GRASSLAND RECOVERY USING SPONTANEOUS SUCCESSION AND
TECHNICAL RECLAMATION: ANALYSIS OF RESTORATION SUCCESS
IN SEVERAL GRASSLANDS TYPES

A SPONTAN SZUKCESSZIO, KASZALAS, ES MAGVETES
SEGITSEGEVEL TORTENO GYEPREKONSTRUKCIO
SIKERESSEGENEK VIZSGALATA ELTERO GYEPTIPUSOKBAN

Egyetemi doktori (PhD) értekezés

VALKO ORSOLYA

Témavezetok

Dr. Téthmérész Béla
egyetmi tanar

Dr. Matus Gabor
egyetemi docens

DEBRECENI EGYETEM
Természettudomanyi Doktori Tanécs
Juhész Nagy Pal Doktori Iskola

Debrecen, 2011






A doktori értekezés betétlapja

Ezen értekezést a Debreceni Egyetem Természettudomanyi Doktori Tanacs a
Juhasz Nagy Pial Doktori Iskola Kvantitativ és Terresztris Okolégia
programja keretében készitettem a Debreceni Egyetem természettudomanyi
doktori (PhD) fokozatanak elnyerése céljabol.

Debrecen, 2011.

a jelolt alairasa

Tanusitom, hogy Valké Orsolya doktorjelolt 2008-2011 kozott a fent
megnevezett Doktori Iskola Kvantitativ és Terresztris Okolégia programjanak
keretében iranyitdsommal végezte munkajat. Az értekezésben foglalt
eredményekhez a jelolt oOnalldo alkotd tevékenységével meghatarozoan
hozzajarult. Az értekezés elfogadasat javasolom.

Debrecen, 2011.

a témavezeto alairasa

Tanusitom, hogy Valké Orsolya doktorjelolt 2008-2011 kozétt a fent
megnevezett Doktori Iskola Kvantitativ és Terresztris Okolégia programjanak
keretében iranyitasommal végezte munkajat. Az értekezésben foglalt
eredményekhez a jelolt o©nallo alkotd tevékenységével meghatarozoan
hozzajarult. Az értekezés elfogadasat javasolom.

Debrecen, 2011.

a témavezeto alairasa







A doktori értekezés betétlapja

A SPONTAN SZUKCESSZIO, KASZALAS, ES MAGVETES
SEGITSEGEVEL TORTENO GYEPREKONSTRUKCIO
SIKERESSEGENEK VIZSGALATA ELTERO GYEPTIPUSOKBAN

GRASSLAND RECOVERY USING SPONTANEOUS SUCCESSION
AND TECHNICAL RECLAMATION: ANALYSIS OF
RESTORATION SUCCESS IN SEVERAL GRASSLANDS TYPES

Ertekezés a doktori (Ph.D.) fokozat megszerzése érdekében
a Kornyezettudomany tudomanyagban
Irta: Valko Orsolya okleveles Biologus-6kologus

Késziilt a Debreceni Egyetem Juhasz-Nagy Pal Doktori Iskolaja
(Kvantitativ és Terresztris Okoldgia programja) keretében

Témavezetdk:
Dr. Tothmérész Béla ..o,
Dr. Matus Gabor e

A doktori szigorlati bizottsag:

elNOK: Lo
tAZOK: o
A doktori szigorlat id6pontja: ...,

Az értekezés biraloi:

CINOK: oo

Az értekezés védésének idopontja: 2011, .................. ... .






Table of contents

General introduction
Aims of the study
Material and methods
Study sites
Gyertyan-kit meadows
Extensively managed lucerne fields in Hortobagy region
Grassland restoration fields in Egyek-Pusztakocs region
Sampling design
Vegetation and phytomass sampling
Seed bank sampling
Data processing
Chapter 1. Restoration potential in acidic fen- and dry-mesophilous meadows
Introduction
Results
Discussion
Chapter 2. Lucerne fields recover native grass diversity without intensive
management actions
Introduction
Results
Discussion
Chapter 3. Grassland restoration by sowing low-diversity seed mixtures in
former lucerne fields
Introduction
Results
Discussion
Chapter 4. Litter and graminoid phytomass accumulation suppresses weedy
forbs in grassland restoration
Introduction
Results
Discussion
General conclusions
Implications for practice
Acknowledgements
References
List of Figures
List of Tables
List of Appendices
Appendices

13
14
14
14
14
16
17
17
18
18
21
21
22
26

29
29
31
35

39
39
41
43

49
49
50
54
57
61
63
65
81
81
81
83






General introduction

Grasslands are vital elements of the historical landscape of Europe and of
crucial importance in biodiversity conservation (Nosberger & Rodriguez 1996;
WallisDeVries et al. 2002). Grasslands play an important role in the land use of
Europe, the 38.1% of all agricultural lands (474.3 million ha) are grasslands
(FAOSTAT). Most of the European grasslands are traditionally managed by mowing
or grazing which is essential for animal husbandry and support the livelihood of
farmers. Traditionally managed seminatural grasslands are of a cultural importance.
Grasslands provide important ecosystem services such as recreation, sport and
tourism (Isselstein et al. 2005). Grassland biodiversity is a crucial element of the
total biodiversity of rural landscapes (Ndsberger & Rodriguez 1996). The species
richness of plants is very high in many grassland types, both in the form of a high
overall richness and a high richness at small spatial scales (Eriksson et al. 2002).

Natural grasslands have been in constant decline in many parts of Europe
during the past decades. The area of traditionally managed grasslands reduced by
90% in Sweden (Bernes 1994), by 97% in England (Blackstock et al. 1999) and by
99% in Finland (Vainio et al. 2001). This considerable decline is caused by many
factors such as abandonment, afforestation, drainage, conversion into cropland and
intensification of management (Poschlod & WallisDeVries 2002). In Western
Europe industrialization of the agricultural sector has resulted in considerable
changes in land-use patterns and rapidly transformed extent areas to croplands. This
is particularly true in countries with improved agriculture such as Great Britain, The
Netherlands, Belgium, France and Germany (Kiehl et al. 2010). Seminatural
grasslands and their associated species have rapidly declined as a result of
intensification. The frequent application of fertilizers (Tilman 1993), substantial
nitrogen input from atmospheric deposition (Bakker & Berendse 1999) and
commercial seeding (e.g. commercial seed mixtures and/or energie grasses) result in
an increased biomass production but decreased species richness (Bakker & Berendse
1999; Pfadenhauer & Grootjans 1999). Wet grasslands were also subject to drainage
(melioration) and afforestation by tree plantings (e.g. plantings for biomass
production, Hald & Vinther 2000). Export of such intensive agricultural practices to
the Eastern and Central European countries of the European Union (EU) can be a
major threat to biodiversity in the near future (Pullin et al. 2009). Beyond
agriculture, rapid urban development and the exponential growth of linear
infrastructures have fragmented the landscape (Pullin et al. 2009). In many regions
only small fragments of grasslands have remained, which are isolated by intensively
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cultivated agricultural lands and linear infrastructures (Oster et al. 2009). For several
species characterstic to grasslands, fragmentation increases the risk of extinction of
fragmented populations (Eriksson et al. 2002).

In Central and Eastern Europe in the former socialist era many grasslands were
ploughed up, and the use of fertilisers increased. After the collapse of the state-
owned agricultural cooperatives the socio-economical changes associated with
cheap import and insufficient funds of the new land owners resulted in a large-scale
abandonment of croplands (Prach et al. 2007; Pullin et al. 2009). Since 1989
livestock numbers decreased by 50-70% in this region, which had a key impact on
seminatural grasslands, large areas of former pastures and hay meadows were
abandoned resulting in the loss of grassland biodiversity (Isselstein et al. 2005). The
extension of grasslands was decreased by 14.2% in Hungary between 1989 and 2007
caused mainly by abandonment (FAOSTAT 2010).

The projected changes in global climate are likely to affect wetlands and wet
grasslands significantly, in their spatial extent, distribution and function (Dawson et
al. 2003). Species are expected to track global warming by shifting their
distributions towards higher latitudes or higher elevations. Species with restricted
ranges, specific habitat requirements, and limited dispersal abilities may be unable to
migrate and colonize new areas in a fragmented landscape, thus increasing their
extinction risks (Pullin et al. 2009). Changes in precipitation will alter water
availability affecting ecosystem productivity with lower summer water availability.
Plant species of wetlands and wet grasslands are particularly vulnerable to climate
change because of the delicate balance between the rainfall, temperature and
evapotranspiration that governs their physiology (Dawson et al. 2003).

The restoration of seminatural grasslands is a top priority of nature conservation
activities in Europe since the 1970s (e.g. Bakker 1989; Walker et al. 2004). There is
an increasing social awareness to maintain and enhance grassland biodiversity which
resulted in the establishment of agri-environmental schemes (Isselstein et al. 2005).
Nowadays approximately 20% of the agriculturally used area in the European Union
is managed under agri-environmental schemes (Rounsewell et al. 2005). Many LIFE
Nature programs funded by the European Commission are concerned with grassland
restoration. A search of a database that contains information on projects between
1992 and 2009 under the LIFE-program (http://ec.europa.eu/environment/life/
project/Projects/index.cfm), using the word ‘restoration’ and filtering to ‘natural and
seminatural grassland formations’ returns 290 projects (Torok et al. 2011a).

Grassland restoration is generally applied to (i) recover former biodiversity,
(i1) establish novel grasslands and increase the area of grassland fragments, (iii)
create connections between and buffer zones around grassland fragments, thereby
negative influences from surrounding agricultural areas (infiltration/runoff of

-10 -



chemicals, disturbance etc.) can be reduced (Critchley et al. 2003; Karlik &
Poschlod 2009). Several grassland restoration techniques are used depending on the
type of human disturbance and level of degradation of the subjected area. If basic
grassland vegetation is still present but former management altered and the grassland
is impoverished or abandoned, the major aim is to recover its former species
richness by restoration. One of the most frequently applied restoration methods is to
resume the traditional management (e.g. mowing or low levels of grazing). Some
techniques are used to decrease nutrient availability by topsoil removal or restore
former hydrological state of the area e.g. by rewetting (Kiehl et al. 2010). Many
cases, such measures alone are not sufficient to re-establish target communities
without active introduction of target grassland species (Bakker & Berendse 1999;
Walker et al. 2004). Target species, e.g. several characteristic grassland specialists,
often have limited dispersal patterns and transient seed banks (Bakker et al. 1996;
Bossuyt & Honnay 2008; Valko et al. 2011). Only few target species build up long-
term persistent seed banks (Thompson et al. 1997) and their seed bank is often
destroyed during a long-term agricultural use (Bakker et al. 1996; Bekker et al.
1997). In this case the increase of species richness is only possible by direct
reintroduction of species either by seed sowing, hay or topsoil transfer or planting of
individuals (T6rok et al. 2011a).

Grassland restoration on abandoned cropland is one of the most frequently
used habitat restoration actions in Europe (Hobbs & Cramer 2007). In contrast with
agricultural intensification, large-scale abandonment of low-productivity croplands
is common in certain parts of Europe and the world (Cramer et al. 2008; Torok et al.
2011a). For example, 10% of all croplands (600,000 hectares) were abandoned in
Hungary between 1990 and 2004, and the rate of abandonment was similar (10-
20%) in four other Central and Eastern European countries (Hobbs & Cramer 2007).
Thus, the restoration of grasslands on former croplands offers a great opportunity to
mitigate or halt the processes that threaten grassland biodiversity (Stevenson et al.
1995; Tordk et al. 2011a). The most frequently applied methods of grassland
restoration are spontaneous succession and sowing seed mixtures, which will be
discussed below. Other possibilities are hay transfer (Kiehl et al. 2006; Donath et al.
2007), topsoil removal or transfer (Aldrich 2002; Pywell et al. 2002) and planting of
plant individuals (Kirmer & Tischew 2006; Du et al. 2007) which are less frequently
applied in Hungary both in agriculture and grassland restoration. Selection of the
proper methodology regarding its cost efficiency, the required manpower and
agricultural machinery and the targeted grassland is a key issue in grassland
restoration.

The least expensive way of grassland restoration is spontaneous grassland
recovery based on spontaneous succession (old-field succession, Prach & Hobbs
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2008). This method is applied worldwide and warranted promising at smaller
croplands where propagule sources are available in the adjacent natural vegetation
(Ruprecht 2006; Prach & Rehounkova 2008; Vida et al. 2008). In fragmented
landscapes with low availability of propagules of target species and dispersing
agents, the spontaneous recovery of grasslands is often slow or hindered
(Manchester et al. 1999; Matus et al. 2003a; Simmering et al. 2006; Foster et al.
2007). Succession can stop in an early stage due to the increased dominance of
noxious competitors (Prach & Pysek 2001). Grassland restoration by spontaneous
succession can be slow or unpredictable in several cases, thus, it is often necessary
to direct vegetation changes with more active restoration measures (Torok et al.
2011a).

Sowing seeds of characteristic species of the target community is a widely
used restoration method in conservation practice (Hedberg & Kotowski 2010; Kiehl
et al. 2010; Rydgren et al. 2011; T6rok et al. 2011a). The composition of a seed
mixture depends generally on (i) the targeted vegetation, (ii) the extension of the
former cropland, (iii) the budget and manpower background of planned restoration,
and (iv) the availability of seed sources of target species. Low-diversity seed
mixtures typically contain seeds of 2-8 species, which are usually the dominant
species of the target vegetation, while high-diversity seed mixtures usually contain
seeds of more than 10 species (Kiehl et al. 2010; Torok et al. 2011a). The seeds for
restoration can be purchased from commercial sources or collected by local
harvesting. It is advisable to use seeds sourced local provenance (van der
Mijnsbrugge et al. 2010) as local ecotypes are better adapted to the local
environmental conditions (Aldrich 2002). Low diversity seed mixtures can be
effective in the restoration of basic grassland vegetation dominated by perennial
grasses as fast as in several years (van der Putten et al. 2000; Leps et al. 2007; Vida
et al. 2010). However the immigration of rare target species can be very slow, so
restoration of diverse grasslands can last much longer than basic grassland
vegetation (Walker et al. 2004). Sowing high diversity seed mixtures in small
patches (to establish potential sources of colonizing propagules) within a larger area
sown with low diversity seed mixture can be a solution to this problem (To6rdk et al.
2011a). For the total recovery of species-rich vegetation further post-restoration
management (e.g. mowing, grazing, overseeding or hay transfer) is often needed
(Deak & Kapocsi 2010).

There is an urgent need for evidence based and well documented restoration
projects to provide useful information for conservation practitioners and site
managers (Sutherland et al. 2004). Designed case studies are necessary to evaluate
the success of each method used for grassland restoration (e.g. Térok et al. 2011a).
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Aims of the study

The present Ph.D. dissertation contains four chapters altogether. Each chapter is
based on results published as an impacted paper of the author. The four chapters
concern with different aspects of grassland restoration as follows:

Chapter 1: We studied mown and abandoned stands of acidic fen- and dry-
mesophilous hay making meadows to evaluate the potential role of soil seed banks
in the recovery of these grassland types. The following questions were asked: (i) To
what extent is aboveground vegetation represented in the seed banks of different
meadow types? (ii) Do the soil seed banks contain species that are not represented in
the above-ground vegetation? (iii) What is the size of the seed bank for restoration
target species? (iv) Do the density and species richness of the seed banks differ
between mown and abandoned stands within the same meadow type? (v) Does
management status or vegetation type have more of an effect on seed bank richness
and density?

Chapter 2: The overall aim of this study was to examine the role of spontaneous
succession in the restoration of loess grasslands in former lucerne fields as a cost-
effective strategy for grassland recovery. We studied the spontaneous regeneration
of loess grasslands in extensively managed lucerne fields using space for time
substitution, addressing the following questions: (i) How effective is lucerne in weed
control? (i1) How quickly does lucerne disappear? (iii) How fast does grassland
recover in extensively managed lucerne fields?

Chapter 3: We evaluated the use of low diversity seed mixtures recovering basic
loess and alkali grassland vegetation. We sowed two types of low-diversity seed
mixtures on croplands formerly used as lucerne fields. We asked three questions: (i)
Can weeds be suppressed by sowing competitive native grasses, followed up by
management by mowing? (ii) How fast does the cover of sown grasses develop after
sowing low diversity seed mixtures? (iii) Can succession towards the target
grasslands be accelerated by sowing only low-diversity seed mixtures compared to
set-aside old-field succession?

Chapter 4: We studied the role of litter accumulation in weed suppression and
early vegetation dynamics in grassland restoration using the sowing of low diversity
seed mixtures on former lucerne fields. The following study questions were selected:
(1) What is the effect of the accumulating phytomass of graminoids and litter on the
phytomass of early colonisers? (ii) Are the amount of graminoid phytomass and
litter higher, and the heterogeneity of these scores lower in sown fields than in
natural grasslands? (iii) Is the amount of forbs lower in restored fields than in target
grasslands?
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Materials and methods

Study sites
Gyertyan-kat meadows (Chapter 1)

The study site, called “Gyertyan-kuti-rétek”, is located in the Zemplén
Mountains between the villages of Telkibanya and Regéc (NE Hungary; 48°26.1-
26.77 N; 21°21.6-22.3° E) on a plateau with a height of 640-720-m a.s.l. It is
surrounded by oak (Quercus petraea), oak-hornbeam (Qu. petraea and Carpinus
betulus) and mountain beech (Fagus sylvatica) forests. The bedrock is amphibol-rich
andesite on which podzolic brown forest soils with heavy, clayey, humus-rich and
acidic topsoils were formed. Mean annual temperature of the site is about 7.5-8.0°C
whereas mean annual precipitation is 750-800-mm with a midsummer maximum.
The meadows were established in the 18th century; their area measured
approximately 100 hectares in the past. They were managed by mowing with scythe
then removing the hay by hand raking once a year, in July. Traditional management
created and maintained highly species-rich vegetation which harboured over 350
vascular species, including over 40 legally protected ones. Management has
gradually been abandoned since the 1960s, resulting in the colonization of wind-
dispersed tree species (mostly Betula pendula and Carpinus betulus). Large stands
of young birch forests were cut and traditional management was gradually resumed
since 1985 (Simon et al. 2007).

Stands of the two most widespread acidic meadow types, fen meadows and
dry-mesophilous meadows were studied. Fen meadows (Junco-Molinion) are located
in lower elevations and on humus rich soils. They are dominated by Molinia
arundinacea. Dry-mesophilous meadows (Cirsio pannonicae-Brachypodion pinnati)
are located in higher elevations with drier and on less fertile soils. Typical
graminoids in these meadows include Brachypodium pinnatum, Calamagrostis
arundinacea and Carex montana (Borhidi 2003).

Extensively managed lucerne fields in Hortobagy region (Chapter 2)

The study area is located in the Hortobagy Puszta (Hortobagy National
Park), in East-Hungary. Hortobagy Puszta with an area of 85,000 ha is one of the
large grassland ecosystems in Europe, with vegetation characteristic of alkali and
loess grasslands. The climate is moderately continental with a mean annual
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temperature of 9.5°C. Mean annual precipitation is about 550 mm. The yearly
maximum precipitation falls in June (mean 80 mm) with high year-to-year
fluctuations (Molnar 2004). Historically, loess grassland vegetation (Festucion
rupicolae) covered the highest elevations in the region (Borhidi 2003). At lower
elevations, loess grasslands were surrounded by dry alkali short grasslands
(Festucion pseudovinae), alkali wet meadow (Alopecurion pratensis) and alkali
marsh vegetation (Bolboschoenatalia maritimi) (for more details see Molnar et al.
2008; Molnar & Borhidi 2003). The loess grasslands have been ploughed up in the
last centuries and many of the remaining grassland fragments are degraded by
moderate or heavy grazing by cattle and/or sheep. The most degraded loess pastures
(Cynodonti-Poétum angustifoliae) are characterised by a high cover of grazing
tolerant graminoids (Cynodon dactylon, Poa angustifolia, Festuca pseudovina, F.
rupicola and Carex stenophylla) and forbs (Galium verum, Euphorbia cyparissias,
Cruciata pedemontana, Myosotis stricta, Achillea collina and Convolvulus
arvensis). At heavily grazed sites, thistles dominate (Carduus acanthoides, Cirsium
arvense, Ononis spinosa, Eryngium campestre). Only small patches of less degraded
loess steppe grasslands (Salvio nemorosae-Festucetum rupicolae) have remained.
The characteristic graminoids for these grasslands are Festuca rupicola, Bromus
inermis, Koeleria cristata, Stipa capillata, Alopecurus pratensis and Poa
angustifolia. They are rich in perennial forb species, and harbour several
characteristic loess specialists (Salvia nemorosa, Salvia austriaca, Phlomis tuberosa,
Thalictrum minus, Thymus glabrescens).

