keywords
Resource-Constrained Project Scheduling Problem (RCPSP); Resource Constrained Multi-project Scheduling
Problem (RCMSP); Genetic Algorithms; Project Management

INTRODUCTION
The area of resource-constrained project scheduling problem (RCPSP) has been a very
popular topic in literature during the last decades. The number of articles dealing with this
problem has grown even more in the last years. The overview of published works can be
found in (Hartmann and Briskorn, 2010), (Kolisch and Hartmann, 1999), (Kolisch and
Hartmann, 2006), (Lamr, 2010), (Lamr, 2011), (Lamr, Lamr and Petr, 2014).
Within the environment of a manufacturing company a large number of variables
producing a vast number of possible solutions occur in the process of planning and scheduling
of sources for project activities. Because of a very difficult resolvability, scheduling is termed
as a np complete problem. It means that there are no known algorithms for finding an optimal
solution in polynomial time (Blazewicz, Lenstra, and Rinnooy, 1983), (Özdamar and Ulusoy,
1995). In literature there are simulated annealing (Kirkpatrick, 1983), tabu search (Glover,
1989), or genetic algorithms (Holland, 1992) and others most frequently used methods of
solutions in RCPSP. The genetic algorithms (GA), which are one of the most suitable tools
for RCPSP (Kolisch, 2006), were chosen as a suitable method for this work, too.
FORMULATION OF THE PROBLEM
A definition of the traditional RCPSP can be found e.g. in (Pritsker, Watters and Wolfe,
1969), (Brucker, Drexl and Mohring, 1999). A scheduling of accessible resources to activities
to minimize the time of the project duration is a typical aim of the RCPSP task solution.
Compared to the traditional RCPSP, where there is only one scheduled project considered, an
enlargement, which was presented in (Pritsker, Watters and Wolfe, 1969), where theoretical
foundations for multi-project scheduling (Resource Constrained Multi-project Scheduling
Problem – RCMSP) were premised, will be considered in this work. There was presented a
representation, where single network charts of project plans were included into one network
chart in the project portfolio (see in the Fig. 1). The layout of activities of all network chart
projects enables to work with more projects in the same way as in case of one.
The implementation of this approach can be found e.g. in (Homberger, 2007), (Lawrance and
Morton, 1993).
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Fig. 1 A conceptual model of initialization and scheduling

Projects
Let be considered a set of all scheduled projects Z={P1,P2,…,Pz} for the RCMSP task.
Every project Pp Z, where p {1,2,…,z}, can be described as a vector with the following
characteristics:
Pp=(name, projectPriority, startDate, planEndDate, bonus, malus, J),

(1)

where





namepis a name of a p-th project,
projProritypis a priority of the project, where projPriorityp  <1; 100>,
startDatepis the earliest possible start of the project, where startDatep  N0,
planEndDatepis the latest possible end of the project; where planEndDatep  N0 is an
order number of the day,
 bonusp is a bonus price for every unit of time (usually man-day) when the project is
finished earlier than its latest possible end (planEndDate),
 malusp is the penalty costs for every unit of time (usually man-day) when the project
is finished later than its latest possible end (planEndDate),
 Jp is a project plan presented by a vector of p-th project's activities.
The projPriorityp parameter directly influences scheduling development. The algorithm
always tries to allocate resources to the project of a higher priority.
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Project activities
Let there be a j-th project activity of the p-th project described as:
Taskpj=(name, effort, skill, exp, maxRes, minRes, minLoad, U),

where










(2)

namej is a name and identification of a j-th activity,
effortjis a time estimation of laboriousness in units of time (usually hours), effortj N,
skillj is a skill required to fulfil a j-th activity, where skillj  O and O is a set of skills,
expj is a required degree of skill needed to fulfil a j-th activity, where expj  S‘
and S‘={Junior, Normal, Senior, Expert} is a set of skill degrees,
priorityjis a priority of the activity,priorityj={Trivial, Minor, Major, Critical,
Blocker},
maxResjis the maximal number of resources, which can work on the activity at the
same time,
maxResj  N, maxResjis the minimal number of resources, which can work on the
activity at the same time,
minLoadjis the minimal number of the units of time required to assign a j-th activity
to an l-th resource to solving; minLoadj  N,
Uj is a vector of activities, which must be completed before initiation of working on a
j-th activity; Uj=(task1, …, taski), where i<j.

Resources
There will also be worked with a limited set of producing resources. Producing resources
are perceived as renewable. They are presented by machines or workers, who have at every
period of time constant units of work at their disposal.
In the traditional approach there is considered a limited set of instances of the resource
L={Resouce1, Resource2, … , Resourceq}. Every resource Resourcel  L, where l {1,2,…,q}, is
represented by a vector:
Resourcel=(management, consultation, analysis, design, programming, testing, documentation,
deployment, wage, maxParallelTasks, availability),
(3)

where





managementl, consultationl, … , deploymentldenotes a level within a certain skill
from the set Expertise={None, Junior, Normal, Senior, Expert},
wagel is a reward which belongs to the l-th resource for a worked unit of time
(usually man-hour); wagel  N,
maxParallelTaskslis the maximal possible amount of tasks on which the l-th resource
can parallelly work at the time; maxParallelTaskl  N,
availabilityis a calendar of the producing resource, within a day there is considered a
range of working hours from to.

