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Abstract
Non-forest woody vegetation represents an important component of green infrastructure in the agricultural landscape, where natural and 
semi-natural forest cover has only a low land use proportion. This paper focuses on linear woody vegetation structures along roads in the 
agricultural landscape and analyses them in three study areas in the Nitra Region, Slovakia. We evaluate species composition and diver-
sity, species occurrence frequency or spatial distribution, their structure according to relatively achievable age and origin. For the evalu-
ation of occurrence frequency, a Frequency Factor was proposed and applied. This factor allows a better comparison of different study 
areas and results in more representative findings. The study areas were divided into sectors based on visual landscape features, which are 
easily identifiable in the field, such as intersections and curves in roads, and intersections of roads with other features, such as cadastral 
or land boundaries, watercourses, etc. Based on the species abundance, woody plants present within the sectors were categorised into 1) 
predominant, 2) complementary and 3) mixed-in species; and with regard to their origin into 1) autochthonous and 2) allochthonous. 
Further, trees were categorised into 1) long-lived, 2) medium-lived and 3) short-lived tree species. The main finding is that among trees, 
mainly allochthonous species dominated. Robinia pseudoacacia L. was the predominant tree species in all three study areas. It was up to 
4 times more frequent than other predominant tree species. Introduced tree species prevailed also among complementary and mixed-in 
species. Among shrubs, mainly native species dominated, while non-native species had a significantly lower proportion and spatial dis-
tribution. Based on these findings, several measures have been proposed to improve the overall ecological stability, the proportion and 
spatial distribution of native woody plant species. The recommendations and measures aim at enhancement of native species biodiver-
sity, landscape identity and character, in order to meet the main landscape and biodiversity challenges identified in key biodiversity and 
landscape policies of Europe.
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Introduction
Non-forest woody vegetation structures represent impor-
tant compositional elements and green infrastructure 
components in current rural agricultural landscapes. They 
significantly form the visual and perceptual quality of cur-
rent landscapes, their structure and character. They make 
landscapes more diverse and consequently more variable 
in spatial patterns and mosaics (Rózová 2004; Bell 2005; 
Demková & Lipský 2013). Current landscape structures can 
be considered contingent outcomes of past and present land 
uses, socio-economic and ecological processes and decisions 
that have shaped land use transitions (Supuka & Štěpánková 
2006; Rounsevell et al. 2012). Creation of woodland struc-
tures is considered as an important landscape design tool 
for planning and creating agricultural areas. Planting of 
new woodlands on farmland changes land use patterns and 
enhances the appearance of the landscape (Insley et al. 1988; 
Salašová & Štěpán 2007). The woody component along field 
edges often provides the only permanent elements of struc-
tural and biological diversity in landscapes that have lost 
much of their naturalness in the process of urbanisation and 
intensification of agriculture (Sitzia et al. 2013). Non-forest 

woody vegetation formations are purposefully designed 
elements in cultural landscapes, which have been created 
in order to support optimal and efficient land use (Kurz et 
al. 2011; Supuka et al. 2013; Demková & Mida 2014), they 
have an indispensable position in our landscape, since they 
participate in the comprehensive formation of the landscape 
character, especially in scarcely forested flatlands with domi-
nance of light and dry soils. Furthermore, they protect the 
landscape against erosion; function as bio-corridors and 
linkages between landscape sections; regulate the climate, 
including wind movement; prevent expansion of dust and 
noise and affect the radiation, temperature and moisture 
regimes of air and soil (Lampartová et al. 2015). 

It is obvious that non-forest woody vegetation has many 
functions and provides a wide range of ecosystem services 
as mentioned above. It fulfils the main principle of sustai-
nable and resilient landscapes, which according to Konôpka 
(2010) consists in their multifunctionality. According to 
Schaefer (1991) and Kuhn et al. (1991), trees are essential in 
sustainable agricultural systems to provide continuous and 
long-term crop and resource protection and a wide range 
of valuable benefits. Our landscapes are exposed to conti-
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nuously increasing effects of the changing climate (Brandle 
et al. 2004), including drought risk that threatens not only 
forests (Hlásny et al. 2014) but also agricultural landscapes 
(Supuka et al. 2013). Melo et al. (2013) state that climate 
has become warmer and more arid in the adjacent lowlands 
of Slovak Carpathians, e.g. in the Danube Lowland, where 
all the three study areas presented in this paper are situated. 
Hlásny et al. (2014) expect substantial drying of climate in 
southern Slovakia, which will require a change in species 
composition towards a higher proportion of drought tole-
rant species. The composition and diversity of woody plant 
species are also tackled by the EU Biodiversity Strategy to 
2020 (European Commission 2011), which aims at conser-
vation and protection of Europe´s biodiversity, including 
native woody plants, which are often displaced or out-com-
peted by alien species. Native species represent according to 
the EU Biodiversity Strategy the core of the common Euro-
pean natural capital and heritage and their higher propor-
tion in the landscape would significantly contribute to biodi-
versity enhancement.  The literature review has shown that 
there are many studies on the function and importance of 
non-forest woody vegetation, however there is a lack of pro-
found knowledge of their current species composition and 
diversity. The goal of this paper is therefore to assess spe-
cies composition and diversity of woody plants accompany-
ing roads in the agricultural landscape. The field research 
has been conducted in three study areas, which are repre-
sented by cadastral territories of three rural municipalities 
in the Nitra Region - Tvrdošovce, Dvory nad Žitavou and 
Kolíňany. The aims of this study are: 1) to evaluate species 
composition and diversity of woody plants; 2) to evaluate the 
ratio of autochthonous to allochthonous woody plant spe-
cies; and 3) to evaluate the proportion of long-lived, mediu-
m-lived and short-lived woody plant species. Based on these 
findings, specific objectives will be defined, with the aim to 
increase the existing proportion of native and gradually lower 
the proportion of non-native woody plant species. This mea-
sure aims at improvement of the overall native biodiversity in 
woodland structures in the agricultural landscape, which at 

the same time helps to mitigate the impact of the changing 
climate and to overcome potential drought risks in the future. 