In the study region lucerne or alfalfa Medicago sativa is sown after deep
ploughing at the high elevations formerly covered by loess grasslands. Seed sowing
density is typically 30 kg/ha. There are intensively and extensively managed lucerne
fields. Intensive management means regular mowing associated with the application
of fertilisers and pesticides. After three years intensively managed fields are re-sown
or shallow disked. Extensive management means only regular mowing twice a year.
Every year 10-50 hectares intensively managed lucerne fields were replaced by
extensively managed ones in the Hortobagy National Park. The vegetation of 1, 3, 5
and 10-year-old extensively managed lucerne fields (three fields in each age group)
was monitored in 2009. The study fields were situated on loess plateaus between 87-
94 m a.s.l., within a 25 km radius, in the vicinity of Egyek, Tiszacsege, Karcag and
Nadudvar (N 47°26’; E 21°01°). None of the study fields were directly connected to
loess grasslands, which was the most common vegetation at this elevation in the
region (Torok et al. 2010). The fields were mown twice a year but no further
management was applied. Small patches of loess grasslands and, at lower elevations,
alkali marshes, alkali wet meadows and alkali short grasslands were present in
proximity to most of the fields.
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Grassland restoration fields in Egyek-Pusztakocs region (Chapters 3-4)

Our study site was the ‘Egyek-Pusztakdcsi-mocsarak’ marsh and grassland
complex (42 km®), a spatially distinct unit of Hortobagy National Park, a World
Heritage Site (East Hungary, N47° 34’ E20° 55°). The area has a continental climate
with a mean annual temperature of 9.5 °C. The mean annual precipitation is
550 mm; large fluctuations in the mean temperatures and annual rainfall are typical
(Molnar 2004).

According to paleo-ecological studies, the marshland-grassland complex
with minimal forest cover in the region has existed at this location since the late
Pleistocene (Barczi et al. 2003). Military mapping surveys (1856-66) show the
marshland as a floodplain with extensive wetlands separated by croplands on higher
loess plateaus in the 19th century. The region had received regular floods from river
Tisza until the 1860s. The lower elevated sites were mostly covered by extensive
alkali marshes (Bolboschoenatalia maritimi and Typhaetum latifoliae and
angustifoliae Borhidi 2003). The marshes were surrounded by wet alkali grasslands
(Alopecurion pratensis). Higher elevations were covered by short dry alkali
grasslands (Festucion pseudovinae) and loess grasslands (Festucion rupicolae). Due
to river regulations (1860s) and subsequent drainage attempts, agricultural
cultivation has increasingly transformed the landscape, resulting in the
fragmentation and degradation of natural habitats. Ploughing and melioration were
mainly concentrated to higher elevations covered by loess grasslands and short
alkali grasslands. As a result, species-rich dry loess grasslands have remained intact
on less than 5% of the area of higher elevated loess plateaus.

The hydrological restoration of the marshes took place between 1976 and
1996, which resulted in the revitalisation and regeneration of the extensive wetlands
(Lengyel et al. 2007). The second phase of the landscape-level restoration
programme (2004-2008), financed by a LIFE-Nature project, aimed at to reduce the
areal extent of croplands from 34% to 14% by restoring grasslands on 760 ha of
former croplands in order to get closer to the conditions of the pre-historic landscape
and to eliminate the negative effects of agricultural cultivation (water retention,
agricultural pollution from infiltration of fertilizers and pesticides, habitat
fragmentation) on the marshes. Grasslands targeted by the restoration were short
alkali dry grasslands (Festucion pseudovinae) in the lower and loess grasslands
(Festucion rupicolae) in the higher elevated sites.

Ten former lucerne fields (total 81 ha) were chosen for grassland restoration.
Compared to the soil of target communities, the soil of the restored fields was
nutrient-rich, especially in phosphorous, due to the previous application of mineral
fertilizers. Sowing was conducted using either a loess seed mixture (six fields, 23 ha
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total) or an alkali seed mixture (four fields, 58 ha total). The mixtures consisted of
seeds of three or two native grass species. The loess seed mixture contained Festuca
rupicola, Poa angustifolia and Bromus inermis, whereas the alkali seed mixture
contained Festuca pseudovina and Poa angustifolia. These species were selected
because previous observations suggested that these were foundation species in the
target grasslands and potentially strong competitors against weeds. Seeds of the
Festuca species were harvested in the vicinity of the research area. Seeds of P.
angustifolia and B. inermis were purchased from a commercial source
(Mezb6gazdasagi Kutato-Fejleszto Kht.,, Szarvas, Hungary), whose stock had
originated from the Hortobagy area. Soil preparation (deep ploughing followed by
smoothing by disc harrows) and sowing (25 kg/ha) was conducted in October 2005.
The sown fields were mown once per year in the second part of June and the hay
was carried away. No other weed control was applied.

Sampling design
Vegetation and phytomass sampling

In Gyertyan-kat meadows (Chapter 1), four stands (each abandoned in the late

1960s) from the two meadow types, were studied. In two mown stands traditional
management was resumed in 1993 while two abandoned stands were left
unmanaged. In each stand aboveground vegetation was recorded in five 2x2-m sized
permanent plots in July 2004. A species list was compiled for each plot and the
number of flowering shoots was recorded.
In extensively managed lucerne fields (Chapter 2), three 25-m” sample sites were
chosen randomly. Within each site, the percentage cover of vascular plants was
recorded in four 1-m” plots in early June 2009, before the first mowing. We recorded
the vegetation of three variously degraded stands of loess grasslands (Festucion
rupicolae) for baseline vegetation reference: 1) a formerly heavily grazed
Cynodonti-Poétum stand, 2) a species-rich loess balk stand with Bromus inermis
dominance, and 3) a regularly mown species rich stand of Salvio nemorosae-
Festucetum rupicolae grassland. We used the same sampling design as in
extensively managed lucerne fields.

In Egyek-Pusztakdcs, in each restored field, a 25-m” site was chosen randomly.
Within each site, four 1-m* permanent plots were selected for study. The percentage
covers of vascular plant species were recorded in the first three years after sowing
(2006-2008) in early June. To obtain a baseline vegetation reference, we also
designated sites and permanent plots in nearby natural stands of Achilleo setaceae-
Festucetum pseudovinae (three sites) and Salvio nemorosae-Festucetum rupicolae
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with Bromus inermis dominance (three sites) using the same design as described
above. The reference stands were sampled in early June 2008.

In extensively managed lucerne fields and restored fields, ten 20x20-cm
sized aboveground phytomass samples per site were collected before mowing in
each sampling period. Phytomass samples were dried (65 °C, 24 hours), then sorted
to litter, graminoids (Poaceae and Cyperaceae) and forbs (dicots and non-graminoid
monocots). The species lists of forbs were recorded. The phytomass of lucerne was
hand sorted. Dry weights were measured with an accuracy of 0.01 g.

Seed bank sampling

Soil seed banks were studied in Gyertyan-kut meadow swith the seedling emergence
method. Six soil cores (4-cm in diameter and 10-cm in depth) per plot were drilled
after snowmelt in 2005 (fen meadows) and in 2006 (dry-mesophilous meadows).
Two vertical segments (0-5-cm, 5-10-cm) were separated; then identical segments
from the same plot were pooled. This sampling design enabled the detection of a
species with a 95% probability, provided it had at least 80 seeds/m’ and a non-
aggregated seed bank (Thompson et al. 1997). Sample concentration was used to
reduce sample volume and to promote germination (ter Heerdt et al. 1996).
Vegetative organs were retained by washing over a coarse sieve (3-mm mesh size),
while seed-free fine soil components were removed using a 0.2-mm fine mesh.
Concentrated samples were spread in a maximum of 3-4-mm thick layer on trays,
previously filled with 5-cm of steam-sterilized potting soil. Trays were illuminated
with natural light in a greenhouse shaded by Rachel nets from May to August.
Seedlings were regularly counted, identified then removed. Unidentified specimens
were transplanted then grown until identified. In early July, when no seedlings
emerged, regular watering was stopped, dried sample layers were crumbled and
turned. In early September, watering was re-started and continued until late October.
Occasional seed contamination (e.g. dispersal by wind) was monitored in sample-
free control trays filled with steam-sterilized potting soil.

Data processing

In the study for seed banks of hay meadows, species were grouped into
‘graminoids’ i.e. Poaceae, Cyperaceae and Juncaceae and ‘forbs’, i.e. dicots and
non-graminoid monocots (including Liliaceae, Typhaceae, Iridaceac and
Orchidaceae). Non-woody stress tolerant species characteristic to the studied
meadow types (according to Grime 1979, Borhidi 1995), including legally protected
ones were considered as target species. Seedlings of Juncus conglomeratus and J.
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effusus were pooled because of identification difficulties. The vast majority (ca.
90%) of their transplants proved to be J. conglomeratus. Greenhouse weeds and
wind-dispersed pioneers detected in control trays were excluded from analyses.
Seedlings that died before being identified (0.3% of totally emerged seedlings) were
also excluded. Species were classified into seed bank type categories based on
Thompson et al. (1997) using vegetation records and vertical distribution data of the
seed bank (density records for the 0-5 and 5-10-cm layer, respectively). The
proportion of species with a persistent seed bank type was then calculated. Species
with low frequency in the established vegetation (detected in a maximum of three
plots from a total of twenty within a meadow type) and with low seed numbers (less
than three viable seeds detected in a meadow type) were not classified into seed
bank types; thus they were excluded from persistency calculations. Accidentally
occurring ferns (forming no seeds) and orchids (with generally acknowledged
cultivation difficulties; Thompson et al 1997) were similarly excluded. The effects
of management and meadow type on important vegetation and seed bank variables
were analyzed using two-way ANOVA; these variables were In(x+1) transformed
prior to statistical analyses. The mean numbers of flowering shoots and seed
densities of frequent species were compared with t-test on In(x+1) transformed data,
between mown and abandoned meadow stands (Zar 1999). Species were considered
frequent when they had more than 50 flowering shoots in the vegetation, and/or at
least 50 viable seeds detected in the seed bank of at least one meadow type.
Vegetation and seed bank composition were compared between mown and
abandoned stands of the two meadow types with Serensen similarity using MDS
ordination (Legendre & Legendre 1998). Correlations between the number of
flowering species in the vegetation and the species richness in the seed banks, as
well as the correlation for the number of flowering forbs and the number of forb
species in seed banks were analyzed by Spearman rank-correlation.

In studies performed in extensively managed lucerne fields and in restored
fields, we classified the species into four functional groups using life-form (based on
Raunkiaer’s life form system, Raunkiaer 1934) and morphological categories
(graminoids and forbs). These were perennial graminoids, perennial forbs, short-
lived graminoids, and short-lived forbs. Annuals and biennials are short-lived, and
geophytes, hemikryptophytes, and chamaephytes are perennials. In Chapters 2 and
4, the functional group of the weeds was classified using Grime C-S-R strategy
types (Grime 1979) which was modified and adapted to local conditions by Borhidi
(1995). The species groups AC (adventive competitors, e.g. Conyza canadensis,
Ambrosia artemisiifolia), RC (ruderal competitors, e.g. Cirsium arvense, Elymus
repens) and W (weeds, mostly annual and biennial weedy grasses and forbs) were
considered as weeds. We calculated the percentage cover based on the relative
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proportions of functional species groups. In Chapter 2, the cover, species richness
and phytomass data of the differently aged extensively managed lucerne fields were
compared using General Linear Mixed-Effect Models (GLMM) and Tukey test
(Zuur et al. 2009). Field age (time) was included as a fixed effect and field/block
structure as a random effect. To analyse correlations between the different
phytomass groups and sites we used DCA ordination, with square root transformed
datasets. DCA was calculated by CANOCO 4.5 (ter Braak & Smilauer 2002).

We used cover based Shannon diversity to characterise vegetation diversity,
and Serensen dissimilarity for vegetation changes. Characteristic (indicator) species
of differently aged lucerne fields and reference grasslands and of different restored
fields and years were identified by the IndVal procedure (Dufréne & Legendre
1997); during the calculations 10,000 random permutations were used. The IndVal
procedure was executed by a revised version of the R code published as the
electronic appendix of Bakker (2008). To explore similarities between restored and
reference sites we used Nonmetric Multidimensional Scaling (NMDS) ordination
with Bray-Curtis similarity based on percentage cover data (Legendre & Legendre
1998). We used the metaMDS function of the package “vegan” in R 2.9.0 which
provides an NMDS with stable solution from random starts. Species scores were
added to the final solution as weighted averages using function wascores (Oksanen
et al. 2009).

Temporal changes in cover and species richness were analyzed using one-way
repeated measures ANOVA or Friedman’s repeated measures ANOVA on ranks
depending on whether the data met the assumptions of homoscedasticity (evaluated
by an F-test) and normality (Kolmogorov-Smirnov test). The mean values of
phytomass were compared using repeated-measures ANOVA on datasets pooled at
the field level. We used the Tukey test to identify significantly different groups
(p<0.05) (Zar 1999). The differences of phytomass between alkali and loess seed
mixtures sown fields and reference grasslands were analysed using one-way
ANOVA and Tukey test (N=10 for each field; datasets of alkali seed mixture sown
fields and alkali grasslands were separately tested from loess seed mixtures sown
fields and loess grasslands). In Chapter 3, we used Kruskal-Wallis tests to analyse
phytomass data that were not from repeated measures, after significant ANOVAs,
we compared groups using the Student-Newman-Keuls procedure (Zar 1999). In
Chapter 4, we calculated the heterogeneity of graminoid phytomass and litter using
the Gini-coefficient (Zar 1999). Correlation between the litter, graminoid
phytomass, and phytomass and species richness of weedy forbs were calculated by
Spearman’s rank-correlation (Zar 1999). Tests were executed using SigmaStat 3.1
(basic  statistics), R (ANOVA, Gini-coefficient, Spearman correlation,
R-Development Core Team 2010).
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Chapter 1

Restoration potential in acidic dry-mesophilous and
fen meadows

Introduction

Extensively managed hay meadows in mountain regions of Europe were
originally created by forest cutting and maintained extensively by low intensity
mowing (Fischer & Wipf 2002; Zeiter et al. 2006). Due to the changes in agro-
environmental schemes in the last few decades an increased abandonment of these
meadows was reported from many regions in Central-Europe (Stampfli & Zeiter
1999; Diemer et al. 2001; Poschlod et al. 2005). The mountain hay meadows are
among the most species rich communities in Europe and harbour many threatened
plant and animal species (Losvik 1999; Stampfli & Zeiter 1999; Ilmarinen et al.
2009). They are therefore considered to be habitats of outstanding conservational
value (Dietschi et al. 2007). Restoration of former biodiversity and conservation of
the remaining, often fragmented meadow stands, are high priorities from a nature
conservation perspective (Smith et al. 2002).

The abandonment of hay meadows is often followed by declining species
richness (Bekker et al. 1997; Stampfli & Zeiter 1999; Stammel et al. 2006). Litter
accumulation following cessation of management leads to an increasing dominance
of a few competitive graminoids and often results in the disappearance of most
subordinate forbs due to increased shading (Billeter et al. 2007; Rudmann-Maurer et
al. 2008). Still there are open questions regarding the success of restoration of
species richness; e.g. are there any target species already missing from aboveground
vegetation of abandoned stands still present in the soil seed banks, and how does
their persistence vary in different grassland types with similar history and
management?

There are contrasting views on the possible role of soil seed banks in
grassland restoration. Several studies emphasize that soil seed banks form an
important source for re-colonization (Bakker & Berendse 1999), particularly when
species dispersal is limited (Rosenthal 2006; Simmering et al. 2006). However, other
investigations have found that target species often lack persistent seed banks
(Kalamees & Zobel 1998; Bossuyt & Honnay 2008). Still there is a shortage of seed
bank records, especially for species of high conservational value. Under-
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representation of target species in databases may hamper the understanding of the
seed banks’ role in community regeneration (Thompson et al. 1997; Csontos 2001).

Aims of the study

To address some of these issues we studied mown and abandoned stands of
acidic fen- and dry-mesophilous meadows with the aim of evaluating the following
questions: (i) What proportion of total species richness is represented in the seed
banks of different meadow types? (ii) Do the seed banks contain species that are not
represented in the above-ground vegetation? (iii) What is the size of the seed bank
for restoration target species? (iv) Does the density and species richness of the seed
banks differ between mown and abandoned stands within the same meadow type?
(v) Does management status or vegetation type have more of an effect on seed bank
richness and density?

Results
Vegetation

In total, 158 species (32 graminoids and 126 forbs) were recorded in the
study plots. A larger diversity of forbs was detected in dry-mesophilous meadows
(100 forb species, 79% of total forbs) than in fen meadows (80 species, 63% of total
forbs). The species richness of graminoids was approximately the same in both
meadow types (25 and 26 species, respectively). The studied meadow types shared
73 species; these species displayed different frequencies and levels of flowering
success in the two meadow types. In both meadow types species richness, richness
of forb species and flowering shoots of forbs proved to be significantly higher in
mown stands than in abandoned ones. Higher mean scores of total and of forb
species richness were detected in the dry-mesophilous meadows than in the fen
meadows (Appendix 1.1). Mowing had a positive effect on all the studied vegetation
characteristics in both meadow types (Table 1.1).

Out of the 24 frequent flowering species in fen meadows six had
significantly higher flowering success in mown stands (Briza media t=2.473,
p=0.024, n=10; Festuca ovina t=5.648, p<0.001, n=10; Luzula multiflora t=2.762,
p=0.013, n=10; Plantago lanceolata t=3.904, p<0.001, n=10; Thymus pulegioides
t=3.904, p=0.001, n=10; and Viola canina t=5.515, p<0.001, n=10). In abandoned
stands only Molinia arundinacea (t=4.367, p<0.001, n=10) reached significantly
higher flowering success. In dry-mesophilous meadows, 4 out of the 14 frequent
flowering species had a significantly higher number of flowering shoots in mown
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plots (Helianthemum ovatum t=3.476, p=0.003, n=10, Thesium linophyllon t=2.511,
p=0.022, n=10, Thymus pulegioides t=2.853, p=0.011, n=10, and Veronica
officinalis t=3.711, p=0.002, n=10). Only Calamagrostis arundinacea (t=5.776,
p<0.001, n=10) had significantly higher mean numbers of flowering shoots in
abandoned than in mown dry-mesophilous meadow stands.

Table 1.1. Two way ANOVA of the vegetation and seed bank characteristics of the
meadows (n=10). Significant effects (p<0.05) are denoted by boldface.