METHODS
The GA was chosen as an optimization heuristic for solving the RCMSP task. Its
description can be found e.g. in (Holland, 1992), (Hynek, 2008), (Mitchell, 1996), (Weise,
2008). For the next part of this paper let be mentioned that GA will work with one population
within which a defined number of individuals exists.
Genetic algorithm
Within GA an initial solution of the Schedule Generation Schemes – SGS g. SGS
represents the order of project activities from which a doable schedule is generated.
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Scheduling is an allocation of resources to project activities. The schedule representation
is represented by a three-dimensional matrix A. On the x-axis there are individual project
activities Taskpj, on the y-axis there are resources Resourcel and on the z-axis there is a unit of
time day. Let there be an element aljt  A. The element aljt is represented by a vector B=(b0, b1,
… , b23), where bo  B and o {0, 1, …, 23}. The value bo then gains the value 0 or 1 for every
o-th hour within the j-th activity, l-th project and t-th day. The chosen representation enables
to allocate resources to activities in elementary units of time – hours.
Crossover and mutation are traditional genetic operators used in this work. Crossover,
which is based on an exchange of a part of a genotype between two individuals within SGS g,
is considered one-pointed (Hynek, 2008). Mutation is implemented as a movement of the
gene to the left or right within SGS g. The roulette mechanism was used as a selective method
(Hynek, 2008).
Elitism, which defines a number of the strongest individuals adopted from the original
population into the new one, was also used.
Fitness function
Fitness function of the minimization penalty costs of projects uses a parameter of the total
delay of all projects delay. This parameter can be described as a weighed value of the
difference between ends of projects from the schedule and originally scheduled project terms
in the following form:
z

delay= ∑ ( genEndDate p − planEndDate p ) ,

(4)

p=1

where
 genEndDatep is a generated end of the project from a project schedule,
 planEndDatepis the latest possible term of finishing the project.
The total amount of bonuses or penalty costs per individual, i.e. per all his projects, is
then learnt as a sum of all the bonuses and penalty costs of projects in the form:
z

bonusMalus= ∑ ( projBonus p +projMalus p ) ,

(5)

p=1

where z is the amount of projects and
projBonusp=delayp*bonusp,

(6)

projMalusp=delayp*malusp.

(7)

Fitness function for the criterion for the penalty costs of projects can be defined using the
formula (5):
minBonusMalusFitness=1/(maxPlanEndDate*z*sumBonus+bonusMalus+ γ ), (8)

where



maxPlanEndDate is the maximal from all of the later possible ends of projects,
z is a number of projects in the solution,
z





sumBonus= ∑ bonus p is a sum of the bonuses of all projects,
p=1

bonusMalus is learnt according to the formula (5),
γ is a small number preventing division by zero, usually γ =1.

RESULTS
The verification of the fitness function of minimization penalty costs of projects will be
performed on a test set of the size of 10 projects, where everyone has 30 activities. There will
be used 10 resources with various definition of working time. GA parameters were set in the
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following way: population size pop=100; crossover probability pc=0,9; mutation probability
pm=0,05; elitism eli=5; stagnation stag=20.
Minimization penalty costs of projects
The tested fitness function is minimization penalty costs of projects (8), within which
penalty costs for late or bonuses for early project finishing according to the formula (9) is
sought. Running results during solving can be seen in picture 1. Values of initial and the best
solution can be seen in Tab. 1.
Tab. 1 Results for the fitness function of minimalization penalty costs of projects

Generation Best fitness
Mean fitness
Delay(+)/Speed-up(-)
Bonus
2,5031E-04
2,3459E-04
-890
1106
1
10

2,5113E-04

2,4059E-04

-899

1119

22

2,5189E-04

2,4357E-04

-909

1131

32

2,5246E-04

2,4468E-04

-914

1140

38

2,5387E-04

2,4598E-04

-926

1162

45

2,5478E-04

2,4549E-04

-932

1176

153

2,5497E-04

2,5496E-04

-934

1179

In the course of GA it can be seen that in the generation 45 a deterioration hike of the
mean value of a fitness function happens, although the strongest individual is found at this
very step. The end of the GA run is influenced by the parameter stag=20, which in this setting
enables the mean value of the population in the last generations to get closer to the value of
the strongest individual.

