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Abstract: Socio-political changes in the countries of East-
ern and Central Europe in the era of socialism had sig-
ni�cant e�ects on agricultural landscape. Collectivisation
(1950 - 1970) lost almost all of traditional agricultural land-
scapes. On the other hand, the phenomenon of agricul-
tural abandonment started to be signi�cant after 1989. In
the model area (part of The Poľana Biosphere Reserve)
these two processes that formed the agricultural land-
scape structure were analysed. The analyses were car-
ried out using orthophotos that represented the landscape
structure in 1949, 1986 and 2006. It was found that almost
complete extinction of the traditional agricultural land-
scape represented by amosaic of narrow�elds and perma-
nent grasslands occurred during the period. At the same
time, increasing trend of abandonment processes was ob-
served. In 2006, non-forest woody vegetation covered 48%
of agricultural land.Natural reforestation as the �nal stage
of agricultural abandonment extended to 46% on the for-
mer agricultural land in 2006. Abandonment processes
were the most signi�cant already in the period of social-
ist agriculture. To describe the changes, landscapemetrics
such as Number of patches (NP), Mean patch size (MPS),
Patch size standard deviation (PSSD) and Mean shape in-
dex (MSI) were used.

Keywords: land-use change; traditional agricultural land-
scape; landscape metrics; agricultural abandonment; UN-
ESCO Biosphere reserve

1 Introduction
In the process of transformation of traditional landscapes
inmost post-socialist countries, crucial role was played by
collectivisation of agriculture [1–4]. Collectivisation was
a politically driven process, based on the socialist idea
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of common property. In Slovakia this process occurred
mainly in 1950 – 1970 [5] and brought eminent changes
to agricultural landscape structure. However, agricultural
landwasnot completely nationalised in Slovakia as it used
to be in former Soviet Union countries. Most of the tra-
ditional farming forms were transformed into large-scale
�elds [5].

Traditional land-use includes obsolete practices and
techniques that are not part of modern agriculture [6].
Most forms of traditional land-use are typically of low in-
puts and relatively lowoutput per hectare. Theyo�ermany
environmental services, such as high biodiversity support,
preservation and revitalisation of the original soil func-
tions. Their cultural value is also very signi�cant [7, 8]. Tra-
ditional agricultural landscapes (TAL) in Slovakia are de-
�ned as the remaining mosaic of small-scale arable �elds
or permanent agricultural cultivations such as grasslands,
vineyards and high-trunk orchards or early abandoned
plots of low succession degree, which have not been af-
fected by agricultural collectivisation. They are signi�cant
as unique islands of species-rich plant and animal com-
munities that have been part of continuous evolution over
centuries [9, 10]. Small remnants of TAL are surrounded
by intensive farmland or forest and these are becoming
rare and highly valuable [11]. However, these areas are cur-
rently not subject to special protection and trends in de-
cliningmanagement and abandonment are quite apparent
[10].

The end of socialist agriculture after 1989 and transi-
tion from centralised tomarket-oriented economy brought
other considerable changes to agricultural land-use. In
this period agricultural cooperatives started to be trans-
formed and the market started to be liberalised (trans-
formation period). This led to a decrease in agricultural
production and often also to rural migration. [12, 13]. In
many post-socialist countries agricultural land abandon-
ment began to dominate remarkably [12, 14, 15]. Aban-
donment is typical of marginal and mountain areas, in
Common Agricultural Policy of the European Union de-
�ned as the less favoured areas [16]. In the territory of Slo-
vakia, we can also �nd an abandoned farmland in low-
lands (especially vineyards) [17]. Abandonment represents
an opposite process of agriculture intensi�cation [18].
Together with land-use intensi�cation (suburbanisation,
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industrial parks and tra�c infrastructure construction),
agriculture land abandonment belongs to main trends of
Slovak landscape transformation in the last decade [19]. It
has a strong,mostly negative environmental and socioeco-
nomic in�uence. Reforestation of an abandoned land can
connect the divided fragments of a forest and change its
soil-hydric relations [20]. It causes loss of biodiversity in
these areas and higher pressure on the remaining agricul-
tural areas [21, 22]. The abandonment of agricultural land
doesnot represent a completely newphenomenon. Expan-
sion and subsequent contraction of agricultural land areas
have been common since the origins of agriculture [23–25].
The change in post-socialist countries was very noticeable
[13, 23, 26, 27]. However, these days the abandonment of
agricultural land is increasing on a global scale [28, 29].
In predictions of European land development up to 2030,
agricultural abandonment plays a crucial role (apart from
local expansion and urbanisation) [30].

