Review Article

A review of methodology
for grassland restoration
with practical examples

Mateja Grasi¢ **, Azra Sabic¢ !, Branko Luka¢ '

Abstract

Currently, the majority of high nature value Slovenian grasslands have an
unfavourable conservation status. Based on the available data from habitat type
mappings, the surface of high nature value grasslands (6210(*) — semi-natural
dry grasslands and scrubland facies on calcareous substrates, 6410 — Molinia
meadows, and 6510 — lowland hay meadows) at Natura 2000 sites is decreasing.
The existing agri-environment measures have been only partly effective in
promoting grassland biodiversity. The main threats to biodiversity are driven
by various anthropogenic activities, which result in a continuous change in
landscape identity, habitat fragmentation, and ecosystem degradation. Therefore,
biodiversity restoration became an urgent step in the conservation of high nature
value grasslands. Multiple pathways may lead to the ecological restoration of
grasslands with an altered, uncharacteristic floristic composition, or grasslands
with an unfavourable conservation status. In this paper, we present an overview of
the methods used in the restoration of grasslands from different parts of Europe.
In an adapted form, these methods could also be used for the restoration of
Slovenian grasslands. Grasslands may be left to spontaneous succession, which
is mainly suitable for small-scale areas located in the proximity of grasslands
with well-preserved biodiversity. However, to re-establish plant communities
with specialist species, a more proactive approach is usually required, such as
sowing of regional or commercial seed preservation mixtures, transfer of mature
plant material, or topsoil transfer from donor sites with appropriate botanical
composition. Grassland restoration methods should be carefully thought-out
and carried out before the habitat or species is endangered. We conclude that
optimally chosen post-restoration management may have an impact that is
comparable to or even greater than the impact of a suitable restoration method.
Nevertheless, the maintenance of well-preserved grasslands is still much more
cost-effective than the restoration of degraded grasslands.
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Pregled metodologije obnove travis¢ s primeri iz prakse

lzvle¢ek

Vecina slovenskih traviS¢ z visoko naravno vrednostjo ima trenutno neugoden ohranitveni status. Glede na
razpolozZljive podatke s kartiranj habitatnih tipov se povrsine travinja z visoko naravno vrednostjo (6210(*) — polnaravna
suha travis¢a in grmis¢ne faze, 6410 — travniki s prevladujo¢o modro stozko in 6510 — nizinski gojeni travniki) na
obmocjih Natura 2000 zmanjsujejo. Predlagani ukrepi v preteklih kmetijsko-okoljskih programskih obdobjih so bili
le delno ucinkoviti pri ohranjanju biotske raznovrstnosti travis¢. Glavno groznjo biotski raznovrstnosti predstavljajo
razlicne antropogene aktivnosti, ki vodijo v stalno spreminjanje krajine, razdrobljenost habitatov in degradacijo
ekosistemov. Obnova biotske raznovrstnosti je zato postala nujen ukrep za ohranjanje travis¢ z visoko naravno
vrednostjo. Do ekoloske obnove travis¢ s spremenjeno, neznacilno floristicno sestavo, ali pa travis¢ v neugodnem
naravovarstvenem stanju, vodi vec poti. V tem prispevku predstavljamo pregled metod, uporabljenih pri obnovi
travis¢ iz razli¢nih predelov Evrope, ki bi jih lahko ustrezno prilagojene uporabili tudi za obnovo slovenskih travisc.
Travnike lahko prepustimo spontani sukcesiji, ki je primerna predvsem za manjSe degradirane povrsine v blizini
travis¢ z dobro ohranjeno biotsko raznovrstnostjo. Praviloma pa vnovi¢na vzpostavitev rastlinskih zdruzb z znacilnimi
vrstami zahteva bolj proaktiven pristop, kot je setev regionalnih ali komercialnih ohranjevalnih semenskih mesanic,
prenos dozorelega rastlinskega materiala ali prenos vrhnje plasti tal z donorske povrsine z ustrezno vrstno sestavo.
Metode obnove travinja je potrebno natancno pretehtati in z obnovo vrstne pestrosti zaceti Se preden je habitat ali
doloc¢ena vrsta ogrozena. Ugotavljamo, da ima lahko optimalen nacin upravljanja travinja po obnovi primerljiv ali celo
vedji u¢inek glede na tistega, ki ga lahko doseZzemo z ustrezno metodo obnove. Kljub vsemu pa $e vedno velja, da je

vzdrzevanje dobro ohranjenih travis¢ z ustreznim nacinom rabe cenejse od obnove degradiranih travis¢.

Kljuéne besede

obnova travis¢, upravljanje, metodologija, Natura 2000 travniski habitatni tipi, kmetijsko-okoljski ukrepi

Introduction

Grasslands are areas dominated by naturally occurring
grasses and other herbaceous species, used mainly for
grazing by livestock and wildlife (Allen et al. 2011). They
comprise approximately 40.5% of the Earth’s surface
(excluding Greenland and Antarctica), making them one
of the world’s largest ecosystems (Suttie et al. 2005).

In general, grasslands can be divided into two types:
primary (natural) and secondary (semi-natural). The first
type is represented by sites that are unfavourable for
the establishment of trees, while the second type is of
anthropogenic origin, sustained by regular mowing and/
or livestock grazing. Despite their anthropogenic origin,
secondary grasslands represent some of the most spe-
cies-rich and also some of the most vulnerable habitats
in Europe since they have been extensively managed for
several hundred years (Torok et al. 2020). In contrast to
intensively managed systems with high productivity and

thus high input requirements per unit area, extensively
managed systems use small amounts of labour and capital
per unit area and primarily rely on natural soil fertility, water
availability, and climate (Ashton et al. 2012). Therefore,
extensively managed grasslands have higher biodiversity
value (Lesschen et al. 2014). The most species-rich sec-
ondary grasslands are dry and semi-dry grasslands. They
are found on shallow to deep soils and are predominantly
formed on calcareous or volcanic bedrocks from lowlands
to mountains. Calcareous grassland types are especially
species-rich. However, they are increasingly threatened by
woody encroachment (Elias et al. 2018).