2. Material and methods
The study has been conducted in three study areas (cadas-
tral territories of three rural municipalities) – Tvrdošovce, 
Dvory nad Žitavou and Kolíňany, all located in the Nitra 
Region, in south-western Slovakia. The three study areas 
have been chosen based on comparable predominant land 
use (agriculture), geographical, geomorphological, climate, 
mean annual precipitation and potential natural vegetation 
characteristics. The study areas have an area of 55.56 km2 
(Tvrdošovce), 63.85 km2 (Dvory nad Žitavou) and 12.50 km2 

(Kolíňany). Tvrdošovce is located approximately 30 km from 
Nitra to south-west, Dvory nad Žitavou approximately 45 km 
from Nitra to south-east and Kolíňany approximately 10 km 
from Nitra to north-east.

Tvrdošovce and Dvory nad Žitavou are located in a typi-
cal agricultural landscape of the Danube Lowland, with an 
average altitude of 120 m a.s.l., while Kolíňany is located in 
a rather hilly upland landscape, with an average altitude of 
199 m a.s.l. The woodland cover ranges from 0.04% (Dvory 
nad Žitavou), through 0.07% (Kolíňany), up to 1.00% (Tvr-
došovce). In all three study areas, productive agricultural 
land (mainly arable land, with a low proportion of orchards 
and vineyards) has a high land use proportion ranging from 
75.30% (Kolíňany), through 82.00% Tvrdošovce, up to 
87.58% (Dvory nad Žitavou). 

Within each study area, the mapping of non-forest 
woody vegetation was carried out. In Tvrdošovce, the map-
ping has been focused on accompanying woody vegetation 
of side roads in the open landscape connecting the municipa-
lity and the surrounding settlements. The mapping in Dvory 
nad Žitavou has been conducted in the south-eastern (S/E) 
and north-western (N/W) parts of the study area. The S/E 
part is mainly covered by agricultural land use, with scatte-
red woodland spots. The N/W part is also covered mainly 

Fig. 1. Location of the three study areas in the Nitra Region and Slovakia.
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by arable land, orchards and vineyards. In Kolíňany, the 
emphasis was on linear non-forest woody vegetation ele-
ments within the entire study area. The same methodology 
of data collection has been applied in all three study areas. 
Non-forest woodlands have been studied along field roads, 
since these represent a very significant proportion of wood-
lands in areas where agriculture is the predominant land use.

Woody plant species have been studied along roads in 
the agricultural landscape in study areas of the three rural 
municipalities. Tree and shrub species have been analysed 
and evaluated separately. The linear non-forest woody vege-
tation structures have been divided into separately asses-
sed sectors – Tvrdošovce (31 evaluated sectors), Dvory nad 
Žitavou (31 evaluated sectors). Kolíňany (21 evaluated sec-
tors). The sectors have been established based on identifiable 
physical structures and features in the landscape, such as 
land, land use, built-up-area or administrative boundaries, 
intersections of roads or other patterns such as watercour-
ses, railways, changes in direction of roads. The aim of this 
method was to have easily identifiable and observable phy-
sical structures to be mapped and documented in the field. 
The length of the sectors does not have a significant impact 
on the presence, distribution and density of non-forest woody 
vegetation and its species composition and diversity, since 
the distribution of vegetation is very variable – from sec-
tions without woody plants, through sections with indivi-
dual woody plants or small groups of woody plants, up to 
semi-dense and dense linear woodland structures. There-
fore, division into sectors of the same length would compli-
cate an accurate identification of sectors in the field and lead 
to unrepresentative results, i.e. the sectors would not have 
been comparable in terms of vegetation cover. Therefore, the 

studied sectors could not be of same length. For each sec-
tor, the abundance of woody species was visually estimated 
using three categories: predominant, complementary and 
mixed-in, described in detail in Table 1. 

Table 1. Categories used for the abundance estimation of woody 
plant species. 

Role in species composition Description
Predominant species the most frequent species in the assessed sector of 

non-forest woody vegetation structure, total proportion 
ranging from 51 to 100%

Complementary species frequent species, complementing the predominant spe-
cies, total proportion ranging from 11 to 50%

Mixed-in species minor or rare species, usually small groups or individual 
admixture, total proportion up to 10%

Based on the Decree No. 24 of the Ministry of Environ-
ment of the Slovak Republic from January 9 2003, which 
implements the national Act No. 543/2002 on Nature and 
Landscape Protection, the species were distinguished with 
respect to their origin and relatively achievable age. For 
species origin two categories were used, autochthonous 
and allochthonous. Relatively achievable age was classified 
within three categories (Table 2).

Table 2. Categories of relatively achievable age of woody plant 
species.

Relatively achievable age Description

Long-lived species high or significantly high relative age, i.e. 200 – 500 or 
more than 500 years

Medium-lived species medium age, 100 – 200 years

Short-lived species very low or low age, up to 50 years or between 50 and 100 
years; includes all shrub species

Fig. 2. Division of linear woody vegetation structures into sectors, example from the study area Tvrdošovce.
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The frequency of occurrence of species has been evalua-
ted within each study area, based on the following formula:

Where (Fo)   is the Frequency Factor of occurrence of the spe-
cies as predominant/complementary/mixed-in species; (So) 
is the number of sectors, where the species has been identi-
fied as predominant/complementary/mixed-in species and 
(St) is the total amount of assessed sectors in the study area.

