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1. BACKGROUND AND OBJECTIVES
1.1 The significance of the research topic
Agricultural extensification and associated land abandonment and rural
depopulation can be observed worldwide (Bazzaz 1975, Pascarella et al.
2000, Hölzel et al. 2002, Gellrich and Zimmermann 2007). While succession
on arable lands following abandonment has been widely documented
(Harmer et al. 2001, Chinea 2002, Howard és Lee 2003, Mottet et al. 2006),
abandoned residential areas (villages, farmsteads) have generally been
overlooked.
Land-use change is a major phenomenon in Hungary as well, especially in
the Duna-Tisza Interfluve, due to a decline in the water table and
socioeconomic changes (Pálfai 1994). In the Great Hungarian Plain, the
number of people living outside cities and villages declined from 1.1 million
after the World War II to 200,000 in 1990 (Duró 2004). A decline in the
rural population and small-scale farming, as well as an associated land and
farmstead abandonment, started after the World War II, accelerated in the
1960s and 1970s, and continues today. Between 1990 and 2005, 10,000–
12,000 farmsteads were abandoned in this region (Csatári and Kanalas 2006),
and a further 20,000-25,000 may be abandoned in the near future (Czene and
Jávor 2006).
We hypothesize that abandoned farmsteads are heavily transformed unique
habitats characterised by a vegetation and successional development that are
different from those of the surrounding landscape.
The Duna-Tisza Interfluve region provides an excellent setting for studying
the effects of changing land use and rural depopulation due to its changing
agriculture and rapidly disappearing rural farmsteads. Many of these
abandoned farmsteads are still identifiable elements in the landscape based
on their remains (buildings, walls, piles of collapsed buildings). Different
times since farmstead abandonment makes it possible to study the
importance of time since abandonment for vegetation recovery. Furthermore,
the contrasting land-use types in the region such as active agricultural areas
and natural grasslands provide a nice setting for assessing the importance of
surrounding landscape.
While vegetation of abandoned agricultural fields has previously been
explored in the region (Csecserits and Rédei 2001, Csecserits et al. 2007,
Ruprecht et al. 2007, Csecserits et al. 2011), no study so far has documented
the vegetation of abandoned farmsteads.
1.2 Aims
The objective of our work was to assess the present state and vegetation of
farmsteads abandoned in the past decades in Duna-Tisza Interfluve. In three
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independent research projects we investigated (1) the persistence and
landscape-scale spread of cultivated plants following abandonment, (2) the
effect of time since abandonment and the surrounding landscape on the
vegetation of abandoned farmsteads, and (3) the vegetation of special
microhabitats of abandoned farmsteads (ruins, yards, oldfields), and how this
is affected by black locust (Robinia pseudoacacia) invasion.
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2. METHODS
2.1 Present state and cultivated species of abandoned farmsteads and
the spread of cultivated species in the surrounding landscape
In the first study, we examined the current state of abandoned farmsteads
and the persistence of planted cultivated plants on 240 farmsteads abandoned
between 1956 and 2005 in the Duna-Tisza Interfluve, and the spread of these
species in the surrounding landscape.
Four study sites (Tázlár, Soltvadkert, Orgovány, Fülöpháza; 36 km2 each),
were selected in the centre of the region. Sites include all major habitat types
of the region (natural grasslands, natural forests, old fields, forest plantations,
and arable lands) in each site.
The earliest map that showed individual farmsteads from 1956 was used as
a starting point to locate once existing farmsteads in the landscape. Of these
farmsteads, we identified those that were abandoned by 2005 using highresolution aerial photos taken in 2005, and subsequently ground truthed their
status in 2007.
To assess the time of abandonment for each farmstead, we checked archive
maps and aerial photos between 1956 and 2005. Based on these maps (1956,
1978, 1989) and aerial photos (2005), we determined the number of active
farms at each of these 4 years, and estimated the time of abandonment for
each of the surveyed farmstead. This resulted in three age classes for
abandoned farmsteads:
(1) abandoned between 1956 and 1978 (old farmsteads);
(2) abandoned between 1978 and 1989 (medium-aged farmsteads);
(3) abandoned between 1989 and 2005 (young farmsteads).
We randomly selected 60 farmsteads per site (a total of 240) that were
abandoned between 1956 and 2005. In each farmstead we classified their
state as (1) building remains (buildings, walls), (2) mounds of collapsed
buildings, and (3) converted to some other land-use type (ploughed). In total,
190 were scored as categories 1 and 2, and 50 were ploughed and converted
to vineyards, cropland, or forest plantations (category 3).
We recorded all cultivated alien species, including agricultural, ornamental,
amenity species at all the 190 unploughed farmsteads in 2007.
To assess the occurrence of cultivated species outside farmsteads, we used
vegetation plots from a previous study (Csecserits et al. 2011) sampled at the
same four sites, that covered all major non-arable habitat types (natural
grasslands, natural forests, old fields, forest plantations).
We tested if the number of cultivated species in vegetation plots was
related to nearby farmstead density, distance to the nearest village, or
distance to the nearest road, as these landscape elements may be sources of
spreading cultivated species.

