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Abstract

The aim of this paper is to assess the changes in the landscape structure of the Zitny Ostrov territory and in the woody
species of the non-forest woody vegetation (NFWV) over the past 120 years. Within the assessed periods of 1892,
1949, 1969 and 2015, the shares of arable land increased by 17% while the ratio of the built-up areas with gardens
increased by 3.7%. At the same time, natural habitats, grassland, waterlogged meadows and wetlands decreased by
26%. These changes, concerning small mosaic plots as well as large cultural blocks, were caused by the intensification
of agriculture after 1948. Ecological stability and biodiversity of these areas has decreased. Thereafter 60 windbreaks
were planted from 1951-1952 in an area of 30 ha. In total, 37 woody species were planted, of which 22 were alien
species. After 25 years (in 1976), 19 of the same windbreaks were surveyed, observing 16 native and 12 alien woody
species. During these periods, many rare alien and coniferous species died. In 2015, 13 windbreaks with 39 woody
species were identified, both in the tree and the shrubby layer. The downside is that four of the long-time surviving

species are invasive trees.
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1. Introduction

Geography and ecology potential, land-use forms and
land ownership represent the basic criteria for the cul-
tural landscape assessment and design (Kupka 2010;
Veresova & Supuka 2012; Kuca et al. 2015). Land use
changes are projected into historical and current land-
scape structure in composition, size and distribution of
landscape elements in landscape image, as well as char-
acter in its cultural and perceived values (Hernik 2009;
Agnoletti et al. 2010; Supuka et al. 2011). Pucherova
(2004) published the results of landscape structure devel-
opment and changes in five studied cadastral territories
of Nitra suburbs in the time horizons of 1863, 1892, and
2002. By comparison of historical and current landscape
structure, the author has identified a 10 — 30% decreas-
ing share of landscape elements significant for ecological
stability. This group includes forests, non-forest woody
vegetation, permanent grassland, old traditional fruit
orchards, and mosaic small size plots. However, there
was an increase of large blocks of arable land, intensive
fruit orchards, and new established water basins. The
structural changes in the category of vineyard land-
scapes were assessed in studied territories of Slovakia

in the cadastre Cajkov, Nitrianske Hrn¢iarovce in Nitra
vineyard region (VereSova & Supuka 2013), the tradi-
tional Small Carpathian vineyard region (Stefunkova
et al. 2011), as well as in the Bavaria vineyard region in
Germany (Petitetal. 2012). Emphasis was given to land-
mark changes and their cultural and historical values for
potential recreation use as well (Cieszewska et al. 2010).

Structural changes of the agriculture landscape in
Slovakia with regard to the identification of historical
structure elements and their changes were published
by Spulerova et al. (2011). In the same way, landscape
structure changes and development in the Podoubravi
region in the Czech Republic were assessed (Lipsky et
al. 2011). Land use and land cover changes in China and
the United States over the past 300 years were compared.
A noticeable trend was the increase in croplands and
decrease of the forest and grassland / shrub land areas in
both USA and China, however, in different proportions.
Larger areas of decrease were found in China, since the
United States is a younger cultural country (Fanneng et
al. 2015).

Inthe agricultural landscape structure, we shall work
on the important assumption that the non-forest woody
vegetation (NFWYV) is an effective landscape ecological
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stability element. Its share in the countryside is closely
related to the historical development, changes inland-use
forms, intensification of agriculture technologies, and
land ownership (Pucherova 2004; Kupka 2010; Kucz-
man 2014). Inthe whole Slovakia, the share of non-forest
woody vegetation in agriculture landscapes was defined
as 5 to 12% depending on geography and relief condi-
tions, land-use form and land cover (Supukaet al. 2013).
In France, conditions were identified as a 5 — 15% share
of NFWV in agricultural landscape (Soltner 1991) per
different phytogeographical conditions.

Important results were achieved in research of forest
and windbreaks on biomass production and crop yields
in agriculture landscape (Tutka 2010). The cumulative
effectiveness of forest and windbreaks in distance by 100
and 150 m from forest margin caused yield increase of
assessed crops by 7—15% depending on altitude, climate
and soil characteristics. Stated value of agro-production
forest function reaches 0.66 — 2.32 € year' ha™ accord-
ingtothe agro-climate regions of Slovakia (Tutka 2010).

