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Introduction

Abstract

Masny M., Weis K., Boltiziar M.: Agricultural abandonment in chosen terrain attributes context —
case study from the Polana UNESCO Biosphere Reserve (Central Slovakia). Ekoldgia (Bratislava),
Vol. 36, No. 4, p. 339-351, 2017.

Agricultural land in many post-socialist countries passed through a similar scenario of eminent
changes in the past decades. One of the important milestones was the process of collectivisation
(in 1950-1970), transformation to market-oriented economy (after 1989) and the following inte-
gration into the European Union. These changes were often attended by the process of agricultural
abandonment. This paper presents an approach to the evaluation of agricultural abandonment by
analysis of land use change in chosen terrain attributes (slope levels and altitude levels) context. It
studies the area of a northern part of the Polana UNESCO (United Nations Educational, Scientific
and Cultural Organization) Biosphere reserve that represents mountain agricultural landscape.
All of the analyses were realised in GIS (geographic information systems), based on the orthopho-
tos that represented the land use structure in 1949, 1986 and 2006. Dramatic decrease in real usage
of agricultural areas attended by the process of secondary succession was observed especially in
steep slopes and higher altitude levels. To quantify the changes, landscape metrics such as class
area (CA), number of patches (NP) and mean patch size (MPS) were used. Changes in landscape
classes had an influence on landscape diversity. It was expressed by decrease in Shannon's diversity
index (SDI) and Shannon's evenness index (SEI).

Key words: agricultural abandonment, mountain agricultural landscape, landscape metrics.

European agricultural land is constantly changing, following different development trajec-
tories. On the one hand, they are urbanisation trends and agricultural intensification. On
the other hand, some mountain areas have faced land abandonment (Van Vliet et al., 2015).

Agricultural abandonment was an opposite process of agricultural intensification
(MacDonald et al., 2000). The negative effects of agricultural land abandonment may include
the loss of particular biodiversity and increased spread of fires, particularly in the southern
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latitudes. Abandonment encourages the loss of landscape attractiveness and landscape hete-
rogeneity, as well as its cultural heritage (Pazur et al., 2014).

Agricultural abandonment is widespread in several regions of the world (Cramer et al,,
2008), including North America (Parody et al., 2001), monsoonal Asia (Fukamachi et al.,
2005; Tokuoka et al., 2011, Osawa et al., 2013), northern Europe (Robinson, Sutherland,
2002) and southern Europe (Ostermann, 1998). These processes have a distinctive character
in post-socialist countries of central and eastern Europe (Baur et al., 2006; Miiller, Mun-
roe, 2008; Kuemmerle et al., 2008; Miiller et al., 2009; Kuemmerle et al., 2011; Lieskovsky et
al,, 2014, 2015). In many post-socialist countries, agricultural land abandonment began to
dominate remarkably after 1989. Dismantling of the state-command system, introduction
of free-market principles, withdrawal of governmental regulation and support and land re-
forms caused fundamental changes in all sectors of the economy, including agricultural land
use (Lerman et al.,, 2004; Lioubimtseva, Henebry, 2008). This era was called transformation
period. Agricultural cooperatives started to be transformed and the market started to be
liberalised. This led to a decrease in agricultural production and often also to rural migration
(Miiller, Sikor, 2006; Miiller et al., 2009). This is a typical scenario of agricultural abandon-
ment in post-socialist countries. According to Prishchepov et al. (2012a), the highest rates of
land abandonment since 1990 were observed in Latvia (42% of all agricultural land in 1990
was abandoned by 2000), followed by Russia (31%), Lithuania (28%), Poland (14%) and Be-
larus (13%).

But, in many areas, we can observe the process of agricultural abandonment earlier. This
has a relationship with the process of collectivisation. In Slovakia, this process occurred
mainly in 1950-1970 and brought eminent changes to agricultural land use structure. Most
of the traditional farming forms were transformed into large-scale fields (Lieskovsky et al.,
2014). Agricultural areas that were not interesting for collective farming (especially for diffi-
cult local terrain conditions, etc.) were abandoned.

This study analyses agricultural landscape of the northern part of the Polana UNESCO
Biosphere reserve. The main aim is to create a multitemporal analysis of agricultural aban-
donment evolution in relation to the selected terrain attributes and an analysis of landscape
diversity change.