Meadow type Management Type x Management
Fis MS p Fis6 MS p Fis6 MS p

Vegetation
Species richness 8.702 0.324 0.006 19362 0.720 <0.001  0.045 0.002 0.834
Forb species richness 18.776 0.631  <0.001 14.153 0475 <0.001 0.470 0.016 0.497
Flowering species richness 2.310 0.321 0.137 7.225 1.003 0.011  2.115 0.294 0.155
Flowering forb species richness 2.385 0.386 0.131 4.286 0.694 0.046 1.410 0.228 0.243
Number of flowering shoots of forbs 1.105 0.627 0.300 13.370 7.588 <0.001 0.154 0.087 0.697

Seed bank
Species richness 34735 1.825  <0.001 0.008  0.001 0931  0.198 0.010 0.659
Forb species richness 21.031  1.867  <0.001 0.106  0.009  0.746  2.004 0.178 0.166
Number of seedlings 861.011 72.784  <0.001 0.615 0.052 0438 3.406 0288 0.073
Number of seedlings excluding Juncus 138.739  10.979 <0.001 0.492  0.039 0.488  5.713 0.452 0.022
Number of forb seedlings 71.828 12216  <0.001 0.023 0.004 0.881 6.382 1.085 0.016

Seed banks

Altogether 94 species (38 graminoids and 56 forbs) were found in soil
samples. In fen meadows 44% of aboveground species possessed any seed banks
whereas in dry-mesophilous meadows the same figure was 26%. These proportions
for target species were 44% and 29%, respectively, while the proportion of target
species detected only in seed banks was 11% in both meadow types. Out of the 31
species detected in soil seed banks of both meadow types, only two species (L.
multiflora and Campanula patula) were similarly frequent. Samples from different
meadow types proved to be similarly rich in species, but a lower number of forbs
was detected in the seed banks of dry-mesophilous meadows compared to fen
meadows. Mean seed densities were about ten to twenty times higher in fen
meadows than in dry-mesophilous ones (Appendix 1.1). Total seed densities
excluding the dominant Juncus species, and the seed density of forbs were also two
to four times higher in fen meadows, than these scores in the dry-mesophilous
meadows (Appendix 1.1). All studied seed bank characteristics were significantly
affected by the meadow type. No overall effect of management on the seed banks
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was revealed on the density of persistent seed banks (Table 1.1). In fen meadows M.
arundinacea had much higher densities in the abandoned plots (t=9.709, p<0.001,
n=10), whereas Agrostis canina (t=4.041, p<0.001, n=10) and Lychnis flos-cuculi
(t=3.920, p=0.001, n=10) possessed more dense seed banks in the mown stands.
None of the detected species had significantly different seed densities in differently
managed dry-mesophilous meadow stands.

Similarity of above and belowground samples

The MDS ordination showed a clear distinction between vegetation and seed
banks (Fig. 1.1). Similarities between vegetation and seed banks differed greatly
according to the vegetation type (Serensen similarities for fen meadows: 0.41 to
0.53, whereas for dry-mesophilous meadows 0.28 to 0.36). Based on specific
vegetation and seed bank data we were able to classify seed longevity of 84 species
in fen- and 88 species in dry-mesophilous meadows, respectively. Persistent records
in fen meadows comprised 49% of all classified species and 33% in dry-
mesophilous meadows. In fen meadows a strong positive correlation was revealed
between the number of flowering species in the vegetation and the species richness
in the seed banks (Spearman rank correlation; p<0.001, n = 20, r = 0.68) and the
same holds for the forbs (p<0.001, n = 20, r = 0.70). No such correlations were
found in dry-mesophilous meadows.

In fen meadows almost all frequent graminoids of the vegetation had a
considerable number of viable seeds, whereas in dry-mesophilous meadows only
Sieglingia decumbens and L. multiflora had relatively dense seed banks (a mean
seed density over 250 seeds/m’; Fig. 1.1). In contrast to graminoids, 25% of forbs
detected in vegetation of fen meadows had any seed banks, and 18% were persistent.
In dry-mesophilous meadows these scores were only 15% and 6%, respectively.
Though some target species were only found in seed banks (e.g. some sedges like
Carex pilulifera or C. nigra) these were significantly outnumbered by those ones
which were exclusively found in vegetation. In fen-meadows 31 species (incl.
protected species as Achillea ptarmica, Gladiolus imbricatus, Gentiana
pneumonanthe) were exclusively found in above-ground vegetation, whereas in dry-
mesophilous meadows this figure was 46 (incl. protected species such as Carlina
acaulis, Gentianella austriaca). Overall, most of the detected legally protected target
species (Kiraly 2007) in both meadow types lacked persistent seed banks (9 out of
11 species). Only Hypericum maculatum (20-500 seeds/m®) and Carex hartmannii
(one seedling) had a detectable seed bank. Conversely, common rushes (J.
conglomeratus and J. effusus), that were mostly missing from the vegetation,
dominated the seed banks in all fen meadow plots (50-94% of total seed densities).
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These rush species were also present in the seed bank in dry-mesophilous plots.
Further rush species (Juncus articulatus, J. bufonius), several sedges (Carex
pilulifera, C. nigra, C. remota), and a number of hygrophyte forbs (Peplis portula,
Scrophularia umbrosa, Typha angustifolia) were exclusively detected in the seed
banks.
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Fig. 1.1. The similarity of vegetation and seed banks of fen meadow and dry-
mesophilous meadow stands based on presence-absence of species (Serensen
similarity and MDS ordination, stress = 12.64). Notations: [] - fen meadow,
vegetation, abandoned; H - fen meadow, seed banks, abandoned; Il - fen meadow,
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meadow, vegetation, abandoned; o - dry-mesophilous meadow, seed banks,
abandoned; @ - dry-mesophilous meadow, vegetation, mown; @ - dry- mesophilous
meadow, seed banks, mown.
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Discussion
Vegetation and seed bank

The low to medium similarity between vegetation and seed banks reported
here fit well in the range formerly detected in grasslands (Hopfensperger 2007;
Bossuyt & Honnay 2008). Seed bank densities detected in the acidic dry-
mesophilous meadows proved remarkably higher than in most analyzed dry-
mesophilous calcareous grasslands (about 200-900 seeds/m’; e.g. Kalamees & Zobel
1998; Willems & Bik 1998; Bossuyt et al. 2006), but somewhat lower than in some
chalk grasslands in Germany (6,000-7,000 seeds/m’; e.g. Poschlod & Jackel 1993).
We detected seed densities in the soil of the fen meadows of an order of magnitude
higher than in dry-mesophilous ones, which coincides with results of former studies
conducted in similar wet meadow types (Bekker et al. 2000; Matus et al. 2003b;
Jutila 2001). The enormously high seed density of the fen meadows was caused by
the Juncus seeds. As in other wet meadows rushes comprised the largest part (50-
94%) of the seed banks (most often J. conglomeratus and J. effusus; Bekker et al.
2000; Matus et al. 2003b; Jutila 2001). High loads of Juncus seed banks can threaten
restoration but evidence is missing in what circumstances they really hamper the
establishment of other species.

In contrast to the fen meadow stands the percentage of rushes in acidic dry-
mesophilous meadows, measures as low as 2.2% of the seed bank (about a
maximum of 130 seeds/m”), similar to levels reported in previous studies on
calcareous meadow types (Kalamees & Zobel 1998; Willems & Bik 1998). Total
density of forbs was three to four times higher in fen meadows than in dry-
mesophilous ones. This group contained the most target species and is often subject
to extinction after abandonment (Stampfli & Zeiter 1999; Stammel et al. 2006).
Furthermore, a much smaller proportion of these species had persistent seed banks in
dry-mesophilous meadows, than in fen meadows. These results suggest that soil seed
banks can only play a subordinate role in restoration of this meadow type.

Management

Resumed traditional management is usually considered to promote species
richness in vegetation of abandoned grasslands (Losvik 1999; Stampfli & Zeiter
1999; Williams et al. 2007). Our study also supports these findings. The picture,
however, is less clear concerning reproductive success (flowering and seed banks).
The flowering success of several species was apparently influenced by management.
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It was difficult to judge whether or not resumed management could affect specific
seed bank densities. The most likely reason is that the alteration of persistent seed
bank is much slower than changes in vegetation (Ghorbani et al. 2007). Therefore,
the seed bank structure and composition as a long-term ‘successional memory’
reflects the former stages of the vegetation development (T6rdk et al. 2009).

Conclusions

Irrespective of the vegetation type only a small number of target species
built up detectable seed banks. The same holds for the legally protected target
species, which possessed at most sparse seed banks in both meadow types.
Consequently, these species can become extinct locally when they disappear from
the above-ground vegetation. Restoration of former species richness is therefore not
possible from local seed banks. Our results demonstrated that in spite of the similar
site conditions and vegetation, seed banks in the two meadow types were remarkably
different. Consequently, restoration prospects also differ markedly. Regeneration of
dominant grasses, sedges and several common forbs from local seed banks is
promising in fen meadows, but it is still unknown whether or not high densities of
pioneer Juncus seeds could hamper restoration aims. Poorly developed seed banks
of dry-mesophilous meadows do not guarantee the regeneration of species-rich
vegetation.

Spontaneous regeneration processes are increasingly integrated as
restoration tools in ecological restoration (Prach & Hobbs 2008; Prach &
Rehounkova 2008). However, further case studies are needed to explore in which
communities and circumstances could restoration actions be based on spontaneous
recovering processes (e.g. spontaneous recovery from seed banks). Our results have
demonstrated that even closely positioned stands of contrasting hay meadows
require distinct restoration measures. In fen meadows one can rely on a spontaneous
recovery of relatively species-rich stands resuming the former management. In
contrast, propagule import is a further requirement for dry-mesophilous meadows
(e.g. hay transfer from remaining species-rich stands; Donath et al. 2007; Wallin et
al. 2009). Our results underline the importance of regular management for the
species-rich hay meadows, as the most economic way of conservation. These stands
also can serve as donor sites for improving degraded ones (Donath et al. 2007; Liu et
al. 2009).
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Chapter 2

Lucerne fields recover native grass diversity without
intensive management actions

Introduction

The aim of grassland restoration is to recover and/or improve grassland
biodiversity and ecosystem functions (Firn 2007; Reid et al. 2009). Two contrasting
approaches are used most often: technical reclamation or spontaneous succession
(Prach & Hobbs 2008). Both methods are generally followed up by site management
for weed suppression using techniques such as mowing and/or grazing (Warren et al.
2002; Leps et al. 2007; Kiehl et al. 2010). Recovery can be accelerated and directed
by technical reclamation methods. In most cases this means adding seeds of
desirable species using hay transfer or seed sowing (Pywell et al. 2002; Holzel &
Otte 2003). An alternative approach is spontaneous succession, where seeds are not
added and the system is left to recover naturally (Prach & PySek 2001). Technical
reclamation is preferred worldwide despite several promising examples of
spontaneous recovery of grasslands (e.g. Ruprecht 2006; Prach & Rehounkova
2008). This is especially true when there is an urgent need to heal landscape scars,
prevent erosion or suppress weeds (Torok et al. 2010; Tropek et al. 2010).

Recently, there have been attempts to link theories of spontaneous
succession with direct restoration efforts to mitigate costs and improve the success
of restoration (Walker et al. 2007; del Moral et al. 2007). For example, patterns in
vegetation dynamics could be used to judge whether or not invasive weed cover will
develop rapidly after agriculture ceases or to judge whether active intervention is
necessary to eliminate former crops. Spontaneous succession has several advantages
over technical reclamation. (i) The natural value of spontaneously regenerated sites
is often higher than that of reclaimed ones (Hodaovd & Prach 2003). (ii)
Spontaneously colonising species are expected to be better adapted to local
conditions than species originating from commercial sources or non-local sites (van
der Mijnsbrugge et al. 2010). (iii) Increased vegetation patchiness at spontaneously
regenerated sites provides improved refugees for animals compared to technical
reclamation sites (Tropek et al. 2010). Finally, (iv) spontaneous succession offers
cost-effective restoration with a low rate of active intervention (Prach & Hobbs
2008).
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Spontaneous succession also has some drawbacks compared to technical
reclamation, concerning (i) the low level of predictability and control of initial
vegetation composition, density and pattern, and (ii) the relatively slow development
of vegetation towards to the target state, especially where proper donor sites for
colonisation are missing (Ruprecht 2006; Prach & Hobbs 2008). However, the value
of spontaneous succession in restoration programmes is becoming more widely
appreciated, which underlines the importance of reporting relevant case (Prach &
Pysek 2001; Prach et al. 2001).

There is large scale abandonment in rural areas where productivity is low in
Central- and Eastern Europe (Jongepierova et al. 2007; Toérok et al. 2010). After the
collapse of state owned agricultural cooperatives, the socio-economical changes
resulted in large scale abandonment of croplands (Prach et al. 2007; Pullin et al.
2009). Between 1990 and 2004, 600,000 hectares of croplands have been abandoned
in Hungary (Hobbs & Cramer 2007). This has provided an opportunity to use these
areas to restore grasslands and improve their continuity for nature conservation
(Stevenson et al. 1995; Simmering et al. 2006; Lindborg et al. 2008).

Most studies reporting spontaneous succession have focused on abandoned
fields formerly cultivated with annual crops or the previous history of the site (e.g.
last crop) has been ignored (Csecserits & Rédei 2001; Ruprecht 2006). Generally in
these studies, weedy short-lived species are found to dominate in the first years after
abandonment (Blumenthal et al. 2005; Prach et al. 2007). Weed dominance is
generally associated with high levels of soil nutrients, which can be difficult and
costly to control (Blumenthal et al. 2003). The dominance of early colonising weedy
species can also slow down the regeneration of target vegetation for many years
(Collins et al. 2001; Prach & Pysek 2001). Secondary succession after intensive
cultivation of perennial crops has not previously been studied. One of the most
important perennial crops worldwide is lucerne Medicago sativa L. Lucerne is often
used as silage or hay for cattle forage (Horrocks & Valentine 1999; Li et al. 2007).
In Hungary more than 130,000 ha of croplands were sown with lucerne although
intensity of use has decreased in recent years (2004-2008; K.S.H. 2008).

Aims of the study

We studied the regeneration of loess grasslands in extensively managed
(mown twice a year) lucerne fields using space for time substitutions. We addressed
the following questions: (i) How effective is lucerne in weed control? (ii) How
quickly does lucerne disappear? (iii) How fast does grassland recover in extensively
managed lucerne fields? The overall aim of this study was to examine the value of
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spontaneous succession in the restoration of grasslands in former lucerne fields as a
cost-effective strategy for grassland conservation.

Results
Vegetation and phytomass

The vegetation of 1 and 3-year-old lucerne fields was characterized by the
high cover of lucerne. Several weed species were present; their mean cover was less
than 5% (e.g. Conyza canadensis, Lamium amplexicaule, Polygonum aviculare,
Stellaria media). The mean cover of lucerne decreased from 75.2% to 2.2% with
increasing field age. In the vegetation of 5-year-old fields the cover of lucerne was
lower than 50% in all studied plots; moreover in one of the 10 year old fields no
lucerne cover was detected. Conversely, the mean cover of perennial graminoids
increased from 0.5% to 50.2% parallel with increasing field age (GLMM, P<0.001,
d.f.=134, t=14.30; Table 2.1). The mean total cover of differently aged lucerne fields
fluctuated between 77.6% and 86.1% (Table 2.1). Altogether 104 vascular plant
species were recorded in the vegetation of the studied lucerne fields. The mean total
species richness (from 8.5 to 13.9-14.7), the mean species richness of perennials
(from 2.4 to 5.8-6.0), and the mean Shannon diversity scores (from 0.5 to 1.5-1.6)
were increased with field age (GLMM, P<0.001, d.f.=134, t=11.04 and 11.17,
respectively; Table 2.1).

No significant differences were found between the total phytomass of
differently aged lucerne fields (means ranged between 286-689 g/m”). As for cover,
the phytomass of lucerne decreased with increasing field age (GLMM, P<0.001,
d.£.=350, t=17.17). The phytomass of graminoids was highest in the 5 and 10-year-
old fields (Fig. 2.1). A negative correlation was detected between the phytomass of
lucerne and that of graminoids. Litter and forb phytomass were also negatively
correlated, but no clear temporal trend was detected. A decreasing lucerne
phytomass and an increasing grass phytomass were detected with increasing field
age (Fig. 2.2.)
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Table 2.1. Cover, species richness and Shannon diversity scores of functional
species groups. Different superscripted letters indicate significant differences tested
with GLMM and Tukey test (P<0.05).

Age of lucerne fields
1-yr-old 3-yr-old 5-yr-old 10-yr-old
Cover (%, mean+SE)
Total 85.4+0.4 85.8+4.7 86.1+12.9 77.6+12.6
Medicago sativa 75.2+1.1° 72.8+£11.0° 24.144.9° 2.3£2.3°
Perennial forbs (excl. M. sativa) 0.7+0.2° 6.5+4.5° 10.7£2.7° 16.3+2.2¢
Perennial graminoids 0.5+0.2° 0.9+0.1° 29.8+14.1° 50.2+15.0°
Short-lived forbs 8.9+1.6 5.4+2.2 10.6£7.6 6.2+0.5
Short-lived graminoids 0.1£0.1° 0.2+0.1* 11.0+3.9° 2.6+1.5°
Species richness (mean+SE)
Perennial species 2.4+0.2° 3.340.4° 6.0+1.1° 5.8+0.4°
Short-lived species 6.1£0.7* 5.2+1.6° 8.7+2.1° 8.1x1.0°
Shannon diversity 0.5+0.1° 0.6+0.3" 1.6£0.2° 1.5£0.2°
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Fig. 2.1. Phytomass scores of Medicago sativa and three functional groups in
differently aged lucerne fields. Notations: A = Medicago sativa, B = graminoids, C
= litter, D = other forbs. Different letters indicate significant differences within a
phytomass group between years (GLMM and Tukey test, P<0.05; tests were

executed on 20x20cm samples).
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Lucerne fields and reference grasslands

Characteristic grass species for reference grasslands (e.g. Festuca rupicola
and Bromus inermis) were found at low levels of cover in 5 and 10-year-old lucerne
fields. Conversely, some common grasses were dominant (e.g. Festuca pseudovina,
Poa angustifolia, Elymus repens, Alopecurus pratensis). Decreasing mean
dissimilarity of species composition was detected with increasing field age (from a
mean of 0.96 in 1-year-old fields to a mean of 0.76 in 10-year-old fields).
Characteristic forb species of target loess grasslands were only present in 5 and 10-
year-old lucerne fields (e.g. Vicia hirsuta, V. angustifolia, Galium verum, Medicago
minima, Trifolium angulatum, T. retusum, Lathyrus tuberosus).

o ;
N Forbs
Time
[ ]
o Gra;szs
N Lucerne
Q@
-1.0 4.0

Fig. 2.2. The relationship between the various phytomass fractions and time using
DCA. The points (main data) were based on mean species percentage cover. All data
were pooled at the field’s level. Notations for the lucerne fields: 1-year-old - O; 3-
year-old - @; 5-year-old - @; 10-year-old - @. Notations for the background
variables (arrows): Lucerne = phytomass of lucerne; Forbs = forb phytomass;
Grasses = graminoid phytomass, Time = field age; Litter = litter phytomass.
Eigenvalues are 0.52 and 0.08 for axis 1 and 2, respectively.

Several other characteristic perennial forbs were not detected even in the
vegetation of 10-year-old lucerne fields (e.g. Ajuga genevensis, Salvia nemorosa, S.
austriaca, Pimpinella saxifraga, Thymus degenianus, Euphorbia cyparissias,
Veronica prostrata). Several disturbance tolerant and weedy perennial forbs were
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more frequent in the lucerne fields than in reference grasslands (e.g. Cirsium
arvense, Convolvulus arvensis, Taraxacum officinale). Species composition in the
lucerne fields showed a clear shift along the first axis in the NMDS ordination (Fig.
2.3). Time is represented by the first axis, and the age groups are separated along it.
The vegetation of the 1 and 3-year-old fields showed low variability, while the
variability of plots of the older fields was much higher (Fig. 2.3). The vegetation of
the 10-year-old fields showed the most similarity with the vegetation of reference
grasslands.