We used generalized linear mixed models (GLMM), χ2-test and Tukey’s
post hoc test in statistical analyses.
2.2 Vegetation of abandoned farmsteads in relation to the time since
abandonment and the surrounding landscape
In the second study we surveyed the vegetation of 72 abandoned
farmsteads and paired control sites in relation to the time since abandonment
and the surrounding landscape. We focused on three farmstead types: (1)
abandoned recently (1989-2005) in agricultural landscapes, (2) abandoned
recently (1989-2005) in natural landscapes, and (3) abandoned long ago
(1956-1978) in natural landscapes.
In 2008, we recorded all species and estimated their cover in 20 m × 20 m
plots centered on the farmstead yard, which could be identified in the field
based on buildings, ruins, or piles of loam from the adobe walls. Next to
each farmstead, a paired control plot was chosen and sampled the same way
in the most natural adjacent habitat (Németh and Seregélyes 1989), 20 m
distance from the farmstead boundary. In natural landscapes paired control
plots were sampled in primary or secondary grasslands, whereas in
agricultural landscapes in vineyards or arable lands (Medicago sativa,
Panicum miliaceum).
We used analysis of variance (ANOVA), permutational multivariate
analysis of variance (PERMANOVA), generalized linear models (GLM),
and Tukey’s post hoc test in statistical analyses.
2.3 Vegetation of microhabitats on abandoned farmsteads, and the
effects of black locust (Robinia pseudoacacia) invasion
In the third study, we compared the vegetation of microhabitats (ruins,
yards, oldfields) on 60 farmsteads abandoned between 1956 and 1978,
including 30 treeless abandoned farmsteads (covered only by herbaceous
vegetation) and 30 invaded abandoned farmsteads, overgrown by the
invasive black locust (Robinia pseudoacacia).
In 2009, we recorded all species and estimated their cover in 5 m × 3 m
plots centered on the farmstead ruin. Next to each ruin, the yard plot was
sampled the same way on the farmstead yard, 1 m distance from the ruin.
Oldfield plot was chosen and sampled the same way in the farmstead
oldfield, 20 m distance from the ruin.
Three soil samples were collected and mixed within each plot. Soil samples
were analyzed for texture (percent sand, silt, and clay), pH-H2O, H%, humus
content (%), ammonium lactate soluble available phosphorus (Al-P2O5, mg
kg-1), potassium (Al-K2O, mg kg-1), available nitrate (NO3-N, mg kg-1) and
ammonium (NH4-N, mg kg-1), and CaCO3 (%) content according to the
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standards of the Magyar Szabványügyi Testület (1978, 1999).
We used linear mixed effects models (LME) and Tukey’s post hoc test in
statistical analyses.
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3. RESULTS
3.1 Present state and cultivated species of abandoned farmsteads and
the spread of cultivated species in the surrounding landscape
The rate of farmstead abandonment
We examined the number of active farmsteads through time (1956-2005)
on the four study sites. We found that farmstead density varied considerably
among sites, but decreased steadily through time at all sites, with the average
density decreasing from 8.1/km2 in 1956 to 3.8/km2 in 2005.
The fate of abandoned farmsteads
Over half of the recently abandoned (after 1989) farmsteads had building
remains in 2007, whereas few (2.2%) old farmsteads (abandoned before
1978) had building remains. Only about 30% of the old farmstead sites were
ploughed following abandonment and thus subject to major land-use change,
with all the others being simply set aside and not used intensively.
The number of persisting cultivated species as a function of time of
abandonment
The number of cultivated species on abandoned farmsteads was negatively
related to the time since abandonment, with more cultivated species
occurring at young (abandoned in 1989-2005) and medium-aged (abandoned
in 1978-1989) farmsteads compared to old ones (abandoned in 1956-1978).
Old farmsteads harboured an average of seven species compared to about ten
species at young and medium-aged abandoned farmsteads which did not
differ in the number of cultivated species. We found a total of 77 cultivated
species at the 190 abandoned farmsteads, including 56 woody species. A
total of 39 species occurred at farmsteads abandoned at least 30 years ago.
Spreading of cultivated species
Eleven cultivated species were observed to occur outside farmsteads, in
plots sampled in the surrounding landscape. These were Morus alba, Ribes
aureum, Juglans regia, Persica vulgaris, Ailanthus altissima, Armeniaca
vulgaris, Gleditsia triacanthos, Acer negundo, Eleagnus angustifolia,
Parthenocissus inserta, and Hedera helix. All these species occurring
outside farmsteads were woody.
The number of cultivated species found in the surrounding landscape
differed among major habitat types, with the highest numbers found in forest
plantations, and lowest numbers in old fields and grasslands. The number of
cultivated species in forest plantations was positively related to the number
of farmsteads within 500 m, but was not related to the distance from the
nearest village and distance from the nearest road.
8

The survival and persistence of cultivated species at abandoned
farmsteads
We found many (77) cultivated species that survived the cessation of
cultivation, but they form a heterogeneous group that can be subdivided
based on survival time following abandonment and spreading ability.
First, species that are confined to young abandoned farmsteads (e.g. Malus
domestica, Pyrus communis, Tulipa gesneriana, Narcissus poeticus, Iris
germanica). These species constitute only the short-term legacy of human
habitation.
Second, species that are confined to farmsteads, but are still there decades
after abandonment (old farmsteads) (e.g. Syringa vulgaris, Prunus domestica,
Yucca filamentosa, Spirea × vanhouttei). After the deterioration of buildings,
these species may, in fact, serve as the only remaining marker or
‘‘memento’’of once existing farmsteads.
Third, species that also occurred outside farmsteads, within habitats that
they had not been planted, have reached the final invasion stage: landscape
spread (Theoharides and Dukes 2007), and pose the greatest threat (e.g.:
Morus alba, Juglans regia, Ailanthus altissima, Gleditsia triacanthos).
3.2 Vegetation of abandoned farmsteads in relation to the time since
abandonment and the surrounding landscape
The effect of surrounding landscape and time of abandonment on the
fate of abandoned farmsteads
Less than half (41%) of the farmsteads abandoned in 1956-1978 in
agricultural landscapes remained unplowed by 2007, while the vast majority
(91-98%) of recently abandoned farmsteads in agricultural landscape and
recently abandoned and long-ago abandoned farmsteads in natural
landscapes were just set aside and remained unplowed.
Woody and herbaceous species at abandoned farmsteads
The cover of woody species was higher in farmsteads than in neighboring
control plots. Woody cover was also affected by farmstead type, with the
recently abandoned farmsteads in natural landscapes having higher woody
cover than long-ago abandoned farmsteads in natural landscapes. The most
abundant woody species of abandoned farmsteads were Robinia
pseudoacacia, Morus alba, and Ailanthus altissima.
In farmsteads abandoned in 1989-2005, the cover of herbaceous species
was higher than in control plots in both agricultural and natural landscapes.
In farmsteads abandoned in 1956-1978, herbaceous cover did not differ
between farmsteads and controls. The cover of herbaceous species was
similar in each farmstead type. The most abundant herbaceous species of
9