Minimalization of penalty costs of
projects (pop=100, pc=0,9, pm=0,05,
eli=5, stag=20)
2,60E-4
2,55E-4

Fitness

2,50E-4
2,45E-4

Best fitness
Mean fitness

2,40E-4

2,35E-4
2,30E-4
1 13 25 37 49 61 73 85 97 109121133145
Generation

Fig. 2 GA run for a fitness function of minimalization penalty costs of projects
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CONCLUSION
Within this article there was verified a tool for scheduling projects with limited resources
with a fitness function of minimization penalty costs of projects, which uses delay of projects
as its base. The value of this parameter multiplies by penalty costs (if the project is delayed)
or bonus (if the project is realized before its deadline) per every single unit of time (usually
day). The fitness function which was used enables to check delays or speed-ups via an
indicator of the economic efficiency of projects.
The test results can be summed up into a statement, that there was created a new fitness
function, which can be used as an alternative optimization criterion for scheduling projects
with limited resources.
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Abstract
The paper is focused on evaluation of usability testing of web-based geographic information systems. The main
aim is to identify the most common and the most serious problems in usability of web-based geographical
information systems of all regional authorities in the Czech Republic. For the evaluation of usability of webbased geographical information systems (GIS), the usability user testing method was chosen in this case. Choice
of participants and their brief description are provided at first. Next, procedure of usability testing is
described.The paper also presents the results of usability user testing and identified most common problems in
usability. Next part of the paper is devoted to the most used functions that are used in web-based GIS.Problems
that the participants had to deal with are described. Problems are individually described for each particular
function. For each function there areproposed possible ways of improvement.
Keywords
Usability user testing. Web-based GIS. Usability.

INTRODUCTION
Spatial information is very important for all human beings because almost everything
happens somewhere and objects are located somewhere.Nowadays, computer-based systems,
like geographic information systems (GIS), are often used for storing, processing and
visualization of spatial information. GIS are focused on professional and skilled users.
Increasing demand for spatial information by non-professionals has led to widespreading of
web-based GIS applications. As far as they are focused on end-users, their usability has been
recognized as a very important issue. One of the current definitions of usability can be found
in (Ivory, 2001): ‘Usability is the extent to which users can use a computer system to achieve
specified goals effectively and efficiently while promoting feelings of satisfaction in a given
context of use’. A branch of software engineering that provides structured methods for
achieving usability of a user interface is named usability engineering. There have been many
usability evaluation and testing methods developed, for example Cognitive Walkthrough
(Nielsen, 1994), Heuristic Evaluation (Nielsen, 2007), Eye-Tracking (Hom, 2003), QuestionAsking Protocol (Hom, 2003), Thinking Aloud Protocol (Nielsen, 1994), Field
Observation/Ethnography) (Nielsen, 1994), Individual Interview (Nielsen, 1994),
etc.According to (Scholtz, 2004), they can be divided into the following three groups:

User-centered evaluations (usability testing methods)

Expert-based evaluations (inspection methods)

Model-based evaluations.
Usability of Web-based GIS applications and interactive maps on Internet has been
recognized as a very important issue (e.g. Brown et al., 2013). Authors focused on this issue
previously (Komarkova et al., 2007a; Komarkova et al., 2007b; Komarkova et al., 2010;
Komarkova et al., 2011); this contribution is a follow-up study.
The aim of this paper article is to identify the most common and the most serious
problems in usability of regional offices’web-basedgeographic information systems by means
of a usability user testing as a representant. Thus, the usability evaluation procedure is
proposed as a qualitative one. Participants (evaluators) were selected according to their
availability. The whole used procedure of usability user testing isfully described in
(Tenkrátová, 2014). In the end of the article, the proposal how to eliminate the identified
problems is included.
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METHODS
Usability user testing was chosen as an appropriate method. The principle of this method
is to involve persons who represent target group of users – named participants. A person who
controls the entire testing is named evaluator.This method was chosen because it is possible to
obtain information about users expected achievements and what problems prevent them from
successful utilization of the evaluated application. For the whole evaluation, thinking aloud
protocol (participant speaks during the test), the protocol of asking questions (evaluator asks
questions) and actual user testing, the participant performs the assignedtasks were used.
During the usability user testing,there were 14 web-based GIS (from a total of 8
providers) evaluated, i.e. web-based GIS applications of the following regions were
evaluated: The capital city of Prague, region South Bohemia, region South Moravia, region
Karlovy Vary, region Vysočina, region Hradec Králové, region Liberec, region MoraviaSilesia, region Olomouc, region Pardubice,region Plzeň, Central Bohemian region, region
Ustí nad Labem and region Zlín.
In total, 29 participants have undergone the testing. They primarily tested functional
elements, namely a shift in the map, zoom in and out in the map, return to full coordinate
range, a small overview map, icons for previous and following map image, scale, help,
printing, distance measurement, search, map title, description, icons, layers and legend.To test
these elements, a set of twenty taskshas been used.The set should help to evaluate particular
functions and therefore the overall web-based GIS application. These basic functions are
present in almost all regional web-based GIS and it is possible to apply the same set of tasks
to all web-based GIS applications.For each task,testing time and percentage success of quests
were recorded. A total time of testing each particular web-based GIS was recorded too.Each
participant tested three selected portals. Participantstested the applications in a different order
to prevent them from learning how to use the applications.An order of testing for recorded for
each participant. Each participanttested at first the application which was tested as the second
one by the previous participant.
Selection of participants
Due to time demandingness of the testing, the participants were selected accordingto their
availability. There were selected 14 participants at GIS professional-level (representatives of
GIS users)and 15 participants without professional knowledge of GIS (representatives of end
users).End users usually have medium knowledge of PC and daily use the Internet. More than
half of them use web-based GIS applications less than 1 time per week, so it theyrepresent
casual users.More than half of them work or study in the field of IT and are 20-24 years old.
GIS users: usually have medium knowledge of PC, use the Internet several times a day, more
than half of them use web-based GIS daily or weekly. The other part joined to the group of
casual GIS users. All of them are working or studying in the field of IT. They aremostly 2030 years old.
RESULTS
This section describes the results of usability users testing.
The shortest time of testing of 3 assigned web-based GIS applications was 55 minutes
and the longest one lasted 2 hours. During the execution of the tasks the participants verbally
commented the processing of the tasks. They always marked the beginning and end of work
on the task.The success and duration of the task fulfilment is not decisive. A problem in
usability can be identified even in the case of fulfilled task, although it can be just a cosmetic
one. The average percentage results of fulfilled tasks clearly demonstrate which web-based
GIS offer more tools, controls, and maps, and which offer only a limited number of maps and
limited abilities of a user interface. Along with a wider range of maps and tools, usability of
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applications is increasing. Web-based GIS ofregion Pardubice and region Hradec Králové
were evaluated as the best ones. Both provide a very different interface from other web-based
GIS. Figure 1 shows the average percentage of completion of all tasks for web-based GIS for
each region.