Study area

Study area (Fig. 1) covers 7,850.19 ha in an altitudinal zone spanning from 399.5 to 1,272.5
m a.s.l. It is an area of two municipalities - Lubietova and Strelniky. Study area is ranked
as an archetype of a landscape with a focused texture of arrangement of land-use elements
(Hresko et al., 2015). This study evaluates agricultural land and entire landscape of Lubietova
and Strelniky for three time periods, namely, years 1949 (the state before collectivisation
that took place there in 1958), 1986 (the socialist agriculture) and 2006 (the state of agri-
cultural landscape after transformation). In agricultural land usage of study area, grasslands
predominate (79.9%). Arable land represents 14.9%, and 5.2% is represented by traditional
agricultural landscape (TAL). TAL areas are created by changing strips of arable field and
grasslands.
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Fig. 1. Localisation of study area.

Material and methods

In the first phase, areas of agricultural land in official evidence (by data from National Agriculture and Food Centre

- Soil Science and Conservation Research Institute) were analysed. These areas represented 2,889.70 ha (36.81%)

of the study area. First, these areas were divided by slope and second by altitude. To divide the study area into two

approximately equal parts, values of slope and altitude, 12° and 700 m a.s.l, respectively, were determined. Accord-
ing to slope, agricultural land was analysed below 12° and above 12°. According to altitude, agricultural land was
analysed below 700 m a. s. 1. and above 700 m a.s.1. Terrain attributes (slope levels and altitude levels) were calculated
from the digital elevation model (DEM) with 10-m pixel resolution (DEM of Slovak Republic - Esprit, 2013). Analy-

ses based on DEM are typical elements of local spatial scale studies (Vojtek, Vojtekovd, 2016; Druga, Faltan, 2014).

Usage of these areas (land use types) was categorised into three classes: agricultural usage (crops and permanent
grasslands), non-forest woody vegetation (dispersed groups of trees and shrubs) and forest, for each time period.
If woody vegetation met the conditions of forest by the Food and Agriculture Organization of the United Nations
(FAO, 2010), these areas were classified as a forest. Similar analysis of abiotic variables in relation to land use was
realised by Olah et al. (2006).

For describing land use structure in these parts, the most appropriate landscape metrics were chosen. Met-
rics were calculated on class level. Classes corresponded to the different land use types and each class consisted of
numerous polygons — patches (Sidiropoulou et al., 2015). Principles of landscape metrics were defined in several
relevant works (Forman, Godron, 1981; Gustafson, Parker, 1992; McGarigal, Marks, 1995; McGarigal et al., 2002;
Cushman et al,, 2008; Peng et al,, 2010) and applied in studies of different regions (Faltan et al., 2011; Klauco et al.,
2013; Schindler et al., 2007; Baran-Zglobicka, Zgtobicki, 2012; Sulovsky et al., 2017, Kolejka, Ruda, 2017). For this
study, three indexes (area metrics) have been chosen:

. Class area (CA) - is a measure of landscape composition; specifically how much of the landscape consists of
one particular patch type (in hectares).

o Number of patches (NumP) - is a measure of landscape configuration that represents number of individual
patches (polygons) of landscape elements. It refers to the spatial character of a class and indicates the extent
of fragmentation.

e Mean patch size (MPS) - represents average patch size (in hectares) and it is a measure of landscape subdivi-
sion. Decrease in this value points on fragmentation of landscape mosaic.
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In the second phase, the entire landscape of the study area was analysed. Land use categories from the first
phase were added by urbanisation and roads. The entire landscape was analysed according to two indexes (diversity
metrics):

«  Shannon's diversity index (SDI).
. Shannon's evenness index (SEI).

SDI refers to the number of different patch types, whilst SEI to the distribution of different patch types in an
area. Diversity is a well-known property of ecosystems which is very useful in the characterisation of heterogeneity
in time and space. Ecosystems with great diversity display great stability (McGarigal, Marks, 1995). Measuring of
landscape diversity is useful not only for land use change evaluation but also for the prediction of potential impact
on the structure and function of alternative land uses (Sidiropoulou et al,, 2015).

For the landscape change analysis, orthophotos (raster) in high resolution (with 40 cm pixel size) registered in
the coordinate system S-JTSK (Krovak’s projection) were used. The data was provided by the Topographic Institute
of Slovak Armed Forces. Using this data, categories of land use were classified on a large scale (1:3,000). All analyses
were realised by using ArcMap 10.2 software (ESRI) with Patch Analyst 5.2 extension (Centre for Northern Forest
Ecosystem Research).

Results and discussion
a) Slope analyses

On agricultural land in official evidence, significant changes were observed. Land use change
had similar scenario in both slope categories (Fig. 2). In general, CA of agricultural usage de-
creased and that of forest increased, especially in period 1949-1986. This process was stron-
ger in slope category >12°.

CA of non-forest woody vegetation in slope category <12° was about the same level in all
of the periods, but in slope category >12°, more significant decrease was observed in period
1949-1986. Evaluation of all CA indexes pointed on the process of agricultural abandoning
followed by secondary succession in higher slope areas especially in period 1949-1986.