The Frequency Factor has been developed by the authors 
to enable a better comparability of species composition and 
diversity between the different study areas. The proposed 
methodology aims to fill the methodological gap in asses-
sing woody plant species composition and diversity in linear 
woodlands along roads, since currently there is no particu-
lar methodology tackling this issue.

The recommendations and measures on species compo-
sition enhancement proposed in the results are mainly based 
on Slovak and European legal political or strategic docu-
ments: the Slovak National Act No. 543/2002 on Nature 
and Landscape Protection, the EU Biodiversity Strategy to 
2020 and the European Landscape Convention (Council of 
Europe 2000).

3. Results
The complete overview of documented tree and shrub species 
in the three study areas is elaborated in the Appendix 1–3. 

3.1. Predominant tree species 
Among the predominant tree species (in total 19 species), 
only Robinia pseudoacacia L., Populus alba L., Salix alba L. 
and Populus nigra L. are classified as predominant within 
each study area. The highest Frequency Factor in all three 

study areas has Robinia pseudoacacia L. (Tvrdošovce 0.52; 
Dvory nad Žitavou 0.45 and Kolíňany 0.24), while for other 
species it is much lower, ranging from 0.19 to 0.03. This 
clearly shows how widely distributed is this allochthonous 
medium-lived species. 

Predominant tree species occurring in two of the three 
study areas are: Fraxinus excelsior L. (Fo ≤ 0.19); Prunus 
domestica L. (Fo ≤ 0.19); Negundo aceroides Moench (Fo ≤ 
0.07); Juglans regia L. (Fo = 0.03).

Predominant tree species occurring in one of the three 
study areas are: Prunus cerasifera Ehrh. (Fo = 0.13); Acer 
platanoides L. (Fo = 0.07); Fraxinus angustifolia Vahl (Fo = 
0.07); Gleditsia triacanthos L. (Fo = 0.07) and other tree spe-
cies with a Frequency Factor of 0.03 (Acer saccharinum L.; 
Ailanthus altissima (Mill.) Swingle; Fraxinus ornus L.; Morus 
alba L.; Morus nigra L.; Populus x canadensis Moench; Tilia 
platyphyllos Scop.).

Concerning tree species origin, 58% of species are alloch-
thonous and 42% autochthonous. The most frequent predom-
inant tree species, Robinia pseudoacacia L. is allochthonous. 
The most frequent autochthonous tree species are Populus 
alba L. and Salix alba L., followed by Populus nigra L. and 
Fraxinus excelsior L. (0.13 ≤ Fo ≤ 0.19). The most frequent 
allochthonous tree species (excluding Robinia pseudoacacia 
L.) are Prunus domestica L.; Negundo aceroides Moench; 
Juglans regia L.; Prunus cerasifera Ehrh. and Gleditsia tria-
canthos L., descending respectively (0.03 ≤ Fo ≤ 0.19).

Concerning the relatively achievable age, most of the 
predominant tree species are medium-lived, represen-
ting 58% (Fo ≤ 0.52), followed by short-lived tree species
(31.5%; Fo ≤ 0.19) and long-lived tree species (10.5%;
Fo ≤ 0.07).

Abbreviations used in the figure 3: Robinia pseudoacacia 
(RP), Populus nigra (PN), Salix alba (SA), Prunus cerasifera 
(PC), Fraxinus angustifolia (FA), Gleditsia triacanthos (GT), 
Fraxinus excelsior (FE), Prunus domestica (PD), Negundo 
aceroides (NA), Juglans regia (JR).

Fig. 3. Overview of the most important predominant tree species in the three study areas based on their Frequency Factor (Fo).
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3.2. Complementary tree species 

The most frequent complementary tree species (from 22 
species in total) are Prunus cerasifera Ehrh. (Fo = 0.32) and 
Juglans regia L. (Fo ≤ 0.26), both allochthonous fruit tree 
species.

Complementary tree species occurring in two of the three 
study areas are: Juglans regia L. (0.07 ≤ Fo ≤ 0.26); Robinia 
pseudoacacia L. (0.07 ≤ Fo ≤ 0.16); Malus domestica Borkh. 
(0.07 ≤ Fo ≤ 0.14); Prunus domestica L. (0.03 ≤ Fo ≤ 0.10); 
Fraxinus excelsior L. (0.05 ≤ Fo ≤ 0.07); Populus alba L.
(Fo = 0.07).

Complementary tree species occurring in one of the three 
study areas are: Prunus cerasifera Ehrh. (Fo = 0.32); Fraxi-
nus angustifolia Vahl (Fo = 0.16); Fraxinus ornus L. (Fo = 
0.13); Populus x canadensis Moench (Fo = 0.13); Ailanthus 
altissima (Mill.) Swingle (Fo = 0.10); Salix fragilis L. (Fo = 

0.10) and other tree species with a Frequency Factor rang-
ing from 0.07 to 0.03 (Acer campestre L.; Cerasus avium 
(L.) Moench; Negundo aceroides Moench; Populus nigra 
L.; Salix alba L.; Acer platanoides L.; Acer pseudoplatanus 
L.; Pyrus communis L. emend. Burgsd.; Sorbus aucuparia L. 
and Ulmus minor Mill.).