The non-forest woody vegetation, as an important
landscaping element with significant gene pool value,
representsanold, oversized specimen of rare trees consid-
ered as elements of tree heritage (Morton 1998; Supuka
& Pucherova2013; Demkova & Lipsky 2017). Inthe low-
landlandscape of south-western Slovakia, woody species
richness of Prunus genus in dispersed woody vegetation
in the agriculture landscapes was surveyed (Baranec et
al. 2011). In the protective forest belts on the territory
of three forest units of the south-western Slovakia, 59
woody species were inventoried, including 19 native
species (Varga et al. 1999). Great attention was payed
to the identification and assessment of old fruit trees in
the dispersed landscape vegetation. In Hrirlova cadastre,
10 varieties were surveyed and in HruSov cadastre, 13
varieties (Zrnikové et al. 2014). The occurrences of Serv-
ice Tree, Sorbus domestica, and Black mulbery, Morus
nigra, as rare fruit trees were identified in 24 localities
of agriculture landscape in NFWYV elements (Paganova
& Bakay 2010) and also in traditional mosaic structure
vineyards of Western Slovakia (Veresova 2011). Serv-
ice Tree is richly present in the geographical territory of
White Carpathyin South Moravia, where its specific vari-
eties were identified in 12 localities (Tetera et al. 2006).

In the Alpine pastoral landscape, participation of
line form NFWYV elements including hedges, as well as
their effectiveness in landscape image and biodiversity
was studied (Kurzet al. 2011). Planning, establishment,
and management of NFWYV in the rural agricultural
landscapes of Slovakia have been published by Téth et
al. (2016), while the situation in the Czech Republic was
described by Salasova (2001).

The aim of this paper is to assess the landscape struc-
ture development within the last almost 120 years, with
emphasis on spatial changes in the non-forest woody
vegetation and its woody plant biodiversity.

2. Material and methods

The chosen study area was the Zitny Ostrov territory,
which is a part of geographical unit Danubian Lowland
in the south-western Slovakia. In this territory, woody
species composition and space structure of chosen pro-
tective forest belts (windbreaks) has been compared in
three time horizons of 1951, 1976 and 2015. Thanks to
one published contribution (Gemersky 1961), we have
acquired an original document about space distribution
of 60 windbreaks that were established in agriculture
landscapes in the years 1951-1952. Spatial distribution
of windbreaks on the Zitny Ostrov territory, as well as
case planting plans of applied woody species is docu-
mented by the originally published maps and plans. The
list of planted woody plant species is composed of plants
representing wide species diversity. Later in 1976, we
surveyed the woody species and spatial composition at 19
chosen windbreaks in six cadastral territories of the Zitny
Ostrov territory, Dobrohost, Horny Bar, Bodiky, Hubice,
Malé and Velka Paka. More particular investigation and
assessment of the NFWV, their historical development,
and the spatial distribution was provided in four time
horizons (1892, 1949, 1969 and 2015). The assessment
was accomplished on the landscape segments cover-
ing the cadastral territories of Dunajsky Klatov (353.9
ha), Malé Dvorniky (747.6 ha), Velké Dvorniky (139.2
ha), Jahodna (110.0 ha), Vydrany (118.9 ha); in total
1968.03 ha. Assessed landscape structure development
and changes between established time horizons were
accomplished by using historical maps: I11. Military sur-
vey and cadastral maps (1892), aerial photo (1949, 1969)
and ortho photo maps. (Used sources: © Geodetic and
Cartographic Institute Bratislava — GKU Bratislava, ©
Topographic Institute — TOPU Banska Bystrica and ©
National Forest Centre — NLC Zvolen).

Non-forest woody vegetation (NFWV) was assessed
through comprehensive field surveying (2015) according
to the following criteria: origin (natural, cultural, mixed),
spatial formation (line, group, area), and functional type
(road and water body accompanying, windbreak, grove,
etc.). Woody species compositionin NFWV was assessed
according to the growth categories (tree, shrub, climb-
ing), as well as the share of occurrence and abundance
of the tree and shrubby layers separately (Supuka et al.
2013).

Woody species proportion according to origin was
assessed in NFWV elements by modified index of synant-
ropisation (Jurko 1990; Supuka et al. 2013) in the equa-
tion form:

Na
Is=—=+ 1
N, (1]

Where: Na — number of alien woody species; Nn — number of
native species.
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Indexes were calculated for NFWV assessed in 1967 and
2015. The aim of this approach was to compare woody
species changes and windbreak composition during a
period of 60 years after they had been established.
From the terminology point of view, we should explain
the differences in woody spatial formations. Wind-
breaks represent line form woody formations planted
on lowlands with anti-wind erosion effect and climate
mitigation. The term notion is used mainly in western
literature sources, e.g. USA, UK, France (Insley 1988;
Soltner 1991). Forest protection belts mean windbreaks
and protective infiltration woody belts on slopes. Their
main effect iswind and water anti-erosion. Notion is used
mainly in forestry literature including Russian sources
(Gemersky 1961; Varga et al. 1991; Tutka 2010). Non-
forest woody vegetation (NFWYV) includes all spatial
woody formations in agriculture landscape, meaning
linear forms (windbreaks, infiltration belts, accompany-
ing belts along water streams and roads, tree alleys), area
forms (small forests, groves, game refuges), and group
and solitaire treesin rurallandscape (Supukaetal. 2013;
Demkova & Lipsky 2017).