Data concerning NumP pointed on the landscape fragmentation process (Fig. 2). NumP
index had almost linearly increasing trend in both slope categories and in all periods. An
exception is category of non-forest woody vegetation. NumP index of this category decreased
in period 1949-1986 and increased in period 1986-2006. This was due to the transforma-
tion of many non-forest woody vegetation patches to forest especially in higher slope areas
in period 1949-1986.

MPS index of non-forest woody vegetation was about the same level in both slope catego-
ries in all the periods (Fig. 2). MPS index of agricultural areas decreased in both slope catego-
ries but more significantly in slopes >12°. MPS index of forest increased in period 1949-1986
and decreased in period 1986-2006. It pointed on the secondary succession process with
creation of smaller forest patches in period 1986-2006. This process was more significant in
slope category >12°.

The effect of slope steepness on abandonment was confirmed by findings of Lieskovsky et
al. (2015). Agricultural land located on steep slopes was more likely to be abandoned. It was
also confirmed by case studies from other parts of Slovakia (Bezak, Mitchley, 2014; Hresko
et al,, 2010).

The role of slope steepness is also influential in other post-socialist countries (Baumann
et al, 2011; Kuemmerle et al., 2008; Miiller et al., 2013; Oprsal et al., 2013) or in Western
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Europe (MacDonald et al., 2000). However, according to Pazur et al. (2014), slope steepness
can also be used as an input factor for calculation of other predictors that made significant
contribution to land abandonment (soil quality, accessibility and isolation variables, topo-
graphic wetness index).
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Fig. 2. Evolution of class metrics on agricultural estates by slope levels.
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b) Altitude analyses

Process of agricultural abandoning followed by secondary succession was also confirmed in
agricultural land evaluation by altitude levels (Fig. 3). Decreasing of agricultural usage area and
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Fig. 3. Evolution of class metrics on agricultural estates by altitude levels.
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increasing of forest area were characteristic for both altitude categories. In lower altitudes
(<700 m a.s.l.), this process proceeded across all evaluated periods. But in higher altitudes
(>700 m a.s.1.), CA indexes of agricultural usage and forest were about the same level in pe-
riod 1986 and 2006. It pointed on stabilisation of the abandonment process in higher altitude
areas.

Evolution of NumP index in the evaluation by altitude (Fig. 3) is very similar to that in
the evaluation by slope (Fig. 2). Since 1986, an increasing number of all class patches, espe-
cially in class of agricultural usage, has been observed in category >700 m a.s.l. It pointed on
the process of landscape fragmentation with the formation of secondary succession patches.

The process of landscape fragmentation was also confirmed by MPS index. MPS of agri-
cultural usage decreased dramatically in all the periods. In category >700 m a.s.l., it declined
to the level under 1 ha (Fig. 3). Evolution of forest MPS index by altitude levels (Fig. 3) was
similar to that in evaluation by slope levels (Fig. 2).

Results of slopes and altitude analysis confirm the hypothesis that landscape remains
closely associated to the terrain characteristics as a part of natural conditions of the ter-
ritories (Biirgi et al., 2009; Kolejka, 1987). Altitude and slope were also identified as a main
geographical factor affecting the abandonment in other post-socialist countries, for example,
Ukraine (Baumann et al., 2011), the cross-border triangle of Slovakia, Poland and Ukraine
(Kuemmerle et al., 2008), in selected regions of Romania and Albania (Miiller et al., 2013).
The overall increase in the use of heavy machinery in 1950s (collectivisation era) could be the
reason for abandonment of steep slopes and areas in higher altitudes. These areas were not
well accessible for heavy machinery (Hresko et al., 2010).

On the other hand, the influence of natural conditions on agricultural abandonment in
collectivisation era could be suppressed by different agro-policies of each country. Lower
agricultural land abandonment rates might exist where market mechanisms were comple-
mented by stronger connections of the landowners to their former properties (Prishchepov

Table 1.Representation of basic land use categories.