Fig. 1 Total average percentage of fulfilled tasks

In total, the group of participants – GIS users, was able to complete a higher percentage
share of the given tasks. It can be especially seen in the case of Zlin, Liberec, Central
Bohemia, Moravia and Pilsen regions web-based GIS. The group of end-users was able to
complete a higher percentage share of the given tasks in the case South Moravia, Bohemia
and Prague regions web-based GIS.The following Figure 2 shows the comparison between
the average successful completion of all tasks of the group of end-users and the group of GIS
users.

Fig. 2 Average successful completion of the given tasks by the group of end users and the group of
GIS users
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Time to complete the task can be a problem even in the case of successfully fulfilled
tasks. In many cases participants fulfilled the task, but they needed a long time to find the
necessary tool or to realize how to use it. For example, searching for a suitable map for too
long time does not represent a good situation. Comparison of the duration of testing
individual web-based GIS applications is shown below in Figure 3.

Fig. 3 Average time testing of particular web-based GIS applications

The shortest testing time is 8:54 minutes and it was reached by the participant from group
of GIS users when testing region Zlín web-based GIS. The longest time of testing is 41:35
minutes and it was reached the participant from group of end users when testing region
Karlovy Vary web-based GIS.The highest average percentage result of fulfilledtasks is 90 %
and represents result of one of the participants from the group of end users during testing of
the region Pardubice web-based GIS. The lowest average percentage result of fulfilled tasks
was obtained by participantfrom group of end users for region Olomouc web-based GIS, with
the value 29 %.
The most common problems in usability are:

Need to install Java

Unusable search

The obscurity or absence of special maps - most often a map of the Authority's
responsibilities, spatial planning and map bike paths

Tools for finding information about an object

Unclear help or its absence

Inability scaling for user navigation

Selection of a suitable map

Measurement of distance

Set the parameters and press absence

Moving around the map and the map control

Location of the legends in the list of layers
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The following Figure 4 shows the average percentage successfulness of fulfilment of
individual tasks in general (by both end-users and GIS users).