Concerning origin, 41% of the documented tree species 
are allochthonous and 59% autochthonous. The most fre-
quent autochthonous tree species are Fraxinus excelsior L.; 
Populus alba L.; Fraxinus angustifolia Vahl; Fraxinus ornus 
L. and Salix fragilis L., descending respectively (0.07 ≤ Fo ≤ 
0.16). The most frequent allochthonous tree species are 
Prunus cerasifera Ehrh.; Juglans regia L.; Robinia pseudo-
acacia L.; Malus domestica Borkh. and Populus x canadensis 
Moench, descending respectively (0.07 ≤ Fo ≤ 0.32).

Concerning the relatively achievable age, most of the 
complementary tree species are short-lived, representing 

Fig. 4. Overview of the most important predominant tree species in the three study areas based on their origin weighted by their Fre-
quency Factor (Fo).

Fig. 5. Overview of the most important predominant tree species based on their relatively achievable age weighted by their Frequency 
Factor (Fo)
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50% (Fo ≤ 0.32), followed by medium-lived tree species (36%; 
Fo ≤ 0.26) and long-lived tree species (14%; Fo ≤ 0.07).

3.3. Mixed-in tree species 
The most frequent mixed-in tree species (from 37 species in 
total) are Prunus cerasifera Ehrh. (Fo = 0.42); Juglans regia 
L. (0.10 ≤ Fo ≤ 0.29) and Ailanthus altissima (Mill.) Swingle 
(Fo = 0.29), all three of them allochthonous species.

Mixed-in tree species occurring in all three study areas 
are: Juglans regia L. (0.10 ≤ Fo ≤ 0.29) and Populus nigra L. 
(0.03 ≤ Fo ≤ 0.19).

Mixed-in tree species occurring in two of the three study 
areas are: Cerasus avium (L.) Moench (0.14 ≤ Fo ≤ 0.19); 
Salix alba L. (0.03 ≤ Fo ≤ 0.16); Populus alba L. (0.13 ≤ Fo ≤ 
0.16); Prunus domestica L. (0.07 ≤ Fo ≤ 0.10) and other tree 
species with a Frequency Factor ranging from 0.07 to 0.03 
(Acer platanoides L.; Robinia pseudoacacia L.; Acer sacchari-
num L. and Populus tremula L.).

Mixed-in tree species occurring in one of the three study 
areas are: Prunus cerasifera Ehrh. (Fo = 0.42); Ailanthus 
altissima (Mill.) Swingle (Fo = 0.29); Malus domestica Borkh. 
(Fo = 0.16); Morus alba L. (Fo = 0.13); Negundo aceroides 
Moench (Fo = 0.13); Aesculus hippocastanum L. (Fo = 0.10); 
Fraxinus excelsior L. (Fo = 0.10); Morus nigra L. (Fo = 0.10); 
Pyrus communis L. emend. Burgsd. (Fo = 0.10) and other tree 
species with a Frequency Factor ranging from 0.07 to 0.03 
(Catalpa bignonioides Walt.; Fraxinus ornus L.; Populus x 
canadensis Moench; Pyrus pyraster (L.) Burgsd.; Quercus 
robur L.; Ulmus minor Mill.; Acer pseudoplatanus L.; Carpi-
nus betulus L.; Celtis occidentalis L.; Gleditsia triacanthos L.; 
Platycladus orientalis (L.) Franco; Populus simonii Carriére; 
Tilia platyphyllos Scop.; Ulmus glabra Huds.; Ulmus laevis 
Pall.; Pinus sylvestris L.; Betula pendula L.; Picea abies L.

Concerning origin, 49% of the documented mixed-in 
tree species are allochthonous and 51% autochthonous. 
The most frequent autochthonous tree species are Populus 
nigra L.; Cerasus avium (L.) Moench;  Salix alba L.; Populus 

alba L. and Fraxinus excelsior L., descending respectively 
(0.03≤ Fo ≤0.19). The most frequent allochthonous tree spe-
cies are Prunus cerasifera Ehrh.; Juglans regia L.; Ailanthus 
altissima (Mill.) Swingle; Malus domestica Borkh.; Morus 
alba L. and Negundo aceroides Moench, descending respec-
tively (0.10 ≤ Fo ≤ 0.42).

Concerning the relatively achievable age, most of the 
mixed-in tree species are medium-lived, representing 43% 
(Fo ≤ 0.29), followed by short-lived tree species (38%; Fo ≤ 
0.42) and long-lived tree species (19%; Fo ≤ 0.07).

3.4. Predominant shrub species 
Among the predominant shrub species (in total 8 species), 
Sambucus nigra L. is the only one occurring in all three study 
areas (0.14 ≤ Fo ≤ 0.65). The other predominant shrub species 
reach a Frequency Factor of maximum 0.29, which illustrates 
very well the wide distribution of this autochthonous species.

Predominant shrub species occurring in two of the three 
study areas are: Rosa canina L. (0.24 ≤ Fo ≤ 0.29); Salix 
caprea L. (0.07 ≤ Fo ≤ 0.19).

Predominant shrub species occurring in one of the three 
study areas are: Prunus spinosa L. (Fo = 0.23); Rhus typhina 
L. (Fo = 0.14) and other species, such as Euonymus europaeus 
L.; Lycium barbarum L. and Syringa vulgaris L. (0.03 ≤ Fo ≤ 
0.07).

Concerning origin, 37.5 % of the documented shrub spe-
cies are allochthonous and 62.5 % autochthonous. The most 
frequent predominant shrub species, Sambucus nigra L. (Fo 
≤ 0.65), is autochthonous. The most frequent shrub species 
are autochthonous (0.07 ≤ Fo ≤ 0.65), while allochthonous 
species have only a low frequency and special distribution 
(0.03 ≤ Fo ≤ 0.14).