0.5 1

2nd NMDS axis
[}
(e}
1

-0.5

-0.5 0.0 0.5
1st NMDS axis

Fig. 2.3. Vegetation composition of differently aged lucerne fields and
reference grasslands. Ordination plot was based on percentage cover data of
the sample plots using NMDS ordination and Bray-Curtis similarity (Stress =
15.91). Lucerne fields: 1-year-old - O; 3-year-old - @; 5-year-old - @; 10-
year-old - @; Species poor Cynodonti-Poétum loess grassland - <; Loess
balk with high cover of Bromus inermis - ¥; Species rich Salvio-Festucetum
loess grassland - <.
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Discussion
Weed control

Previous studies have reported high weed cover after abandonment of
intensively managed croplands, e.g. weed cover of 5-40% for sandy fields
abandoned for 1 to 10 years (Central-Hungary; Csecserits & Rédei 2001; Csecserits
et al. 2007), and 10-60% for 1 to 12-year-old abandoned loess fields (Ruprecht
2005, 2006). Low weed cover was found after abandonment only where crop
production lasted just a few years, and no mineral fertilizers had been applied (e.g.
Jongepierova et al. 2004). It has been suggested that the rapid development of weed
cover can be avoided by sowing mixtures of seeds of characteristic late successional
species (Prach & Pysek 2001; Pywell et al. 2002; Warren et al. 2002) or cover crop
grasses (Hansson & Fogelfors 1998).

In our study weedy species did not dominate in the early years. The total
cover of weeds was low at less than 5% cover, regardless of the age of the fields.
Our results support the findings of Li et al. (2007), where legume species such as
lucerne were found to aid in suppressing weeds. It is well known that seeds of weed
species are present in the soils of croplands in high density (Hutchings & Booth
1996; Manchester et al. 1999). Torok et al. (2010) detected a high cover of short-
lived weeds after ploughing and sowing of perennial graminoids in former lucerne
fields (1 to 3 years old), which suggests a high amount of weed seeds in the soil of
lucerne fields. The low cover of weeds detected in the present study is most likely to
be explained by the presence of lucerne, than by the absence of weed seeds in the
soil. The high cover and phytomass of lucerne in the first years caused weed
suppression by increased shading of the soil surface (Glisewell & Edwards 1999),
and/or the competitive exclusion of short-lived weeds (Bischoff et al. 2005). An
allelopathic effect of lucerne may be responsible for low weed cover: Ells & McSay
(1991) showed that lucerne leaf extract (containing phenolic allelochemicals) was
detrimental to germination and differentiation of susceptible plants.

Cover and phytomass of lucerne

In our study the cover of lucerne was over 70% in 1 and 3-year-old lucerne
fields. A sharp decline was detected after the third year. This is in accordance with
the common agricultural practice in this region, where the lucerne is re-sown after 3-
4 years of cultivation. In a sowing experiment conducted by Li et al. (2007) in loess
plateaux in China, the mean cover of lucerne decreased after the first year of sowing
(about 50% of cover in the first, and 29% in the third year after sowing,
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respectively). The more rapid decrease in lucerne cover can be explained by the
lower sowing density than in our study (22.5 kg/ha, in our region 30 kg/ha is
typical). Our results suggest that lucerne could disappear within a decade from
grasslands under extensive management by mowing. The disappearance of lucerne
could also be facilitated by low intensity grazing, which would select for leguminous
species (Stroh et al. 2002).

In previous studies a significant increase in total vegetation cover (Li et al.
2008; Ruprecht 2005) or an increase of cover and/or phytomass of perennials
(Stolcova 2002; Feng et al. 2007a,b; Tordk et al. 2008a) has been found during
secondary succession. In our study, no such trend was detected. The total cover and
also the total phytomass scores remained stable during secondary succession. This
was caused by the gradual replacement of lucerne by perennial grasses. Torok et al.
(2010) found litter accumulation of one order of magnitude higher between the first
and second years after restoration of grasslands with low diversity mixtures in
former lucerne fields (first year litter: 28-37g/m?; second year litter: 280-289 g/m?).
The litter scores in the second and the third year of this study were about 2-3 times
higher than that detected in the present study. Accumulated plant litter was identified
as negatively affecting vascular plant species richness in several studies (Huhta et al.
2001; Enyedi et al. 2007). Therefore, high amounts of litter with high perennial
cover is especially effective in weed suppression (Torok et al. 2009). Litter
accumulation can also be negative as litter can reduce the micro-topographical
heterogeneity (Tropek et al. 2010), and decrease the availability of colonisation sites
(Jensen & Gutekunst 2003), which can stabilise the community in an undesirable
state (Hobbs et al. 2006). High amounts of litter could also hamper the immigration
and establishment of several target species by limiting microsite availability (Foster
& Gross 1998; Bissels et al. 2006). In this study, there was no litter accumulation
detected and, as a result, germination and colonisation was not hampered and
species richness increased with field age. Other studies reporting spontaneous
grassland succession have found similar links with litter accumulation and reduction
in germination and colonisation (Jongepierova et al. 2004; Ruprecht 2006;
Feng et al. 2007a).

Recovery of grasslands

We found that the recovery of species poor loess grasslands dominated by
perennial native species in former lucerne fields was possible within 10 years. Other
old-field studies found 6-23 years after abandonment was sufficient time for the
spontaneous succession of loess grasslands (Molnar & Botta-Dukat 1998; Ruprecht
2005; Csecserits et al. 2007; Feng et al. 2007a,b). The dissimilarity in species
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composition between lucerne fields and reference grasslands has continuously
decreased with increasing field age. Dissimilarity scores were, however, high even
between 5 and 10-year-old fields and reference grasslands. Several perennial forbs
found at high frequency in loess grasslands were not detected in lucerne fields; and
several short-lived weeds detected with low cover but high frequency in lucerne
fields were missing from reference grasslands (see Appendix 2.1). Previous studies
have reported that the spontaneous immigration of desirable target species is a
diaspore limited process (Donath et al. 2007; Kiehl et al. 2010). There are two
reasons for diaspore limitation: 1) limited spatial dispersal (e.g. missing dispersal
agents and heavy seeds) reduces the movement of seeds into target sites (Simmering
et al. 2006); 2) long-term agricultural use often depletes the local seed bank, and
also increases the amount of weed seeds in the soil (Coulson et al. 2001). Therefore,
spontaneous recovery will be most effective where target grassland sites are located
nearby (Oster et al. 2009). A further explanation for the persistent differences in
species composition between the old fields and reference grasslands is that the
perennial forbs may require more time to establish in extensively managed fields
(e.g. Prach et al. 2007).

Practical implications for policy

Our results suggest that the recovery of initial loess grasslands may not
require technical reclamation methods (i.e. sowing competitor grasses and/or forbs)
in lucerne fields where nearby grasslands are present as a seed source. We found that
after a decade of regular mowing, lucerne fields were transformed into loess
grasslands dominated by mnative perennial grasses. However, most of the
characteristic loess grasslands forbs are missing. Similar results were found under
the more common technical reclamation method of sowing low diversity seed
mixtures (Hansson & Fogelfors 1998; Leps et al. 2007; Torok et al. 2010). The full
recovery of loess grasslands requires more time and/or should be facilitated by
technical introduction of some of the target species (Kirmer et al. 2008; Kiehl et al.
2010). The transfer of hay and/or low intensity grazing combined with continued
mowing can be another option to facilitate the establishment of desirable species.
Our results suggest that sowing lucerne in abandoned fields and following this with
extensive management can combine the advantages of both spontancous succession
and technical reclamation in grassland restoration. It offers a cost effective solution
from the economic (agricultural) and conservation management point of view. The
method has several advantages over technical reclamation. In particular, there is no
weed dominated stage and no intensive litter accumulation. Lucerne gradually
decreases in abundance once re-sowing and/or fertilizing stops so there will be a
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lower microsite limitation rate compared to technical reclamation sites where
competitor grasses are sown. Finally, spontaneous succession is cheaper than
technical reclamation, and provides a high value hay harvest in the first few years in
lucerne fields.
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Chapter 3

Grassland restoration by sowing low-diversity seed
mixtures in former lucerne fields

Introduction

Agricultural intensification and overproduction often leads to the
abandonment of croplands in Europe and elsewhere (Ramankutty & Foley 1999;
Cramer et al. 2008). This process has been especially intense in Central and Eastern
European countries, where large state-owned or state-run agricultural co-operatives
have collapsed and lands were often privatised after 1990. For example, 10% of
Hungary’s agricultural croplands and pastures have been abandoned recently (Hobbs
& Cramer 2007). The restoration of (semi)natural grasslands on abandoned lands
offers a great opportunity to mitigate or stop the processes that damage overall
biological diversity (Young 2000; Ewers & Didham 2005; Romermann et al. 2005).
Although habitat restoration has long been available as a key policy option and
conservation tool to preserve or increase biodiversity, it has usually been limited in
scope (Walker et al. 2004). One reason why habitat restoration is infrequently
applied is that its success cannot be guaranteed because the ecological processes
occurring after restoration are often unpredictable. Furthermore, even if restoration
is successful, it is not a panacea in itself because post-restoration management is
often required to direct ecological processes towards the high-diversity target status
(Young 2000). Therefore, understanding the ecological processes occurring after
restoration is essential to design and implement effective conservation actions
(Hobbs & Walker 2007).

The most trivial method to restore grasslands is based on spontaneous
processes (old-field succession, Prach & PySek 2001). The regeneration of the
former grassland vegetation, however, is often slow and highly unpredictable
(Hutchings & Booth 1996). Regeneration is often hindered by the lack of propagules
of species of conservation value due to seed bank depletion (Hutchings & Booth
1996; Thompson et al. 1997; Bissels et al. 2005), lack of nearby propagulum-sources
or limited dispersal (Simmering et al. 2006; Schmiede et al. 2009), or missing
dispersal agents and processes (Strykstra et al. 1997; Ruprecht 2006). Moreover,
regeneration can be hampered by competition from weedy species that often invade
abandoned areas (McLendon & Redente 1992; Prach & Pysek 2001). Therefore,
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more active conservation often attempts to control and accelerate successional
changes (Luken 1991; Pakeman et al. 2002) by sowing propagules of species
characteristic to the target communities (Pywell et al. 2002; Leps et al. 2007). Most
such studies have applied sowing high-diversity seed mixtures (e.g. 14 species -
Warren et al. 2002; 27 species - Jongepierova et al. 2007; 32 species - Foster et al.
2007; 25-41 species - Pywell et al. 2002). However, high-diversity seed mixtures of
natural species are often expensive and time-consuming to obtain due to the
different times of seed maturation of target species. In few cases, therefore, low-
diversity seed mixtures were used, which contain the seeds of a few competitive
foundation species only (e.g. 5 species - Manchester et al. 1999; 4 species - Leps et
al. 2007). Although conventional wisdom suggests that high-diversity mixtures are
more successful in restoring diverse grasslands over longer time scales, two studies
show that seeding with low-diversity mixtures can also lead to diverse grasslands
(Manchester et al. 1999; Leps et al. 2007). Of these two studies, one was conducted
at a local scale (total restored area 4 ha, Manchester et al. 1999), and another at a
continental scale (similar experiment repeated in five European countries, Leps et al.
2007). Thus, we do not have information on restoration success at intermediate (e.g.
> 10 ha) scales. At larger scales, for example, seeding with low-diversity seed
mixtures may lead to different successional pathways and more diverse
communities, which can increase landscape-level biodiversity.

Aims of the study

We studied the early successional changes after grassland restoration on
croplands previously used as lucerne fields. Lucerne fields are usually not ploughed
for 3-4 years, plausibly resulting in a seed bank which is more diverse than that on
croplands ploughed more frequently. The restoration of grasslands on lucerne fields,
therefore, either can be more difficult due to the abundance of weeds in the seed
bank or can be promising due to the presence of some native species dispersing into
the seed bank from adjacent arcas. Restoration was conducted with two low-
diversity seed mixtures, each containing 2 or 3 competitive grass species for alkali
and loess grasslands, respectively, on ten fields scattered in a matrix of marshes and
target-state grasslands. The loess seed mixture contained Festuca rupicola, Poa
angustifolia and Bromus inermis, whereas the alkali seed mixture contained Festuca
pseudovina and Poa angustifolia. We studied the changes in vegetation composition
after both methods of restoration and the effects of post-restoration management
(mowing) on early secondary succession using permanent plots in a repeated-
measures design. We specifically asked three questions: (i) Can weeds be
suppressed by sowing competitive native grasses, followed up by management by
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mowing? (ii) How fast does the cover of sown grasses develop after sowing low
diversity seed mixtures? (iii) Can succession towards the target grasslands be
accelerated by sowing only low-diversity seed mixtures compared to set-aside old-
field succession? Our goal was to test these ideas and their potential application in
the conservation of grassland biodiversity.

Results
The regeneration process

In Year 1 of the study (2006), short-lived weedy forb species dominated the
restored fields (Capsella bursa-pastoris, Matricaria inodora, Polygonum aviculare,
Descurainia sophia, Stellaria media). Pioneer and weedy short-lived grasses (e.g.
annual Bromus species: B. arvensis, B. mollis, B. sterilis, and B. tectorum) were also
detected with considerable cover, especially in the sites sown with alkali seed
mixtures. The relative proportion of short-lived species was high in every field in
Year 1 (Appendix 3.1). The short-lived, weedy species have been replaced by
perennial graminoids as early as by Year 2 (2007) in every site, regardless to the
seed mixture sown. In Year 2, none of the short-lived species had a cover higher
than 5%. The relative proportion and the species richness of short-lived forbs have
decreased significantly during the three years of secondary vegetation development,
whereas that of perennial grasses increased (Appendix 3.1)

Table 3.1. Phytomass scores of the functional groups on the restored fields
(mean+SE, g/m’). Significant differences were indicated with different superscripted
letters (one-way ANOVA or *Kruskal-Wallis test, p<0.05 both). Data from 20x20-
cm samples were pooled on the plot level; tests were executed on pooled samples (n
= 6 in fields seeded with loess mixture, and n = 4 in fields seeded with alkali
mixture).

Alkali seed mixture Loess seed mixture
Phytomass 2006 2007 2008 2006 2007 2008
Forb *865.6+269.8" #6.6+2.7° *11.543.6°  *965.5+£158.2°  *558+4.0°  *41.2+13.7°¢
Sown grasses 264.2+78.9"  388.8+27.8°  618.5£97.4°  293.4+69.6°  378.4+492°  616.0£66.7°
Non-sown grasses  298.4+90.7 109.0+39.0  286.2+127.8 147.2+50.9 36.7+26.9 84.8+59.5
Litter *28248.5"°  *289.7+49.4° *#267.4+36.4°  *37.0+£15.9°  *280.3+30.6° *222.3+51.0°
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The cover of the Festuca species sown was typically low in Year 1 (most of
the sites <5%), but it generally increased thereafter. In contrast, Poa angustifolia had
a cover > 5% in six sites already in Year 1. From Year 1 to 2, the relative proportion
of the grasses sown increased significantly; and by Year 3, the cover scores of
grasses sown exceeded 50% in all sites (Appendix 3.1, Fig. 3.1). Several unsown
perennial grass species (Elymus repens, E. hispidus, Festuca pratensis) were also
established from Year 1. A slow immigration of species characteristic to reference
grasslands was detected (perennials: Achillea collina, Dianthus pontederae, short-
lived: Silene viscosa, Trifolium striatum, T. strictum, T. angulatum, Cruciata
pedemontana). However, their cover was not high even in Year 3, when only short-
lived vetch species were present with considerable cover (Vicia hirsuta and V.
angustifolia).
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Fig. 3.1. A-B. Changes in percentage cover of sown species between Year 1 (2006)
and Year 3 (2008) in restored fields using alkali seed mixture (A) and loess seed
mixture (B). Data are from six sites restored using loess mixture (pooled samples at
plot level, n = 6) and from four sites restored using alkali mixture (pooled samples at
plot level, n = 4; mean+SE).

Species richness and phytomass

A total of 95 species were recorded in the plots of the restored fields in the
three years. Of all detected species, 23 were graminoids, and 72 were forbs. Most
forbs were short-lived; only 15 perennial species were detected, each of them with
low cover. We detected 67 species (15 graminoid, 52 forb) in alkali plots, and 79
species (20 graminoid, 59 forb) in loess plots. Total species richness decreased
significantly from Year 1 to 2 in both types of restoration (Appendix 3.1). From
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Year 2 to 3, a low but significant increase in species richness occurred in the loess
plots, but not in the alkali plots (Appendix 3.1). Shannon-diversity was highest in
Year 1 and decreased from Year 1 to 2 in both types of restoration. Diversity
increased back again from Year 2 to 3 in loess plots, but not in alkali plots.
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Fig. 3.2. Similarity between reference grasslands and the restored fields based on the
percentage cover of species (Bray-Curtis similarity and NMDS ordination; stress =
21.34). Alkali seed mixture: 2006: [, 2007: HH, 2008:™, reference alkali grassland:
B Loess seed mixture: 2006: O, 2007: D, 2008: @, reference loess grassland: 0.
Species with IndVal scores higher than 50 were plotted. Species are abbreviated
using four letters of the genus name and four letters of the species name.

The changes in phytomass were similar in both types of restored fields. Forb
phytomass scores were high in all fields in Year 1, but decreased by two orders of
magnitude by Year 2 (to 1-4% of Year 1 values). At the same time considerable,
seven- to ten-fold increase in litter was observed from Year 1 to 2 and 3. The
phytomass of the grasses sown gradually increased during succession (Table 3.1).
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Similarity of the restored fields and reference grasslands

The multivariate analysis indicates a clear distinction between alkali and
loess plots along the 1st NMDS axis (Fig. 3.2). There was a continuous shift in the
species composition from the weed-dominated stages towards the reference
grasslands. The species composition of both plots in Year 2 and 3 was more similar
to that of reference grasslands than to species composition in Year 1. We observed
higher similarity between the alkali plots and the reference alkali grasslands than
between the loess plots and the loess reference grasslands (Fig. 3.2). The increasing
homogenisation of species composition of various alkali plots corresponded well
with the high internal homogeneity of the target alkali grasslands (Fig. 3.2).

Discussion
Weeds and their suppression

The vegetation in Year 1 was dominated by short-lived weedy assemblages,
similarly to the findings of other studies (Ruprecht 2005; Leps et al. 2007;
Jongepierova et al. 2007). The short-lived weeds, however, were rapidly replaced by
perennial species, and already in Year 2 the perennials grasses sown typically
dominated all fields. Previous studies showed that the success of weed suppression
depends on the proportion of grass species in the seed mixture sown. The
suppression rate was high only when grass species made up at least 70% of the seed
mixture (van der Putten et al. 2000; Warren et al. 2002; Leps et al. 2007), and it was
low when the proportion of grasses was 50% (Stevenson et al. 1995). In the latter
cases, suppression was found for high-density sowing (40 kg/ha, Stevenson et al.
1995).

In all fields, we detected a significant decrease in species richness and
diversity already from Year 1 to 2. The competitive exclusion of poor competitor,
short-lived annuals is one of the possible mechanisms, which can explain the
decreasing richness and diversity (Foster & Tilman 2000; Anderson 2007). This
process is also promoted by high nutrient levels in the soil (Marrs 1993; Huston
1978). Our preliminary analyses of soils of the restored fields detected phosphorous
and potassium concentrations of several hundred mg/kg (Torok et al. 2008b), which
most likely had resulted from previous fertilizer use on the restored lands. Mowing
in June, timed before the peak flowering time of most weeds, was also likely to
reduce the proportion of weeds after Year 1. Paradoxically, weed cover might have
even been beneficial for the grasses sown because the high cover and mass of weeds
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probably established a microclimate that facilitated the germination and
development of the species sown.