Fig. 4 The average percentage completion of tasks

DISCUSSION
The aim of designers and operators of web-based GIS should be to eliminate problems in
usability. Preferably, critical problems should be eliminated at firstbecause they prevent users
from successful work with web-based GIS application. According to (Musilová, 2010), users
prefer these tools in the following order, so the next discussion is focused on them:
1. Search
2. Move and map control
3. Map scale
4. Measurement of distance
5. Layers
6. Print
7. Overview map
8. Help
Each web-based GIS should offer these tools. Our study shows that there are problems in
usability connected to all these instruments or the tools are completely absent. Proposals for
improvement or elimination of problems are general to respect diversity of evaluated webbased GIS applications.
Search
Very critical usability problem (the most common occurrence) is connected to searching.
In some maps, search is absent or it provides very limited functionality.Search query often
works in conjunction with a selected layer or it is very complex so it is a big obstacle for
users. Regions Pardubice, Hradec Králové and Vysočinacan be given as examples. As it was
identified, the search tool is very important and the most preferred element of users. It was the
most commonly used function during the usability testing by the participants, even in the case
it was possible to fulfil the task without using it. Most participants missed a search box to
which they could enter a search term. Participants often wanted to searchfor general terms
such a station or authority too. For these reasons, the search tool should be easy to use, simple
and fast. Our results show that in reality, the situation is different. Complex attribute queries
or search within the selected layer are very impractical and unusable. Search box which can
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be switched to address search andanother kinds of searches, is the most usable and preferable
one. Usability problem with the search was identified in the case of 86% of the regional webbased GIS.
Move and map control
Moving around the map is a problem of 43% of regional web-GIS. In most cases, it is a
necessity to activate a special icon to move the map. Map control is a problem for 29% of
regional web-based GIS. More often, a tool to return to the previous selection or icon to
display the entire region is present. Participants often failed to work with the mapif it was not
possible to use the mouse wheel and could not move the map by means of clicking and
holding the mouse. In most cases there were problems with using the pan icon and the zoom
controlled by +/- keys. Pan icon should be chosen as the default at the moment of entering the
web-based GIS to assure a comfortably work of users.Utilization of mouse wheel to control
zoom is the best possibility for users.
Map scale
Location, visualization and changing the map scale is very important. 57% of web-based
GIS offers only the graphic scale bar or scalebar is almost invisible. The impossibility of
changing scalecauses difficulties for users. Scale is also a very important element of the map.
Map should contain both graphic and numeric scale for user orientation, but only graphic one
should appear in the printout.
Measurement of distance
Some web-basedGIS do not offer this feature or offer itin a useless form. If the
participants were able to use the measurement tool, they often faced to the problem of
interpretation of results.There were not mentioned units or they were unknown.Measurement
of distance was not very intuitivein many cases. Participants often did not know how to use it.
The measurement should be at least at a form of separated tab or a separated icon.In some
web-based GIS, there was an element that users had to choose before measurement.Users do
not notice the element and could not obtain any result of measurement.
Layers
Each map should contain only a reasonable number of layers according to its aimand
layers should be prioritized. In this case, usability did not represent a serious problem. In the
case the map contains multiple layers, only selected layers should be activated at the start of
the application, otherwise they slow the map down and userscan be confused. List of the
layers often contains a legend as well. This fact should be clearly visible.
Print
Impossibility to set printing parameters or complete absence of printing concerns 50% of
the regional web-based GIS. Users should be able to set the basic parameters of output (e.g.
choice of legend to be printed) and there should be a preview available before the
printing.Printing is one of the less preferred web-based GIS tools, but it is still an important
part, so each web-based GIS should offer printing.Possibility to choose the basic elements of
the map (e.g. legend) to be printed and possibility to see preview before printing belong to the
basic requirements.
Overview map
The problem with anoverview map was identified in 36% of the regional web-based GIS.
The overview map should be contained by each web-based GIS.It should be turned on at the
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moment of starting the application, if it is possible to turn it on and off.Many web-based GIS
provide an overview map in the bottom right corner. This map is inactive at the start; there is
only a small arrow in the corner which is badly visible.
Help
64% of the regional web-based GIS do not provide help; help is incomprehensible or it is
not clearly marked.Help is the least preferred tool among users, but each web-based GIS
should contain it. It should be clearly marked and placed in a visible place.Help should be
simple and it should guide users to the desired information, such as instructions for working
in a map or with a certain tool.Help is often totally inadequate or too complicated or it is not
present at all.
Other functions
The following problems in the usability are not included in the list of user preferences,
but they are also a very important part of web-based GIS and are among the most frequently
identified problems.
The most critical problem is the need to install Java. The problem for many users may
mean disabling any work with web-based GIS. Users do not have the right or ability to install
such an add-on. In this case, users immediately leave the web-based GIS.This problem was
identified in web-based GIS Pardubice, Hradec Králové and the Central Region.
Most regions have problem with the absence or obscurity of special maps.Maps of urban
planning are very incomprehensible for users.Maps with bike paths are often badly named or
badly placed.In testing, there were evaluated regional web-based GIS which are expected to
be focused on public administration. This information was often missing or users cannot find
it.These problems concern 86% of the tested regional web-based GIS.
In 86% of web GIS there was a problem to find out information about objects or
locations.The problem is similar to the search.
Choosing a suitable map is the basis for work. 57% of web-based GIS had a problem
with the arrangement of the map menu. Map menu was often unclear.
Legend position in the list of layers was a common problem for 43% of regional webbased GIS.In this case, problem highly depends on the visualisation of the list of data layers.
CONCLUSION
Usability evaluation is a very useful approach which can significantly help to improve