Abbreviations used in the figure : Sambucus nigra (SN), 
Rosa canina (RC), Salix caprea (SC), Prunus spinosa (PS), 
Rhus typhina (RT), Euonymus europaeus (EE), Lycium bar-
barum (LB), Syringa vulgaris (SV).

Fig. 6. Overview of the most important predominant shrub species in the three study areas based on their Frequency Factor (Fo).
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3.5. Complementary shrub species 
Among the complementary shrub species (in total 10 spe-
cies), Prunus spinosa L. is the only one occurring in all three 
study areas (0.07 ≤ Fo ≤ 0.13). 

Complementary shrub species occurring in two of the 
three study areas are: Rosa canina L. (0.10 ≤ Fo ≤ 0.39) and 
Sambucus nigra L. (Fo = 0.19).

Complementary shrub species occurring in one of the 
three study areas are: Hippophae rhamnoides L. (Fo = 0.14); 
Euonymus europaeus L. (Fo = 0.13); Swida sanguinea (L.) 
Opiz (Fo = 0.13); Lycium barbarum L. (Fo = 0.10) and other 
species, such as Ligustrum vulgare L.; Rubus fruticosus L. 
agg. and Tamarix tetrandra Pall. (0.03 ≤ Fo ≤ 0.05).

Concerning origin, 30% of the documented shrub spe-
cies are allochthonous and 70% autochthonous. The most 
frequent complementary shrub species are all native. Alloch-
thonous species have only a low frequency of occurrence and 
spatial distribution (0.03 ≤ Fo ≤ 0.14).

3.6. Mixed-in shrub species 
Among the mixed-in shrub species (in total 12 species), 

Rosa canina L. (0.13 ≤ Fo ≤ 0.26) and Prunus spinosa L. (0.10 
≤ Fo ≤ 0.16) are the only species occurring in all three study 
areas.

Mixed-in shrub species occurring in two of the three 
study areas are: Sambucus nigra L. (0.13 ≤ Fo ≤ 0.26) and 
Ligustrum vulgare L. (0.03 ≤ Fo ≤ 0.07).

Mixed-in shrub species occurring in one of the three study 
areas are: Swida sanguinea (L.) Opiz (Fo = 0.19); Euonymus 
europaeus L. (Fo = 0.13); Crataegus monogyna Jacq. (Fo = 
0.10); Elaeagnus angustifolia L. (Fo = 0.10) and other spe-
cies, such as Syringa vulgaris L.; Lycium barbarum L.; Rham-
nus catharticus L. and Mahonia aquifolium (Purch) Nutt. 
(0.03 ≤ Fo ≤ 0.07).

Concerning origin, 33% of the documented shrub spe-
cies are allochthonous and 67% autochthonous. The most 
frequent mixed-in shrub species are all native. Allochthonous 
species have only a low frequency of occurrence and spatial 
distribution (0.03 ≤ Fo ≤ 0.10).

3.7. Species composition and diversity – 
proposed measures and changes

Considering the relatively achievable age, the propor-
tion of long-lived tree species is significantly lower compa-
red to medium-lived and short-lived species and the species 
diversity is also very low – only two long-lived autochtho-
nous tree species occur, with a very low distribution or frequ-
ency. In complementary tree species, the diversity of native 
species is higher than the diversity of allochthonous species; 
however native tree species have a much lower spatial distri-
bution and quantitative proportion. Considering the relati-
vely achievable age, the proportion of long-lived trees is very 
low compared to medium-lived and short-lived species, while 
the species diversity is also very low – only three long-lived 
autochthonous tree species occur among complementary 
species, with a very low distribution.

Based on the findings of the field research and according 
to several national and international policy documents - the 
Slovak National Act No. 543/2002 on Nature and Landscape 
Protection, the EU Biodiversity Strategy to 2020, the Euro-
pean Landscape Convention and authors Kurz et al. (2011), 
Sitzia et al. (2013), Supuka et al. (2013), it is necessary, that 
native plant species are enhanced in the landscape, since they 
significantly impact the regional and local landscape iden-
tity, character and visual design. It is therefore highly recom-
mended that regionally suitable native woody plant species 
are preferred to non-native woody plant species, as required 
by the Slovak National Act No. 543/2002. However, in our 
literature review, we have not found any recommendations 
on exact numbers, percentage or proportion of native and 
non-native woody plant species. We recommend therefore 
50% as the minimum proportion of native woody plant spe-
cies in the landscape, in order to avoid dominance of alien 
woody plant species. This results in the following measures 
and recommendations:

1) To continuously increase the current proportion of 
native tree species, suitable for the specific area based on 
the potential natural vegetation (this means an increase by at 
least 8% for predominant species from 42% to at least 50%). 
Complementary (59%) and mixed-in native species (51%) 
have a higher proportion than non-native species; it is the-
refore recommended to sustain and ideally increase this pro-
portion by future plantings. The aim of this proposal is to 
have as high proportion of regionally suitable native species 
as possible, but at least more than the half of the species - this 
measure would enhance not only the native biodiversity as 
proclaimed in the EU Biodiversity Strategy to 2020, but also 
the identity of the local landscapes as proclaimed by the Euro-
pean Landscape Convention.

Native shrub species prevail in all study areas and in all 
abundance categories (for categories see Table 1) – as in 
terms of species diversity, as well as in terms of spatial dis-
tribution and frequency of occurrence. It is therefore propo-
sed to sustain and ideally increase the proportion of native 
shrub species, suitable for the specific area based on the 
potential natural vegetation. This would mean a preference 
of regionally suitable native species to alien species as requi-
red by the Slovak National Act No. 543/2002 on Nature and 
Landscape Protection.