Grasslands may also be divided according to their age,
namely into temporary and permanent grasslands. Accord-
ing to the European Commission, permanent grasslands
are defined as “land used to grow grasses or other herba-
ceous forage naturally (self-seeded) or through cultivation
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(sown), and that is not included in the crop rotation of the
holding for five years or longer” (Commission Regulation
(EC) No 796/2004). Grasslands that are less than five years
of age (including in a crop rotation) are therefore defined as
temporary grasslands (Reheul et al. 2007).

Natural and semi-natural grasslands are usually
defined by climatic, pedological, or topological factors.
However, in natural grasslands, plant species richness is
further increased by fires and grazing, which also prevent
litter accumulation and thus limit woody encroachment
in addition to climate and extreme habitat conditions
(Kuzemko et al. 2016, Torok et al. 2020). Both natural and
semi-natural grasslands depend on microclimatic, soil, and
bedrock gradients (Sutcliffe et al. 2016). Among these, the
main drivers of species composition are soil depth, soil
texture, and soil pH. The relationship between pH and plant
diversity of a certain region is generally hump-shaped, as
the highest plant species richness is found under neutral
or slightly basic conditions (Palpurina et al. 2017). A hump-
shaped relationship can also be found between plant
species richness and primary productivity (Fraser et al.
2015). The productivity of grassland communities is mostly
driven by the availability of water and nutrients, which
affects the biodiversity of these communities. The amount
of moisture and its seasonal variation influences the pro-
ductivity of natural grasslands, whereas the productivity
of semi-natural grasslands is controlled by the fertility
gradient (Torok et al. 2020). Limiting nutrients play an
important role in shaping the richness-productivity pattern
(Palpurina et al. 2017) since various species are adapted
to nitrogen (N) and phosphorus (P) limitation (Roeling et
al. 2018). Generally, grasslands rich in N, P, and potassium
(K) have low biodiversity (Merunkovd and Chytry 2012).
Although fire is not as crucial for the formation of grass-
land plant communities as climate, its contribution to this
process in terms of seasonality, intensity, and return rate is
still significant (Ewing and Engle 1988, Biondini et al. 1989).
Moreover, areas that have recently undergone fires are
usually richer in nutrients, attracting large ungulates that
may further change species composition (Milchunas et al.
1988, Hartnett et al. 1996).

Natural and semi-natural extensively managed grass-
lands provide many ecosystem services that cannot be
provided by other land uses. Their ecosystem services are
of higher value compared to those of sown and intensively
managed grasslands (Wick et al. 2016). For example,

natural and semi-natural extensively managed grasslands

harbour rich and unique flora and fauna, they produce
biomass, serve as forage for herbivores, provide natural
medicines, present habitat for pollinators and birds,
ensure resources for water infiltration, flood reduction,
purification, and storage, they prevent erosion, balance
local climate, and play an important role in nutrient cycling
and nutrient retention (Wick et al. 2016, Torok et al. 2020).
They also act as carbon dioxide (CO,) sinks and thus have
a great carbon (C) sequestration potential (Ammann et al.
2007) since they contain up to 12% of the soil organic C
global pool (Schlesinger 1997). Converting grasslands into
arable land leads to a decline in soil C due to C loss by
tillage and lower C input from litter (Jones and Donnelly
2004). Grasslands also offer a variety of intangible
aesthetic, cultural, and recreational services (Torok et
al. 2017) and also have a good potential for biogas and
biofuel production (Heinsoo et al. 2010).

Despite their ecological, cultural, and agricultural
importance, grasslands are threatened globally due to
numerous anthropogenic factors and climate change.
Their degradation results in a reduced provision of eco-
system goods and services (Wick et al. 2016). The most
common reasons for grassland degradationinclude, onthe
one hand, their fragmentation and isolation caused by the
intensification of agriculture and increased development
of the secondary and tertiary economic sector, especially
in lowlands, along with the abandonment of extensive
management by mowing or grazing in less accessible
areas, resulting in overgrowth and encroachment by
trees and shrubs. Other frequently mentioned causes
include the absence of naturally occurring fires, biological
invasions caused by introductions of non-native species,
overgrazing, eutrophication, and the already mentioned
climate change (Wick et al. 2016, Torok et al. 2020).

In Slovenia, permanent grasslands cover 58% of the
total agricultural land (Factsheet on the 2014-2022 Rural
Development Programme for Slovenia 2022). About 20%
of the Slovenian Natura 2000 network is represented
by utilised agricultural land, among which extensive
meadows are the most important (Prioritised action
framework (PAF) for Natura 2000 in Slovenia 2019). The
latest report by the European Environment Agency on
the state of nature in the European Union from the year
2020 claims that 50% of the assessments for grasslands
in Slovenia under the Habitats Directive are showing a
bad conservation status (U2) and about 22% are showing
an inadequate (U1) conservation status. Therefore, alto-
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gether, no less than 72% of Slovenian grassland areas
have an unfavourable conservation status (EEA 2020).
Among grassland areas, semi-natural dry grasslands and
scrubland facies on calcareous substrates (Natura 2000
habitat type 6210(*)) are particularly affected. The main
reason for such a negative trend is their dependency
on particular sustainable management measures (EEA
2020). Kaligari¢ et al. (2019) studied four grassland-spe-
cific agri-environment measures (AEM) in Slovenia in the
period from 2007 to 2013 and found that these failed to
preserve high nature value (HNV) grasslands in Slovenia
since AEM did not reach most of the HNV grasslands in
Slovenia and since this limited interest in the AEM targeted
any permanent grassland, irrespective of its conserva-
tion value. As a result, many grasslands included in the
AEM were not HNV grasslands. The authors concluded
that this was due to the lack of pre-selection criteria for
grasslands and the lack of monitoring of the efficiency of
the measures, and due to low interest of farmers in the
subsidies (Kaligari¢ et al. 2019). lvajnsi¢ et al. (2019) also
reported negligible integration of agricultural holdings
in the AEM in Slovenia. Unfortunately, the AEM in the
period from 2014 to 2020 retained more or less the same
concept as in the previous period (Kaligari¢ et al. 2019).
Therefore, Kaligari¢ et al. (2019) suggested that future
schemes should be prepared on a completely different
basis, wherein HNV grasslands should be prioritised, and
monitoring of biodiversity should be the most important
requirement. The proposed Common Agricultural Policy
(CAP) for the period from 2021 to 2027 was said to be
more flexible and effective (Lovec et al. 2020). However,
Lovec et al. (2020) argue that the actual long-term impact
was not thoroughly considered in the new CAP. Therefore,
no significant improvements in biodiversity conservation
can be expected (Lovec et al. 2020). Sumrada et al. (2021)
conducted a study where they explored the potential
of a payment-by-results approach as an alternative to
management-based schemes (MBS) in Slovenia. MBSs
are schemes that provide payments for farming practices,
which are believed to secure certain services instead of
being tied to their actual provision (Burton and Schwarz
2013). Alternatively, result-based schemes (RBS) remu-
nerate farmers for ecological results, demonstrated by
certain indicators (e.g., presence of certain plant species,
breeding success of farmland birds, etc) (Herzon et
al. 2018). Sumrada et al. (2021, 2022) found that most