Disappearance of traditional forms and agricultural
abandonment represent two eminent factors that have an
in�uence especially on cultural and biological diversity of
an agricultural landscape. This problem is important es-
pecially in the areas of biosphere reservations. Integrating
cultural and biological diversity, especially the role of tra-
ditional knowledge in ecosystem management, is one of
the main characteristics of biosphere reserves UNESCO¹.

The aim of our research was to analyse the state of ar-
easwith traditionalmanagement and to analyse abandon-
ment of agricultural land. The analysis was focused on the
situation before, during and after the period of socialist
agriculture. By means of landscape metrics we evaluated
development trends and the in�uence of these changes on
a landscape structure.

2 Study area
The study area is the municipality Ľubietová that is a part
of the Poľana Biosphere Reserve. The core, the bu�er as
well as the transition zone of the reserve partly stretches to
this model area (Figure 1). The Poľana Biosphere Reserve
(Central Slovakia) is signi�cant for its predominant pres-
ence of forests. However, there are also valuable mead-
ows and pastures – permanent grasslands (especially in

1 UNESCO: Main Characteristics of Biosphere re-
serves, 2014, http://www.unesco.org/new/en/natural-
sciences/environment/ecological-sciences/biosphere-
reserves/main-characteristics/

Figure 1: The Poľana Biosphere Reserve in the model area.

the transition zone). Mountain meadows and pastures are
mown and used for grazing by cattle and sheep.

The modelled area covers 6104.36 ha. It is a former
mining region, with 1138 inhabitants still living there².
Fromagricultural point of view, themodelled area and sur-
rounding region are classi�ed as a less favouredmountain
area, the altitude is in range of 399 to 1272ma.s.l, the slope
conditions are relatively demanding and slopes reaches
the level of 42.1°.

In the period of socialist agriculture, all collectivised
land were cultivated by the Agricultural Cooperative of
Strelníky. After 1989, this agricultural cooperative was
transformed. A part of agricultural land (about 20%)
started to be used by private farmers.

3 Data and methods
This study evaluates Ľubietová for three time periods viz.
years 1949 (the state before collectivisation), 1986 (the so-
cialist agriculture) and 2006 (the state of agricultural land-
scape after transformation).

For the spatial analysis, orthophotos (raster) in high
resolution (1200 dpi) registered in the coordinate sys-

2 Statistical O�ce of the Slovak Republic: Urban and Municipal
Statistics, 2014, http://app.statistics.sk/mosmis/sk/run.html
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tem S-JTSK (Krovak’s projection) were used. The data was
provided by the Topographic Institute of Slovak Armed
Forces. Using this data, categories of landscape elements
were classi�ed on a large scale (1: 3000). Considering the
aim of this study and characteristics of the modelled area,
we de�ned our own classi�cation system of landscape ele-
ments. Three basic categories of landscape elements were
selected that were su�cient to cover the landscape struc-
ture of the model area. The category concerning agricul-
tural land was divided inmore detail. The division created
a basis for an analysis of traditional agricultural forms,
which were de�ned by [9]. These traditional agricultural
forms are represented by mosaic structures. At the same
time, non-forest woody vegetation was classi�ed within
the agricultural land. Using remote sensing data, themain
indicator of abandonment was the occurrence of woody
vegetation in areas formerly used as agricultural land [28].
Following is the categorisation used for landscape ele-
ments:
1. Forests
2. Agricultural land

(a) Mosaic of traditional agricultural land (TAL)
(b) Large-scale arable �elds
(c) Permanent grasslands (PG)
(d) Non-forest woody vegetation

i. Continual spreading of registered forests
ii. Dispersed groups of trees and shrubs
iii. Strip ingrowths between individual areas of

agricultural land (balks)
iv. Ingrowths in watercourse lines
v. Ingrowths in road lines

3. Urban areas and strengthened roads

For mapping, auxiliary data was used. It was a polygo-
nal layer of registered forests from National Forest Cen-
tre. These data served especially for the di�erentiation of
forests and continually spreading non-forest vegetation.
The authors created vector layers of these landscape ele-
ments inArcGIS 10.2 (ESRI) environment andweprocessed
them in three stages.