In all restored fields, litter accumulation was observed; at the same time
decreasing species richness, mainly the due to the disappearance of weeds, was
detected. Only small amounts of accumulated litter of annual forb species were
detected in the first year in both types of restored fields (28-38-g/m?). Litter
accumulation of the graminoid species was detected from the second year onwards.
The accumulated litter mainly originated from the decay of the secondary sprouting
of perennial graminoids, which followed the mowing in June. There was more litter
in the restored fields than in regularly mown or grazed alkali and loess grasslands
(220-268-g/m” in the restored fields and 62-160-g/m® in managed alkali and loess
grasslands, Deak et al. 2011). The high litter and phytomass production of
graminoids in the restored fields were probably caused by the improved nutrient
availability following agricultural use. Decreasing amounts of litter were detected
from Year 1 to Year 3 in both types of restored fields, which was mainly the result
of the regular mowing.

The accumulation of litter possibly changed germination patterns. The
accumulated plant litter decreases the irradiance of the soil surface (Stevenson et al.
1995; Diemer et al. 2001), decreases the success of germination (Xiong & Nilsson
1999; Overbeck et al. 2003) and increases seedling mortality (Tilman 1993). This
effect may also contributed to the rapid decline of weeds, because the pioneer
species are more sensitive to litter accumulation than later successional ones (Monk
& Gabrielson 1985; Bartha 2001).

Parallel to the disappearance of short-lived species, several perennial
unsown graminoids became established in the restored fields (Festuca pratensis,
Elymus hispidus, E. repens). These species frequently occur in lucerne fields in the
region, and after ploughing they could re-establish via vegetative growth, because of
their excellent rhizomatous regeneration (van der Putten et al. 2000; Leps et al.
2007). Furthermore, their germination is not hampered by increased perennial cover
and litter (Monk & Gabrielson 1985).

Development of perennial grass cover

The theory of “slowing down succession” suggests that the vegetation
development slows down after the formation of perennial dominance (Inouye et al.
1987; Leps 1987; Foster & Tilman 2000; Torok et al. 2008a). Our results are
consistent with this theory; the changes in species richness, composition and
vegetation cover were significantly lower between Year 2 and Year 3 than in Year 1
to Year 2. However, the time necessary for the changes observed was substantially
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shorter than could be expected based on previous grassland restorations. Our results
support the idea that sowing propagules of late successional species can
considerably facilitate the regeneration process (van der Putten et al. 2000; Leps et
al. 2007).

The formation of perennial grass dominance was more rapid than in
spontaneous regeneration of old fields reported in other studies. In spontaneously
regenerating old-fields on chernozem soil at similar elevations, perennial grass
dominance (by Festuca rupicola, Poa angustifolia and Koeleria cristata) was
reported only after 10 years (Molnar & Botta-Dukat 1998). Ruprecht (2005)
reported cover values of Festuca rupicola similar to that found here in 10- to 14-
year-old spontaneously regenerating old-fields. After heavy goose browsing, the
perennial graminoid dominance was established spontaneously in bare, nutrient-rich
sandy soil only after 4-7 years of secondary succession (Festuca pseudovina, Poa
angustifolia and Cynodon dactylon, Matus et al. 2005; Torok et al. 2008a). In
another sandy old-field study in the Great Plains area in central Hungary, the mean
cover of perennials exceeded 50% only in 11-23 years of vegetation development
(Csecserits et al. 2007). From abandoned loess plateaus in China, Feng et al. (2007)
reported perennial dominance after 6 to 12 years. Inouye et al. (1987) observed such
dominance after 5-15 years of the abandonment of agricultural practice in old fields
on Anoka County Sand Plain. Prach & Pysek (2001) detected perennial grass
dominance in the Czech Republic in spontaneously regenerating old fields with
various soil types typically after 6-20 years. In our study the speed of the formation
of perennial cover was similar to that in other experiments with low-diversity
mixtures (Leps et al. 2007).

The result of NMDS ordination showed that the species composition of
restored fields and reference grasslands became progressively more similar (Fig.
3.2). This tendency was shown both by large changes in life-form composition
(decrease of annuals and increase of perennials, see above) and more subtle changes
indicated by the appearance of species that are characteristic to the reference
grasslands.

Recruitment of desirable species — implications for restoration

We detected a slow spontaneous immigration of forb species characteristic
to reference grasslands. This is in accordance with the findings of other studies of
grassland restoration in former croplands (Walker et al. 2004). Most of the reports
are sceptic about the spontaneous immigration of the target species. Even where
target species were sown in diverse mixtures, only the common generalist species
with high competitive ability showed good recruitment (Pywell et al. 2003). A
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closed and productive vegetation dominated by perennial generalists hampers the
chances for the establishment of dispersed species (Walker et al. 2004). Rapid
development of perennial cover and litter accumulation proved to be detrimental to
species-enrichment and the establishment of target species, due to high competition
and the lack of regeneration niches (Critchley et al. 2006; Torok et al. 2009). Sowing
competitor species was recommended for the sites where noxious weeds were
present in high cover or where invasion was likely (Smith et al. 1999; Critchley et al.
2006; Leps et al. 2007).

Our results suggest that sowing seeds of a few competitive grass species can
be a useful conservation tool to restore grasslands and eliminate initial weed
dominance following the abandonment of agricultural cultivation. Vegetation
dominated by perennial grasses, which prevents the long-term establishment of
weedy species, developed rather quickly, in three years. Even the sowing of low-
diversity seed mixtures can quickly lead to seminatural grasslands when the starting
conditions (less disturbed lucerne fields with adjacent propagulum sources) and
management options are carefully matched. Therefore, this method proved to be
effective in the restoration of target grasslands dominated by grasses (e.g. alkali
grasslands). The full restoration of species-rich grasslands, like loess grasslands,
requires facilitating of the immigration of specialist species, for which further
management interventions are necessary. Traditional extensive grazing with sheep
or cattle can transport propagules of the target species and can enhance their
establishment from the natural grasslands to the restored fields (Gibson 1988;
Poschlod et al. 1998). Traditional mowing regimes in the restored fields and the
repeated transport of hay from natural grasslands could enhance the proportion of
specialist in the restored fields and eliminate the negative effects of limited
spontaneous dispersal (Holzel & Otte 2003; Donath et al. 2006; Leng et al. 2009).
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Chapter 4

Litter and graminoid phytomass accumulation
suppresses weedy forbs in grassland restoration

Introduction

In many parts of the world, the decreasing rate of crop production favours
grassland restoration actions in former croplands (Csecserits & Rédei 2001; Cramer
et al. 2008). The major goals in such projects are (i) to suppress early colonising
assemblages by late successional ones, (ii) restore native grassland diversity and (iii)
restore ecosystem functions (Reid et al. 2009; Torok et al. 2010). To meet these
goals, it is often necessary to control the dry matter production in the recovered
grasslands by different management techniques (Hazi et al. 2011). Thus, the study of
dry matter production in seminatural and restored grasslands has become an
important research topic in restoration ecology (Bischoff et al. 2005, Guo 2007).

The relation of total aboveground phytomass and species richness can be
often described by a hump-shaped curve where a negative correlation can be
observed if high phytomass scores are measured (Grime 1979; Oomes 1992; Guo
2007). Old-fields and restored grasslands can be characterised typically by higher
phytomass production than natural grasslands (Carson & Barrett 1988) because of a
high residual nutrient content that regularly occurs following the termination of
agricultural activity (Huston 1999; Csecserits et al. 2011). In turn, high phytomass
production often results in a high rate of litter accumulation (Odum 1960).

Litter and graminoid phytomass plays a crucial role in grassland dynamics
(Martin & Wilsey 2006). Increased graminoid phytomass and accumulated litter
usually inhibits germination (Foster & Gross 1998) by reducing the irradiance of the
soil surface (Foster & Gross 1997), forming a physical barrier (Wedin & Tilman
1993), or altering the competitive environment (Kotorova & Leps 1999; Rotundo &
Aguiar 2005). A dense litter layer decreases the average soil temperature and
reduces the variability of temperature by mitigating extreme fluctuations (Eckstein
& Donath 2005), which decreases the germination rate of most forb species (Jutila &
Grace 2002; Donath et al. 2006). Furthermore, increased graminoid production and
litter reduce the amount of available water for forbs (Haugland & Froud-Williams
1999), although it may also help in preserving soil moisture under arid conditions
(Fowler 1988). Nutrients (Facelli & Pickett 1991) and allelopathic compounds can
be dissolved from the litter, which negatively affects overall diversity (Bonanomi et

-49 -



al. 2005; Ruprecht et al. 2008). From a conservation standpoint, it is a positive effect
that graminoid phytomass and litter may suppress the early colonising weedy forbs
that are abundant after abandonment.

Here we study the effects of litter and phytomass of sown grasses on species
richness and phytomass of early colonising forbs in former lucerne fields sown with
low-diversity seed mixtures in NE Hungary. Sowing low-diversity seed mixtures of
native, competitive grass species followed by regular mowing is an effective method
in grassland restoration because weedy forbs are usually rapidly replaced (Leps et al.
2007). However, most studies analyse only changes in cover and species richness
and changes in phytomass are typically neglected.

Aims of the study

Here we measured both species richness and phytomass of litter, forbs, and
sown grasses in the first three years after sowing and asked the following questions:
(1) What is the effect of the accumulating phytomass of graminoids and litter on the
phytomass of early colonisers? (ii) Is the amount of graminoid phytomass and litter
higher, and the heterogeneity of these scores lower in sown fields than in natural
grasslands? (iii) Is the amount of forbs lower in restored fields than in target
grasslands?

Results
Temporal change of phytomass in sown fields

Total phytomass decreased significantly in restored fields from Year 1 to
Year 2 regardless to the seed mixture sown (from a mean range of 1459-1480 g/m’
to 696-789 g/mz, RM ANOVA, alkali seed mixture: N=4, F=6.27, p=0.034, and for
the loess seed mixture: N=6, F=33.44, p<0.001, respectively). A significant increase
in total phytomass was detected between Year 2 and Year 3, but these figures were
lower than the scores detected in the first year in both mixtures sown fields. The
phytomass of the sown graminoids increased continuously, and the detected scores
were typically more than two times higher in Year 3 than in Year 1 (RM ANOVA,
alkali seed mixture N=4, F=10.00, p=0.012, and loess seed mixture: N=6, F=7.68,
p=0.01, Fig 4.1). Total graminoid phytomass was highest in Year 3, coinciding with
the increase of sown grasses in both types of mixtures (RM ANOVA, alkali: N=4, F
=27.83, p<0.001; loess: N=6, F=12.09, p=0.002, Fig 4.1).
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Fig. 4.1. Phytomass (A) and phytomass heterogeneity (B) scores of graminoids in
alkali seed mixtures (1), and loess seed mixtures (2) sown fields (mean+SE). Scores
for native grasslands are shown in the last column in every subfigure (in 1A and 1B
subfigure scores for alkali, in 2A and 2B scores for loess native grasslands are
shown).

A significant litter accumulation was observed from Year 1 to Year 2 in
every restored field. Litter scores increased by one order of magnitude (RM
ANOVA, alkali seed mixture: N=4, F=8.24, p=0.019, loess seed mixture: N=6,
F=5.06, p=0.03; Fig. 4.2). No significant changes were found in litter scores
between Year 2 and Year 3, regardless of the seed mixture sown. Forb phytomass in
Year 1 was dominated by short-lived weeds in every field; regardless of the seed
mixtures sown (mean proportions were 99 % for the alkali and 95 % for the loess
seed mixture). Forb phytomass (incl. weeds) decreased significantly in every
restored field from Year 1 to the Year 2, typically by two orders of magnitude,
regardless of seed mixture (RM ANOVA, alkali seed mixture: N=4, F=9.59,
p=0.014; loess seed mixture N=6, F=52.93, p<0.001). Phytomass scores of forbs
remained low (less than 18 g/m’ in every sown field) from Year 2 onwards.
Coinciding with the decrease of forb phytomass, the species numbers of forbs also
decreased both in alkali and loess restorations from Year 1 to Year 2, and remained

stable and low from Year 2 onwards (RM ANOVA, alkali seed mixture: N=4,
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F=151.68, p<0.001; loess seed mixture: N=6, F=38.50, p<0.001). In most fields,
graminoid phytomass and litter were negatively correlated with forb species richness
and phytomass. Forb phytomass and species richness showed a medium strong

negative correlation with graminoid phytomass and a strong negative correlation
with litter (Table 4.1).

Table 4.1. Correlation coefficients (I) between species richness and phytomass of
forb group and the amount of litter and sown grass phytomass by Spearman non-
parametric rank correlation. Notations: ***-p <0.001, **- p <0.01, *- p <0.05, n.s. -
non-significant, N = 12; 4 plots per field and three years. Field abbreviations: AM1-
4: Alkali seed mixture restored fields, LM1-6: Loess seed mixtures restored fields.

Field code p Sown graminoid phytomass p Litter

AMI1 ok -0.62 *EE - 0.75
AM?2 *k -0.51 ok -0.65
AM3 * -0.43 ¥*x o _0.64
AM4 n.s. -0.17 FEx =063
LMI1 n.s. 0.17 * =045
Forb phytomass LM2 . -0.66 ®k% () 84
LM3 ns. -0.18 e -0.64
LM4 ns. -0.32 056
LMS5 * -0.37 ¥*kx o -0.66
LM6 * -0.41 **Ek - .0.59
AMI1 ok -0.71 **x 0 -0.80
AM?2 ok -0.47 **kx o 20.67
AM3 * -0.37 ®RE 2071
AM4 n.s. -0.17 e -0.67
Forb species richness LM . o T
LM2 ok -0.67 k085
LM3 n.s. -0.12 wEx-0.65
LM4 n.s. -0.35 <055
LMS5 * -0.38 ¥ -0.57
LM6 ok -0.53 2057

Sown fields and target grasslands

In Year 3, we observed significantly higher graminoid phytomass in alkali
restorations compared to target alkali grasslands (one-way ANOVA, N=10,
F=27.40, p<0.001). The mean scores of graminoid phytomass detected in the alkali
restorations ranged from 616 to 1112 g/m’, whereas these scores were much lower
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in target grasslands (range 140 - 178 g/m’). In loess restorations, graminoid
phytomass scores (range 468 - 987 g/m?) were not significantly higher than that of
the target loess grasslands (range 262 - 520 g/m?), although high scores were more
common in loess restorations.
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Fig. 4.2. Litter (A) and litter heterogeneity (B) scores for graminoid phytomass in
alkali seed mixtures (1), and loess seed mixtures (2) sown fields (mean+SE). Scores
for native grasslands are shown in the last column in every subfigure (in 1A and 1B
subfigure scores for alkali, in 2A and 2B scores for loess native grasslands are
shown).

In Year 3, significantly higher litter scores were found in alkali restorations
than in target alkali grasslands (one-way ANOVA, N=10, F=14.94, p<0.001). The
detected mean scores of litter were three to five times higher in alkali restorations
than in target alkali grasslands (ranges 175 - 353 in restorations and 51 - 72 g/m’ in
target grasslands). Similarly to the graminoid phytomass scores, no significant
differences were found in the litter scores between loess restorations and target loess
grasslands, although scores were slightly higher in the sown fields (range 130 - 466
g/m” in restorations and 95 - 273g/m” in target grasslands).

The heterogeneity of litter and graminoid phytomass was highest in Year 1,
and much lower scores were typical in both restorations in later years (Fig. 4.1 and
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4.2). No significant differences were found between the heterogeneity of litter and
graminoid phytomass in Year 3 in restorations and in target grasslands.

Discussion
Changes in phytomass and litter

This study provided three key results. First, we found significantly lower
forb phytomass in the second and third year, than in the first year after sowing.
Second, litter and phytomass of graminoids increased significantly during the study,
and correlated negatively with the phytomass and species richness of forbs. Finally,
mean scores of litter and graminoid phytomass were 2-3 times higher in sown fields
than in target grasslands.

In our study, the highest total phytomass scores were detected in the first
year, conversely to Leps et al. (2007), where an increase of phytomass was detected
after sowing from the first year to the second. In the study of Leps et al. (2007), the
mean total phytomass scores were at 300 g/m’ in the first year; these scores
increased in the second year to 430-720 g/m” depending on the used mixture and/or
management. In our study, the first year’s scores were at least four times higher than
in the mentioned study (up to 1480 g/m?). This difference was caused by the rapid
development of weedy forb-dominance in the first year detected in our study. In the
second year similar scores were also typical in our study, which suggested that the
rate of suppression was poorly correlated with the first year phytomass.

Similarly to our study, a rapid increase in cover and richness of sown late-
successional species was detected in former studies of grassland restoration using
seed sowing (Pywell et al. 2002; Foster et al. 2007; Lep$ et al. 2007). Our results
confirmed that this increase of sown species holds also for the increase of their
phytomass. We detected a rapid accumulation of graminoid phytomass and litter in
the first three years of grassland restoration. Such a rapid increase of late-
successional species was not detected in studies concerning spontaneous succession
in old fields (Prach & PySek 2001; Bartha et al. 2003; Ruprecht 2006; Csecserits et
al. 2007). The detected rapid phytomass increase also supports the theory that the
speed and success of grassland recovery likely limited by diaspore availability of
grassland species. Seed sowing is suggested to overcome the diaspore limitation
(Pywell et al. 2002; Donath et al. 2003) and is recommended for directing vegetation
changes if necessary (Leps et al. 2007).

Despite of the regular yearly mowing, we detected a litter accumulation
between the first and second year. The litter scores increased from 21-42 g/m* to
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280-290 g/m” from Year 1 to Year 2. The detected litter scores in the second year
are in line with former findings where litter scores up to 700 g/m” were found in
abandoned and sown fields (Touzard et al. 2002; Foster et al. 2007). The litter
accumulation detected in our study was probably caused by the increased graminoid
phytomass production of sown grasses, but further, long-term monitoring of changes
after restoration is necessary to explore sophisticated details of the processes in
phytomass changes (Viragh et al. 2008). We found a strong negative correlation
between litter and forbs (both phytomass and richness). These results support the
findings of Eckstein & Donath (2005), where suppressive effect of litter was
confirmed in recovered grassland, if amount of litter exceeds 200g/m”.

Implications for restoration

One of the research hypotheses was that the evenness and amount of
graminoids and litter is higher in sown grasslands than in target grasslands. This was
only partly supported by our findings. Much higher litter and graminoid phytomass
was detected in restored fields than in target grasslands, but the evenness of both
scores was similar in restored fields and target grasslands. The detected scores of
litter and graminoid phytomass in Year 3 were higher than scores in target
grasslands. The detected litter (Year 3: 130-466 g/m?®) and graminoid phytomass
scores (Year 3: 701-905 g/m’) were also higher than scores detected in a grassland
recovery in variously aged extensively managed lucerne fields in this region (up to
165 g/m” litter and up to 253 g/m’ graminoid phytomass in one to 10 year-old fields,
Torok et al. 2011b). This higher phytomass and litter production was probably
supported by the residual surplus of soil nutrients typical after the termination of
agricultural cultivation, found also in our region and other studies of grassland
restoration (Pywell et al. 2002; Foster et al. 2007; Kelemen et al. 2010; Torok et al.
2010). This increased level of phytomass production is beneficial for the suppression
of early weedy forbs found in the present study and also suggested by others (Lep$
et al. 2007). However, the increased levels of litter and graminoid phytomass can
also hamper the establishment of several characteristic grassland species by (i)
competitive exclusion (Foster & Tilman 2000; Anderson 2007) and/or by (ii)
decreasing gap availability (Facelli & Pickett 1991; Ruprecht et al. 2010). To
facilitate the development of a natural species composition typical in target target
grasslands, the reduction of litter and graminoid phytomass may be necessary.
Several studies suggested that the recovery of low levels of nutrients characteristic
to target grasslands in restoration sites can last several decades (Knops & Tilman
2000; Foster et al. 2007). Therefore, introducing traditional levels of management
characteristic to target grasslands may not be the most appropriate option to decrease
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phytomass in sites with improved productivity (e.g. mowing once a year, or low
intensity grazing, Torok et al. 2010). Reintroduction of the traditional management
with increased frequency and/or intensity can be the proper management option (e.g.
mown twice a year, high intensity grazing by cattle and/or sheep). However, it may
suitable if only low intensity management is applied in the first several years
because of the seed bank weeds (Renne & Tracy 2007).
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General conclusions

In the dissertation the success of grassland recovery using spontaneous
succession and technical reclamation in various grasslands types was assessed. First,
the restoration potential of local seed banks in the restoration of abandoned fen- and
dry-mesophilous hay-making meadows was evaluated. Second, the spontaneous
recovery of loess grasslands on extensively managed lucerne fields was studied.
Third, the applicability of alkali and loess grassland restoration by sowing low
diversity seed mixtures on former lucerne fields was studied. Finally, the role of
litter and graminoid biomass accumulation on species richness and biomass of early
colonising forbs in former lucerne fields sown with low-diversity seed mixtures was
evaluated.