abandoned farmsteads were Elymus repens, Bromus sterilis, and Poa
angustifolia.
Non-native species at abandoned farmsteads
In natural landscapes, the cover of non-native species was much higher on
abandoned farmsteads than in control plots for both long-ago and recently
abandoned farmsteads. In agricultural landscapes, there was no significant
difference between farmsteads and control plots. The cover of non-native
species was higher in farmsteads abandoned in 1989-2005 compared to those
abandoned in 1956-1878. The most abundant non-native species of
abandoned farmsteads were Robinia pseudoacacia, Bromus sterilis, and
Morus alba.
The number of non-native species was higher in abandoned farmsteads
than in control plots for all farmstead types. In natural landscapes, nonnative species numbers were lower in farmsteads abandoned long ago (19561978) than in farmsteads abandoned recently (1989-2005).
Native species at abandoned farmsteads
In agricultural landscapes, the cover of native species was significantly
higher in abandoned farmsteads than in the controls, but in natural
landscapes there was no difference between abandoned farmsteads and
controls. The cover of native species on abandoned farmsteads was similarly
high in each farmstead type. The most abundant native species of abandoned
farmsteads were Elymus repens, Poa angustifolia, and Cynodon dactylon.
In natural landscapes, farmsteads and control plots had similar number of
native species. In agricultural landscape, the number of native species was
higher in farmsteads than in control plots. The number of native species in
farmsteads was lowest in agricultural landscapes, intermediate in natural
landscapes at recently abandoned farmsteads, and highest in natural
landscapes at farmsteads abandoned long ago.
Target species (characteristic species of natural habitats in the region)
In agricultural landscapes, the cover of target species was higher in
abandoned farmsteads than in the controls, while in natural landscapes it was
lower at farmstead than in controls at recently abandoned farmsteads and
there was no difference at long-ago abandoned farmsteads. The cover of
target species was higher at long-ago abandoned farmsteads compared to
recently abandoned ones, irrespective of landscape type.
In agricultural landscapes farmsteads were richer in target species
compared to paired control sites, while in natural landscapes recently
abandoned farmsteads were poorer in target species than the control plots.
Farmsteads adandoned long ago, had similar number of target species as
their control sites. The number of target species was highest at long-ago
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abandoned farmsteads in natural landscapes, intermediate in recently
abandoned farmsteads in natural landsapes, and lowest at recently abandoned
farmsteads in agricultural landscapes.
3.3 Vegetation of microhabitats of abandoned farmsteads, and the
effects of black locust (Robinia pseudoacacia) invasion
Native herbaceous species
In treeless microhabitats the cover of native herbaceous species was highest
at ruins, intermediate at yards and lowest at oldfields. No differences were
found among woody microhabitats in the cover of native herbaceous species,
and it was similar to the treeles oldfields.
Non-native herbaceous species
In treeless microhabitats the cover of non-native herbaceous species was
extremely low at ruins and yards, and relatively high at oldfields. No
differences were found among woody microhabitats in the cover of nonnative herbaceous species, and it was much higher than in treeless
microhabitats.
Open sand grassland species
In treeless microhabitats the cover of open sand grassland species was
extremely low at ruins, intermediate at yards and high at oldfields. No
differences were found among woody microhabitats in the cover of open
sand grassland species, and it was as low as at the treeles ruins.
Closed sand grassland species
In treeless microhabitats the cover of closed sand grassland species was
very high at ruins, whereas it was much lower, but similar at yards and
oldfields. No differences were found among woody microhabitats in the
cover of closed sand grassland species, and it was as low as in the treeles
oldfields.
3.4 Most important new results
(1)

We systematically assessed the present state and vegetation of
abandoned farmsteads. We showed that farmstead density declined to
less than half between 1956 and 2005 in the Duna-Tisza Interfluve. We
found that in natural landscapes the vast majority of farmsteads were
still identifiable (remained unplowed), irrespective of time since
abandonment. In agricultural landscapes the vast majority of recently
abandoned farmsteads were still identifiable, while more than half of
11

(2)

(3)

(4)

(5)

(6)

(7)

(8)
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the old abandoned farmsteads were completely destroyed, and were
converted to a different land-use.
By examining farmsteads abandoned between 1956 and 2005 in the
Duna-Tisza Interfluve, we showed that the number of cultivated
species on abandoned farmsteads depended on the time since
abandonment: the young and middle-aged abandoned farmsteads
harboured more cultivated species than older ones. At the same time,
many planted species occurred in similar frequency in long-ago and
recently abandoned farmsteads, which indicates that these species can
persist in the long run at abandoned farmsteads.
Furthermore, by analysing vegetation samples from the surrounding
landscape, we found that some of these cultivated species also
occurred outside farmsteads, in areas where they had not been planted,
most often in tree plantations. In addition, the number of escaped
cultivated species occurring in tree plantations was positively related to
farmstead density, suggesting a prominent role of farmsteads as a
source.
We showed that abandoned farmsteads had higher woody cover and
higher number of non-native species than control sites irrespective of
landscape context and time of abandonment. This indicates that
abandoned farmsteads serve as hot spots of non-native species. Longago abandoned farmsteads had lower number and cover of non-native
species and more native species than recently abandoned farmsteads,
which shows a recovery towards natural communities.
Farmsteads in agricultural landscapes had fewer native species than
farmsteads in natural landscapes. However, these low numbers were
still much higher than that found in the paired control plots
(agricultural land), suggesting that in agricultural landscapes,
abandoned farmsteads also often provide refuge for the native flora.
By comparing the vegetation of microhabitats (ruins, yards, oldfields)
on farmsteads abandoned between 1956 and 1978, we found that soil
and vegetation of the treeless farmsteads strongly differed from their
surroundings even decades after abandonment: the loamy mounds of
collapsed buildings were characterized by the occurrence and even
dominance of closed grassland species.
We also showed that although farmstead are strongly transformed
habitats of the landscape, the treeless ruins and yards had very low
cover of non-native species, and thus had a more natural vegetation
than the surrounding oldfields.
However, when farmsteads were covered by the invasive black locust,
differences among microhabitats (ruins, yards, oldfields) disappeared,
the herbaceous vegetation was a homogeneous layer rich in non-native
species.