3. Results

3.1. Assessment of the landscape
structure development and changes
at the Zitny Ostrov territory

The plantings of the first windbreaks on the Zitny Ostrov
territory in the south-western Slovakia was closely con-
nected to socio-economic changes after the World Warll.
Changesinthe agriculturallandscape can be seenin size,
proportion, and distribution of landscape elements in the
territorial space. They were influenced by the economic
development, production and processing technologies,
demography, and human settlement development. The
expressive change seen in the agricultural landscape in
Slovakia in the second half of the 20th century was also
influenced by the process of technological intensifica-
tion and land ownership. An interesting experiment in
1949 was the establishment of arice field on 24.77 ha in
the rated landscape segments (see Fig. 3 and Table 1).
The establishment of large cooperative farms in the low-
lands started priorto 1949—1950, mainly in the lowlands
Podunajsk4, Vychodoslovenska and Zahorska. These
changes can be observed in the lack of small size mosaic
plot structure, in alternation by large cultural blocks, the
removal of many natural valuable biotopes, drainage of
some wetlands, and the removal of terraced balks, banks
and line borders between plots. In many cases, perma-
nent grasslands and spatial elements of non-forest woody
vegetation have decreased as well. Moreover, new water
canals and damps were built. These landmark changes
are reflected as new features in the compositional aes-
thetic characteristics and dimensions of the study areas.

Thelandscape ecological stability has decreased, as have
culture-historical values and natural biodiversity. How-
ever, there was an increase in the cultural diversity of
plant and animal varieties. The potential threat of water
and wind erosion was increased. The landscape struc-
ture changes are generally seen in aerial photos of the
country segment between 1949 and 1969 on the Zitny
Ostrov territory (Fig. 1). Particular landscape structure
changes and development within rated periods of 1892,
1949,1969, and 2015 are presented on the attached maps
(Fig. 2—5); the area share of landscape elements is given
in Table 1.

The map and table show that in 1892, arable land
was dominant, with more than 63% as the element of
the cultural landscape and terra ferma. The second
position belongs to natural elements of grasslands and
waterlogged meadows used mostly as pastures. In total,
these areas covered 29% of the assessed territory. These
landscape elements should be considered as natural or
near natural with high ecology and biodiversity benefits.
The assessed lowlands were only 3.46% share of forest.
This area had mostly alluvial character and involved pre-
dominating willow and poplar woody species. Coloniza-
tion was quite low in the built-up areas at 1.42 ha, only
because the landscape segment represented open rural
country. The situation changed in 1949, when there was
a rapid reduction in the share of grasslands and water-
logged meadows used as pastures, only4.85%. There was
an increase in the share of built-up areas and gardens.
Water lines increased due to the wetland drainage and
construction of the canals. An interesting experiment
in 1949 was the establishment of a rice field on 24.77
ha in the rated landscape segments. When the coun-
tryside in 1949 and 1969 was compared, the landscape
structure changed from small plot mosaics to larger cul-
tural blocks of mainly arable land. The share of NFWV
increased noticeably due to new plantings of windbreaks
from 1951-1952 (Fig. 2, 3, 4; Table 1). The lands status
between the period of 1969 and 2015 should be con-
sidered as relatively balanced in arable land, grassland
and forest cover. The share of NFWV representing pre-
dominantly windbreaks has significantly increased and
reached 6.56% in the rated landscape segment (Fig. 4, 5).

3.2. Assessment of the first windbreaks
plantings at the Zitny Ostrov territory

As described in the previous chapter, in order to elimi-
nate and mitigate negative features and processes in
the landscape, new windbreaks or protective forest
belts were established as a part of the non-forest woody
vegetation (NFWV). According to the examples of the
United States, Canada, Russia, Ukraine, China, France
and other countries, the master plan for windbreaks
establishment on the Zitny Ostrov territory in south-
western part of Slovakia was elaborated. This area was

5
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Fig. 1. Landscape structure changes at assessed landscape segment of the Zitny Ostrov territory between 1949 and 1969 time

horizons. (Elaborated: Sinka 2017).
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Fig. 2. Landscape structure of the assessed country segment and share of identified landscape elements in 1892.
(Elaborated: Sinka 2017).
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Historical landscape structure, 1949
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Fig. 3. Landscape structure of rated country segment and share of identified landscape elements in 1949.
(Elaborated: Sinka 2017).
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Table 1. Historical and contemporary landscape structure in assessed cadastral territories of the Zitny Ostrov territory at south

western Slovakia.