2) It is recommended to have a proportion of at least 
30 % of long-lived regionally suitable native tree species in 
non-forest woodland structures in the agricultural landscape 
(Supuka 1992; Supuka et al. 2013). It is therefore recom-
mended to continuously increase the proportion of long-lived 
regionally suitable native tree species to at least 30% (from 
the current 10.5% in predominant species; 14% in comple-
mentary species and 19% in mixed-in species). The aim of 
this measure is to enhance long lasting natural features in 
the landscape, which is important for landscape perception 
proclaimed in the European Landscape Convention.

3) To continuously increase the spatial distribution (Fo) 
of long-lived native tree species to at least 0.30 (from the cur-
rent 0.07 in predominant, complementary and mixed-in spe-
cies), in order to achieve a balanced vegetation structure in 
the landscape as suggested by Supuka (1992) and Supuka 
et al. (2013).
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4) To continuously increase the spatial distribution (Fo) 
of native tree species to at least 0.50 (from the current maxi-
mum of 0.16 in complementary species and 0.19 in mixed-in 
species)

5) To continuously increase the proportion and spatial 
distribution (Fo) of traditional native fruit tree species to at 
least 0.30 (from the current maximum of 0.07 in comple-
mentary species and 0.19 in mixed-in species). The legal tool 
to change species composition of non-forest woody vegeta-
tion in Slovakia is the Slovak National Act No. 543/2002 on 
Nature and Landscape Protection, which requires plantati-
ons of regionally suitable native woody plant species based 
on the potential natural vegetation. The practical imple-
mentation consists mainly in local actions by the municipal 
authorities, more precisely their environmental commissi-
ons, which have the legal power to implement the proposed 
measures, i.e. mainly to plant regionally specific native spe-
cies and where necessary to reduce the spreading of invasive 
non-native species. The local municipal authority defines the 
species composition of new or compensatory plantings, thus 
it has the legal power and the practical implementation tools.

4. Discussion
We found out that Robinia pseudoacacia L. dominates in all 
three study areas. This non-native species has been identified 
as the main tree species in bio-corridors in south-western 
Slovakia by Baranec et al. (2015), as well as by Supuka 
(1992) and Supuka et al. (2013). There is thus a clear evi-
dence of a significantly wide distribution of this species in 
agricultural landscapes of Slovakia. This is partly the result 
of inappropriate tree plantings mainly in the previous century 
and partly also due to vital or in some cases even invasive 
distribution of this species (Gojdičová et al. 2002). 

Baranec et al. (2015) have evaluated also Populus x cana-
densis, which is not of such significance in areas assessed 
in this paper. This is likely the reason of different manage-
ment interventions in past decades, where the planting of 
fast growing tree species in the agricultural landscape was 
common. They also documented populations of Prunetalia 
spinosae, mainly hybrids of Prunus spinosa (Prunus x fru-
ticans and Prunus x fetchneri), which was found to occur 
as one of the most frequent complementary shrub species. 
This justifies a wide distribution of Prunus spinosa in agri-
cultural landscapes of south-western Slovakia. Baranec et 
al. (2015) also identified the problem of superseding native 
Prunus spinosa by hybrids of Prunus x fruticans. Similarly 
to our results, the latter authors found a frequent occur-
rence of Populus alba, Populus tremula and Salix fragilis in 
Veľké Úľany and Čechynce. This can be explained by com-
parable potential natural vegetation. Similarly to Supuka et 
al. (2013), we found valuable old tree species along roads 
in the study areas of rural agricultural landscape, such as 
Quercus robur (stem diameter in breast height d1.3 = 1.61 
m; stem circumference in breast height c1.3 = 5.05 m), Pyrus 
pyraster (d1.3 = 0.86 m; c1.3 = 2.70 m)  or Morus nigra (d1.3 = 
0.65 m; c1.3 = 2.03 m) in the study area of Tvrdošovce. These 
trees are very significant in terms of natural and cultural heri-
tage as well as gene pool and biodiversity. Similarly to Kurz 

et al. (2011) and Supuka et al. (2013), we have documen-
ted the occurrence of traditional fruit tree species such as 
Prunus sp., Cerasus avium, Juglans regia, Malus domestica, 
Pyrus sp. and Sorbus aucuparia, but in contrast to Kurz et 
al. (2011), we have not documented a significant proportion 
of Acer sp. and other long-lived native tree species, which is 
a result of different management approaches in past deca-
des and can indicate pathways for improvements and biodi-
versity enhancement in the study areas. In line with Supuka 
(1992) and Supuka et al. (2013), we have also documented 
a high proportion and spatial distribution of shrub species 
Rosa canina, Sambucus nigra, Prunus spinosa, Lycium bar-
barum and tree species Cerasus avium, Fraxinus excelsior, 
Juglans regia, Malus domestica, Populus nigra, Prunus cera-
sifera, Prunus domestica, Salix alba, Salix caprea and Salix 
fragilis. Contrary to Supuka (1992), there is a less significant 
proportion and spatial distribution of Populus x canaden-
sis, Acer campestre, Carpinus betulus, Crataegus laevigata, 
Quercus robur, Tilia cordata and a much higher proportion 
and distribution of Populus alba and Salix alba. 