In abandoned hay meadows we found that the recovery of former species
richness cannot be based exclusively on the local seed banks using resumed
management. Regardless the vegetation type only a small number of target species
and hardly any protected species build up detectable seed banks. Consequently,
these species become extinct locally when they disappear from the above-ground
vegetation. Our results demonstrate that even closely positioned stands of dry-
mesophilous and fen meadows require distinct restoration measures. In spite of
similar site conditions and vegetation, the density and species composition of seed
banks in the two meadow types are different. In fen meadows one can rely on a
spontaneous recovery of relatively species-rich stands applying the former
management. Regeneration of dominant grasses, sedges and several common forbs
from local seed banks is promising in fen meadows. Poorly developed seed banks of
dry-mesophilous meadows do not guarantee the regeneration of species-rich
vegetation. Thus, introduction of propagules is a further requirement for dry-
mesophilous meadows (e.g. hay transfer from remaining species-rich stands). Our
results stress the importance of regular management for species-rich hay meadows,
as the most economic way of conservation. These stands can also serve as donor
sites for improving degraded ones.

We found in abandoned lucerne fields that spontaneous recovery of basic
grassland vegetation is promising, which offers an effective solution from the
economic (agricultural) and conservation management point of view. We conclude
that spontaneous recovery of grasslands should be increasingly integrated in
ecological restoration. Our results suggest that the recovery of initial loess
grasslands in former lucerne fields may not require technical reclamation (by sowing
of competitor grasses and/or forbs) where nearby grasslands provide propagule

sources. We found that during spontaneous succession facilitated by regular
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mowing, lucerne fields were transformed into grasslands dominated by native
perennial grasses within a decade. However, most of the characteristic forbs of loess
grasslands were missing. Our results suggest that sowing lucerne in abandoned
fields followed by extensive management by regular mowing can combine the
advantages of both spontaneous succession and technical reclamation in grassland
restoration. The method has several advantages over technical reclamation. In
particular, there is no weed dominated stage and no intensive litter accumulation.
Lucerne gradually decreases in abundance once re-sowing and/or fertilizing stops so
there might be a lower microsite limitation rate compared to technical reclamation
sites where competitor grasses are sown. Finally, spontaneous succession is cheaper
than technical reclamation, and provides a high value hay harvest in the first few
years in lucerne fields. However, futher case studies are needed to explore in which
other communities and circumstances could restoration actions be based exclusively
on spontaneous regeneration.

We found that grassland restoration on former lucerne fields can be
accelerated by technical reclamation. Our results suggest that sowing seeds of a few
competitive grass species can be a useful conservation tool to restore grasslands
following the abandonment of crop production. Vegetation dominated by perennial
grasses developed rather quickly, in three years, which was more rapid than in case
of spontaneous regeneration of former croplands reported in other studies. Our
results suggested that sowing low diversity seed mixtures is an effective tool to
eliminate early weed dominance typical after ploughing up. The cover and biomass
of short-lived weeds decreased significantly after sowing. However, the perennial
weed Elymus repens estabilished in the restored fields which can hamper the success
of grassland restoration. It can be concluded that sowing low diversity seed mixtures
can speed up the restoration of species-poor grasslands with grass dominated
physiognomy (e.g. alkali grasslands), but for the restoration of species-rich
grasslands, further management is needed.

We detected an increased amount of graminoid phytomass and litter in
restored fields compared to these scores in the reference grasslands, which is
beneficial for the suppression of short-lived weedy forbs. This higher phytomass and
litter production was probably supported by the residual surplus of soil nutrients
typical after the termination of agricultural cultivation. We found that the increased
levels of litter and graminoid phytomass can hamper the establishment of several
characteristic grassland species by competitive exclusion and/or by decreasing the
availability of suitable microsites. To facilitate the development of a natural species
composition typical in targeted seminatural grasslands, the reduction of litter and
graminoid phytomass may be necessary.
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It can be concluded, that spontaneous succession and sowing low diversity
seed mixtures in former lucerne fields proved to be effective in the restoration of
species-poor grasslands dominated by grasses (e.g. alkali grasslands). We found that
the full recovery of species richness in restored grasslands requires more time and/or
should be facilitated by direct introduction of propagules of several target species.
The transfer of hay, low intensity grazing or continued mowing can be options to
facilitate the establishment of target species. Traditional mowing regimes in the
restored fields and the transfer of hay from natural grasslands introduce effectively
the target species in the restored fields and eliminate the negative effects of limited
spontaneous dispersal. We can also directly introduce the propagules of target
species by sowing. Traditional grazing by sheep or cattle can transfer propagules of
the target species and can enhance their establishment in the restored fields creating
gaps. If grazing starts in the morning in seminatural grasslands and continues in the
restored grasslands thereafter, livestock can facilitate the immigration of propagules
in their gut or attached to their fur.

-59 -






Implications for practice

Restoration measures

The usefulness of the studied restoration techniques depends on the site
conditions, history, availability of donor sites and propagule sources. The budget
and time available for restoration actions are also crucial points. It is advisable for
further studies to report detailed information about the implementation of restoration
actions and make conclusions about the restoration success.

The first study (Chapter 1) demonstrated that the complete restoration of
former species richness of hay meadows is not possible by reintroducing the
traditional management. This is especially true for dry-mesophilous meadows,
where low propagule densities in the soil suggest poor restoration prospects. Besides
regular management by mowing and raking, species poor stands of both fen and dry-
mesophilous meadows should rely at least partially on hay or propagule transfer
from species-rich stands to increase diversity. Therefore, traditionally managed
species-rich meadow stands of the region should have conservation priority as
potential donor sites. The presence of appropriate dispersal agents (herbivores,
mowing machinery) is also important to enhance the colonisation success of target
species.

In the second study (Chapter 2) we found that spontaneous succession can
be an option which requires low technical reclamation and very little financial
investment during the restoration of grasslands in former lucerne fields. It is
recommended in restoration projects aiming at no rapid results (grassland vegetation
within several years) in areas with high propagule availability. If the natural
processes are too slow and hindered by low propagule availability, a direct
restoration intervention is recommended. The restoration of species-rich grasslands
will require more active management such as propagule transfer by hay and/or
moderate grazing to encourage the return of native forbs.

The results of the third and fourth study (Chapters 3 and 4) show that the use
of low-diversity seed mixtures is recommended to recover grassland vegetation on a
relatively large area in a short time (e.g. to heal landscape scars or prevent erosion).
To fulfil this aim the introduction of rare species has only minor importance
compared to the recovery of vegetation cover at the first stage. In the application of
seed mixtures is necessary to use seeds of local provenance to avoid establishment
failure by not appropriate ecotype or genetic incompatibility. A sowing density up to
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a maximum of 40kg/ha is recommended to avoid extremely high competition and
this density is reasonable if cost-effectiveness is taken into account. To enhance
biodiversity, we can combine the two types of seed sowing methods: in a large area,
we sow low-diversity mixtures (e.g. in a density of 20-25kg/ha or lower to allow the
spontaneous immigration of target species), but in small scattered patches, we sow
high-diversity mixtures (e.g. up to a density of 40kg/ha) to establish species rich
sites. From these species rich patches further species can disperse into the low
diversity mixtures sown parts facilitated by mowing or grazing.

Guidelines for planning restoration actions

e Know the area, soil type, and former use of the site subjected to grassland
restoration and consult with regional experts for suggestions which type of
grassland vegetation should be restored.

e Choose the proper restoration method in accordance with your financial
background, manpower and other investments needed.

e Before a restoration action please see for subsidies to cover at least partly
restoration costs. Plan also a post-restoration management proper for the
selected target grassland type (e.g. mowing or grazing).

e Document every detail of your project as a reference for further actions (e.g.
in case of sowing the composition and density of seed mixture, origin of the
mixture, sowing procedure).

e Monitor the changes after restoration and evaluate the success.

e Make your results available for conservationists as well as for the public.

-62 -



Acknowledgements

I am grateful to my supervisors B. Tothmérész, G. Matus and P. Torok for their help
and useful advice in field and laboratory work, publishing and statistics. I am
thankful for the help and patience of friends and colleagues B. Dedk, A. Kelemen
and T. Miglécz with whom I worked together for many years. I am grateful to T.
Olvedi, Sz. Radocz, Sz. Tasnady, B. Tatar, K. Toth, E. Vida, for their help in
fieldwork and laboratory work. I am indebted for the help of colleagues Cs-né
Koncz, Sz. Lengyel, K. Penksza, E. Simon, L-né Tegdes. The useful advices of the
colleagues of Hortobagy National Park Directorate L. Gal, 1. Kapocsi, R. Kiss, I.
Sandor, A. Molnar, S. Toth and S. Ujfalusi is thankfully acknowledged. Thanks to
L. Papp, M. Szab6 and the staff of Debrecen University Botanical Garden for
providing facilities, as well as L. Karaffa and E. Fekete at Department of Genetics
and Applied Microbiology for sterilizing potting soils. Thanks to the colleagues of
Telkibanya Forestry (P. Huljak, Z. Mikesz) for their help in logistics. The assistance
in fieldwork of I. Arany, A. Balogh, O. Czigan, G. Grézal, O. Kiss, L. Lontay, M.
Prommer and A. Takacs is thankfully acknowledged. Soil analyses were carried out
at the internationally accredited Pedological Laboratory of Plant and Soil Protection
Station in Debrecen (B. Harman, E. Nyeste). Meteorological records were kindly
provided by TIVIZIG. Grassland restoration was financed by a grant from the LIFE-
Nature programme of the FEuropean Union (LIFEO4NAT/HU/000119,
http://1ife2004.hnp.hu). This study was supported by a grant from the Norway
Financing Mechanism and the Hungarian Scientific Research Foundation (NNF
T/19 67748; NNF 78887; NNF2 85562) and by the TAMOP 4.2.1./B-09/1/KONV-
2010-0007 project. The TAMOP project is implemented through the New Hungary
Development Plan, co-financed by the European Social Fund and the European
Regional Development Fund.

-63 -






References

Anderson K. J. (2007): Temporal patterns in rates of community change during
succession. American Naturalist 169: 780-793.

Bakker, J. D. (2008): Increasing the utility of Indicator Species Analysis. Journal of
Applied Ecology 45: 1829-1835.

Bakker, J. P. & Berendse, F. (1999): Constraints in the restoration of ecological
diversity in grassland and heathland communities. Trends in Ecology and
Evolution 14: 63-68.

Bakker, J. P., OIff, H., Willems, J. H. & Zobel, M. (1996): Why do we need
permanent plots in the study of long-term vegetation dynamics? Journal of
Vegetation Science 7: 147-156.

Bakker, J. P. (1989): Nature Management by Grazing and Cutting. Kluwer
Academic Publishers, Dordrecht, Boston, London.

Barczi, A., Téth, M. T., Csanadi, A., Siimegi, P. & Czinkota, I. (2006):
Reconstruction of the paleo-environment and soil evolution of the Csipd-halom
kurgan, Hungary. Quarternary International, 156-157, 49-59.

Bartha S., Meiners, S. J., Pickett, S. T. A. & Cadenasso, M. L. (2003): Plant
colonization windows in a mesic old field succession. Applied Vegetation
Science 6: 205-212.

Bartha, S. (2001): Spatial relationships between plant litter, gopher disturbance and
vegetation at different stages of old-field succession. Applied Vegetation
Science 4: 53-62.

Bekker, R. M., Verweij, G. L., Bakker, J. P. & Fresco, L. F. M. (2000): Soil seed
bank dynamics in hayfield succession. Journal of Ecology 88: 594-607.

Bekker, R. M., Verweij, G. L., Smith, R. E. N., Reine, R., Bakker, J. P. &
Schneider, S. (1997): Soil seed banks in European grassland: Does land use
affect regeneration perspectives? Journal of Applied Ecology 34: 1293-1310.

Bernes, C., ed. (1994) Biological diversity in Sweden. Swedish Environmental
Protection Agency, Solna, SE.

Billeter, R., Peintinger, M. & Diemer, M. (2007): Restoration of montane fen-
meadows by mowing remains possible after 4-35 years of abandonment.
Botanica Helvetica 117 :1-13.

Bischoff, A., Auge, H. & Mahn, E.-G. (2005): Seasonal changes in the relationship
between plant species richness and community phytomass in early succession.
Basic and Applied Ecology 6: 385-394.

-65 -



Bissels, S., Donath, T.W., Holzel, N. & Otte, A. (2006): Effects of different mowing
regimes on seedling recruitment in alluvial grasslands. Basic and Applied
Ecology 7: 433-442,

Bissels, S., Donath, T.W., Holzel, N. & Otte, A. (2005): Ephemeral wetland
vegetation in irregularly flooded arable fields along the northern Upper Rhine:
The importance of persistent seed banks. Phytocoenologia 35: 469-488.

Blackstock, T. H., Rimes, C. A., Stevens, D. P., Jefferson, R. G., Robertson, H. J.,
Mackintosh, J. & Hopkins, J. J. (1999): The extent of semi natural grassland
communities in lowland England and Wales: a re-view of conservation surveys
1978-96. Grass and Forage Science 54: 1-18.

Blumenthal, D. M., Jordan, N. R. & Svenson, E. L. (2005): Effects of prairie
restoration on weed invasions. Agriculture, Ecosystems & Environment 107:
221-230.

Blumenthal, D. M., Jordan, N. R. & Svenson, E. L. (2003): Weed control as a
rationale for restoration: The example of tallgrass prairie. Conservation
Ecology 7 [online] URL: http://www.consecol.org/vol7/iss1/art6/

Bonanomi, G., Legg, C. & Mazzoleni, S. (2005): Autoinhibition of germination and
seedling establishment by leachate of Calluna vulgaris leaves and litter.
Community Ecology 2: 203-208.

Borhidi, A. (1995): Social Behaviour Types, the naturalness and relative indicator
values of the higher plants in the Hungarian Flora. Acta Botanica Hungarica 39:
97-181.

Borhidi, A. (2003): Magyarorszag Novénytarsulasai (Plant associations of Hungary).
Akadémiai Kiado, Budapest, Hungary.

Bossuyt, B., Butaye, J. & Honnay, O. (2006): Seed bank composition of open and
overgrown calcareous grassland soils - a case study from Southern Belgium.
Journal of Environmental Management 79: 364-371.

Bossuyt, B. & Honnay, O. (2008): Can the seed bank be used for ecological
restoration? An overview of seed bank characteristics in European
communities. Journal of Vegetation Science 19: 875-884.

ter Braak, C. J. F. & Smilauer, P. (2002): CANOCO Reference Manual and
CanoDraw for Windows User's Guide: Software for Canonical Community
Ordination (version 4.5). — Microcomputer Power, Ithaca NY, USA.

Carson, W. P. & Barrett, G. W. (1988): Succession in old-field plant communities:
effects of contrasting types of nutrient enrichment. Ecology 69: 984-994.

Collins, B., Wein, G. & Philippi, T. (2001): Effects of disturbance intensity and
frequency on early old-field succession. Journal of Vegetation Science 12: 721-
728.

- 66 -



Coulson, S. J., Bullock, J. M., Stevenson, M. J. & Pywell, R. F. (2001): Colonization
of grassland by sown species: dispersal versus microsite limitation in responses
to management. Journal of Applied Ecology 38: 204-216.

Cramer, V. A., Hobbs, R. J. & Standish, R. J. (2008): What’s new about old fields?
Land abandonment and ecosystem assembly. Trends in Ecology and Evolution
23:104-112.

Critchley, C. N. R., Fowbert, J. A., Sherwood, A. J. & Pywell, R. F. (2006):
Vegetation development of sown grass margins in arable fields under a
countrywide agri-environment scheme. Biological Conservation 132: 1-11.

Critchley, C. N. R., Burke, M. J. W. & Stevens, D. P. (2003): Conservation of
lowland semi natural grasslands in the UK: a review of botanical monitoring
results from agri-environment schemes. Biological Conservation 115: 263-268.

Csecserits, A., Halassy, M., Kroel-Dulay, G., Rédei, T., Szitar, K. & Szabo, R.
(2011): Different regeneration success of sandy old-fields in the forest-steppe
region of Hungary. Plant Biosystems 145: (in press).

Csecserits, A, Szabo, R., Halassy, M. & Rédei, T. (2007): Testing the validity of
successional predictions on an old-field chronosequence in Hungary.
Community Ecology 8: 195-207.

Csecserits, A. & Rédei, T. (2001): Secondary succession on sandy old-fields in
Hungary. Applied Vegetation Science 4: 63-74.

Csontos, P. (2001): A természetes magbank kutatasanak moddszerei. (Methods of
seed bank research; in Hungarian) Scientia Kiad6, Budapest, Hungary.

Dawson, T. P., Berry, P. M & Kampa, E. (2003): Climate change impacts on
freshwater wetland habitats. Journal for Nature Conservation 11: 25-30.

Desk, B., Valko, O., Kelemen, A., Térdk, P., Miglécz, T., Olvedi, T., Lengyel, Sz.
& Tothmérész, B. (2011): Litter and graminoid biomass accumulation
suppresses weedy forbs in grassland restoration. Plant Biosystems (in press).

Deak, B. & Kapocsi, 1. (2010): Természetvédelmi céla gyepesités a gyakorlatban:
Mennyibe keriil egy hektar gyep? T4jokologiai Lapok 8: 395-409.

Diemer, M., Oetiker, K. & Billeter, R. (2001): Abandonment alters community
composition and canopy structure of Swiss calcareous fens. Applied Vegetation
Science 4: 237-246.

Dietschi, S., Holderegger, R., Schmidt, S. G. & Linder, P. (2007): Agri-environment
incentive payments and plant species richness under different management
intensities in mountain meadows of Switzerland. Acta Oecologica 31: 216-222.

Donath, T.W., Bissels, S., Holzel, N. & Otte, A. (2007): Large scale application of
diaspore transfer with plant material in restoration practice — Impact of seed and
microsite limitation. Biological Conservation 138: 224-234.

-67 -



Donath, T. W., Holzel, N. & Otte, A. (2006): Influence of competition by sown
grass, disturbance and litter on recruitment of rare flood-meadow species.
Biological Conservation 130: 315-323.

Donath, T. W., Holzel, N. & Otte, A. (2003): The impact of site conditions and seed
dispersal on restoration success in alluvial meadows. Applied Vegetation
Science 6: 13-22.

Dufréne, M. & Legendre, P. (1997): Species assemblages and indicator species: the
need for a flexible asymmetrical approach. Ecological Monographs 67: 345-
366.

Eckstein, R. L. & Donath, T. W. (2005): Interactions between litter and water
availability affect seedling emergence in four familiar pairs of floodplain
species. Journal of Ecology 93: 807-816.

Ells, J. E. & McSay, A. E. (1991): Allelopathic effects of alfalfa plant residues on
emergence and growth of cucumber seedlings. HortScience 26, 368-370.