Area [ha] by years Contribution [%] by years

Landscape clements 1892 1949 1969 2015 1892 1949 1969 2015
Arable land 1244.72 1622.39 1583.35 1586.40 63.25 82.44 80.45 80.61
Grassland 306.25 29.14 11.43 58.34 15.56 1.48 0.58 2.96
Waterlogged meadow — 46.55 3.21 — — 2.37 0.16 —
Pasture 254.41 30.73 60.25 — 12.93 1.56 3.06 —
Waterlogged pasture and reeds 13.59 — 17.717 — 0.69 — 0.90 —
Forests 68.05 22.71 63.26 50.86 3.46 1.15 3.21 2.58
NFWV — 79.61 99.72 129.06 — 4.05 5.07 6.56
Waterlogged NFWV — — 6.90 — — — 0.35 —
Vineyards 0.39 24.77TRF 18.79 6.34 0.02 1.26 0.95 0.32
Gardens and orchards 11.32 24.25 33.32 31.40 0.58 1.23 1.69 1.60
Water streams and canals 7.15 28.63 14.51 7.52 0.36 1.45 0.74 0.38
Water areas and wetlands 4.38 2.10 9.11 10.23 0.88 0.11 0.46 0.52
Country roads 38.09 17.86 1.94 0.91
Transport roads 4341 11.89 529 3281 221 0.60 0.27 1.67
Built- up areas 1.42 7.15 23.26 55.08 0.07 0.36 1.18 2.80
Sum 1968.03 1968.03 1968.03 1968.03 100.00 100.00 100.00 100.00

Explanation: — landscape element has not been identified, RF - rice field (see Fig. 3).

planted between 1951 and 1952 as the first territory. We
have acquired the original results and conclusions that
were later published in 1961 (Gemersky 1961). These
results provided basic documentation for the succeed-
ing research of chosen windbreaks from the viewpoint of
woody species and spatial composition. The spacing of
60 established windbreaks on the Zitny Ostrov territory
are shown on a copy of the original map (Fig. 6) and the
planting scheme (Fig. 7) of the applied woody species
(origin elaborated by Gemersky 1961). For windbreaks
establishment 13,155 pieces of forest plant stocks were
used, obtained from three arboriculture nurseries. From

the nursery in Banska Stiavnica, 4,185 pieces of woody
plants were acquired, in the following species composi-
tion: Acerplatanoides L., A. pseudoplatanus L., A. rubrum
L.,A. tataricumL., Fraxinus americana L., F. excelsior L.,
F. pubescens Lam. (F. pennsylvanica Marsh.), Ailanthus
glandulosa Desf., Malus eleyi Hesse (M. domestica Borkh.
"Eleyi’), Carya ovata K. Koch, Chaenomeles lagenaria
Koidz., Gleditsia triacanthos L., Chamaecyparis lawso-
niana Parl., Picea pungens Engelm., Pinus nigra Arnold.,
Maackia amurensis Rupr., Phellodendron amurense
Rupr. From the nursery in Gabéikovo, 3,390 pieces in the
following woody species were imported: Popolus x euroa-
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mericana (Dode) Guinier (P. x canadensis Moench), cv.
Robusta, Marilandica, Serotina, P. deltoides Marsch,
P. alba L., Tilia platyphyllos Scop. From Dobor (Baka)
nursery, 5,580 pieces of the following woody species
were acquired: Acer negundo L., Quercus robur L., Jug-
lans nigra L., Aesculus hippocastanum L., Alnus incana
(L.) Moench, Ulmus campestris L., Prunus mahaleb L.,
P. spinosa L., Salix alba L., S. fragilis L., S. viminalis L.,
S. caprea L., Myricaria germanica Desv. (Tamarix ger-
manicaL.), Morus alba L., M. nigra L. Together from the
three arboriculture nurseries, 13,155 piecesin 37 woody
plant species were acquired and planted, from which 22
were alien species.

According to the original master plan, the plantings
of woody species were applied in different compositions
(Fig. 7), the windbreaks consisted of 5 — 7 rows with
a width span of 5 — 12 m and from 100 to 1 000 m in
length. Row spacing was 1.3 m on average and between
woody plants in each row, there was a 1 and 2 m space.
Considering the average exposure dates under author
coordination that were planted in the assessed territory,
there were almost 30 ha of windbreaks in total length
of 30 km during 1951 and 1952. It was a small but very
useful contribution for the windbreaks establishment
in Slovakia, compared to the total area of planted wind-
breaks during the period of 1950—1964 in Bratislava
region, which achieved a total of 342.22 ha, as stated by
Gemersky (1961).