4. CONCLUSIONS AND RECOMMENDATIONS
4.1 Present state and cultivated species of abandoned farmsteads and
the spread of cultivated species in the surrounding landscape
The decline in farmstead density we quantified parallels observed trends of
rural depopulation throughout Europe (Csatári and Kanalas 2006, Plieninger
2006). Based on the average abandonment of 4.3 farmsteads/km2 in the last
50 years, we roughly estimate that there are 30,000 abandoned farmsteads
across the 7,400 km2 of the Duna-Tisza Interfluve region.
Even if some of the abandoned farmstead locations were converted to a
different land-use and thus were completely destroyed, most of them – in our
study area about 80% of all abandoned farmsteads or 67% of old farmsteads
– were still identifiable.
The tens of thousands of abandoned farmsteads scattered throughout the
region, each harbouring 7–11 alien plant species that have survived
abandonment, provide an ideal setting for both long-term persistence and
spread of potentially invasive species.
The presence of species in habitats where they were not planted, combined
with the positive relationship documented between farmstead density and the
number of cultivated species, suggests that some of these cultivated species
do spread in the landscape and farmsteads may be the source. These
spreading species may constitute the landscape-scale legacy of declining
rural settlements.
4.2. Vegetation of abandoned farmsteads in relation to the time since
abandonment and the surrounding landscape
Abandoned farmsteads had much higher cover of woody species than
neighboring control areas, which is in agreement with higher woody cover of
residential areas recorded in treeless agricultural landscapes (Knapp et al.
2010, Hiron et al. 2013). The high woody cover of farmsteads is due to the
survival of intentionally introduced (planted) woody species. This high
woody cover at farmsteads is a very different situation compared to
abandoned arable lands and pastures, where woody cover is typically very
low during the early stages of the succession (Rivera et al. 2000, Harmer et
al. 2001, Dahlström et al. 2010).
The number of non-native species was significantly higher in abandoned
farmsteads compared with control plots, primarily due to the great number of
the intentionally introduced horticultural, ornamental, and amenity species.
Since many of these species survive or persist following abandonment,
these farmsteads show the legacy of previous human activities, similar to
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other abandoned and regenerating habitats that contain more alien species
than undisturbed habitats (Hobbs 1989, Lonsdale 1999, Lugo and Helmer
2004, Colon and Lugo 2006, DeGasperis and Motzkin 2007, Von Holle and
Motzkin 2007).
We found that native species and target species were present in remarkable
number and abundance in abandoned farmsteads, which suggests a
considerable regeneration potential. Although abandoned farmsteads are
usually considered as degraded secondary habitats with high abundance of
non-native species, our data indicates that they are also potential habitats for
the survival and establishment of native species. Abandoned residential areas
may recover into valuable secondary ecosystems (Dambrine et al. 2007,
Vojta 2007, Hejcman et al. 2013), similar to old-fields (Jongepierová et al.
2004, Ruprecht 2006, Csecserits et al. 2007) and pastures (Aide et al. 1996,
Muniz-Castro et al. 2006), although the outcome of this recovery may
depend on several factors such as time and the surrounding landscape.
The cover of woody species was lower at long-ago abandoned farmsteads
than at recently abandoned ones in natural landscapes, which indicates
convergence between these sites and the control plots, consistent with the
vegetation of the region (forest-steppe; Zólyomi 1973-1974). Herbaceous
species had a similar cover in long-ago and recently abandoned farmsteads,
probably because enrichment in soil nutrients is often maintained long after
abandonment (Dambrine et al. 2007, Vojta 2007, Muchiru et al. 2009,
Hejcman et al. 2013).
Both the number and cover of non-native species were lower at farmsteads
abandoned long ago, which is in accordance with observations on old-fields
(e. g. Pascarella et al. 2000, Matlack and Schaub 2011). Some non-native
species were sensitive to the lack of cultivation and declined sharply
following abandonment, while others had similar cover in long-ago and
recently abandoned farmsteads. In fact, some of these latter species, such as
Robinia pseudoacacia, Ailanthus altissima, Acer negundo, are considered
invasive alien plants in Europe (Lambdon et al. 2008a) and also in Hungary
(Balogh et al. 2004). Accordingly, these species may not decline, but rather
expand in the future, and may thus negatively affect or arrest secondary
succession The high number and scattered distribution of abandoned
farmsteads in the landscape provide a favourable situation for the future
spread of these species (Sax and Brown 2000, Lockwood et al. 2005).
While time since abandonment had little influence on native species cover
in abandoned farmsteads, cover of target species was significantly higher on
long-ago abandoned farmsteads than on younger ones. However, long-ago
abandoned farmsteads had higher numbers of native and target species,
suggesting a time effect on the number of colonizing species and an
increasing ‘naturalness’.
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This increasing number of native and target species coupled with the
declining cover and number of non-native species through time suggests that
these sites are on the way to recovery, and may become similar to natural
ecosystems in the long run. These results are in agreement with observations
on old-fields, where an increase in native species has often been reported
through time (Ruprecht 2006, Csecserits et al. 2007).
Studies on settlements abandoned for several decades (Vojta 2007) or
almost two millennia ago (Dambrine et al. 2007) found that human
residential areas may become very similar to natural habitats in the long run.
On the other hand, our finding that even long-ago abandoned farmsteads
support a high amount of non-native cover suggests that these sites are a
mixture of native and non-native species, and may thus be considered as
novel ecosystems (Hobbs et al. 2006).
Woody and herbaceous cover, as well as the cover of non-native species,
were not affected by landscape type (agricultural vs. natural), indicating that
these farmsteads are similar habitats with similar productivity and history.
Nevertheless, we found clear differences between vegetation cover of nonnatives at farmsteads and their surrounding agricultural or natural
landscapes. In the agricultural landscape, non-native cover was similar in
magnitude at farmsteads and control plots due to the non-native crops in the
controls. In contrast, farmsteads in natural landscapes were clearly a hot spot
of non-native species compared to their respective controls.
The cover of native and target species was not affected by landscape type
(agricultural vs. natural), but the number of native and target species was
higher in natural landscapes compared with agricultural landscapes,
suggesting a positive effect of natural landscapes as a source of colonizing
native species. This is in agreement with reports from many recovering
ecosystems (Chinea 2002, White et al. 2004, Pueyo and Alados 2007, Öster
et al. 2009).
In farmsteads in natural landscapes, the number of native and target species
was similar to that of control plots, whereas in farmsteads in agricultural
landscapes the number of native and target species was far above that in the
control plots. In agricultural landscapes, these farmsteads provide the only
refuge to the native flora. This indicates that in agricultural landscapes these
degraded and secondary habitats can be considered as native diversity hot
spots and may have a conservation value, similar to old manor parks (Liira et
al. 2012) and sacred sites (Fournier 2011).
4.3 Vegetation of microhabitats of abandoned farmsteads, and the
effects of black locust (Robinia pseudoacacia) invasion
In case of treeless abandoned farmsteads, the vegetation of microhabitats
(ruins, yards, oldfields) strongly differed from each other. The vegetation of
15