At the�rst stage, the spatial representationof threeba-
sic landscape element categories was evaluated. The eval-
uation for each period was carried out.

At the second stage, the acquired data on agricultural
land and non-forest woody vegetation was analysed in
moredetail on thebasis of landscapemetrics.Most of them
are based onmathematical or statistical approaches. Prin-
ciples of landscape metrics were de�ned in several rele-
vant works [31–36] and applied in studies of di�erent re-

gions [37–39]. For this research six indeces have been cho-
sen that are focused on spatial composition of agricultural
land and non-forest woody vegetation:
– Total Area (TA) – equals the total area of the landscape

in hectares. It serves especially as a basis for other
computation.

– Class Area (CA) – is a measure of landscape composi-
tion; speci�cally how much of the landscape consists
of one particular patch type (in hectares).

– Number of Patches (NP) – represents number of indi-
vidual patches (polygons) of landscape elements. In-
creases or decreases in landscape heterogeneity.

– Mean Patch Size (MPS) – represents average patch
size. Decrease of this value points on fragmentation
of landscape mosaic.

– Patch Size Standard Deviation (PSSD) – equals the
square root of the sum of the squared deviations of
each patch area from themean patch size.When PSSD
= 0, all patches in the landscape are of the same size,
or there is only one patch of this class (i.e. there is no
variability in patch size).

– Mean Shape Index (MSI) – represents a shape com-
plexity. MSI is equal to 1 when all patches are circular
(for polygons) and it increases (without any limit) with
an increasing patch shape irregularity.

For calculation of landscape metrics we used an exten-
sion of ArcGIS (ESRI) software - Patch Analyst 5 (Centre for
Northern Forest Ecosystem Research).

At the last stage, the reforestation of the model area
was analysed. According to the de�nitions of the forest by
the Food and Agriculture Organization of the United Na-
tions (FAO)³, all the delimited polygons were divided into
two basic categories. First category was represented by ar-
eas de�ned as the forest; the second category included
other woody vegetation (groups of trees and shrubs).

4 Results and discussion

4.1 Landscape structure

Evaluation of the area of basic landscape elements pointed
on relatively little changes (Table 1). According to [40] a
similar scenario can be also seen in themodel area of East-
ern Germany. In all categories there were changes espe-

3 Food and Agriculture Organization of the United Nations, Forest
Resources Assessment Programme,Working paper 144/E - Terms and
De�nitions. Rome, Forestry Department of FAO, 2010, 27.
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Table 1: Presence of basic landscape element categories.

Forest Urban areas and strengthened roads Agricultural land Total

ha % ha % ha % ha %

1949 4036.57 66.13 99.22 1.63 1968.57 32.25 6104.36 100

1986 4100.51 67.17 137.19 2.25 1866.66 30.58 6104.36 100

2006 4104.13 67.23 137.26 2.25 1862.97 30.52 6104.36 100

Di�erence ’49 -’86 63.94 1.05 26.93 0.62 -101.91 -1.67 - -

Di�erence ’86 - ’06 3.62 0.06 0.07 0 -3.69 -0.06 - -

Di�erence ’49 - ’06 67.56 1.11 27 0.62 -105.6 -1.73 - -

cially in the period of 1949 – 1986. In the landscape struc-
ture of all periods, forests are predominant. Their pres-
ence increased by 1.11% (67.56 ha) during the observation
periods. On the contrary, agricultural land decreased by
1.73% (105.60 ha). The presence of urban areas and roads
changed only slightly.