Aspresented in the published contribution, the plan-
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tations were experimental investigations of practice
character. Therefore, different combinations of woody
species were chosen in the composition and planted in
the rows of windbreaks (Fig. 7). Middle rows consisted
of poplars (Populus sp.) as pioneer trees, following by
the objective skeleton tree species, such as native trees of
the genus Acer, Quercus, Tilia. The marginal rows were
planted by using coniferous and alien deciduous trees.
Later, ecotone shrubby woody species were also planted.
Very high number of alien woody plants was identified,
representing 22 species from the total 37 species used
for the windbreaks.

The most attractive and rare specimen planted was
Maackia amurensis, cultivated in arboriculture nursery
Banska Stiavnica, while seeds were collected from mater-
nal trees of the Arboretum Kysihybel. That was how this
specimen was probably introduced to the open agricul-
ture landscape in Slovakia for the first time.

3.3. Assessment of the woody species
composition on chosen windbreaks in 1976

In 1976, the research of woody species composition and
distribution on the Zitny Ostrov territory was conducted
prior to the construction of the Danube water dump. A
list of investigated woody species in the windbreaks of
defined territory is shown in the Table 2 (surveyed and
documented by Supuka; in Bencatet al. 1984). From the

Fig. 6. Distribution of 60 planned protective forest belts (PFB) at the Zitny Ostrov territory, South- Western part of Slovakia.
Original scheme has drawn by Gemersky (1961). (Adjusted by Sinka & Supuka 2016).
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Fig. 7. Distribution of woody plant species in planting model plots (a—b) and rows (I.—VIL.) in the protective forest belts (PFB).
Original scheme has been drawn by Gemersky (1961) (Adjusted by Sinka and Supuka 2016).

total number of 19 assessed windbreaks, 12 of them were
identified as identical to windbreaks founded in 1951-
1952 (No. 23, 25, 26, 28, 29, 30, 31, 32, 33, 34; in Fig.
6). Concerning spatial characteristics, the windbreaks
have reached 5, 10, 15 and 20 m in width and an average
of 7 to 15 m in height during the past 25 years. Among
the 28 inventoried woody species, 12 of them were alien.
Windbreaks have achieved different density depending
on the applied woody species and the number of planted
rows or width of forest belt. They had 70— 90% tree crown
canopy or stand density. In wider windbreaks (15 — 20
minwidth), auto-regeneration processes were identified

10

when a new woody species generation appeared because
of natural successive processes, disseminated by wind or
animal vectors.

There were certain differences between the woody
species composition in the assessed periods. In 1976,
neither coniferous nor deciduous woody species such
as Carya ovata, Chaenomeles lagenaria, Maackia amu-
rensis, Phellodendron amurense, Myricaria germanica
were found. The reason might lie in the allocation of the
above mentioned woody species to other than inspected
and inventoried windbreaks. The plants died due to
drought, water flooding, game nibbling or mechanical
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damages. There was a high probability that when survey-
ing the windbreaks in 1976, there were incorrect woody
species identified, e.g. poplar hybrids, North American
ashes, and rare Maackia amurensis and Phelodendron
amurense. In the case of Maackia amurensis, there was
probably an identification mistake and the trees were
inventoried as Caragana arborescens in 1976 (see Table
2). When a direct comparison of the woody species com-
position between the time horizons of 1952 and 1976 was
made, the investigated windbreaks were very problem-

atic. Original planting projects from 1951-1952 were
inaccessible or could not be found. The projects were
probably not elaborated for each windbreak separately
and planting was provided per a published variable model
scheme (Fig. 7).

The state of woody species composition on the Zitny
Ostrov territory windbreaks looked very rich in 1976. On
the one hand, it creates a variable and rare woody spe-
cies gene pool; on the other hand, it is an important food
source and spatial habitat for supporting animal biodi-

Table 2. Woody species composition in chosen windbreaks at Zitny Ostrov territory in 1976.

Register number of assessed windbreak

Tree species layer

23 25 27 28 29 30

31 32 33 34 35 91 92 94 95 95a 96

26
Acer campestre L. + o+
Acer platanoides L +
Ailanthus altissima (Mill.) Swingle +
Caragana arborescens Lam. +
Crataegus laevigata (Poir) DC
Euonymus europaeus L. +
Fraxinus excelsior L. +
Gleditsia triacanthos L.

Juglans nigra L.

Juglans regiaL.

Lonicera tatarica L.

Ligustrum vulgare L. + +
Morus albaL. +
Negundo aceroides Moench. + 0+ o+ + +
Populus albaL

Populusx canadensis Moench. + + +
Quercus roburL. +

Rhamnus catharticus L.