farmers and experts were in favour of the introduction of

such RBSs for grassland conservation. Farmers knew the
selected plant indicators and preferred monitoring of their
presence over the current system (Sumrada et al. 2021).
However, for the successful conservation of HNV grass-
lands, institutional capacity is also needed to implement
RBSs on a larger scale (Sumrada et al. 2021). In addition,
regardless of their many advantages in comparison to
MBSs (Pe’er et al. 2022), RBSs do not seem to be better
suited than the current schemes in addressing the specific
needs of small and (semi-)subsistence farmers (Davidova
2011) and in the cases where land ownership is highly frag-
mented (Hartvigsen 2014). For this reason, older farmers
and those who manage semi-subsistent and small farms
are mostly not in favour of RBSs (Sumrada et al. 2022).
The findings of Sumrada et al. (2021) indicate that there is
an institutional gap in the understanding of agroecology
and of the importance of integration of biodiversity policy,
which needs to be bridged to be able to enforce changes
into the current system and achieve better conservation
outcomes. Pe’er et al. (2022) argue that a combination of
both result-based and action-oriented payments might be
optimal.

According to the various ecosystem services that
grasslands provide, it is vital to prevent their further deg-
radation in the future. In this review article, we present an
overview of the techniques for grassland restoration used
in experiments carried out in various European countries
(but not in Slovenia), evaluate their practical use in the
past, and form recommendations for their future applica-
tion. All findings and recommendations are drawn from
these studies.

Grassland restoration
in general

The best way to maintain the biodiversity of grasslands is
to prevent both their abandonment and overexploitation
by using extensive traditional agricultural practices, mainly
grazing and/or mowing. These two practices have been
shown to exert many positive effects on grassland biodi-
versity and are often recommended as tools for both the
restoration and maintenance of grasslands (Galvdnek and
Leps 2008, Torok et al. 2016). Among these, wild herbivore
grazing on open areas (by wild horses and cattle) and
low-intensity grazing by herded livestock (local breeds) are
often suggested (Torok et al. 2016, Téth et al. 2018).
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To retain grassland biodiversity in (near) optimum
conditions, not only one single type but a whole scheme
of traditional management practices is required (Babai
and Molnar 2014). In addition, mosaic management
should also be taken into account to ensure the highest
biodiversity (i.e., temporally and spatially dynamic com-
bination of abandoned and mown grassland patches)
(Torok et al. 2017). Nonetheless, it is often the case that
traditional practices are not possible or economically
sustainable. For this reason, conservation authorities
and site managers are looking for alternative practices,
such as prescribed burning during the dormant season.
Prescribed burning with long fire-return periods could be
a suitable and economically feasible way of eliminating
accumulated litter and sustaining grassland biodiversity
(Valké et al. 2014). However, in some cases, soil biota
may be negatively affected by fires (McLeod and Gates
1998, Vasconcelos et al. 2017, Zaitsev et al. 2017). Annual
prescribed fires were found to be inappropriate for
maintaining the desired species richness and structure,
whereas periodic prescribed fires every two to six years
may have a positive impact even in terms of soil biological
properties (Valko et al. 2014).

For partly degraded grasslands, a decrease in manage-
ment intensity is often sufficient for their recovery, while for
fully degraded grasslands that have been converted into
other land uses, spontaneous succession or technical rec-
lamation is required for a successful restoration (Prach and
Hobbs 2008). Spontaneous succession has been reported
to be a promising restoration tool in several different
Central European grassland habitats, especially where the

Collection of information
STAGE 1 .
on previous and current state of chosen plots
Choice of methodology
STAGE 2 according to target vegetation and conditions at
target and donor sites
Restoration action
STAGE 3 according to chosen methodology
| STAGE 4 || Post-restoration management
STAGE 5 Evaluation of restoration

according to target vegetation

proportion of target grassland communities is high (Albert
et al. 2014, Prach et al. 2015). However, for large-scale res-
toration projects to be successful, well-preserved donor
grasslands acting as spontaneous sources of propagules
must be available nearby (Torok et al. 2020). Regarding
technical reclamation, the most common methods that
have been successfully used in some extensive grassland
restoration projects (Lengyel et al. 2012, Prach et al. 2015)
are sowing of regional seed mixtures and transfer of plant
material (Torok et al. 20M).

The main goal of many restoration actions is not to
directly increase biodiversity on chosen plots per se,
but rather to (re-)establish and maintain the presence of
characteristic indicator species of target grassland com-
munities, with an additional aim of reducing cover and
impact of non-target weeds (Leps et al. 2007).