Difference Difference Difference
Class 1949 1986 2006 1949-1986  1986-2006 = 1949-2006
F " ha 4,924.46 @ 5,705.98 | 5,832.83 +781.52 +126.85 +908.37
ores
% 62.73 72.69 74.30 +9.96 +1.62 +11.57
Non-forest Woody ha 190.93 100.94 108.01 -89.99 +7.07 -82.92
Vegetation % 2.43 1.29 1.38 -1.15 +0.09 -1.06
. ha 2,503.57 | 1,747.31 1,608.28 -756.26 -139.03 —895.28
Agricultural Usage
% 31.89 22.26 20.49 -9.63 -1.77 -11.40
Urbanisation and ha 224.76 288.94 294.04 +64.18 +5.11 +69.28
Roads % 2.86 3.68 3.75 +0.82 +0.07 +0.88
ha 6.47 7.03 7.03 +0.55 0.00 +0.55
Others
% 0.08 0.09 0.09 +0.01 0.00 +0.01

ha 7,850.19 | 7,850.19 | 7,850.19 - - -
% 100.00 100.00 100.00 - - -

Total
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Fig. 4. Illustration of a change in land use in the study area.

et al,, 2012a; Macey et al.,, 2004; Lerman et al., 2004; Stuikys, Ladyga, 1995; Turnock, 1998).
In Poland, the majority of the agricultural land was in private property during socialism and
no change in ownership was necessary. In this country with similar agro-ecological condi-
tions, minor agricultural land abandonment can be observed (Turnock, 1998; Prishchepov
et al,, 2012a). Considerable influence of different agro-reform policies (after 1990) was con-
firmed by cross-border studies from areas where the natural conditions are similar (Hostert
etal, 2011; Kuemmerle et al., 2008), for example, cross-border area of Belarus and Lithuania
(abandonment rate 28 and 14%, respectively, Prishchepov et al., 2012b).
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Fig. 5. Shannon’s diversity and Shannon’s evenness indexes in each period.

¢) Landscape heterogeneity

Land use change analysis on the entire landscape level confirmed previous findings concer-
ning the process of agricultural abandonment and secondary succession. Changes in area of
each landscape class are depicted in the Table 1.

In the study area, an increasing trend of especially forest category was observed (Fig. 4).
A part of forest category that increased is almost of the same extent as a part of agricultural
usage category that decreased (Table 1). The rapid increase in forest and non-forest woody
vegetation category is typical for Slovakia and other post-socialist countries (Druga, Faltan,
2014; Griffiths et al., 2013; Shandra et al., 2013; Munteanu et al., 2014). Expansion of forest
and shrub lands at the expense of semi-natural grasslands is a result of traditional agricultu-
ral practice reduction (Riecken et al., 2002; Olsson et al., 2000). Forest canopies that originate
on abandoned agricultural land are primarily determined by natural environmental condi-
tions. Nevertheless, the type of previous land use also modifies the species compositions of
these forests and needs to be considered as an important determinant of their composition
(Kopecky, Vojta, 2009).

The impact of main changes (agricultural abandonment and secondary succession) on
the landscape diversity was expressed by SDI and SEI. These indexes pointed on a decrease
in diversity and evenness level, especially in period 1949-1986 (Fig. 5), that means in period
of the most significant increase in secondary succession. A landscape structure of the study
area was more stable and diversified before the era of collectivisation. Abandoning of tra-
ditional agricultural practice with changes in vegetation composition because of secondary
succession brought marked changes in landscape diversity.
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Reduction of landscape diversity is in direct relation to the reduction of biodiversity. Ag-
ricultural activities (especially grazing) exert a strong effect on vegetation dynamics (Sidiro-
poulou et al.,, 2015) and on species and community diversity (Sternberg et al., 2000; Baur et
al,, 2006). Traditional agricultural activities also have an impact on the spatial heterogeneity
of vegetation, affecting ecosystem processes and landscape diversity (Adler et al., 2001). Gra-
zing and other pastoral activities create openings and corridors in forests and rangelands
resulting in the emergence of mosaic - Fig. 4 (a) - such as landscapes and vegetation changes
both along the routes and on highland rangelands (Sidiropoulou et al., 2015).

Conclusion

The results of realised analyses pointed on the processes of agricultural land abandonment
and secondary succession. The reason of these processes could be find in socio-economic
changes (collectivisation, transformation period after 1989). Since 1949, the area of agricul-
tural land with real agricultural usage has decreased to about 11.40% in the study area. The
influence of the chosen terrain attributes was confirmed. These processes were more signifi-
cant in the areas with higher slope levels (>12°) and higher altitudes (>700 m a.s.1.). However,
the major part of the land use change took place in the period 1949-1986. It means during
socialistic agricultural era, not only after 1990. By the actual terrain exploration, abandoned
agricultural areas have not been revitalised since 2006. The abandonment process in other
areas of Lubietova and Strelniky is currently not in progress, which can be caused by the ap-
plication of European Union»s Common agricultural policy. The change in land use observed
in the study periods does not mean only the loss of agricultural land but also a decrease in
landscape diversity. It is a very negative phenomenon, especially in a spatial context of the
Polana UNESCO Biosphere Reserve that should be an excellent region of harmony between
human utilising and biodiversity conservation.
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