Robinia pseudoacacia L. + 0+ o+ + o+ o+
Rosa caninaL. + 1
Rubus fruiticosus L. +
Salix alba L.

Sambucus nigraL. +
Sophora japonica +

Swida sanguinea (L.) Opiz. + +

Syringa vulgaris L. +

Ulmus carpinifolia Gled. Non Borkh. + + + o+ o+
Viburnum opulusL. +

+ o+ 4+

+ 4+ 4+ +

+
+
+ +
+ +
+
+

+ + +

+
+
+

+ + 4+ +
+
+

+
+
RO ROARLP,WEIEONRWIR LR UNNDND A, I~T00N AN

Species biodiversity in windbreaks 7 12 14 4 9 7 8

13 4 5

Explanation: + occured woody species in relevant windbreak.

versity. However, many alien woody species are currently
considered as very invasive.

3.4. Assessment of woody species
composition on chosen windbreaks in 2015

In 2015 we focused our research on the development
of the landscape structure changes through four time
horizons with regards to the share of NFWV on chosen
landscape segments. Those results are described in the
previous chapter. The distribution of surveyed woody
vegetation formations is shown in Fig. 5. There is a real
correspondence between surveyed windbreaks in 1967
and 2015, specifically in the windbreaks No. 26, 27, 35
(in 1976) and ZO-3, ZO-9 (in 2015). The frequency of
appearance of woody species in surveyed windbreaks
from ZO-1 till ZO-13 is given in Table 3. Overall, there
were 27 deciduous woody species identified in the tree
layer and 12 species in the shrubby layer. Nine of them

(9) were alien tree species. Four alochtonous species
should be considered with high potential in invasive
growth manifestation, as are Ailanthus altissima (Mill.)
Swingle, Fraxinus americana L., Negundo aceroides
Moench., Robinia pseudoacacia L. The above noted
species are remnants from the first plantings, since they
were found inthelist of species plantedin 1951-1952 and
were also surveyed in 1976. All the mentioned trees have
high auto-regeneration abilities at stands because of their
invasive manifestation. A high percentage of the trees
were identified as other alien trees, Populus x canadensis
(Aiton) Smith and Populus nigra L. Italica’. Both species
belong to traditional tree species applied in windbreaks
on rated landscape segment of south-western Slovakia
and have survived up to the present. Unfortunately, these
alien tree species are dominant in the windbreaks. From
native trees, Populus nigra L., Fraxinus excelsior L. and
Salix fragilis L.are dominant. Concerning shrubby layer,
all the inventoried species are of native origin. The char-
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acteristics of the woody species in surveyed windbreaks
are presented in Table 3 per tree and shrubby layers and
percentage of abundance. In some windbreaks, a mini-
mum of 9 woody species and a maximum of 18 species
were identified (found in ZO-4). As a part of the field
research, we focused our attention on the inventory of
oversized and old trees rather than native trees as gene
pool resources. The species surveyed were e.g. Populus
alba L. (d, ,=73 cm, tree height=30 m, crown width=25
m), Salix fragilis L. (140 cm/32 m/28 m), Populus nigra
L. (91 cm/35m/30m), Quercus roburL.(92cm/33 m/16
m). The estimated age of trees is about 150 years old.

3.5. Assessment of the woody species
synantropisation in NFWV surveyed
in1976 and 2015

According to the method stated in chapter 2, the index
synantropisation was calculated for each windbreak sur-
veyed in 1976 and 2015. Calculated values theoretically
reached within span of 0.0 — 1.0. Afterwards, three score
groups in synantropisation level were stated: a) low level
<0.25; moderate level — 0.26-0.49; high level > 0.50. On

assessed of 19 NFWV in 1976 (Table 2) the distribution
according to achieved synantropisation indexes is follow:
low level — 4 NFWV (windbreaks No. 95, 95a), moder-
ate— 12 NFWV (No. 23, 25, 26, 28, 29, 32, 33, 34,91,
93,94, 96), high level - 5 NFWV (No.27, 30, 31, 35,
92). In 2015 the synantropisation indexes on assessed
13 NFWV (Table 3) were as follow: low level - 8§ NFWV
(windbreaks and other line forms, No. 1, 2,4, 5, 6, 10,
11, 12), moderate level - 5 NFWV (No. 3,7, 8,9, 13),
high level — 0 NFWV. While surveying the NFWV in
2015 more specific mapping method was used, taking
into account cover abundance in reléves. In spite of lower
indexes, the results show high cover and dominance of
many alien trees in NFWV,| such as Populus x canaden-
sis, Robinia pseudoacacia, Prunus cerasifera, Negundo
aceroides. Less share has Ailanthus altissima, but in
high invasive growth manifestation. These alien trees
determinate landscape character in many cases. In many
cases, we could observe occurrence of the fruit trees, e.g.
Juglans regia, Malus domestica, Pyrus communis, Morus
alba, which also support biodiversity.