Restoration of species-rich grasslands can be
time-consuming, and additionally, it usually requires plot
preparation (Kiehl et al. 2010, Krautzer et al. 2011) and
appropriate post-restoration management (Kiehl et al.
2010, Torok et al. 20M). Many sources claim that seeding
on bare soil improves the chances of vegetation estab-
lishment (Kiehl et al. 2010, Krautzer et al. 2011, T6rok et
al. 2011). Soil preparation is mostly done by ploughing or
disking, followed by raking for seedbed preparation. After
sowing, the covering of seeds is carried out by raking
or ring rolling (Tordk et al. 2011). If an existing sward is
present, it should be cut to the height of 3-5 cm, when
necessary, and then opened (Krautzer et al. 2011). Grass-
land restoration should first be carefully thought-out and

then carried out according to the plan shown in Fig. 1.

Figure 1. The stages of grassland restoration.

Slika 1. Zaporedje korakov pri obnovi travnikov.
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Most commonly used methods
in grassland restoration with
practical examples

When restoring degraded permanent grasslands, we can
choose between different methods. Each of them has

its advantages and disadvantages, which are described
below and summarised in Tab. 1.

Decrease in management intensity

Grassland management (especially traditional) is a crucial
tool in the maintenance of semi-natural grasslands
(Bischoff et al. 2009, Milberg et al. 2017, Goret et al. 2021).
Cessation of management intensity (extensification) on
previously intensively used grasslands has recently been
discussed as a useful grassland restoration tool in many

conservation policies and attempts. It might, theoretically,

Table 1. A summary of grassland restoration techniques used in different European countries.

Tabela 1. Povzetek tehnik obnove travnikov, ki so bile uporabljene v razli¢nih evropskih drzavah.

Grassland restoration technique

A decrease in management intensity

Spontaneous succession

Suitable for Advantages

reduction and
prevention of further
nutrient accumulation
in the soil; general
improvement of soil
properties; an increase
of taxonomical and
functional biodiversity;
increased landscape
heterogeneity

degraded grasslands
of various habitat
types (mesophilic,
calcareous, and
acidic grasslands)

ruined grasslands;
small-scale areas
located in the proximity
of well-preserved
grasslands (mesic
Arrhenatherion
grasslands, dry
Festuco-Brometea
grasslands)

natural process;
no action is needed

quick results

greater restoration
success; a useful
first step towards
revegetation

Sowing of  low- manual degraded grasslands;
regional diversity collection ruined grasslands;
seed seed plots that are at risk of
mixtures mixtures vacuum erosion; larger plots
harvesting  (mesic Arrhenatherion
) grasslands, dry
combmg Festuco-Brometea
harvesting grasslands)
high- manual ruined grasslands;
diversity collection  smaller plots (mesic
seed Arrhenatherion
mixtures vacuum grasslands, dry
harvesting  Festuco-Brometea
combine grasslands)
harvesting

Limitations

drastic decrease

in management
intensity can lead to
abandonment and
biodiversity loss,
causing overgrowth
of weeds, forbs, and
shrub encroachment;
positive impacts of
fertilisation reduction
are not noticeable
immediately; might
negatively impact
grass coverage in
mesic grasslands
and pastures

requires a high
proportion of target
grassland communities;
high probability for an
increased presence

of weeds; long-term
method; most suitable
for recently degraded
grasslands

requires
well-preserved donor
grasslands; manual
collection is time-
consuming, requires
good seed recognition;
proper harvesting time

requires
well-preserved donor
grasslands; limited
availability; larger
collecting effort;
manual collection

is time-consuming,
requires good seed
recognition; proper
harvesting time

Reference /
An example of use

Marriott et al. 2004,
Milberg et al. 2017,
Mayel et al. 2021,
Resch et al. 2021

Bossuyt and Honay
2008, Fagan et al.
2008, Lencovd and
Prach 2011, Knappovd
etal. 2012, Albert et al.
2014, Prach et al. 2014,
Sojnekovd and Chytry
2015, Prach et al. 2021a

Leps et al. 2007, Kiehl
et al. 2010, Hofmann et
al. 2020

Jongepierova et al.
2007, Leps et al. 2007,
Kiehl et al. 2010, Torok
et al. 2011, Mitchley et
al. 2012, Haslgrubler
et al. 2013, Prach et al.
2013, 2014, Baasch et
al. 2016, Hofmann et
al. 2020, Prach et al.
2021a
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Grassland restoration technique

Transfer
of plant
material

hay plant

threshing clipping or
green hay
dry hay/
‘hay sensu
stricto’

seed stripping

brush harvester
(most common)

Topsoil transfer

Mechanical disturbance, applied
prior to restoration techniques

Planting of entire plant individuals

Cessation of fertilisation

Suitable for

ruined grasslands;
all types of habitats

ruined grasslands;
tall meadows
(Molinion, Cnidion)

ruined grasslands

variously managed
temperate grasslands;
severely degraded
grasslands; wet
meadows; Nardus
grasslands

degraded grasslands;
individual/specific
species; for stimulating
succession to later
stages

grasslands degraded
by over-fertilisation
(mesic semi-natural
grasslands containing
Molinio-Arrhenatherea
and Festuco-Brometea
species; Nardus
grasslands)

Advantages

greater restoration
success; genetic
diversity preserved;
low-cost; applicable
on a larger scale

does not require
vegetation cutting

successful and widely
used restoration
method; does not
require vegetation
cutting; greater
restoration success

greater restoration
success

increased soil seed
bank potential and
seedling recruitment

better establishment
of endangered
species

low-cost; no active
measurements
needed

Limitations

requires
well-preserved
donor grasslands;
lower seed content

requires
well-preserved
donor grasslands

requires well-
preserved donor
grasslands; seeds
of shorter species
underrepresented;
specific equipment

destructive for donor
site; laborious; costly

low specificity

and selectivity;

might improve the
development of weeds

laborious; costly

unpredictable species
shift; depends on
abiotic parameters
(climate); highly
dependent on initial
state; time-consuming