4.2 Forms of agricultural land-use

After application of a more detailed division a relatively
considerable dynamics of changes within the agricultural
land in accord with [40] was observed. Within the mod-
elled area, elements of traditional agricultural land (TAL)
are represented by narrow-striped mosaic of permanent
grasslands and arable �elds. It was found that the mo-
saic of TAL andpermanent grassland formed the only form
of agricultural land-use in 1949 (before collectivisation).
Large-scale arable �elds were not in existence at all (Fig-
ure 2). Transformation into large-scale arable �elds or per-
manent grasslands started in the following years. It con-
�rms the �ndings [5, 8, 40, 41] about an in�uence of collec-
tivisation into traditional agricultural forms in Slovakia.
The spatial structure of agricultural land-use is expressed
bymeans of landscapemetrics in Table 2. According to our
�ndings, traditional mosaic forms formed 17.13% of agri-
cultural land in 1949 (CA). It equals 337.30ha. In the follow-
ing period their representation decreased up to 0.87%. It is
connected with a noticeable change of polygons number
(NP) and their average size (MPS). According to indexes
PSSD and MSI the polygons of traditional mosaic forms
had more similar area and more regular shape in 1986. A
trend of decreasing area was preserved for year 2006 but
only to a minimal extent. All the indexes achieved a very
moderate decrease. Representation of TAL decreased to
the level of 0.82% that is connected with another decrease
in the number of patches (NP). In accord with [40] it can
be stated that the extinction of TAL means the decrease of
spatial heterogeneity on cultivated land.

A similar type of TAL is also typical for another part of the
Poľana Biosphere Reserve, e. g. Hriňová, where TAL cre-
ates up to 50.99% of the agricultural land. We can also
�nd it in other parts of Slovakia, e.g. in Liptovská Teplička
(LowTatraMts.). There it represents 20.97%of agricultural
land [11]. However, such high levels of TAL are only iso-
lated cases. In general, low representation of TAL is typical
for present agricultural landscape in Slovakia. According
to [9] these structures cover together 42085 ha, what rep-
resents 0.9 % of the entire Slovakia.

Large-scale arable �elds appear only during and after
the period of collectivisation i.e. 1949. In 1986 it amounted
to 8.92% (166.43 ha) of the whole agricultural land area
in Ľubietová. From 1986 to 2006, it showed a decreas-
ing trend. However, the average size of a patch (MPS) has
increased. This implies that smaller patches disappeared
and at the same time, the di�erences in area of individual
patches (PSSD) as well as the irregularity of their shapes
(MSI) increased.

Permanent grasslands have the biggest proportion in
agricultural land in each period. Management of tradi-
tional and collectivised permanent grasslands is similar
[5]. At orthophoto it is practically not possible to distin-
guish between them. In this respect, collectivisation does
not represent a major factor. Also in this category it is pos-
sible to observe a decreasing trend of the area represen-
tation (CA) from 61.84% (1217.39 ha) in 1949 up to 42.82%
(797.79 ha) in 2006, the decrease being more obvious be-
tween 1949 and 1986. In this period the number of patches
(NP) that had similar area (PSSD) and more regular shape
(MSI) was increasing. Thus areas of permanent grasslands
are relatively fragmented. On the contrary, in the follow-
ing period their number decreased and average size (MPS)
slightly increased. The patches had similar area (PSSD),
however, their shape was more irregular (MSI). All these
point towards the disappearance of smaller patches of per-
manent grasslands. Thus patches size criterion plays an
important role in the process of abandonment. It is in
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Figure 2: Illustration of an agricultural land-use transformation at

orthophoto.

agreement with [42], who de�ned a small size of agricul-
tural areas as one of themain risk factors of abandonment.

4.3 Non-forest woody vegetation

The changes mentioned above are especially in�uenced
by the presence of non-forest woody vegetation that
is signi�cantly increasing. In the study area, there are
two categories of non-forest woody vegetation that are
mostly present. These are continual spreading of regis-
tered forests anddispersed groups of trees and shrubs. The
values are shown in Table 3. In 1949, groups of trees and
shrubs dominated in non-forest vegetation and they cov-
ered 11% of agricultural land (CA). There was a high num-

Figure 3: Illustration of spatial changes of landscape elements in

the model area.