Table 3. Woody species composition in chosen windbreaks at Zitny Ostrov territory in 2015.

Occurrence of woody species in % according to set number of NFWV

Tree species layer 1 2 3 4 5 6 7 8 9 0 1 12 B

Acer campestreL. 15
Acer platanoides L 5
Acer pseudoplatanus L 5 5 20
Acer pseudoplatanus L. Atropurpureum’ 10
Ailanthus altissima (Mill.) Swingle 30
Celtis occidentalis L. +
Cerasus avium (L.) Moench 5
Fraxinus americana L. 5
Fraxinus angustifolia Vahl. 55 15
Fraxinus excelsior L. + 5 10 10 10 10 10
Juglans regia L. 5 10 5 5 30 20
Malus domestica Borkh. +
Negundo aceroides Moench. 40
Populus albaL. 5 + 5 10 35 10
Populus x canadensis Moench. 55 30 10 85 10 60 10 20
Populus x canescens (Aiton) Smith. 10 5 10
Populus nigraL. + 10 + 10 35 20 25 15
Populus nigraL. ‘Ttalica + 5
Prunus cerasifera Ehrh. + 5 20 5 10 + 15 10
Prunus padus L. 10 20 5
Pyrus communis L. +
Quercus roburL. + +
Robinia pseudoacacia L. 5 90 10 5 + 10 10 10 40 40
Salix alba L. 10
Salix caprea L. 5 5
Salix cinerea L. 5 +
Salix fragilis L. 5 30 5 10 10 20 10 20 10 10

Shrubby species layer 1 2 3 4 5 6 7 8 9 10 11 12 13
Crataegus laevigata (Poir.) DC 55 5 20 20 20 15 15 10 40 30
Euonymus europaeus L. 5 5 10 5 10 5
Frangula alnus Mill. 5 10 20 15 10 15 10 5
Ligustrum vulgare L. 5 5 +
Prunus insititia Juls. + 5 + + 10 +
Prunus spinosa L. 5 20 10 10 30 10 30
Rhamnus catharticus L. 5 5 20 10 10 10 10 10 10
Rosa caninaL. 5 5 20 15 10 5 5 + 10
Salix viminalis L. +
Sambucus nigraL. + 70 10 20 20 40 35 15 20 10 5 10 30
Swida sanguinea (L.) Qpiz. 10 10 20 20 20 30 50 65 70 35
Viburnum opulus L. 5 10 5

Explanation: 20-percentage of the occurrence, + less than 5% occurrence.
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4, Discussion

Agricultural and forest landscapes show distinct foot-
prints of development and alternative structural changes,
aswas assessed in ten countries of the Carpathian region
in the Eastern and Central Europe, including Slovakia,
over the past 250 years (Munteanu et al. 2014). There
are several published sources in the Eastern Europe
countries, such as Slovakia and Czech Republic that
have documented expressive landscape changes caused
by consolidation and intensification of agriculture
(Salasova 2001; Supuka et al. 2008; Lipsky et al. 2011;
Stefunkova et al. 2011 and others). Although this socio-
economic process does not apply for example to western
European countries, their landscape structure changes
are distinct due to mainly industrialization and inten-
sification of agriculture technologies at the advanced
farms, e.g. in France, Germany, England, but also in the
United States and Canada (Insley 1988; Soltner 1991).
In these countries, arable land share has increased and
permanent grasslands decreased, which is similar to our
region. In order to obtain new agriculture land, defor-
estation reached its maximum in the 19th century. In
many localities, this trend has been continuing until the
present day, e.g. in the Amazonian rain forest. Removal
of natural ecosystems and valuable habitats, adjustment
of natural water streams, and arrangement of new water
irrigation nets were already known in Egypt, China and
Middle East historical territories. The level of scientific
knowledge in natural sciences was reflected in the estab-
lishment of windbreaks at the beginning of 20th century,
firstly in the Western and later in Eastern countries (the
United States, Canada, France, Russia, China, and
former Czechoslovakia). Those were expressive and posi-
tive contributions for strengthening the land protection,
ecological stability and landscape architectural values; in
new scientific terms defined as ecosystem services (Rey-
ers et al. 2009; Lampartova et al. 2015).