The proposed measures aiming to increase the proportion 
of native woody plants agree with the approach of Insley et al. 
(1988), who state that when planning new farm woodlands, 
the first thing to consider is the existing landscape charac-
ter and identity of the area, which is partly formed by native 
woodland species. The main features to consider are the lan-
dform, existing vegetation patterns (especially semi-natural 
vegetation), land use patterns (in particular the prominence 
of hedgerows and hedgerow tree patterns), and the charac-
ter of the landscape. Based on this statement, an increase of 
endemic woody plant species has been proposed, since these 
enhance the identity and character of current landscapes as 
proclaimed by the European Landscape Convention. Besides 
landscape character and identity aspects, also the biodiver-
sity plays a key role in the proposed measures, which is in line 
with Rey Benayas & Bullock (2015), who propose a wides-
pread strategic re-vegetation to enhance wildlife in European 
agricultural landscapes by planting woodland islets and hed-
gerows for ecological restoration in extensive agricultural 
landscapes. This approach allows wildlife enhancement, pro-
vision of a range of ecosystem services, maintenance of farm-
land production, and conservation of values linked to cultu-
ral landscapes. Our approach not only maintains the farm-
land production, but also supports a multifunctional and 
efficient land use, since we propose mainly linear woodland 
structures. Strategic re-vegetation in actively farmed fields 
can include planting woodland islets, hedgerows and isola-
ted trees. These woodland structures have the potential to 
enhance wildlife, agricultural production, and other services 
at the field and landscape scales since they hardly compete 
for farmland use. In this study and particularly in the propo-
sed measures, a preference has been given to native species, 
since woodland structures in the agricultural landscape sho-
uld be only planted by a variety of native shrub and tree spe-
cies (Thompson et al. 2009; Rey Benayas & Bullock 2015). 
This agrees with the approach of Cramer et al. (2015), who 
state that when restoring woodlands in extensive agricultu-
ral landscapes, the emphasis should be placed on the deve-
lopment of self-sustaining ecosystems, protecting native bio-
diversity and according to Cunningham et al. (2015), plan-
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ting a mixture of native trees and shrubs is best for biodiver-
sity. Thus a significant enhancement of native woody plant 
species and an active restoration of agricultural landscapes is 
needed in the study areas, which according to Rey Benayas et 
al. (2008) should involve large-scale plantings of native trees 
and tree growth management. The technical implementation 
of the proposed measures means mainly planting a mixture 
of native trees and shrubs, which according to Barrett et al. 
(2008), has become a cornerstone strategy for natural reso-
urce management in agricultural landscapes. For the tech-
nical implementation of this measure, active planting seems 
to be the most efficient tool, since many native plant species 
need to be actively planted, due to a lack of local seed sources 
(Flinn & Vellend 2005). Planting of native woody plant spe-
cies in open landscape (non-built-up or non-urbanised areas) 
is also required by the Slovak National Act No. 543/2002 on 
Nature and Landscape Protection as well as by the EU Bio-
diversity Strategy to 2020. 

Planting native woody plant species in the agricultural 
landscape not only enhances biodiversity as argued above, 
but also provides landscape planning and landscape mana-
gement with a strategic tool for climate change mitigation 
and drought risk management. According to Cunningham 
et al. (2015), in low-rainfall areas (<800 mm year−1), native 
species are likely to be less vulnerable to drought and climate 
change and provide higher biodiversity benefits to native 
wildlife species (Lindenmayer et al. 2003).

The results can be generalised for rural agricultural 
landscapes in lowlands and slightly hilly upland areas of Slo-
vakia and other Central European countries. A comparison 
of different case studies from Central European countries 
would be valuable to compare the current situation and work 
on collaborative measures at the European or bilateral level.

5. Conclusion
The presented results extend the existing knowledge on spe-
cies composition, diversity and spatial distribution of non-
forest woody vegetation in the agricultural landscape, with 
a particular focus on trees and shrubs growing along roads 
in the open landscape. It has been found that among trees, 
allochthonous (introduced) species dominate, while among 
shrubs autochthonous (native) species prevail. Moreover a 
low proportion and distribution of long-lived tree species has 
been documented. Based on these findings, several meas-
ures have been proposed, in order to improve the existing 
situation of native species diversity, spatial distribution and 
ecological resilience of rural landscapes. The results can 
be applied mainly at the local level, in municipal decision 
making and governance, but it can be a useful tool also in 
policy making at the regional, national or EU level, since the 
assessment methodology is in line with the national nature 
and landscape protection policy. Further research and veri-
fication of the applied methodology could help in creating 
and transferring knowledge on woody plant species in rural 
agricultural landscapes, their composition, diversity, rela-
tively achievable age and origin.
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Appendix 1: Woody plant species composition in non-forest woody vegetation structures along roads in the agricultural landscape, 
locality: study area Tvrdošovce. 

Growth characteristic Predominant species Complementary species Mixed-in species

Tree species

Robinia pseudoacacia L. (16); Populus nigra 
L. (4); Prunus cerasifera Ehrh. (4); Fraxinus 
angustifolia Vahl (2); Gleditsia triacanthos L. (2); 
Acer saccharinum L.; Ailanthus altissima (Mill.) 
Swingle; Fraxinus excelsior L.; Fraxinus ornus 
L.; Juglans regia L.; Morus alba L.; Morus nigra 
L.; Negundo aceroides Moench; Populus alba L.; 
Populus x canadensis Moench; Prunus domestica 
L.; Salix alba L.