Reference /
An example of use

Kiehl et al. 2006,
Donath et al. 2007,
Edwards et al. 2007,
Galvanek and Janak
2008, Kiehl et al. 2010,
Rydgren et al. 2010,
Krautzer et al. 2011,
Albert et al. 2019,
Hofmann et al. 2020

Kiehl and Pfidenhauer
2007, Torok et al. 2011

Hofmann and Isselstein
2004, Donath et al.
2007, Edwards et al.
2007, Mitchell et al.
2009, Krautzer et al.
201, Klaus et al. 2018

Torok et al. 201

Marriott et al. 2004,
Hejcman et al. 2007,
Krdlovec et al. 2009,
Korzeniak 2016, Van
Daele et al. 2017, Prach
etal. 2021b

increase biodiversity on chosen plots by reducing work
intensity, but at the same time increasing work effective-
nessonlargergrassland areas (Marriottetal. 2004, Milberg
et al. 2017). However, results are context-dependent and
differ according to the methodology used and the initial
state at chosen sites. A study on the impact of grassland
extensification by Marriott et al. (2004) showed that man-
agement cessation had a moderately negative impact on
the diversity of calcareous and mesic grasslands, wherein
changes were primarily visible in the long term. On the
other hand, management abandonment had a significant
negative impact primarily on mesic grasslands, which
were showing signs of succession to forest vegetation
in a 13-year period and were overgrown by shrubs and
forest species in 30 years. Acidic grasslands were over-
grown by non-palatable grasses (such as Molinia caerulea

and Deschampsia flexuosa) and ericoid shrubs, whereas
calcareous grasslands were overgrown by Brachypodium
pinnatum (Marriott et al. 2004). Milberg et al. (2017) found
that cessation of mowing intensity (from annually to once
every three years) had a weak impact on diversity of
wet grasslands, whereas the diversity of dry grasslands
decreased significantly. Significant biodiversity loss was
noticeable one decade into the experiment, more spe-
cifically after 11-14 years, which is somehow similar to the
results of the study by Marriott et al. (2004). Rare mowing
has a particularly negative impact on short-growing
species, which can be impaired by higher and/or woody
species that out-compete them and benefit from sporadic
management. A combination of annual mowing of grasses
and forbs in swards and occasional (once every few years)
mowing of shrubby, overgrown parts of vegetation might
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be a solution that would combine the benefits of the afore-
mentioned policy of reduced, but more efficient work, and
conservation of grassland habitats (Milberg et al. 2017).
The benefits of grassland management are discussed in
more detail in the chapter Post-restoration management

with grazing and mowing.
Spontaneous succession

Spontaneous secondary succession is a natural process
of changes in species’ structure and interaction dynamics
in an already established ecosystem following natural or
anthropogenic disturbance events. Particularly in the case
of grassland restoration actions, secondary succession
often occurs following the abandonment of previously
used arable land. It is the most natural way of grassland
restoration, relying on naturally (spontaneously) occurring
processes in an ecosystem (Torok et al. 201M). It is strongly
dependent on the local availability of seeds (propagules)
of the target grassland species and their efficient disper-
sal by different vectors, deriving from natural vegetation
near the restoration target sites (Holzel and Otte 2003,
Donath et al. 2007, Kardol et al. 2008, Kiehl et al. 2010,
Krautzer et al. 2011, Torok et al. 2011, Hofmann et al. 2020).
Natural succession of ex-arable fields usually begins with
the establishment of annual and perennial ruderal plants,
followed by perennial grasses and forbs — species of
later successional stages, which are better adapted to
specific grassland conditions (such as resource limitation).
However, the transition to more complex plant commu-
nities during later stages of ecological succession rarely
occurs. The structure of these plant communities stag-
nates with an increased presence of weeds, ruderals, and
grasses, due to the low germination potential of grass-
land species’ seeds in the seed banks and their limited
dispersal potential (Kleijn 2003, Lawson et al. 2004). As
stable ecosystems, grasslands do not typically rely on
soil seed banks since characteristic grassland species do
not produce long-lived or numerous seeds (Bossuyt and
Honnay 2008). They rather rely on the dispersal of seeds
(Edwards et al. 2007, Bossuyt and Honnay 2008). A study
by Knappova et al. (2012) reported on the ability of dry
grassland species (Festuco-Brometea) to colonise grass-
lands in their proximity as an alternative to restoration
actions of a particular grassland type. While about 68%
of the species present showed dispersal potential, some
of the ‘grassland specialists’, such as Helianthemum num-

mularium subsp. grandiflorum, Carex humilis, Anthericum
ramosum, Filipendula vulgaris, Melampyrum nemorosum,
Gymnadenia conopsea, and Campanula glomerata, did
not colonise proximal area. Overall, the authors defined
the distance of 0.5 kilometres as the limit for successful
propagule spreading, pointing out that in addition to
distance and plot area, biotic and abiotic factors of the
selected grasslands also need to be considered when
discussing this topic (Knappova et al. 2012).