ber of patches (NP) with an average size (MPS) of only 0.12
ha that had an eminent in�uence on the higher level of
agricultural land heterogeneity (Figure 3). In the following
period this category decreased, however, the index MPS
slightly increased. It points out the elimination of smaller
patches for reason of liquidation of agricultural land mo-
saic structures and the connection of patches (collectivi-
sation). This process is con�rmed also by the decrease in
balks (linear elements) by nearly a half during this period.
In accord with [40], it can be explained by the agricultural
intensi�cation that was accompanied by the formation of
large-scale arable �elds. In 2006, a moderate increase in
dispersed groups of trees and shrub areas was observed,
with higher increase in number of patches (NP) and lower
average size (MPS). It points to the new spreading process
of patches of non-forest woody vegetation and to an in-
crease in heterogeneity (Figure 3).

Later the increase in land heterogeneity leads to its �-
nal homogenisation. As a result of non-forest woody vege-
tation spreading, biotopes are disappearing [14]. Land veg-
etation is increasing; however, species richness is decreas-
ing [40].

Continual spreading of registered forests formed the
second most numerous category of non-forest woody veg-
etation in 1949. They covered 8.95% (176.23 ha). However,
in the following period this representation increased dra-
matically to 35.56% together with an increase in number
of patches (NP) and di�erences in their sizes (PSSD). The
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Table 2: Quanti�cation of agricultural land-use forms by landscape metrics.

Year Landscape element TA (ha)⁴ CA (ha) CA (%)⁵ NP MPS (ha) PSSD MSI

1949 Mosaic of TAL 1968.57 337.3 17.13 46 7.33 11.78 2.12

Permanent grasslands 1968.57 1217.39 61.84 146 8.34 50.13 3.16

Large-scale arable �elds 1968.57 0 0 0 - - -

1986 Mosaic of TAL 1866.66 16.27 0.87 11 1.48 1.07 1.62

Permanent grasslands 1866.66 891.79 47.77 222 4.02 18.66 2.39

Large-scale arable �elds 1866.66 166.43 8.92 23 7.24 8.04 1.4

2006 Mosaic of TAL 1862.97 15.36 0.82 8 1.92 0.97 1.58

Permanent grasslands 1862.97 797.79 42.82 198 4.03 18.19 2.5

Large-scale arable �elds 1862.97 150.38 8.07 19 7.91 9.55 1.45

4 total area of agricultural land including non-forest woody vegetation
5 percentage of the whole agricultural land area

same trend continued also in 1986 up to 2006, however,
at a moderate pace. The MPS value decreased. This points
out the new patches that are of smaller size. It is similar to
the category of dispersed groups of trees and shrubs. Com-
plete landscape metrics values of other non-forest woody
vegetation elements are presented in Table 3.

An eminent increase of non-forest woody vegetation
appeared already in the period of socialist agriculture. A
similar scenario was observed by [14] in regions of Latvia.
There can be several reasons of these processes such as
economic factors [43], demographic factors [44] and geo-
morphological factors [45]. The in�uence of collectivisa-
tion on the abandonment processes are con�rmed also by
the �ndings from Poland, where the abandonment level
was two-times higher on the collectivised land than on
the areas that remained as private property [46]. In the
model area, demographic factors, especially decrease in
the number of inhabitants, may also play an important
role. From 1949 to 2006, the number of inhabitants de-
creased of 733 (42.2%). The relationship between the de-
creasing number of inhabitants and the process of agri-
cultural land abandonmentwas also con�rmed in the East
Carpathian Biosphere Reserve [47].

4.4 Area reforestation

The last analysis shows the eminent increase in reforesta-
tion in themodel area (Table 4).Woody vegetation of forest
character on the agricultural land increased to 40.11% of
agricultural land especially in the period 1949-1986. How-
ever, already in 1949 this category covered only 16.11%
of agricultural land. After 1986 this trend continued with
an increase of 5.82%. In comparison with the research re-
alised in the East Carpathian Biosphere Reserve (it reaches

three countries: Slovakia, Poland and Ukraine) [48], it is a
relatively small increase. In the period of 1986 - 2000 [48]
noticed a reforestation increase to the level of 20.2% in the
Slovak part of the East Carpathian Biosphere Reserve.