farmstead yards was in intermediate position between ruins and oldfields in
every respect, but usually more similar to oldfields. Vegetation of ruins
diferred from the other microhabitats due to the differences in soil
characteristics. Soil of the ruins (loamy mounds) strongly differed from the
other two microhabitats: we found much higher silt, clay, calcium-carbonate,
humus, nitrate content in the ruin plots compared to the yards and oldfields.
Thus, vegetation of the loamy mounds of collapsed buildings strongly
differed from their surroundings even decades after abandonment, probably
because altered soil conditions and enrichment in soil nutrients is often
maintained long after abandonment. Similar results was reported by
Hejcman et al. (2013) in case of abandoned medieval settlement in the Czech
Republic and Closset-Kopp and Decocq (2015) on medieval artificial
habitats (mounds) in France.
Cover of native herbaceous species was the highest on farmstead ruins, and
cover of non-native herbaceous species was very low on ruins and yards
compared to the olfields, indicating that although farmsteads are strongly
transformed habitats of the landscape, farmstead ruins and yards had a more
natural vegetation than the surrounding oldfields.
We found that farmstead ruins had very low cover of open sand grassland
species but very high cover of closed sand grassland species compared to the
yards and oldfields. This results are interesting because closed sand
grasslands are in decline in the region (Biró 2003, Biró et al. 2013), and their
regeneration potential is very low (Molnár et al. 2011, Szitár et al. 2014).
We found that in case of farmsteads covered by the invasive black locust
(Robinia pseudoacacia), the vegetation of microhabitats (ruins, yards,
oldfields) did not differ from each other. No differences were found among
the woody microhabitats (ruins, yards, oldfields) in herbaceous total cover,
native- and non-native herbaceous species cover, open- and closed sand
grassland species cover. These results show that the invasion of black locust
resulted in deteriorated differences between local habitats, and thus caused
biotic homogenisation (Olden 2006, Lambdon et al. 2008b).
The cover of native herbaceous species was lower and the cover of nonnative herbaceous species was much higher on woody microhabitats than on
treeless microhabitats. Within resistant ecosystems on nutrient-poor soils, the
introduction of nitrogen-fixing black locust results in ‘islands of invasion’:
non-native species richness and cover are significantly higher under Robinia
stands than in native habitats (Von Holle et al. 2006).
In accordance with the decrease of native species, the cover of open and
closed sand grassland species was much lower in woody microhabitats than
on treeless ones, probably because black locust transforms its habitat
considerably (Richardson et al. 2000, Balogh et al. 2004, Botta-Dukát et al.
2004, Pyšek et al. 2004b). Its efficient water intake possibility, increased soil
nutrient content, and the allelopathic effects result in low species richness of
16

the herb layer, which is dominated by nitrophilous plants (Matus et al. 2003,
Bartha et al. 2008, Vitková et al. 2017).
In conclusion, abandoned farmsteads are unique habitats that significantly
differ from their surroundings. Their scattered distribution in the landscape
further increases their importance in hosting and spreading non-native
species and providing refuge for native species. As the relative importance of
these two parallel processes depends on the landscape context, abandoned
farmsteads have contrasting conservation value in different landscapes.
Abandoned farmsteads are characterised by a high diversity of microhabitats,
which is easily erased and homogenised by spreading invasive species.
Overall, our results show that even if the traditional small-scale farmingsystem is declining in the study region, farmsteads leave a diverse and longterm legacy on the landscape, and contribute to landscape-level biodiversity.

17

5. REFERENCES
ÁNGYÁN J., ÓNODI G., TANKA E. (2004): A magyar vidék lehetséges
jövőképe és fejlesztésének feladatai. In: A Falu, 21 (1) 11–18. p.
AIDE T.M., ZIMMERMAN J.K., ROSARIO M., MARCANO H. (1996):
Forest recovery in abandoned cattle pastures along an elevational gradient
in northeastern Puerto Rico. In: Biotropica, 28, 537–548. p.
BALOGH L., DANCZA I., KIRÁLY G. (2004): A magyarországi
neofitonok időszerű jegyzéke és besorolásuk inváziós szempontból. 61–92.
p. In: MIHÁLY B., BOTTA-DUKÁT Z. (Szerk.): Biológiai inváziók
Magyarországon. Özönnövények. Budapest: Természetbúvár Alapítvány
Kiadó, 409 p.
BAZZAZ F.A. (1975): Plant species diversity in old-field successional
ecosystems in southern Illinois. In: Ecology, 56, 485–488. p.
BARTHA D., CSISZÁR Á., ZSIGMOND V. (2008): Black locust (Robinia
pseudoacacia L.). 63-76. p. In. BOTTA-DUKÁT Z., BALOGH L. (Szerk.):
The most important invasive plants in Hungary. Vácrátót: HAS Institute of
Ecology and Botany, 255 p.
BIRÓ M. (2003): Pillantás a múltba: A Duna-Tisza közi homokbuckások
tájtörténete az elmúlt kétszázötven évben. 71–82. p. In: MOLNÁR ZS.
(Szerk.): A Kiskunság száraz homoki növényzete. Budapest:
Természetbúvár Alapítvány Kiadó, 159 p.
BIRÓ M., SZITÁR K., HORVÁTH F., BAGI I., MOLNÁR ZS. (2013):
Detection of long-term landscape changes and trajectories in a Pannonian
sand region: comparing land-cover and habitat-based approaches at two
spatial scales. In: Community Ecology, 14, 219–230. p.
BOTTA-DUKÁT Z., BALOGH L., SZIGETVÁRI CS., BAGI I., DANCZA
I., UDVARDY L. (2004): A növényi invázióhoz kapcsolódó fogalmak
áttekintése, egyben javaslat a jövőben használandó fogalmakra és
definícióikra. 35–59 p. In: MIHÁLY B., BOTTA-DUKÁT Z. (Szerk.):
Biológiai
inváziók
Magyarországon.
Özönnövények.
Budapest:
Természetbúvár Alapítvány Kiadó, 409 p.
CHINEA J.D. (2002): Tropical forest succession on abandoned farms in the
Humacao Municipality of eastern Puerto Rico. In: Forest Ecology and
Management, 167, 195–207. p.
CLOSSET-KOPP D., DECOCQ G. (2015): Remnant Artificial Habitats as
Biodiversity Islets into Forest Oceans. In: Ecosystems, 18, 507–519. p.
COLON S.M., LUGO A.E., (2006): Recovery of a subtropical dry forest
after abandonment of different land uses. In: Biotropica, 38, 354–364. p.
CZENE ZS., JÁVOR K., (2006): A tanyák: XXI. századi végváraink –
Helyzetkép a homokhátsági tanyákról. In: A falu, 21, 13–25. p.
CSATÁRI B. (2006): Az A falu tematikus száma elé. In: A falu, 21 (2) 5–11.
p.
18