Enyedi, M. Z., Ruprecht, E. & Dedk, M. (2007): Long-term effects of the
abandonment of grazing on steppe-like grasslands. Applied Vegetation Science
11: 55-62.

Eriksson, O., Cousins, S. A. O. & Bruun, H. H. (2002): Land-use history and
fragmentation of traditionally managed grasslands in Scandinavia. Journal of
Vegetation Science 13: 743-748.

Ewers R. M. & Didham R. K. (2005): Confounding factors in the detection of
species response to habitat fragmentation. Biological Review 81: 117-142.
Facelli, J. M. & Pickett, S. T. A. (1991): Plant litter: its dynamics and effects on

plant community structure. Botanical Reviews 57: 2-31.

Falinska, K. (1999): Seed bank dynamics in abandoned meadows during a 20-year
period in the Bialowieza National Park. The Journal of Ecology 87: 461-475.

FAOSTAT 2010: http://faostat.fao.org/site/377/default.aspx#ancor

Feng, D., Hong-Bo, S., Lun, S., Zong-Suo, L. & Ming-Ana, S. (2007a): Secondary
succession and its effects on soil moisture and nutrition in abandoned old-fields
of hilly region of Loess Plateau, China. Colloids and Surfaces B: Biointerfaces
58:278-285.

Feng, D., Zongsuo, L., Xuexuan, X., Lun, S. & Xingchang, Z. (2007b): Community
phytomass of abandoned farmland and its effects on soil nutrition in the Loess
hilly region of Northern Shaanxi, China. Acta Ecologica Sinica 27: 1673-1683.

Firn, J. (2007): Developing strategies and methods for rehabilitating degraded
pastures using native grasses. Ecological Management & Restoration 8: 183-
187.

- 68 -



Fischer, M. & Wipf, S. (2002): Effect of low-intensity grazing on the species-rich
vegetation of traditionally mown subalpine meadows. Biological Conservation
104: 1-11.

Foster, B. L., Murphy, C. A., Keller, K. R., Aschenbach, T. A., Questad, E. J. &
Kindscher, K. (2007): Restoration of prairie community structure and
ecosystem function in an abandoned hayfield: a sowing experiment. Restoration
Ecology 15: 652-661.

Foster, B. L. & Tilman, D. (2000): Dynamic and static views of succession: testing
the descriptive power of the chronosequence approach. Plant Ecology 146: 1-
10.

Foster B. L. & Gross, K. L. (1998): Species richness in a successional grassland:
Effects of nitrogen enrichment and plant litter. Ecology 79: 2593-2602.

Foster, B. L. & Gross, K. L. (1997): Partitioning the effects of plant phytomass and
litter on Andropogon gerardi in old-field vegetation. Ecology 78: 2091-2104.

Fowler, N. L. (1988): What is a safe site?: neighbour, litter, germination date, and
patch effects. Ecology 69: 947-961.

Ghorbani, J., Le Duc, M. G., Mcallister, H. A., Pakeman, R. J. & Marrs, R. H.
(2007): Temporal responses of propagule banks during ecological restoration in
the United Kingdom. Restoration Ecology 15: 103-117.

Gibson, D. J. (1988): The Relationship of Sheep Grazing and Soil Heterogeneity to
Plant Spatial Patterns in Dune Grassland. Journal of Ecology 76: 233-252.

Grime, J. P. (1979): Plant strategies and vegetation processes. John Wiley and Sons.
Chichester-New Y ork-Brisbane-Toronto, pp. 222.

Guo, Q. (2007): The diversity—phytomass—productivity relationships in grassland
management and restoration. Basic and Applied Ecology 8: 199-208.

Giisewell, S. & Edwards, P. (1999): Shading by Phragmites australis: a threat for
species-rich fen meadows? Applied Vegetation Science 2: 61-70.

Hald, A. B. & Vinther, E. (2000): Restoration of a species-rich fen-meadow after
abandonment: response of 64 plant species to management. Applied Vegetation
Science 3: 15-24.

Haugland, E. & Froud-Williams, R. J. (1999): Improving grasslands: the influence
of soil moisture and nitrogen fertilization on the establishment of seedlings.
Journal of Applied Ecology 36: 263-270.

Hedberg, P. & Kotowski, W. (2010): New nature by sowing? The current state of
species introduction in grassland restoration, and the road ahead. Journal for
Nature Conservation 18: 304-308.

Hobbs, R. J. & Cramer, V. A. (2007): Why Old Fields? Socioeconomic and
ecological causes and consequences of land abandonment. Old fields: dynamics

- 69 -



and restoration of abandoned farmland (eds Cramer, V. A. & Hobbs, R. J.), pp.
1-15. Island Press, Washington.

Hobbs, R. J. & Walker, L. R. (2007): Old field succession: Development of
concepts. Pp. 15-30 in: Old Fields (eds Cramer, V. A. & Hobbs, R. J.), Island
Press, Washington.

Hobbs, R. J., Arico, S., Aronson, J., Baron, J. S., Bridgewater, P., Cramer, V. A.,
Epstein, P. R., Ewel, J. J., Klink, C. A., Lugo, A. E., Norton, D., Ojima, D.,
Richardson, D. M., Sanderson, E. W., Valladares, F., Vila, M., Zamora , R. &
Zobel, M. (2006): Novel ecosystems: theoretical and management aspects of
the new ecological world order. Global Ecology and Biogeography 15: 1-7.

Hodacova, D. & Prach, K. (2003): Spoil heaps from brown coal mining: technical
reclamation vs. spontaneous re-vegetation. Restoration Ecology 11: 385-391.

Hopfensperger, K. N. (2007): A review of similarity between seed bank and
standing vegetation across ecosystems. Oikos 116: 1438-1448.

Horrocks, R. D. & Valentine J. F. (1999): Harvested forages. Academic Press, San
Diego, California, USA.

Huhta, A.-P., Rautio, P., Tuomi, J. & Laine, K. (2001): Restorative mowing on an
abandoned semi-natural meadow: short-term and predicted long-term effects.
Journal of Vegetation Science 12: 677-686.

Huston, M. A. (1999): Local processes and regional patterns: appropriate scales for
understanding variation in the diversity of plants and animals. Oikos 86: 393-
401.

Huston, M.S. (1978): The general hypothesis of species diversity. American
Naturalist 113: 81-101.

Hutchings, M. J. & Booth, K. D. (1996): Studies on the Feasibility of Re-Creating
Chalk Grassland Vegetation on Ex-Arable Land. 1. The Potential Roles of the
Seed Bank and the Seed Rain. Journal of Applied Ecology 33: 1171-1181.

Hazi, J., Bartha, S., Szentes, S. & Penksza, K. (2011): Semi natural grassland
management by mowing of Calamagrostis epigeios in Hungary. Plant
Biosystems 145: (in press).

ter Heerdt, G. N. J., Verweij, G. L., Bekker, R. M. & Bakker, J. P. 1996. An
improved method for seed bank analysis: seedling emergence after removing
the soil by sieving. Functional Ecology 10:144-151.

Holzel, N. & Otte, A. (2003): Restoration of a species-rich flood meadow by topsoil
removal and diaspore transfer with plant material. Applied Vegetation Science
6: 131-140.

Ilmarinen, K., Juha, M., Nissinen, K. & Vestberg, M. (2009): Role of soil organisms
in the maintenance of species-rich semi natural grasslands through mowing.
Restoration Ecology 17: 78-88.

-70 -



Inouye, R. S., Huntly, N. J., Tilman, D., Tester, J. R., Stilwell, M. & Zinnel, K. C.
(1987): Old-field succession on a Minnesota sand plain. Ecology 69: 995-1004.

Isselstein, J., Jeangros, B. & Pavli, V. (2005): Agronomic aspects of biodiversity
targeted management of temperate grasslands in Europe- A review. Agronomy
Research 3: 139-151.

Jensen, K. & Gutekunst, K. (2003): Effects of litter on establishment of grassland
plant species: the role of successional status. Basic and Applied Ecology 4:
579-587.

Jongepierova, 1., Mitchley, J. & Tzanopoulos, J. (2007): A field experiment to
recreate species rich hay meadows using regional seed mixtures. Biological
Conservation 139: 297-305.

Jongepierova, 1., Jongepier, J. W. & Klimes, L. (2004): Restoring grassland on
arable land: an example of a fast spontaneous succession without weed-
dominated stages. Preslia 76: 361-369.

Jutila, H. M. & Grace, J. B. (2002): Effects of disturbance on germination and
seedling establishment in a coastal prairie grassland: a test of the competitive
release hypothesis. Journal of Ecology 90: 291-302.

Jutila, H. M. (2001): Effect of flooding and draw-down disturbance on germination
from a seashore meadow seed bank. Journal of Vegetation Science 12: 729-738.

K.S.H. (Hungarian Central Statistical Office) (2008) Economic Accounts for
Agriculture in Hungary, 2008. Statistical reflections, 26, [online]
http://portal.ksh.hu/portal/

Kalamees, R. & Zobel, M. (1998): Soil seed bank composition in different
successional stages of a species rich wooded meadow in Laelatu, western
Estonia. Acta Oecologica 19: 175-180.

Karlik, P. & Poschlod, P. (2009): History or abiotic filter: which is more important
in determining the species composition of calcareous grasslands? Preslia 81:
321-340.

Kelemen, A., Torok, P., Deak, B., Valko, O., Lukacs, B. A., Lengyel, S. &
Toéthmérész, B. (2010): Spontan gyepregeneracid extenziven kezelt
lucernasokban. Tajokologiai Lapok 8 (1): 33-44.

Kiehl, K., Kirmer, A., Donath, T. W., Rasran, L. & Holzel, N. (2010): Species
introduction in restoration projects- Evaluation of different techniques for the
establishment of semi natural grasslands in Central and Northwestern Europe.
Basic and Applied Ecology 11: 285-299.

Kiehl, K., Thormann, A. & Pfadenhauer, J. (2006): Evaluation of initial restoration
measures during the restoration of calcareous grasslands on former arable
fields. Restoration Ecology 14: 148-156.

-71 -



Kirmer, A., Tischew, S., Ozinga, W. A., von Lampe, M., Baasch, A. & Groenendael,
J. M. (2008): Importance of regional species pools and functional traits in
colonisation processes: predicting re-colonization after large-scale destruction
of ecosystems. Journal of Applied Ecology 45: 1523-1530.

Kirmer, A. & Tischew, S. (2006): Handbuch naturnahe Begriinung von Rohbdden.
Wiesbaden: Teubner Verlag.

Kiraly, G. (ed.) (2007): Red list of the vascular flora of Hungary. Private edition,
Sopron.

Knops, J. M. H. & Tilman, D. (2000): Dynamics of soil nitrogen and carbon
accumulation for 61 years after agricultural abandonment. Ecology 81: 88-98.

Kotorova, 1. & Leps, J. (1999): Comparative ecology of seedling recruitment in an
oligotrophic wet meadow. Journal of Vegetation Science 10: 175-186.

Kull, K. & Zobel, M. (1991): High species richness in an Estonian wooded meadow.
Journal of Vegetation Science 2: 715-718.

Lawson, C. S., Ford, M. A. & Mitchley, J. (2004): The influence of seed addition
and cutting regime on the success of grassland restoration on former arable
land. Applied Vegetation Science 7: 259-266.

Legendre, P. & Legendre, L. (1998): Numerical Ecology. Elsevier Science,
Amsterdam, The Netherlands.

Leng, X., Musters, C. J. M. & de Snoo, G. R. (2009): Restoration of plant diversity
on ditch banks: Seed and site limitation in response to agri-environment
schemes. Biological Conservation 142: 1340-1349.

Lengyel, Sz., Gori, Sz., Lontay, L., Kiss, B., Sandor, I. & Aradi, Cs. (2007):
Konzervaciobiolégia a  gyakorlatban: természetvédelmi  kezelés  és
tajrehabilitacio az Egyek-Pusztakdcsi LIFE-Nature prograban.
Természetvédelmi Kozlemények 13: 127-140.

Leps, J., Dolezal, J., Bezemer, T. M., Brown, V. K., Hedlund, K., Igual, A. M.,
Jorgensen, H. B., Lawson, C. S., Mortimer, S. R., Peix, G. A., Rodriguez, B. C.,
Santa, R. I., Smilauer, P. & van der Putten, W. (2007): Long-term effectiveness
of sowing high and low diversity seed mixtures to enhance plant community
development on ex-arable fields. Applied Vegetation Science 10: 97-110.

Leps, J. (1987): Vegetation dynamics in early old field succession: a quantitative
approach. Vegetatio 72: 95-102.

Li, J.-H., Xu, D.-H. & Wang, G. (2008): Weed inhibition by sowing legume species
in early succession of abandoned fields on Loess Plateau, China. Acta
Oecologica 33: 10-14.

LiJ.-H., Xu D.-H &. Wang G. (2007): Weed inhibition by sowing legume species in
early succession of abandoned fields on Loess Plateau. China, Acta Oecologica
30: 1-5.

=72 -



Lindborg, R., Bengtsson, J., Berg, A., Cousins, S. A. O., Eriksson, O., Gustafsson,
T., Per Hasund, K., Lenoir, L., Pihlgren, A., Sjodin, E. & Stenseke, M. (2008):
A landscape perspective on conservation of semi natural grasslands.
Agriculture, Ecosystems & Environment 125: 213-222.

Liu, M., Jiang, G., Yu, S., Li, Y. & Li, G. (2009): The role of soil seed banks in
natural restoration of the degraded Hunshandak Sandlands, Northern China.
Restoration Ecology 17: 127-136.

Losvik, M. H. (1999): Plant species diversity in an old, traditionally managed hay
meadow compared to abandoned hay meadows in southwest Norway. Nordic
Journal of Botany 19: 473-487.

Luken, J. O. (1991): Directing ecological succession. Chapman & Hall, London.

Manchester, S. J., McNally, S., Treweek, J. R., Sparks, T. H. & Mountford, J. O.
(1999): The cost and practicality of techniques for the reversion of arable land
to lowland wet grassland - an experimental study and review. Journal of
Environmental Management 55: 91-109.

Marrs, R.H. (1993): Soil fertility and nature conservation in Europe — theoretical
considerations and practical management solutions. Advances in Ecological
Research 24: 241-300.

Martin, L. M. & Wilsey, B. J. (2006): Assessing grassland restoration success:
relative roles of seed additions and native ungulate activities. Journal of
Applied Ecology 43: 1098-1109.

Matus, G., Papp, M. & Tothmérész, B. (2005): Impact of management on vegetation
dynamics and seed bank formation of inland dune grassland in Hungary. Flora
200: 296-306.

Matus, G., Téthmérész, B. & Papp, M. (2003a): Restoration prospects of abandoned
species-rich sandy grassland in Hungary. Applied Vegetation Science 6: 169-
178.

Matus, G., Verhagen, R., Bekker, R. M. & Grootjans, A. P. (2003b): Restoration of
the Cirsio dissecti-Molinietum in The Netherlands: Can we rely on soil seed
banks? Applied Vegetation Science 6: 73-84.

McLendon, T. & Redente, E. F. (1992): Effects of nitrogen limitation on species
replacement dynamics during early secondary succession on a semiarid
sagebrush site. Oecologia 91: 312-317.

van der Mijnsbrugge, K., Bischoff, A. & Smith, B. (2010): A question of origin:
Where and how to collect seed for ecological restoration. Basic and Applied
Ecology 11: 300-311.

Molnar, A. (2004): A Hortobagy éghajlati jellemzdi. In: Ecsedi, Z. (ed.): A
Hortobdgy madarvilaga. Hortobagy Természetvédelmi Egyesiilet, Winter Fair,
Balmazajvaros, Debrecen, pp. 39-43.

-73 -



Molnar, Zs. & Botta-Dukat, Z. (1998): Improved space-for-time substitution for
hypothesis generation: secondary grasslands with documented site history in
SE-Hungary. Phytocoenologia 28: 1-29.

Molnér, Zs. & Borhidi, A. (2003): Hungarian alkali vegetation: Origins, landscape
history syntaxonomy, conservation. Phytocoenologia 33: 377-408.

Molnér, Zs., Bird, M., Boloni, J. & Horvath, F. (2008): Distribution of the semi-
natural habitats in Hungary 1. Marshes and grasslands. Acta Botanica
Hungarica, 50 (Suppl. 1): 59-106.

Monk, C. D. & Gabrielson, F. C., Jr. (1985): Effect of shade, litter and root
competition on old field vegetation in South Carolina. Bulletin of the Torrey
Botanical Club 112: 383-392.

del Moral, R., Walker, L. R. & Bakker, J. P. (2007): Insights gained from succession
fort he restoration of landscape structure and function. Linking restoration and
ecological succession (eds L.R. Walker, J. Walker & R.J. Hobbs), pp. 19-45.
Springer Verlag, New York, USA.

Nosberger, J. & Rodriguez, M. (1996): Increasing biodiversity through management.
Grassland Science in Europe 1: 949-956.

Odum, E. P. (1960): Organic production and turnover in old field succession.
Ecology 41: 34-49.

Oksanen, J., Kindt, R., Legendre, P., O'Hara, B., Simpson, G. L., Solymos, P,
Stevens, M. H. H., Wagner, H. (2009): Vegan: Community Ecology Package
version 1.15-3. http://cran.r-project.org/

Oomes, M. J. M. (1992): Yield and species density of grasslands during restoration
management. Journal of Vegetation Science 3: 271-274.

Oster, M., Ask, K., Rémermann, C., Tackenberg, O. & Eriksson, O. (2009): Plant
colonization of ex-arable fields from adjacent species-rich grasslands: The
importance of dispersal vs. recruitment ability. Agriculture, Ecosystems &
Environment 130: 93-99.

Overbeck, G., Kiehl, K. & Abs, C. (2003): Seedling recruitment of Succisella inflexa
in fen meadows: Importance of seed and microsite availability. Applied
Vegetation Science 6: 97-104.

Pakeman, R. J., Pywell, R. F. & Wells, T. C. E. (2002): Species spread and
persistence: implications for experimental design and habitat recreation.
Applied Vegetation Science 5: 75-86.

Pértel, M., Zobel, M., Zobel, K. & van der Maarel, E. (1996): The species pool and
its relation to species richness: evidence from Estonian plant communities.
Oikos 75: 111-117.

Pfadenhauer, J. & Grootjans, A. (1999): Wetland restoration in Central Europe: aims
and methods. Applied Vegetation Science 2: 95-106.

-74 -



Piper, J. K., Schmidt, E. S. & Janzen, A. J. (2007): Effects of species richness on
resident and target species components in a prairie restoration. Restoration
Ecology 15: 189-198.

Poschlod, P., Bakker, J. P. & Kahmen, S. (2005): Changing land use and its impact
on biodiversity. Basic and Applied Ecology 6: 93-98.

Poschlod, P. & WallisDeVries, M. F. (2002): The historical and socioeconomic
perspective of calcarecous grasslands — lessons from the distant and recent past.
Biological Conservation 104: 361-376.

Poschlod, P., Kiefer, S., Trankle, U., Fischer, S. & Bonn, S. (1998): Plant species
richness in calcareous grasslands as affected by dispersability in space and
time. Applied Vegetation Science 1: 75-90.

Poschlod, P. & Jackel, A-K. (1993): The dynamics of generative diaspore bank of
calcareous grassland plants. Flora 188: 49-71.

Prach, K. & Hobbs, R. J. (2008): Spontaneous succession versus technical
reclamation in the restoration of disturbed sites. Restoration Ecology 16: 363-
366.

Prach, K. & Rehounkova, K. (2008): Spontaneous vegetation succession in gravel—
sand pits: a potential for restoration. Restoration Ecology 16: 305-312.

Prach, K., Leps, J. & Rejmanek, M. (2007): Old field succession in Central Europe:
Local and regional patterns. — In: Cramer V. A. & Hobbs R.J. (eds) Old fields:
dynamics and restoration of abandoned farmland, p. 180-201, Island Press,
Washington.