The �ndings on reforestation increase are in accor-
dance with [49]. According to them, the permanent refor-
estation increase in the area of the Poľana Biosphere Re-
serve was occurring already since 1900.

Woody vegetation of a forest character covered almost
46% (855.70 ha) of all agricultural land in 2006. Thus the
forest area (Table 1) increased by 20.85%. In the entire Slo-
vakia, woody vegetation of a forest character covers 273
000 ha of the agricultural land; whichmeans that the area
of forest increased by 5.5 % [50].

Reforestation in the modelled area is much more in-
tensive comparing to the trend in Slovakia. Decrease in the
presence of other woody vegetation category is caused by
the transformation of these patches towoody vegetation of
a forest character.

5 Conclusions

Our results con�rm the �ndings of [2, 3, 51]. These prove
the disappearance of traditional agricultural forms and
also the eminent changes of landscape structure in the
period of collectivisation. At the same time, our �ndings
presented underline the seriousness of the phenomenon
of agricultural land abandonment [19, 41, 52–54] in the
territory of Slovakia. However, the results of the research
point out the problem in the area that should be an
excellent locality of harmony between human interests
and biodiversity conservation. The abandonment process
there exceeds the time frame of a transition from social-
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Table 3: Quanti�cation of non-forest woody vegetation by landscape metrics.

Year Landscape element TA (ha)⁶ CA (ha) CA (%)⁷ NP MPS (ha) PSSD MSI

1949 Continual spreading

of registered forests

1968.57 176.23 8.95 90 1.96 7.51 1.94

Dispersed groups of

trees and shrubs

1968.57 215.68 10.96 1765 0.12 1.08 1.47

Strip ingrowths

between individual

areas of agricultural

land (balks)

1968.57 8.09 0.41 97 0.08 0.14 2.42

Ingrowths in water-

course lines

1968.57 13.62 0.69 58 0.23 0.37 2.23

Ingrowths in road

lines

1968.57 0.26 0.01 4 0.06 0.03 1.91

Total - 413.88 21.02 2014 - - -

1986 Continual spreading

of registered forests

1866.66 663.73 35.56 209 3.18 14.5 2.52

Dispersed groups of

trees and shrubs

1866.66 110.82 5.94 717 0.15 0.81 1.45

Strip ingrowths

between individual

areas of agricultural

land (balks)

1866.66 4.29 0.23 44 0.1 0.07 2.21

Ingrowths in water-

course lines

1866.66 10.51 0.56 10 1.05 0.91 3.03

Ingrowths in road

lines

1866.66 2.83 0.15 31 0.09 0.09 2

Total - 792.18 42.44 1011 - - -

2006 Continual spreading

of registered forests

1862.97 765.97 41.12 260 2.95 19.93 2.51

Dispersed groups of

trees and shrubs

1862.97 115.26 6.19 958 0.12 1.22 1.37

Strip ingrowths

between individual

areas of agricultural

land (balks)

1862.97 4.19 0.23 40 0.1 0.07 2.21

Ingrowths in water-

course lines

1862.97 10.75 0.58 6 1.79 1.7 3.3

Ingrowths in road

lines

1862.97 3.26 0.18 46 0.07 0.09 1.94

Total - 899.44 48.28 1310 - - -

6 total area of agricultural land including non-forest woody vegetation
7 percentage of the whole agricultural land area
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Table 4: Overview of a reforestation on agricultural land.

Year Woody vegetation of a forest character Other woody vegetation

ha %⁸ ha %
8

1949 317.2 16.11 96.68 4.91

1986 748.71 40.11 43.47 2.33

2006 855.7 45.93 43.73 2.35

Di�erence ’49 -’86 431.51 24 -53.21 -2.58

Di�erence ’86 - ’06 106.99 5.82 0.26 0.02

Di�erence ’49 - ’06 538.5 29.82 -52.95 -2.56

8 percentage of the whole agricultural land area

ist agriculture to market economy. The actual terrain ex-
ploration proves continuous succession spreading on the
abandoned agricultural areas. These were not revitalised.
The abandonment process in other areas of Ľubietová is
currently not in progress.
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