CSATÁRI B., KANALAS I. (2006): A homokhátsági tanyák jelene és
területi jellemzőik. In: A falu, 21 (2) 27–34. p.
CSECSERITS A., RÉDEI T. (2001): Secondary succession on sandy oldfields in Hungary. In: Applied Vegetation Science, 4, 63–74. p.
CSECSERITS A., SZABÓ R., HALASSY M., RÉDEI T. (2007): Testing
the validity of successional predictions on an old-field chronosequence in
Hungary. In: Community Ecology, 8, 195–207. p.
CSECSERITS A., CZÚCZ B., HALASSY M., KRÖEL-DULAY GY.,
RÉDEI T., SZABÓ R., SZITÁR K., TÖRÖK K. (2011): Regeneration of
sandy old-fields in the forest-steppe region of Hungary. In: Plant
Biosystems, 145, 715–729. p.
DAHLSTRÖM A., RYDIN H., BORGEGÅRD S-O. (2010): Remnant
habitats for grassland species in an abandoned Swedish agricultural
landscape. In: Applied Vegetation Science, 13, 305–314. p.
DAMBRINE E., DUPOUEY J.L., LAUT L., HUMBERT L., THINON M.,
BEAUFILS T., RICHARD H. (2007): Present forest biodiversity patterns
in France related to former Roman agriculture. In: Ecology, 88, 1430–1439.
p.
DEGASPERIS B.G., MOTZKIN G., (2007): Windows of opportunity:
Historical and ecological controls on Berberis thunbergii invasions. In:
Ecology, 88, 3115–3125. p.
DURÓ A. (2004): Szállások, tanyák, szórványok. In: A Falu, 19 (1) 97–104.
p.
FOURNIER A. (2011): Consequences of wooded shrine rituals on
vegetation conservation in West Africa: a case study from the Bwaba
cultural area (West Burkina Faso). In: Biodiversity and Conservation, 20,
1895–1910. p.
GELLRICH M., ZIMMERMANN N.E. (2007): Investigating the regionalscale pattern of agricultural land abandonment in the Swiss mountains: a
spatial statistical modelling approach. In: Landscape and Urban Planning,
79, 65–76. p.
HARMER R., PETERKEN G., KERR G., POULTON P. (2001): Vegetation
changes during 100 years of development of two secondary woodlands on
abandoned arable land. In: Biological Conservation, 101, 291–304. p.
HIRON M., BERG A., EGGERS S., PÄRT T. (2013): Are farmsteads overlooked biodiversity hotspots in intensive agricultural ecosystems? In:
Biological Conservation, 159, 332–342. p.
HEJCMAN M., KARLÍK P., ONDRÁČEK J., KLÍR T. (2013): Short-Term
Medieval Settlement Activities Irreversibly Changed Forest Soils and
Vegetation in Central Europe. In: Ecosystems, 16, 652–663. p.
HOBBS R.J. (1989): The nature and effects of disturbance relative to
invasions. 389–405. In: DRAKE J.A. et al. (Eds.): Biological Invasions: a
Global Perspective. London: John Wiley & Sons Ltd. 525 p.
19

HOBBS R.J., ARICO S., ARONSON J., BARON J.S., BRIDGEWATER P.,
CRAMER V.A. (2006): Novel ecosystems: Theoretical and management
aspects of the new ecological world order. In: Global Ecology and
Biogeography, 15, 1–7. p.
HOWARD L.F., LEE D.T. (2003): Temporal patterns of vascular plant
diversity in southeastern New Hampshire forests. In: Forest Ecology and
Management, 185, 5–20. p.
HÖLZEL N., HAUB C., INGELFINGE M.P., OTTE A., PILIPENKO V.N.
(2002): The return of the steppe – large-scale restoration of degraded land
in southern Russia during the post-Soviet era. In: Journal for Nature
Conservation, 10, 75–85. p.
JONGEPIEROVÁ I., JONGEPIER J.W., KLIMEŠ L. (2004): Restoring
grassland on arable land: an example of a fast spontaneous succession
without weed-dominated stages. In: Preslia, 76, 361–369. p.
KNAPP S., KÜHN I., STOLLE J., KLOTZ S. (2010): Changes in the
functional composition of a Central European urban flora over three
centuries. In: Perspectives in Plant Ecology, Evolution and Systematics, 12,
235–244. p.
LAMBDON P.W., PYŠEK P., BASNOU C., HEJDA M., ARIANOUTSOU
M., ESSL F., JAROŠÍK V., PERGL J.,WINTER M., ANASTASIU P.,
ANDRIOPOULOS P., BAZOS I., BRUNDU G., CELESTI-GRAPOW L.,
CHASSOT P., DELIPETROU P., JOSEFSSON M., KARK S., KLOTZ S.,
KOKKORIS Y., KÜHN I., MARCHANTE H., PERGLOVÁ I., PINO
J.,VILÀ M., ZIKOS A., ROY D., HULME P.E. (2008a): Alien flora of
Europe: species diversity, temporal trends, geographical patterns and
research needs. In: Preslia, 80, 101–149. p.
LAMBDON P.W., LLORET F., HULME P.E. (2008b): Do non-native
species invasions lead to biotic homogenization at small scales? The
similarity and functional diversity of habitats compared for alien and native
components of Mediterranean floras. In: Diversity and Distribution, 14,
774–785. p.
LIIRA J., LÕHMUS K., TUISK E. (2012): Old manor parks as potential
habitats for forest flora in agricultural landscapes of Estonia. In: Biological
Conservation, 146, 144–154. p.
LOCKWOOD J.L., CASSEY P., BLACKBURN T. (2005): The role of
propagule pressure in explaining species invasions. In: Trends in Ecology
and Evolution, 20, 223–228. p.
LONSDALE W.M. (1999): Global patterns of plant invasions and the
concept of invasibility. In: Ecology, 80, 1522–1536. p.
LUGO A.E., HELMER E. (2004): Emerging forests on abandoned land:
Puerto Rico's new forests. In: Forest Ecology and Management, 190, 145–
161. p.
20