Prunus cerasifera Ehrh. (10); Juglans regia 
L. (8); Fraxinus angustifolia Vahl (5); Robinia 
pseudoacacia L. (5); Fraxinus ornus L. (4); 
Populus x canadensis Moench (4); Ailanthus 
altissima (Mill.) Swingle (3); Acer campestre L. 
(2); Cerasus avium (L.) Moench (2); Fraxinus 
excelsior L. (2); Malus domestica Borkh. (2); 
Negundo aceroides Moench (2); Populus alba 
L. (2); Salix alba L. (2); Acer pseudoplatanus L.; 
Prunus domestica L.; Pyrus communis L. emend. 
Burgsd.; Sorbus aucuparia L.; Ulmus minor Mill.

Prunus cerasifera Ehrh. (13); Ailanthus 
altissima (Mill.) Swingle (9); Juglans regia L. 
(7); Cerasus avium (L.) Moench (6); Populus 
nigra L. (6); Malus domestica Borkh. (5); Salix 
alba L. (5); Morus alba L. (4); Negundo aceroides 
Moench (4); Populus alba L. (4); Aesculus 
hippocastanum L. (3); Fraxinus excelsior L. (3); 
Morus nigra L. (3); Pyrus communis L. emend. 
Burgsd. (3); Acer platanoides L. (2); Catalpa 
bignonioides Walt. (2); Fraxinus ornus L. (2); 
Populus x canadensis Moench (2); Prunus 
domestica L. (2); Pyrus pyraster (L.) Burgsd. (2); 
Quercus robur L. (2); Robinia pseudoacacia L. 
(2); Ulmus minor Mill. (2); Acer pseudoplatanus 
L.; Acer saccharinum L.; Carpinus betulus L.; 
Celtis occidentalis L.; Gleditsia triacanthos L.; 
Platycladus orientalis (L.) Franco; Populus simo-
nii Carriére; Populus tremula L.; Tilia platyphyllos 
Scop.; Ulmus glabra Huds.; Ulmus laevis Pall.

Shrub species
Sambucus nigra L. (20); Rosa canina L. (9); 
Prunus spinosa L. (7); Euonymus europaeus L. 
(2); Lycium barbarum L.

Rosa canina L. (12); Sambucus nigra L. (6); 
Euonymus europaeus L. (4); Swida sanguinea 
(L.) Opiz (4); Prunus spinosa L. (4); Lycium bar-
barum L. (3); Rubus fruticosus L. agg.; Tamarix 
tetrandra Pall.; 

Swida sanguinea (L.) Opiz (6); Prunus 
spinosa L. (5); Euonymus europaeus L. (4); Rosa 
canina L. (4); Sambucus nigra L. (4); Crataegus 
monogyna Jacq. (3); Elaeagnus angustifolia L. 
(3); Syringa vulgaris L. (2); Ligustrum vulgare L.; 
Lycium barbarum L.; Rhamnus catharticus L. 

Explanatory note: If the amount of sectors of occurrence (So) is higher than 1, it is stated in brackets following the species name. The total amount of assessed sectors is 31. If the (So) is 5 or more, the species is 
bolded.

Appendix 2: Woody plant species composition in non-forest woody vegetation structures along roads in the agricultural landscape, 
locality: study area Dvory nad Žitavou. 

Growth characteristic Predominant species Complementary species Mixed-in species

Tree species

Robinia pseudoacacia L. (14); Populus alba 
(4); Acer platanoides L. (2); Negundo aceroides 
Moench. (2); Juglans regia L.; Populus nigra 
´Italica´ L.; Tilia platyphyllos Scop.; Salix alba 
´Tristis´ L.

Juglans regia L. (2); Populus alba L. (2); Robinia 
pseudoacacia L. (2); Acer platanoides L.; Populus 
nigra L. 

Populus alba L. (5); Juglans regia L. (3); Pinus 
sylvestris L. (2); Acer platanoides L.; Acer sac-
charinum L.; Betula pendula L.; Picea abies L.; 
Populus nigra L.; Populus tremula L.; Robinia 
pseudoacacia L.; Salix alba ´Tristis´ L.

Shrub species Sambucus nigra L. (4); Salix caprea L. (2); 
Syringa vulgaris L.

Sambucus nigra L. (6); Rosa canina L. (3); 
Prunus spinosa L. (2)

Rosa canina L. (8); Sambucus nigra L. (8); 
Prunus spinosa L. (4); Ligustrum vulgare L. (2); 
Mahonia aquifolium (Purch) Nutt.

Explanatory note: If the amount of sectors of occurrence (So) is higher than 1, it is stated in brackets following the species name. The total amount of assessed sectors is 31. If the (So) is 5 or more, the species is 
bolded.

Appendix 3: Woody plant species composition in non-forest woody vegetation structures along roads in the agricultural landscape, 
locality: study area Kolíňany. 

Growth characteristic Predominant species Complementary species Mixed-in species

Tree species
Robinia pseudoacacia L. (5); Prunus domestica 
L. (4); Salix alba L. (4); Fraxinus excelsior L. (4); 
Populus nigra L.; Populus alba L.

Malus domestica Borkh. (3); Prunus domestica L. 
(2); Salix fragilis L. (2); Fraxinus excelsior L.

Juglans regia L. (6); Cerasus avium (L.) Moench 
(3); Prunus domestica L. (2); Populus nigra L. (2)

Shrub species Rosa canina L. (5); Salix caprea L. (4); Rhus 
typhina L. (3); Sambucus nigra L. (3)

Hippophae rhamnoides L. (3); Ligustrum vulgare 
L.; Prunus spinosa L. Rosa canina L. (3), Prunus spinosa L. (2)

Explanatory note: If the amount of sectors of occurrence (So) is higher than 1, it is stated in brackets following the species name. The total amount of assessed sectors is 21. If the (So) is 5 or more, the species is 
bolded.