user interface of an application. It is very important especially in the case of applications
which target at end users.
In this case study, web-based GIS applications of all regional authorities in the Czech
Republic were evaluated. The applications are focused on citizens, i.e. end users without any
knowledge of GIS and even with low level with computer literacy. It was found that there are
several problems in usability which should be corrected. The identified problems and some
proposals are described in the article.
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Abstract
Tablets in the last few years have significantly changed the way the use of ICT. Tablets occupied an important
place at the expense of classical computers and laptops. This paper deals with the analysis of the usual
procedures for teachers at primary and secondary school in terms of the use of ICT. Discusses the integration of
the iPad tablet from the perspective of teachers and schools in descibed procedures. The paper also briefly
addresses the description of the currently available operating systems for tablets and justifies the choice of
operating system iOS described.
Keywords
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INTRODUCTION
The use of ICT technology today is for each teacher absolutely essential. In the schools
are already a large number of didactic technology and teachers in their work use it. According
to a report by the Czech Statistical Office equipment of ICT technology grows. During the
last four years, however, we observe a significant change in the commercial ICT sector,
particular the deflection from using classical desktop computers. There was a brand new
product - tablet, which changed some ingrained ways of working with ICT technology.
The objective of this paper is to describe the common procedures of teachers work related
to ICT technology and show how are affects the use of the tablet.
For a large number of teachers is using of ICT associated with the need for additional
training, so this work is also focused on finding procedures, which will use the tablet without
such additional training.
TABLET AND OPERATING SYSTEM
Tablet is usually referred as a personal mobile device with own operating system and
touch screen. It's a device concept all-in-one, for its operation is not necessary to connect any
other devices such as a keyboard or monitor. This definition, however, meets a number of
laptops. Unlike notebook tablet provides significantly higher mobility especially in terms of
size and weight. Common are the today tablets with dimensions of 4.3 inch to 12.2 inch, with
the typical dimensions are between 7 inch and 10inch. The usual tablet weight was then varies
between 300-700 grams.
Tablet, as well as ordinary PC must be equipped with an operating system. Currently,
there are three commonly advanced operating system for tablets:
 iOS manufactured by Apple (about 34 % of the market);
 Android manufactured by Google (about 63 % of market);
 Windows 8 manufactured by Microsoft (about 3 % of market).
The information about market shares comes from the shared analysis of Strategy
Analytics and relate to the market as a whole. Each operating system has advantages and
disadvantages. In terms of school environment is often mentioned as a preferable option iOS
and especially for the following reasons:
 safety and reliability of operating system and applications thanks to sanboxing;
 long battery life – about 10 hours of full work on a single charge;
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 mirroring of the tablet screen to an external display device;
 remote management using MDM;
 low fragmentation of the iOS version of the operating system;
 long-term support for older models of iPads;
 possibility to use a huge of educational applications from the AppStore;
 free editing tool for creating teachnig materials – iBooks Author;
 free additional environment for e-learning – iTunes U.
This article will focus on just the possibility of integrating the iPad running iOS.
The second reason from school point of view for choosing the iPad and iOS system is
long-term support. Apple company produce limited number of devices and guarantee the
updating of thei operating system. For example – the model iPad 2 was launched on March,
2011 and still is capable use current actual version of iOS 7. The life cycle of the iOS is about
one year and life cycle of the iPad will be about four year.
For tablets running iOS, there are two tools designed especially for schools. The first tool
is iBooks Author, which allows creation of multimedia teaching materials. Created materials
may contain not only common attachments like images, video or audio, but also any content
in HTML 5 format makes it possible to create any content based on specific needs of the
school.
The second tool is the e-learning platform iTunes U, which allows create a study guide
for students and teaching materials storage place. For schools is available unlimited storage
space. So schools may not provide own system.
GENERAL USE OF THE IPAD COMPARED TO A CONVENTIONAL PC
It is often considered to be the iPad device can completely replace a desktop PC or
notebook. But this is a wrong assumption. iPad can not be fully used for activities such as the
creation of large text, demanding calculations, editing large tables, etc.. There is possibility to
connect the keyboard using the bluetooth technology or secondary display using wifi, but
using the notebook will be much easier in this cases.
Tablet is but an effective tool for immediate work. Ideally witnesses in situations such as:
 quickly find information on the Internet;
 inspection of the notes;
 work with e-mail;
 use the camera to record the chalkboard or the student workbook;
 record notes from class - replacement notebook;
 presenting;
 manage personal portfolio.
For all of these activities is crucial speed and immediate availability of the service.
Unlike a desktop computer or a laptop is a major advantage of the iPad just constant readiness
to work. It is not necessary to perform user login system or to wake from sleep mode, etc.
From the perspective of integration into the existing infrastructure of the school is only
necessary wireless internet connection and optionally the connection to school information
system. Using of the school information system significantly reduces the amount of
administration. It is very important to keep all stored information up to date and thanks the
tablets is possible to update the data immediately during the lesson.
The vast majority of existing systems already has a web interface, so it is not necessary to
have a native application for the iOS operating system.
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USING IPAD AS THE PRESENTATION TOOL
According to the annual reports of Czech School Inspectionfor the school year 2011/12
was using of ICT in education by teachers between 27 to 40 percent of the lessons (depending
on the type of school). Active participation of students with ICT, by contrast, appeared only in
the 4.1 to 6.3 percent of lessons. Detailed information can be found in Tab. 1.
Tab. 1 Using of ICT in lessons
Type of the School
Using the ICT by Using the ICT by
teacher
students
(%
of
lessons (%
of
inspected
inspected by CSI)
lessons by CSI)
1st stage of primary
27.0 %
5.0 %
school
2nd stage of primary
34.6 %
4.7 %
school
Grammar School
40.0 %
4.1 %
Special schools with
37.4 %
6.3 %
graduation exam
Vocational School
29.1 %
4.3 %