A review study by Bossuyt and Honnay (2008) showed
that grassland soil seed banks were amongst the ones
with the highest diversity, richness, and evenness, in
comparison to those of forests, marshes, and heathlands.
However, their generally low seed density and common
absence of target species’ seeds (especially in calcareous
grasslands) made them an unreliable source for resto-
ration. Exceptionally, seed banks might be useful at sites
that were recently degraded (up to 5 years ago) (Bossuyt
and Honnay 2008). Intensive use of agricultural fields and
increased soil fertility negatively impact grassland soil
seed banks (Edwards et al. 2007), favouring the devel-
opment of weeds as remnants of previous successional
stages (Torok et al. 2011), along with invasive and non-tar-
get species that are commonly found at earlier stages of
succession (Bossuyt and Honnay 2008). Another common
issue with spontaneous succession is landscape fragmen-
tation, resulting in the isolation of grassland plots and the
absence of suitable propagule sources (Kleijn 2003, Kiehl
et al. 2010, Lawson et al. 2004, Torok et al. 2011), along
with their dispersal limitation (Donath et al. 2007). All
these issues generally cause delayed restoration (Kleijn
2003, Torok et al. 2011). In addition, natural regeneration is
often limited by inadequate germination conditions found
on plots where vegetation is already established (mainly
regarding light availability and soil). These differ between
species of early and later successional stages. Species of
early successional stages are usually taller and are con-
sequently better competitors for light. Furthermore, they
have a better capability for vegetative reproduction and
thus out-compete species of later successional stages
(Kleijn 2003).

Proactive measures of grassland restoration are
usually needed since restoration by spontaneous succes-
sion is mainly suitable for small-scale areas located in the
proximity of well-preserved grasslands, which serve as an
adequate source of propagules. It is a good restoration
method where no urgent results are expected due to
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slow and often unpredictable development of vegetation
(Torok et al. 201). For example, Fagan et al. (2008) showed
that they preferred the regeneration of dry grasslands by
natural succession, combined with moderate manage-
ment, defined by local agro-environmental schemes,
rather than regeneration by sowing seed mixtures.
Another study favouring natural succession over sowing
of seed mixtures as a form of dry grassland restoration
was conducted by Lencova and Prach (2011). They claim
that if target sites are in the proximity of adequate prop-
agule sources, properly managed, and not (extremely)
loaded with nutrients, no sowing is required unless urgent
results for grassland production are needed.

Sowing of seed mixtures

Many grassland restoration attempts rely on different
methods of plant material introduction (Hofmann et al.
2020). One of the most commonly used methods is seed
addition by sowing seed mixtures (Torok et al. 2011,
Hofmann et al. 2020). Seed mixture composition depends
on numerous factors, such as target vegetation, condi-
tions at the target site, and seed availability (Torok et al.
2011).

Torok et al. (2011) mention two main types of seed
mixtures used in restoration: (1) low-diversity (LD) seed
mixtures, usually consisting of seeds of 2-8 species,
mostly dominant grasses and/or forbs of the target veg-
etation, and (2) high-diversity (HD) seed mixtures, which
contain seeds of 10 or more target species. LD seed
mixtures are often applied in restoration experiments that
aim for quicker results — for instance, on plots that are
at high risk of erosion. On larger plots, where HD seed
mixtures might not be quantitatively sufficient due to their
limited availability and greater collection effort, mixtures
may be combined and/or applied in patches. Seeds can
be either commercially sourced or locally harvested.
Commercial seed mixtures are acceptable if they contain
seeds of target species from local populations. It is,
however, highly suggested to use seeds of plants grown
or harvested locally, as this way the chances of successful
restoration are higher. Non-native ecotypes in commercial
seed mixtures namely have lower genetic and ecological
compatibility with local conditions (Kiehl et al. 2010, T6rok
et al. 201). Additionally, foreign ecotypes may hybridise
with local ecotypes, causing genetic biodiversity loss and
reduced fitness in new hybrid populations (Kiehl et al.

2010). Seed collection, as opposed to the application of
commercially sourced propagules, may help in the rein-
troduction of certain rare species, whose seeds are not
readily available (Kiehl et al. 2010). Seeds can be collected
manually or by using specific equipment, such as vacuum
or combine harvesters (Edwards et al. 2007), which require
special attention in the choice of proper harvesting time
(Krautzer et al. 2011). An exception is vacuum harvesting,
which can be easily carried out with machines used for
leaf vacuuming and blowing even after seed shedding.
Due to its complexity, this method should be carried out
primarily at locations where other methods are not readily
applicable (Kiehl et al. 2010). Application of different seed
densities results in varying success rates of grassland
restoration. Generally, the application of a larger number
of seeds results in greater restoration success. However,
it could also cause greater resource competition among
sown species, which might result in decreased diversity
of target species (Leps et al. 2007, Torok et al. 2011). As
a potentially good alternative to spontaneous succession,
Torok et al. (2011) recommend sowing densities from 4000
t0 13000 seeds/m? on areas of up to a few hundred square
meters, whereas larger areas (measured in hectares) might
require between 20 and 45 kg of seeds per hectare (for
more details, see Torok et al. 2011). Sowing of regional
seed mixtures has been repeatedly proven as a successful
restoration method for dry grasslands (Lep$ et al. 2007,
Jongepierova et al. 2007, Mitchley et al. 2012, Joha-
nidesova et al. 2014, Prach et al. 2021a). Jongepierova et
al. (2007) reported that sowing of regional seed mixtures
is a very good method for the restoration of Bromion
grasslands, indicating the use of a specific methodology
in the form of strip sowing. Regional seed mixtures may be
expensive and not readily accessible. In this case, strips
of regional seed mixtures could be applied inside fields
designated for natural regeneration, which should theo-
retically be colonised by previously sown target species.
Mitchley et al. (2012) studied vegetation at the same plots
in 2009, following the first part of the survey by Jonge-
pierova et al. (2007), further confirming the positive effects
of sowing regional seed mixtures, with the highest success
achieved by sowing regional grasses, which covered
around 50% of the studied plots. All experimental plots
showed divergence towards ancient grasslands in the
10-year period, but donor and recipient sites still showed
significant differences in species composition, suggesting
that the 10-year period might not be sufficient to achieve
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the intended results and prove the importance of time
dimension in grassland restoration experiments. Regard-
ing different types of seed mixtures, Leps$ et al. (2007)
confirmed the positive impact of sowing both HD and LD
seed mixtures on grassland vegetation succession. Both
LD and HD seed mixtures were proven as suitable, even
though HD seed mixtures were generally more successful
and had higher productivity. An additional benefit that
they provided was a higher probability of compensation
in the case of species establishment failure, expressing
the ‘insurance effect’ on diversity. Grasses were generally
more successful than forbs. However, non-sown control
plots subjected to natural succession had higher species
richness and diversity, which did not result from dispersal
from sown plots. Namely, sown species never achieved
dominance on control plots, even though they spread rela-
tively successfully over short distances into adjacent plots.
Sowing of species is therefore defined as better suited for
species introduction and not necessarily for biodiversity
increase. An ideal combination might be planned to sow
seed mixtures in strips, with some space left for natural
colonisation between the strips. When seed mixtures are
used in restoration actions, the species composition of
both applied mixtures and recipient sites should be taken
into consideration, focusing on the colonisation potential
and competitiveness of present species. The presence of
highly competitive species in mixtures might negatively
impact the development and survival of other species,
which were either previously sown or initially present at
the site. Due to the competitiveness or invasiveness of
various plant species (particularly weeds), the presence of
those species in plant communities that are located near
the restored grasslands should also be taken into account.
By doing that, we might prevent their spreading into newly
sown sites, where they might cause negative shifts intarget
species composition. Johanidesova et al. (2014) addition-
ally reported that restoration by seed addition could be
a successful first step towards revegetation and that its
continuation in the form of natural succession depends
on the vicinity of appropriate grasslands that would serve
as a natural source of propagules. The latter is important
due to limitations in the sowing of some grassland species’
seeds for many reasons, either biological or technical. If
natural spreading does not fulfil expectations in the set
time frame, repeated sowing of selected target species
may be required. Prach et al. (2014) studied the differences
between restoration attempts of two grassland types of