MATLACK G.R., SCHAUB J.R. (2011): Long-term persistence and spatial
assortment of nonnative plant species in second-growth forests. In:
Ecography, 34, 649–658. p.
MATUS G., TÓTHMÉRÉSZ B., PAPP M. (2003): Restoration prospects of
abandoned species-rich sandy grassland in Hungary. In: Applied Vegetation
Science, 6, 169–178. p.
MOLNÁR ZS., VARGA Z., KUN A., HORVÁTH A., JUHÁSZ M. (2011):
H5b – Homoki sztyeprétek. 181–187. p. In: BÖLÖNI J., MOLNÁR ZS.,
KUN A. (Szerk.): Magyarország élőhelyei. Vegetációtípusok leírása és
határozója. ÁNÉR 2011. Vácrátót: MTA Ökológiai és Botanikai
Kutatóintézete, 439 p.
MOTTET A., LADET S., COQUÉ N., GIBON A. (2006): Agricultural landuse change and its drivers in mountain landscapes: A case study in the
Pyrenees. In: Agriculture, Ecosystems and Environment, 114, 296–310. p.
MUCHIRU A.N., WESTERN D.J., REID R.S. (2009): The impact of
abandoned pastoral settlements on plant and nutrient succession in an
African savannah ecosystem. In: Journal of Arid Environments, 73, 322–
331. p.
MUNIZ-CASTRO M.A., WILLIAMS-LINERA G., BENAYAS J.M.R.
(2006): Distance effect from cloud forest fragments on plant community
structure in abandoned pastures in Veracruz, Mexico. In: Journal of
Tropical Ecology, 22, 431–440. p.
NÉMETH F., SEREGÉLYES T. (1989): Természetvédelmi információs
rendszer:
adatlap
kitöltési
útmutató.
Kézirat.
Budapest:
Környezetgazdálkodási Intézet.
Olden J.D. (2006): Biotic homogenization: a new research agenda for
conservation biogeography. In: Journal of Biogeography, 33 (12) 2027–
2039. p.
ÖSTER M., ASK K., RÖMERMANN C., TACKENBERG O., ERIKSSON
O. (2009): Plant colonization of ex-arable fields from adjacent species-rich
grasslands: The importance of dispersal vs. recruitment ability. In:
Agriculture, Ecosystems and Environment, 130, 93–99. p.
PÁLFAI I. (Szerk.) (1994): A Duna-Tisza közi hátság vízgazdálkodási
problémái – A Nagyalföld Alapítvány Kötetei 3. Békéscsaba: Nagyalföld
Alapítvány, 126 p.
PASCARELLA J.B., AIDE T.M., SERRANO M.I, ZIMMERMAN J.K.
(2000): Land-use history and forest regeneration in the Cayey Mountains,
Puerto Rico. In: Ecosystems, 3, 217–228. p.
PLIENINGER T. (2006): Habitat loss, fragmentation, and alteration –
Quantifying the impact of land-use changes on a Spanish dehesa landscape
by use of aerial photography and GIS. In: Landscape Ecology, 21, 91–105.
p.
21

PUEYO Y., ALADOS C.L. (2007): Effects of fragmentation, abiotic factors
and land use on vegetation recovery in a semi-arid Mediterranean area. In:
Basic and Applied Ecology, 8, 158–170. p.
PYŠEK P., RICHARDSON D.M., REJMÁNEK M., WEBSTER G.L.,
WILLIAMSON M., KIRSCHNER J. (2004b): Alien plants in checklists
and floras: towards better communication between taxonomists and
ecologists. In: Taxon, 53 (1) 131–143. p.
RICHARDSON D.M., PYŠEK P., REJMÁNEK M., BARBOUR M.G.,
PANETTA F.D., WEST C.J. (2000): Naturalization and invasion of alien
plants. In: Diversity and Distribution, 6, 93–107. p.
RIVERA L.W., ZIMMERMAN J.K., AIDE T.M. (2000): Forest recovery in
abandoned agricultural lands in a karst region of the Dominican Republic.
In: Plant Ecology, 148, 115–125. p.
RUPRECHT E. (2006): Successfully recovered grassland: A promising
example from Romanian old-fields. In: Restoration Ecology, 14, 473–480.
p.
RUPRECHT E., BARTHA S., BOTTA-DUKÁT Z., SZABÓ A. (2007):
Assembly rules during old-field succession in two contrasting
environments. In: Community Ecology, 8, 31–40. p.
SAX D.F., BROWN J.H. (2000): The paradox of invasion. In: Global
Ecology and Biogeography, 9, 363–371. p.
SZITÁR K., ÓNODI G., SOMAY L., PÁNDI I., KUCS P., KRÖELDULAY GY. (2014): Recovery of inland sand dune grasslands following
the removal of alien pine plantation. In: Biological Conservation, 171, 52–
60. p.
THEOHARIDES K.A., DUKES J.S. (2007): Plant invasion across space and
time: factors affecting nonindigenous species success during four stages of
invasion. In: New Phytologist, 176, 256–273. p.
VÍTKOVÁ M., MÜLLEROVÁ J., SÁDLO J., PERGL J., PYŠEK P. (2017):
Black locust (Robinia pseudoacacia) beloved and despised: A story of an
invasive tree in Central Europe. In: Forest Ecology and Management, 384,
287–302. p.
VOJTA J. (2007): Relative importance of historical and natural factors
influencing vegetation of secondary forests in abandoned villages. In:
Preslia, 79, 223–244. p.
VON HOLLE B., JOSEPH A.K., LARGAY F.E., LOHNES G.R. (2006):
Facilitations between the introduced nitrogen-fixing tree, Robinia
pseudoacacia, and nonnative plant species in the glacial outwash upland
ecosystem of Cape Cod, MA. In: Biodiversity and Conservation, 15, 2197–
2215. p.
VON HOLLE B., MOTZKIN G. (2007): Historical land use and
environmental determinants of nonnative plant distribution in coastal
southern New England. In: Biological Conservation, 136, 33–43. p.
22

WHITE E., TUCKER N., MEYERS N., WILSON J. (2004): Seed dispersal
to revegetated isolated rainforest patches in North Queensland. In: Forest
Ecology and Management, 192, 409–426. p.
ZÓLYOMI B. (1973-1974): Natürliche Vegetation. Natural vegetation.
Végétation naturelle. Estestvennaja Rastitelnost. (Ungarischer Teil). In:
NICKLFELD H. (Ed.): Atlas der Donaulander No. 171. Wien:
Österreichisches Ost und Südost-europa Institut.