This clearly shows that the ICT tools in teaching is mainly used by teachers as a
presentation tool. We assume that a typical model of using a computer as a presentation tool is
a classroom equipped with a projector (or interactive white board) and a central location with
a desktop computer or laptop. The teacher in the classroom control computer either from this
central location or use auxiliary tools such as presenter or other type of remote control.
Butthese tools allow you to use only minimum computer features, like changing the slides or
move the mouse. There is no other interactive possibilities.
In the case of the iPad is possible to use wireless video transmission using AirPlay
technology. With this technology it is possible to mirror screen of the iPad to a projector or
other external display like the large TV. Mirroring is a built-in component of the operating
system iOS, there is why is possible to transfer the contents of any application to a projector,
without had to solve this functionality with the authors of each applicattion. For teachers,
there is feature of free to move around the classroom and using all the features of the tablet.
There is a possibility place the tablet in the front of the student directly in the school desk
instead the needing to go to the board or to the central computer. All this features saves the
time for real teaching. This feature is necessary to work with disabled children.
Technically, it is necessary to use the wireless receiver connected to the projector. This
receiver can be solved by two main different ways.
First way is using device called Apple TV. Apple TV is a device connected to the
projector via HDMI interface. The Apple TV creates connection point in wifi network. To this
connection point can connect any device running iOS and transmit screen content.The teacher
can use a password to prevent access to Apple TV.
The second way is use an existing desktop or laptop. Connection point can also be
created from a computer running Microsoft Windows 7 and later or Mac OS X. This
computer must be connected to the same network as the iPad and it will have to be installed
software capable of receiving screen content using the AirPlay technology. There are three
main applications for this:
 Reflector (http://www.airsquirrels.com/reflector/);
 Airserver (http://www.airserver.com);
 X-Mirage (http://www.x-mirage.com).
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Using this software is a cheaper solution than using the Apple TV and, if installed on a
laptop computer is very easy to use this machine as a mobile receiver at the screen content of
any projector. The advantage of this solution if possibility of recording the screen.
For both variants it is necessary to cover the classrooms by signal of wireless wifi
network, which is one of the necessary requirements for successful integration iPad for
presentation purposes. Installation itself , either Apple TV or installation on a desktop PC, is a
one-off, managed by school administrator of ICT equipment.
From the viewpoint of the teacher – the presenting is very simple. If in the classroom is
available AirPlay receiver the option to mirror the screen will automatically displayed in the
toolbar and switch the iPad to display is a matter of two clicks.
USING OF EXISTING MATERIALS ON IPAD
A large number of materials that teachers use in the classroom is prepared in office suite
Microsoft Office. This is a presentation in Microsoft PowerPoint format a document in
Microsoft Word format. The second extended format are then interactive presentations for
interactive SmartBoard.
In the case of files from the Microsoft Office the teacher has a very simple situation.
Operating system iOS supports direct display of these files, there are also a number of other
applications, expanding possibilities of presentation files in these formats. Microsoft has
released an free official app for iOS Excel, Word and PowerPoint for mobile devices
(http://office.microsoft.com/cs-cz/mobile/), which also lets you view (ie present) files. In the
case of Office 365 subscriptions can the teacher connects directly from the application to his
storage OneDrive.
For
PowerPoint
files
can
be
used
free
application
SlideShark
(https://www.slideshark.com). This application is linked to special cloud account. On this
account, the teacher insert files in Microsoft PowerPoint format using the web interface and
subsequently download remaked file to the iPad. During the presentation the projector shows
the presentation and on the iPad has is informational panel with all slides, timer and tools to
access the presentation (pointer, highlighter, pen).
From the viewpoint of the teacher is a major difference from working with desktop
operating system different way of working with files. Operating system iOS does not use the
classic file system with shared storage, it is therefore necessary to use some of the cloud
services for sharing files. The choice of services, however, entirely depends on the teacher,
there are all commonly available such as GoogleDrive, OneDrive or DropBox. The use of
cloud storage, however, leads the teacher to set up their own digital portfolio accessible from
all their devices. iPad is here becomes a unifying tool for instant access to all your own
materials.
From the viewpoint of the school is again necessary to have adequate quality wireless
WiFi coverage.
In the case of presenting previously created materials for interactive SmartBoard is
available paid application SMART Notebook in the price of 6 euros
(http://education.smarttech.com/en/products/notebook). A major limitation is the inability to
run the animation in Flash, so there is not possible the full integration of the iPad in this case.
Transferring files to the application, is also possible using any of cloud storage.
USING IPAD AS THE INTERACTIVE TOOL
Without additional costs is possible to use other features of the iPad for direct work of