the Arrhenatherion and Bromion alliances in the White
Carpathian Mountains, pointing out that spontaneous
succession and use of commercially prepared mixtures led
to the establishment of mesic vegetation, whereas local
mixtures favoured dry grasslands. A study by Prach et al.
(2013) on the same area gave the same results, favouring
the use of local seed mixtures. 98% of sown species grew
successfully, along with unsown species that spread from
nearby reference ancient grasslands.

Transfer of plant material

Other commonly used seed collection techniques include
threshing, seed stripping, and the use of a brush harvester.
Brush harvesting is a generally successful and widely
used restoration method that does not require vegetation
cutting. It is overall better suited for tall meadows since
seeds of shorter species are often underrepresented in
the harvested material. Shortgrass meadows could there-
fore benefit from collecting plant material by cutting or
even raking, followed by transfer of raked material, which
would additionally help transfer propagules of bryophytes
and lichens. Hay threshing and brush harvesting are more
expensive methods due to the use of specific equipment
(Kiehl et al. 2010).

Restoration of species-rich grasslands usually requires
transplantation of plant material from donor sites since the
collection of adequate HD seed mixtures demands a lot of
time and resources (Torok et al. 2011). The application of
plant material containing seeds is a cost-effective method
that is applicable on a large scale and in a wide range
of habitats. In addition, this method might be beneficial
due to the introduction of an entire gene pool of the
donor community, which might also include some rare or
endangered species that cannot be sown. Therefore, the
genetic diversity of locally-adapted ecotypes is preserved,
along with the provision of microsites required for seed
germination. Like other restoration methods, it is highly
context-dependent, and it requires the proper selection
of quality donor plant material applied at corresponding,
ecologically compatible sites. Although the seed content
of the transferred plant material is an important variable in
the evaluation of restoration success, colonisation ability
is also very important (Holzel and Otte 2003).

When plant material with propagules is collected by
mowing (cutting), it can be applied either as fresh or dry
hay (Kiehl et al. 2010, Krautzer et al. 2011). Application
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of fresh hay is known as ‘plant clippings’ or ‘green hay’,
whereas dry hay is known as ‘hay sensu stricto’ (Kiehl et
al. 2010). Application of fresh plant material increases the
chances of species establishment (Kiehl et al. 2010, T6rok
et al. 2011), while dry hay requires additional manipulation
of the material and therefore increases the costs of the
process (Krautzer et al. 2011), with a limited restoration
potential due to lower seed content. Low-productivity
grasslands, such as calcareous grasslands, typically
require around 300-600 g/m? of freshly cut hay with a 2:1
to 3:1 donor-to-recipient plot ratio, whereas other habitat
types, such as fens, require a 1:1to 2:1 plot ratio (Kiehl et al.
2010). Immediate transfer of freshly cut plant material with
ripe seeds is known as hay strewing (Edwards et al. 2007).
Plant material can be applied in a 5-15 cm layer, which is
advised for mesotrophic to eutrophic grasslands (Kiehl et
al. 2010). Thicker layers are not recommended since they
can suppress the colonisation of target species (Kiehl
et al. 2010, Torok et al. 2011). Transfer of plant material
containing seeds is best combined with prior preparation
of recipient sites with various soil disturbance methods,
which are chosen according to the grassland type and its
nutrient status. The importance of mechanical disturbance
for grassland restoration based on seed bank potential
was studied by Klaus et al. (2018). Results showed that
mechanical disturbance could potentially increase the
diversity of severely degraded grasslands. The sole impact
of seed banks on partly developed grasslands is, however,
questionable. The similarity between seed banks and veg-
etation stands did notincrease with disturbance frequency.
Thus, other measures of propagule introduction, such as
sowing, were required (Klaus et al. 2018). Apart from the
quality of applied seed mixtures, another crucial factor is
the availability of microsites that would provide adequate
conditions for seedling germination and development,
preventing seed desiccation. This can be achieved by
providing an additional mulch layer that also prevents soil
erosion (Kiehl et al. 2010).