At the time of spontaneous establishment of new
anthropogenic woody line vegetation, a number of
alien species were planted. Many of those showed high
adaptability level, auto-reproduction and domestication
manifestation currently called invasive with negative
destruction effects to natural biodiversity. To this cate-
gory belong e.g. Robinia pseudoacacia L., Ailanthus alt-
issima (Mill.) Swingle and Negundo aceroides Moench,
very often surveyed in studied windbreaks of Slovakia and
inother European countries (Soltner 1991; Supukaet al.
2013 and others). Elimination of the alien invasive plants
is currently very problematic both technically and biologi-
cally. On the one hand, old and oversized native trees and
cultural fruit species create a considerable cultural gene
pool (Paganova & Bakay 2010; Supuka & Pucherova
2013; Veresova & Supuka 2013). On the other hand, in
scattered woody vegetation a number of plant taxonomy
issues oridentification of species has occurred. Varieties
of the genus Prunus are very often part of NFWV ele-

ments in agriculture landscape (Baranec et al. 2011). In
historical agriculture landscape structure on upland of
Slovakia, mostly shrubby species between plots on the
borders and terraces were surveyed (Spulerova et al.
2017).

In many cases, the line form of NFWV is pruned and
shaped as hedges especially in Western countries, e.g.
in Austria (Kurz et al. 2011), France or England (Solt-
ner 1991). These formations create uniform landscape
networks with low visual value and a low potential for
use as a wild life habitat. Low shares of line form NFWV
and natural habitats in agriculture landscape are consid-
ered as a negative factor (SalaSova 2001; Supuka et al.
2013; Demkova & Lipsky 2017). Contemporary share
of NFWV is generally low, reaching 3 — 10% on aver-
age (Insley 1988; Pucherova 2004; Supuka et al. 2013;
Kuczman 2014). There are attempts to establish an EU
Foundation for new elements within the framework of
European Agriculture Policy (EAP) in order to increase
the share to 8 — 12%.

5. Conclusions

The land cover changes on Zitny Ostrov territory were
assessed within the rated periods of 1892, 1949, 1969,
and 2015. The landscape elements, pasture, grassland,
waterlogged meadows and wetlands were found at a
rapid decrease in area share from 29% land coverin 1892
t0 2.96% in 2015. This caused a decrease in ecological
stability and biodiversity. In the same period, arable land
has increased by 17% and built-up areas by 2.7%. Amel-
ioration of natural water areas and wetlands was also
caused by the construction of water drainage canals used
forirrigation system. Small mosaic plots were altered as
large cultural plots increased between 1949 and 1969.
The investigation of NFWV started by examining
the original planting schemes and the list of applied
woody species in the new established windbreaks from
period of 1951-1952. Unfortunately, planting projects
for protective forest belts were not found. More than 13
thousand pieces in 37 woody species, including 22 alien
species, were received and planted from three arbori-
culture nurseries. In the assessed territory, almost 30 ha
of windbreaks in total length 30 km were established.
Many applied alien woody species were attractive in that
time, e.g. Maackia amurensis, Phellodendron amurence,
Morus alba Gleditsia triacanthos, or from the group
of coniferous, e.g. Chamaecyparis lawsoniana, Picea
pungens, Pinus nigra. In 1967, from total number of
19 assessed windbreaks, 12 were identified as identi-
cal to windbreaks planted in 1951-1952. Currently, 28
woody species were identified, including 12 alien ones.
Therefore, there are less woody species today than in
1952. In 2015 the research focused on the development
of landscape structure changes through four time hori-
zons with regards to the share of NFWV in the chosen
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landscape segment. Thirteen windbreaks were surveyed,
while real coincidences between 1967 and 2015 were at
three windbreaks No. 26, 27, 35 (in 1976) and ZO-3,
70-9 (in 2015). At all windbreaks, 27 deciduous woody
species in tree layers were identified, including 9 alien
species. Four alochtonous species should be considered
with high potential in invasive growth manifestation as
are Ailanthus altissima, Fraxinus americana, Negundo
aceroides, and Robinia pseudoacacia. These woody spe-
ciesare mostly remnants from the first plantings, because
theywere foundin thelist plantedin 1951-1952 and were
surveyed in 1976 and again in 2015. There were many
oversized and old native trees surveyed, representing rare
gene pool resources.

The assessed windbreaks at Zitny Ostrov territory
need woody species and spatial reconstruction. Due to
their density, thinning of the trees is necessary in order
to enable crown size growth and stability. It is recom-
mended to remove dead and strongly damaged trees and
leave some native trees with cavities for supporting bird
and insect diversity. Gradually, the above mentioned
invasive tree species should be removed and replaced
by native species of the genus Acer, Carpinus, Cerasus,
Fraxinus, Padus, Populus, Pyrus, Quercus, Salix, Tilia
and Ulmus. Large gaps in windbreaks should be planted
by a new tree species, in ecotones by native shrubs.
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