teachers. These include the using of the built-in camera and video. This allows use the iPad as
a visualiser –using the AirPlay technology teacher can project live image stream directly to
the projector. For this can be used built-in Camera application. Application can be used for
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making the pictures too. The same application also allows video recording and then sharing
via social networks. For teachers, this greatly simplifies the subsequent administration of
captured material because all the recorded material is stored directly on the iPad, it can be
used for presentation at different time, or teacher can immediately share materials by emails
of shared storage. In the same way, it is then possible to use the iPad's microphone to record
sound for example in lessons of teaching foreign languages.
In comparison with the use of a usual camera / camcorder / microphone / PC is a very
significant facilitation work and particularly lower demand for ICT skills.
iPad can be used as a substitute for the interactive whiteboard. For this purpose, there are
specialized applications, such as Explain Everything (http://www.morriscooke.com), Stick
Around (http://www.morriscooke.com) or EduCreations (http://www.educreations.com).
Touch screen iPad serves as a touchpad and thanks to AirPlay you can track the progress of
teachers on the projector. All of these applications also allow you to create a record of
teaching and the share immediately.
There are a lot of new advantages for special needs. Teacher can place the tablet in the
front of the student directly in the school desk instead the needing to go to the board or to the
central computer. Every student with own iPad can switch their screen to projector via
AirPlay. It saves time in the classroom.
Unlike software for interactive whiteboard iPad has the advantage of portability. Due to
the mobility of the iPad, the teacher can prepareteaching materials anytime and anywhere.
With AirPlay you can additionally create a interactive whiteboard using an ordinary projector.
The school is the opportunity cost-effective than purchase the whole set with interactive
whiteboards.
Many schools are beginning to use model iPad / Apple TV / large format LCD Panel.
This model eliminates one of the disadvantages of the projector – the short lamp life. From
the perspective of the teacher is also more natural to work with television than with the
projector.
USING EDUCATIONAL APPLICATIONS AND MULTI-TOUCH BOOKS
All applications for the iOS are obtained through the market place called AppStore. The
App Store features over 75,000 education apps. There is no other way to install the
applications. This is very simple and it is not necessary to have high IT skills for this. Also
uninstall the application is very simple and thanks the sanboxing system leaves no files in the
iPad. Teacher can prove a number of applications without any negative effect for the system.
Unlike the prices of the software for desktop computers, the prices of applications for
iPad is only about 1 to 5 euros. A lot of applications are free or there are ad-model –
applications is free, but the advertisement are displayed. For school is possible to use Volume
Purchasing Model, but this model is not current available in Czech republic.
In the AppStore are also multi-touch books created by software called iBooks Author.
This books may contain multimedia content like pictures, videos, 3D models, interactive
images and quizzes. The teacher can write any notes in a book on iPad, create the flashcards
or send the notes directly from the book by email.
USING E-LEARNING ENVIRONMENT ITUNES U
E-learning environment iTunes U is such an overarching element for learning with the
iPad. With the iTunes U course teacher can pass to their students complete study guide
including all the necessary learning resources.
Study sources in this case are:
 text materials (normal office and pdf format);
 electronic texts (ePub, iBooks Author);
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 sound recordings and video recordings;
 links to applications;
 links to the web.
Placing materials takes place either via web interface or using the iPad. From the
perspective of teacher is inserting the materials the same action as the attaching the file to
email. Complete environment of iTunes U is for schools in Czech republic free, including
unlimited storage and app for teacher and student.
CONCLUSION
Building on the available data about the use of existing ICT technology in education by
teachers, the iPad is simplification of existing procedures. Thanks to the mobility device is not
necessary to repeat the login to their accounts in different classrooms and can be used
continuously throughout the day. Speed of device and its immediate readiness to work to
more effectively utilize the time in the lesson.
The main advantage of the iPad is the possibility of wireless screenmirroring. This option
is used in most of the activities of the teacher.
A more fundamental change may be the need to shift storage from local storage to the
cloud, which, on the other hand, removes any redundancy data and create a single point of
personal digital teachers portfolio. The availability of a large number of applications for
specific subjects opens further possibilities of using the iPad in the classroom for teachers,
which can be a low level of ICT skills obstacle. Technically there is no difference between the
presentation of the prepared material specialized applications and the content of specialized
application, such as an anatomical model.
From the perspective of the school may be a problem the need to build a sufficiently
powerful infrastructure for the full integration, particularly coverage classrooms of powerful
wireless network wifi and additional installation of technology AirPlay to projectors.
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