Prach, K., Bartha, S., Joyce, C. B., Pysek, P., van Diggelen, R. & Wiegleb, G.
(2001): The role of spontaneous vegetation succession in ecosystem restoration:
A perspective. Applied Vegetation Science 4: 111-114.

Prach, K. & Pysek, P. (2001): Using spontaneous succession for restoration of
human-disturbed habitats: Experience from Central Europe. Ecological
Engeneering 17: 55-62.

Pullin, A. S., Baldi, A., Can, O. E., Dieterich, M., Kati, V., Livoreil, B., Lovei, G.,
Mihodk, B., Nevin, O., Selva, N. & Sousa-Pinto, 1. (2009): Conservation focus
on Europe: Major conservation policy issues that need to be informed by
Conservation Science. Conservation Biology 23: 818-824.

van der Putten, W. H., Mortimer, S. R., Hedlund, K., Van Dijk, C., Brown, V. K.,
Leps, J., Rodriguez-Barrueco, C., Roy, J., Diaz Len, T. A., Gormsen, D.,
Korthals, G. W., Lavorel, S., Santa Regina, I. & Smilauer, P. (2000): Plant
species diversity as a driver of early succession in abandoned fields: a multi-site
approach. Oecologia 124: 91-99.

-75 -



Pywell, R. F., Bullock, J. M., Roy, D. B., Warman, L. I. Z., Walker, K. J. &
Rothery, P. (2003): Plant traits as predictors of performance in ecological
restoration. Journal of Applied Ecology 40: 65-77.

Pywell, R. F., Bullock, J. M., Hopkins, A., Walker, K. J., Sparks, T. H., Burke, M. J.
W. & Peel, S. (2002): Restoration of species-rich grassland on arable land:
assessing the limiting processes using a multi-site experiment. Journal of
Applied Ecology 39: 294-309.

R-Development Core Team. (2010): R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-
900051-07-0, Available from: http://www.R-project.org.

Ramankutty, N. & Foley, J. A. (1999): Estimating historical changes in global land
cover: Croplands from 1700 to 1992. Global Biogeochemical Cycles 13: 997-
1027.

Raunkiaer, C. (1934): The life forms of plants and statistical plant geography, being
the collected papers of C. Raunkiaer. Oxford University Press, Oxford.

Reid, A. M., Morin, L., Downey, P. O., French, K. & Virtue, J. G. (2009): Does
invasive plant management aid the restoration of natural ecosystems?
Biological Conservation 142: 2342-2349.

Renne, I. J. & Tracy, B. F. (2007): Disturbance persistence in managed grasslands:
shifts in aboveground community structure and the weed seed bank. Plant
Ecology 190: 71-80.

Rosenthal, G. (2006): Restoration of wet grasslands — Effects of seed dispersal,
persistence and abundance on plant species recruitment. Basic and Applied
Ecology 7: 409-421.

Rotundo, J. L. & Aguiar, M. R. (2005): Litter effects on plant regeneration in arid
lands: a complex balance between seed retention, seed longevity and soil-seed
contact. Journal of Ecology 93: 829-838.

Rounsewell, M. D. A., Ewert, F., Reginster, [., Leemans, R & Carter, T. R. (2005):
Future scenarios of European agricultural land use — II. Projecting changes in
cropland and grassland. Agriculture, Ecosystems & Environment 107: 117-135.

Rudmann-Maurer, K., Weyand, A., Fischer, M. & Stocklin, J. (2008): The role of
landuse and natural determinants for grassland vegetation composition in the
Swiss Alps. Basic and Applied Ecology 9: 494-503.

Ruprecht, E., Enyedi, M. Z., Eckstein, R. L. & Donath, T. W. (2010): Restorative
removal of plant litter and vegetation 40 years after abandonment enhances re-
emergence of steppe grassland vegetation. Biological Conservation 143: 449-
456.

-76 -



Ruprecht, E., Donath, T. W., Otte, A. & Eckstein, R. (2008): Chemical effects of a
dominant grass on seed germination of four familial pairs of dry grassland
species. Seed Science Research 18: 239-248.

Ruprecht, E. (2006): Successfully Recovered Grassland: A Promising Example from
Romanian Old-Fields. Restoration Ecology 14: 473-480.

Ruprecht E. (2005): Secondary succession in old-fields in the Transylvanian
Lowland (Romania). Preslia 77: 145-157.

Romermann, C., Dutoit, T., Poschlod, P. & Buisson, E. (2005): Influence of former
cultivation on the unique Mediterranean steppe of France and consequences for
conservation management. Biological Conservation 121: 21-33.

Rydgren K., Nordbakken J.-F., Austad I., Auestad I. & Heegaard E. (2010):
Recreating semi-natural grasslands: A comparison of four methods. Ecological
Engineering 36: 1672-1679.

Schmiede, R., Donath, T. W. & Otte, A. (2009): Seed bank development after the
restoration of alluvial grassland via transfer of seed-containing plant material.
Biological Conservation 142: 404-413.

Simmering, D., Waldhart, R. & Otte, A. (2006): Quantifying determinants
contributing to plant species richness in mosaic landscapes: a single and multi-
patch perspective. Landscape Ecology 21: 1233-1251.

Simon, T. (2000): A magyarorszagi edényes flora hatarozoja (Vascular Flora of
Hungary). Nemzeti Tankényvkiadd, Budapest, Hungary (In Hungarian).

Simon, T., Matus, G., Pelles, G., Toth, Z. & Vojtkd, A. (2007): Novényvilag,
novénytani értékek (Flora, botanical values). pp. 111-140. In: Baraz, Cs., and
G. Kiss. (eds.). A Zempléni Tajvédelmi Korzet (The Zemplén Landscape
Protection Area) (In Hungarian with English summary). Biikki Nemzeti Park
Igazgatdsag, Eger.

Smith, R. S., Shiel, R. S., Millward, D., Corkhill, P. & Sanderson, R. A. (2002): Soil
seed banks and the effects of meadow management on vegetation change in a
10-year meadow field trial. Journal of Applied Ecology 39: 279-293.

Smith, H., Firbank, L. G. & Macdonald, D. W. (1999): Uncropped edges of arable
fields managed for biodiversity do not increase weed occurrence in adjacent
crops. Biological Conservation 89: 107-111.

Stammel, B., Kiehl, K. & Pfadenhauer, J. (2006): Effects of experimental and real
land use on seedling recruitment of six fen species. Basic and Applied Ecology
7: 334-346.

Stampfli, A. & Zeiter, M. (1999): Plant species decline due to abandonment of
meadows cannot easily be reversed by mowing. A case study from the Southern
Alps. Journal of Vegetation Science 10: 151-164.

-77 -



Stevenson, M. J., Bullock, J. M. & Ward, L. K. (1995): Re-creating semi-natural
communities: Effect of sowing rate on establishment of calcareous grassland.
Restoration Ecology 3: 279-289.

Stolcova, J. (2002): Secondary succession on an early abandoned field: Vegetation
composition and production of phytomass. Plant Protection Science 38: 149-
154.

Stroh, M., Storm, C., Zehm, A. & Schwabe, A. (2002): Restorative grazing as a tool
for directed succession with diaspore inoculation: the model of sand
ecosystems. Phytocoenologia 32: 595-625.

Strykstra, R. J., Verweij, G. L. & Bakker, J. P. (1997): Seed dispersal by mowing
machinery in a Dutch brook valley system. Acta Botanica Neerlandica 46: 387-
401.

Sutherland, W. J., Pullin, S. A., Dolman, P. M. & Knight, T. M. (2004): The need
for evidence-based conservation. Trends in Ecology and Evolution 19: 305-308.

Thompson, K., Bakker, J. P. & Bekker, R. M. (1997): Soil seed banks of North West
Europe: Methodology, density and longevity. Cambridge University Press,
Cambridge.

Tilman, D. (1993): Species richness of experimental productivity gradients: how
important is colonization limitation? Ecology 74: 2179-2191.

Touzard, B., Amiaud, B., Langlois, E., Lemauviel, S. & Clément, B. (2002): The
relationships between soil seed bank, aboveground vegetation and disturbances
in an eutrophic alluvial wetland of Western France. Flora 197: 175-185.

Tropek, R., Kadlec, T., Karesova, P., Spitzer L., Kocarek, P., Malenovsky, 1., Banar,
P., Tuf, I. H., Hejda, M. & Konvicka, M. (2010): Spontaneous succession in
limestone quarries as an effective restoration tool for endangered arthropods
and plants. Journal of Applied Ecology 47: 139-147.

Torok, P., Vida, E., Dedk, B., Lengyel, Sz. & Tothmérész, B. (2011a): Grassland
restoration on former croplands in Europe: an assessment of applicability of
techniques and costs. Biodiversity and Conservation, doi:10.1007/s10531-011-
9992-4.

Torok, P., Kelemen, A., Valkd, O., Deak, B., Lukacs, B. & Tothmérész, B. (2011b):
Lucerne-dominated fields recover native grass diversity without intensive
management actions. Journal of Applied Ecology 48: 257-264.

Torok, P., Deak, B., Vida, E., Valko, O., Lengyel, Sz. & Tothmérész, B. (2010):
Restoring grassland biodiversity: Sowing lowdiversity seed mixtures can lead
to rapid favourable changes. Biological Conservation 148: 806-812.

Torok, P., Matus, G., Papp, M. & Tothmérész, B. (2009): Seed bank and vegetation
development of sandy grasslands after goose breeding. Folia Geobotanica 44:
31-46.

-78 -



Torok, P., Matus, G., Papp, M. & Téthmérész, B. (2008a): Secondary succession in
overgrazed Pannonian sandy grasslands. Preslia 80: 73-85.

Torok, P., Dedk, B., Vida, E., Lontay, L., Lengyel, S. & Tothmérész, B. (2008b):
T4jléptéktt  gyeperekonstrukcido 16szos ¢és szikes fiimagkeverékekkel a
Hortobagyi nemzeti Park (Egyek-Pusztakocs) teriiletén.  Botanikai
Kozlemények 95: 101-113.

Vainio, M., Kekéldinen, H., Alanen, A. & Pykéla, J. (2001): Traditional rural
biotopes in Finland. Final report of the nationwide inventory (in Finnish). The
Finnish Environment 527, Finnish Environment Institute, Vammala.

Valko, O., Torok, P., Tothmérész, B. & Matus, G. (2011): Restoration potential in
seed banks of acidic fen and dry-mesophilous meadows: Can restoration be
based on local seed banks? Restoration Ecology 19: 9-15.

Vida, E., Valko, O., Kelemen, A., Torok, P., Miglécz, T., Lengyel, Sz. &
Toéthmérész, B. (2010): Early vegetation development after grassland
restoration by sowing low-diversity seed mixtures in former sunflower and
cereal fields. Acta Biologica Hungarica 61 (Suppl.): 246-255.

Vida, E., Torok, P., Dedk, B. & Tothmérész, B. (2008): Gyepek Iétesitése
mezdgazdasagi miivelés aldl kivont teriileteken: a gyepesités modszereinek
attekintése. Botanikai kdzlemények 95: 101-113.

Viragh, K., Horvath, A., Bartha, S. & Somodi, I. (2008): A multiscale
methodological approach for monitoring the effectiveness of grassland
management. Community Ecology 9: 237-246.

Walker, L. R., Walker, J. & del Moral, R. (2007): Forging a new alliance between
succession and restoration, Linking restoration and ecological succession (eds.
L.R.

Walker, J. Walker & R.J. Hobbs), pp. 1-19. Springer Verlag, New York, USA.

Walker, K. J., Pywell, R. F., Warman, E. A., Fowbert, J. A., Bhogal, A. &
Chambers, B. J. (2004): The importance of former land use in determining
successful re-creation of lowland heath in southern England. Biological
Conservation 116: 289-303.

Wallin, L., Svensson, B. M. & Lonn, M. (2009): Artificial dispersal as a restoration
tool in meadows: sowing or planting? Restoration Ecology 17: 270-279.

WallisDeVries, M. F., Poschlod, P. & Willems, J. H. (2002): Challenges for the
conservation of calcareous grasslands in northwestern Europe: integrating the
requirements of flora and fauna. Biological Conservation 104: 265-273.

Warren, J., Christal, A. & Wilson, F. (2002): Effects of sowing and management on
vegetation succession during grassland habitat restoration. Agriculture,
Ecosystems & Environment 93: 393-402.

-79 -



Wedin, D. A. & Tilman, D. (1993): Competition among grasses along a nitrogen
gradient: initial conditions and mechanisms of competition. Ecological
Monographs 63: 199-229.

Willems, J. H. & Bik, L. P. M. (1998): Restoration of high species density in
calcareous grassland: the role of seed rain and soil seed bank. Applied
Vegetation Science 1: 91-100.

Williams, D. W., Jackson, L. L. & Smith, D. D. (2007): Effects of frequent mowing
on survival and persistence of forbs seeded into a species-poor grassland.
Restoration Ecology 15: 24-33.

Xiong, S. & Nilsson, C. (1999): The effects of plant litter on vegetation: a meta-
analysis. Journal of Ecology 87: 984-994.

Young, T. P. (2000): Restoration ecology and conservation biology. Biological
Conservation 92: 73-84.

Zar, J. H. (1999): Biostatistical Analysis. Prentice Hall International, London.

Zeiter, M., Stampfli, A. & Newbery, D. M. (2006): Recruitment limitation
constrains local species richness and productivity in dry grassland. Ecology 87:
942-951.

Zuur, A., Ieno, E. N., Walker, N., Saveiliev, A. A. & Smith, G. M. (2009): Mixed
Effects Models and Extensions in Ecology with R. Springer, New York, USA.

-80 -



List of figures

Fig. 1.1. The similarity of vegetation and seed banks of fen meadow and dry-
mesophilous meadow stands based on presence-absence of species.

Fig. 2.1. Phytomass scores of Medicago sativa and three functional groups in
differently aged lucerne fields.

Fig. 2.2. The relationship between the various phytomass fractions and time using
DCA.

Fig. 2.3. Vegetation composition of different aged lucerne fields and reference
grasslands.

Fig. 3.1.A-B. Changes in percentage cover of sown species between Year 1 (2006)
and Year 3 (2008) in restored fields using alkali seed mixture (A) and loess
seed mixture (B).

Fig. 3.2. Similarity between reference grasslands and the restored fields based on the
percentage cover of species.

Fig. 4.1. Phytomass and phytomass heterogeneity scores of graminoids in alkali seed
mixtures and loess seed mixtures sown fields.

Fig. 4.2. Litter and litter heterogeneity scores for graminoid phytomass in alkali seed
mixtures and loess seed mixtures sown fields.

List of tables

Table 1.1. Two way ANOVA of the vegetation and seed bank characteristics of the
meadows.

Table 2.1. Cover, species richness and Shannon diversity scores of functional
species groups.

Table 3.1. Phytomass scores of the functional groups on the restored fields.

Table 4.1. Correlation coefficients between species richness and phytomass of forb
group and the amount of litter and sown grass phytomass by Spearman non-
parametric rank correlation.

List of appendices

Appendix 1.1. Vegetation and seed bank characteristics of the meadow stands.
Appendix 3.1. Mean proportions and species numbers of important functional
groups and average Shannon diversity in the alkali and loess seed mixtures
restored fields.
-81 -






Appendices






Appendix 1.1. Vegetation and seed bank characteristics of the meadow stands
(mean+SE). Vegetation characteristics were calculated for 4m” sized plots (n=5 in
each stand). Number of seedlings scores were calculated for seeds/m” density (n=5
for each stand).

Fen meadow stands

Dry-mesophilous meadow stands

abandoned  abandoned
mown I mown II abandoned I abandoned IT mown I mown IT 1 I

Vegetation
Species richness 50.0+1.8 53.0+1.4 31.4+4.1 49.4+3.9 59.8+2.0 62.2+1.2 42.0£3.5 53.2+1.4
Forb species richness 32.6+1.1 38.4+1.1 25.4+3.4 35.6+2.8 47.0£2.1 48.4+0.9 33.0+2.9 41.2+1.7
Flowering species richness 30.6£1.5 37.0+1.8 12.8+2.7 34.6+£3.0 23.0+1.6 24.0+1.4 16.0+2.3 26.4+2.2
Flowering forb species richness 17.2+0.7 25.2+1.1 9.0+2.1 22.2+1.8 14.2+1.2 14.8+0.7 9.8+1.7 18.2+£2.5
Number flowering shoots of forbs 102.2+7.8 270.2+19.2 29.247.9 166.6+31.2 85.245.5 163.4+16.4  31.0+6.6 107.0+16.8
Seed bank
Species richness 20.0+1.3 27.0+2.1 18.2£1.2 27.2+1.6 15.242.8 14.2+1.6 14.6+£0.7 15.0+1.9
Forb species richness 11.2+0.7 14.8+1.0 9.8+1.4 14.2+1.7 7.2+1.4 7.2+1.1 10.4+0.9 7.0+1.4
Number of seedlings 91,700+£14,337  83,344+10,306  63,980+3,602  94,034+10,839  5,543+744  4,350+797  6,339+465  5,862+748
Number of seedlings without
Juncus 15,968+1,701  16,791+1,678 12,334+878 15,862+1,701  5,437+758 4,138+816  6,313+449  5,703+705

11,034+1,461 12,573+1,360 8,090+984 9,284+1,410  3,474+505 2,466+738  4,907+671  3,342+734

Number of forb seedlings

-85 -



Appendix 3.1. Mean proportions and species numbers of important functional
groups and average Shannon diversity in the alkali and loess seed mixtures restored
fields (mean+SE, 1-m® subplots). Significant differences between the years were
indicated with different superscript letters (repeated-measures ANOVA or
*Friedman repeated-measures ANOVA on ranks, and Student-Neuman-Keuls post-
hoc test, p<0.05). Data from 1-m” subplots were pooled on the plot level; tests were
executed on pooled samples (n = 6 in fields seeded with loess mixture, and n = 4 in
fields seeded with alkali mixture). Each species sown were present in every year in

almost every subplots surveyed; therefore, species numbers for the sown species are

omitted from the table.

Alkali seed mixture

Loess seed mixture

2006 2007 2008 2006 2007 2008
Vegetation relative proportion (%)
Short-lived forbs 513145 10.6£9.1"  5.4422°  78.6£7.9"° 3.741.6°  8.5£3.2°
Perennial forbs 0.8+0.8 0.8+0.4 0.6+0.4 0.9+0.7 2.7+£2.0 1.9+£1.0
Short-lived grasses 11.6£6.0 2.2+1.8 1.5+0.8 3.0+1.5 1.7+0.8 2.7+1.9
Perennial sown grasses 35.3£12.5" 71.2£14.6° 75.247.2°  15.946.1° 86.243.0° 81.8+4.1°
Perennial unsown grasses 1.1£0.5 15.2+4.8 17.2£7.6 1.6+1.4 5.743.5 5.1£3.8
Species numbers (m?)
Total *]7.8+£1.8°  *92+1.6°  *7.6£0.9° *17.4+1.8" *7.7+12° *9.8+l.1°
Short-lived forbs 11.4+1.4 3.0+£1.2 2.5+0.6 11.4+1.2 1.7£0.5 3.9+0.7
Perennial forbs 1.0+0.8 1.3+0.5 0.5+0.3 0.9+0.3 1.3+0.9 1.1+0.4
Short-lived grasses 2.5+0.2 0.9+0.6 1.3+0.3 1.6+0.2 1.0+0.4 0.9+0.3
Perennial unsown grasses 0.8+0.4 2.1+0.3 1.4+0.6 0.9+0.4 0.7+£0.3 1.0+£0.2
Shannon diversity 1.7+0.1° 1.0£0.2° 1.0£0.1° 1.5+0.2 1.240.1 1.340.1
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