23

6. PUBLICATIONS
6.1 Journal articles
6.1.1 International journals with IF in English
PÁNDI I., PENKSZA K., BOTTA-DUKÁT Z., KRÖEL-DULAY GY.
(2014): People move but cultivated plants stay: abandoned farmsteads
support the persistence and spread of alien plants. In: Biodiversity and
Conservation, 23(5) 1289–1302. p. (IF: 2,07)
RÉDEI T., SZITÁR K., CZÚCZ B., BARABÁS S., LELLEI-KOVÁCS E.,
PÁNDI I., SOMAY L., CSECSERITS A. (2014): Weak evidence of longterm extinction debt in Pannonian dry sand grasslands. In: Agriculture
Ecosystems and Environment, 182, 137–143. p. (IF: 3,20)
SZITÁR K., ÓNODI G., SOMAY L., PÁNDI I., KUCS P., KRÖELDULAY GY. (2014): Recovery of inland sand dune grasslands following
the removal of alien pine plantation. In: Biological Conservation, 171, 52–
60. p. (IF: 3,76)
SZITÁR K., ÓNODI G., SOMAY L., PÁNDI I., KUCS P., KRÖELDULAY GY. (2016): Contrasting effects of land use legacies on grassland
restoration in burnt pine plantations. In: Biological Conservation, 201,
356–362. p. (IF: 3,98)
6.1.2 National journals without IF in Hungarian
NAGY A., MALATINSZKY Á., PÁNDI I., KRISTÓF D., PENKSZA K.
(2007): Élőhelycsoportok kialakítása táji szintű összehasonlításhoz I. In:
Tájökológiai Lapok, 5 (2) 363–369. p.
CZÓBEL SZ., PAP K., HUSZTI E., SZIRMAI O., PÁNDI I., NÉMETH Z.,
VIKÁR D., PENKSZA K. (2012): Nyílt homokpusztagyep társulás
magszórásos technikával történt kialakításának előzetes eredményei ex
situ körülmények között. In: Természetvédelmi Közlemények, 18, 127–
138. p.
6.2 Proceedings
6.2.1 Full text proceedings in English
PÁNDI I., KRÖEL-DULAY GY., PENKSZA K. (2007): Ecological and
conservationist effects of the farm abandonment on extremely dry region
of Hungary (Duna-Tisza Interfluve). In: 15TH INTERNATIONAL
POSTER DAY. Transport of Water, Chemicals and Energy in the System
Soil-Crop Canopy-Atmosphere. (2007) (Bratislava) 463–470. p.
24

PENKSZA K., NAGY A., PÁNDI I., SÜLE SZ. (2007): Habitat-studies
based on habitat mapping, in South-East Hungary. In: 15TH
INTERNATIONAL POSTER DAY. Transport of Water, Chemicals and
Energy in the System Soil-Crop Canopy-Atmosphere. (2007) (Bratislava)
505–509. p.
KISS T., BALOGH Á., HERCZEG E., PÁNDI I., NAGY A. (2008):
Examination of Soil-Plant interrelations on pastures of the Great
Hungarian Plain. In: Cereal Research Communications, 36. Suppl. 1671–
1674. p. Proceedings of the VII. Alps-Adria Scientific Workshop 28.
(2008) (Stara Lesna, Slovakia) (IF: 1,19)
6.2.2. Abstracts in English
PÁNDI I., KRÖEL-DULAY GY. (2008): Ecological legacy of a
diminishing
rural
settlement
structure.
In:
EUROPEAN
CONTRIBUTION TO GEO BON. Workshop organized by Biostrat.
(2008) (Cegléd)
RÉDEI T., BARABÁS S., LELLEINÉ KOVÁCS E., KRÖEL-DULAY GY.,
PÁNDI I., SZABÓ R. (2008): Long-term sites in the Kiskunság. Site
selection and data collection. In: EUROPEAN CONTRIBUTION TO
GEO BON. Workshop organized by Biostrat. (2008) (Cegléd) 6. p.
PÁNDI I., KRÖEL-DULAY GY., PENKSZA K. (2009): Ecological legacy
of a diminishing rural settlement structure in central Hungary. In: 52ND
INTERNATIONAL SYMPOSIUM OF THE IAVS. VEGETATION
PROCESSES AND HUMAN IMPACT IN A CHANGING WORLD.
(2009) (Chania, Greece) 209. p.
KRÖEL-DULAY GY., PÁNDI I., PENKSZA K. (2011): Homestead
abandonment and the fate of cultivated species: a special opportunity for
alien plants. In: 11TH INTERNATIONAL CONFERENCE ON THE
ECOLOGY AND MANAGEMENT OF ALIEN PLANT INVASIONS.
(2011) (Szombathely) 134. p.
RÉDEI T., BARABÁS S., CSECSERITS A., LELLEI-KOVÁCS E.,
KRÖEL-DULAY GY., PÁNDI I., SOMAY L., SZABÓ R., SZITÁR K.
(2011): The effect of land use history and habitat fragmentation on the
plant species richness and composition of pannonian sand forest-steppe
vegetation. In: KUZEMKO A. (SZERK.): THE 8TH EUROPEAN DRY
GRASSLAND MEETING: DRY GRASSLAND OF EUROPE:
BIODIVERSITY, CLASSIFICATION, CONSERVATION AND
MANAGEMENT. (2011) (Uman, Ukrajna) 50. p.

25

6.2.3 Full text proceedings in Hungarian
PÁNDI I., PENKSZA K., KRÖEL-DULAY GY. (2008): Egy eltűnőben
lévő tájhasználati rendszer ökológiai szempontú vizsgálata a Duna-Tisza
közi Homokhátságon. In: MBT XXVII. VÁNDORGYŰLÉS. (2008)
(Budapest) 173–178. p.
6.2.4 Abstracts in Hungarian
PÁNDI I., KRÖEL-DULAY GY., PENKSZA K. (2008): A tanyavilág
megszűnésének tájökológiai és természetvédelmi hatásai a Duna-Tisza
közi
Homokhátságon.
In:
AKTUÁLIS
FLÓRAÉS
VEGETÁCIÓKUTATÁSOK A KÁRPÁT-MEDENCÉBEN VIII. (2008)
(Gödöllő) 185. p.
PÁNDI I., KRÖEL-DULAY GY., PENKSZA K. (2009): Felhagyott tanyák
növényzetének összehasonlító vizsgálata a Duna-Tisza közi
Homokhátságon. In: VIII. MAGYAR ÖKOLÓGUS KONGRESSZUS.
(2009) (Szeged) 175. p.
RÉDEI T., KRÖEL-DULAY GY., SZABÓ R., BARABÁS S.,
CSECSERITS A., KOVÁCS E., PÁNDI I., SZITÁR K. (2009): A
tájhasználat hatása a homoki erdőssztyepp vegetáció fajösszetétlére. In:
VIII. MAGYAR ÖKOLÓGUS KONGRESSZUS. (2009) (Szeged) 187. p.
RÉDEI T., BARABÁS S., CSECSERITS A., KRÖEL-DULAY GY.,
LELLEINÉ KOVÁCS E., LHOTSKY B., ÓNODI G., PÁNDI I.,
SOMAY L., SZITÁR K., TÖRÖK K. (2015): A tájhasználat növényi
biodiverzitásra gyakorolt hatásai a Homokhátságon. In: PADISÁK J.,
LIKER A., STENGER-KOVÁCS CS. (SZERK.): X. MAGYAR
ÖKOLÓGUS KONGRESSZUS. (2015) (Veszprém) 120. p.

26