Diaspore transfer was proved as a successful method
in the restoration of wet meadows of the Molinion and
Cnidion alliances (H6lzel and Otte 2003, Donath et al.
2007). Previous disturbance of existing grass swards
in the form of rotavating before the application of
seed-containing plant material was proved beneficial for
the establishment of target vegetation of wet grasslands,
although the authors noted that competitive relationships
within the stand (with a specific focus on grasses) severely

dictated the dynamics of restoration. They also noted
that heavier disturbance (such as ploughing of existing
sward) might be needed to expand niches for introduced
species (Donath et al. 2007). Both studies reported low
establishment rates for sedges (Carex spp.) (Holzel and
Otte 2003, Donath et al. 2007). This can be explained
by their specific phenology and ecology. Namely, their
seeds ripen early in the vegetation season and are absent
at the time of seed collection in late summer or autumn.
They also have specific germination requirements, such
as prolonged incubation in warm and moist conditions,
and due to their successful vegetative reproduction, they
are better suited for other methods of propagule intro-
duction, such as turf transfer (Donath et al. 2007). Donath
et al. (2007) do not recommend simultaneous sowing of
grasses when applying seed mixtures due to the potential
of grasses to out-compete target vegetation and their
ability to successfully colonise sites of stands in the prox-
imity, even though simultaneously sown grasses do not
disturb the development of newly introduced vegetation
(Donath et al. 2006, 2007). Already established grass
stands presented a bigger obstacle to the recruitment of
new vegetation (Donath et al. 2007).

Green hay transfer was proved by Kiehl et al. (2006)
to be a successful method of restoration of ancient
grasslands, although it is also not suitable for the reintro-
duction of sedges (Carex spp.). Albert et al. (2019) found
that green hay transfer was the most efficient restoration
method for Bromion erecti grasslands, followed by triple
brush harvesting and single brush harvesting. Donor
sites were located in the Protected Landscape Area and
Biosphere Reserve of the White Carpathian Mountains in
the Czech Republic. Thirty-five species were recorded at
the recipient site, on which green hay consisting of 112
species collected at donor plots was applied, whereas
triple harvesting showed a similar success rate with 33
newly established species. The success of this method
may be due to the fact that plants were transferred as
specimens, providing a possibility for the seeds to ripen
on parent plants, whereas harvesting methods require
effort to remove fruits and seeds from plants. Harvesting
proved to be more successful when repeated during the
season. However, all of the tested options had a relatively
low success rate, with minimal differences between green
hay and triple harvesting. Albert et al. (2019) noted that,
due to the higher practicality of seed mixtures collected
by harvesting, which can be stored and transferred, brush
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harvesting has a significant potential for restoration,
whereas hay transfer needs to be applied as soon as
possible after mowing and is usually limited to smaller
areas. Hofmann et al. (2020) tested different methods of
grassland restoration on various vegetation types (Fes-
tuco-Brometea, Nardo-Callunetea, Sedo-Scleranthetea,
and Trifolio-Geranietea). Their results confirmed the
efficiency of hay transfer. However, they noted the impor-
tance of choosing the right time for the application of this
method, which should be before the seeds are ripe, and
should be repeated if necessary.

Edwards et al. (2007) studied the influence of prepa-
ratory disturbance practices (power harrowing and turf
stripping) on the efficiency of two commonly used grass-
land restoration methods (brush harvesting and green
hay strewing) applied to lowland hay meadows and chalk
grasslands as two target vegetation types. Both methods
of seed addition proved successful. Hay strewing was
more efficient for seed collection of low-growing plant
species due to the greater height at which the brush
harvester collected seeds. In addition, it sampled a wider
phenological range of different plants, a trait specific
to mesic chalk grasslands. Early cutting might favour
perennial grasses, whereas later hay cut includes a wider
range of different forbs, of which many have a conserva-
tion value. This confirms the importance of phenology
knowledge in choosing the adequate restoration method.
Disturbance generally had a positive impact on grassland
establishment, except for power harrowing in chalk
grasslands. They did, however, benefit from turf stripping,
even though the positive impact might have been related
to a decrease in nutrients in the soil caused by the given
disturbance. This study confirmed the importance of back-
ground knowledge and context dependence. The choice
should be in line with phenology, and management tech-
niques should be considered.

Other methods of grassland restoration

Other, not commonly used methods of grassland resto-
ration include topsoil transfer, turf transplantation, and
community translocation directly from donor sites to
recipient plots (Torok et al. 2011). Potential advantages
of chosen methods include the transfer of diaspores with
their associated soil fauna and microbiota, which could
increase the chances of vegetation establishment in its
original form and dynamics (as close as possible) (Torok

et al. 20M). Kiehl and Pfidenhauer (2007) confirmed a
positive impact of topsoil removal on the re-establish-
ment of dry Bromus grasslands by an increased cover of
various target species, such as Thymus praecox, Hippo-
crepis comosa, and Dorycnium germanicum, following
the experiment. However, transplantation methods are
still not widely used due to their destructive nature, the
high effort that they require, and the costs they cause
(Torok et al. 20M). This was also noted by the authors
of the original research (Kiehl and Pfidenhauer 2007).
In addition to sowing or hay transfer, planting of entire
plant individuals or their belowground parts is sometimes
carried out in restored areas. Due to higher costs, it is
only recommended in specific cases, for example, for a
better establishment of endangered species or for stimu-
lating succession to later stages (Torok et al. 2011). Other
potential issues in soil transfer are eutrophication, caused
by increased nutrient mineralisation in the applied soil,
and ruderalisation, which require additional management
measures afterwards (Kiehl et al. 2010).

As an option for the restoration of grasslands dom-
inated by N. stricta, Mitchell et al. (2009) suggested
the creation of gaps in turf for other plant seedlings by
rotavation. Nonetheless, regular cutting and chopping of
biomass using a flail or rotary mower is not advised since
it may cause changes in species composition and dom-
inance of some grasses (Krahulec et al. 2007, Galvdnek
and Jandk 2008). Too regular burning is also not rec-
ommended, as it can promote the spreading of invasive
species (Bensettiti et al. 2005).

For long-term maintenance of Nardus grasslands
in Serbia, Daji¢ Stevanovi¢ et al. (2008) recommend
practices such as juniper burning or roller chopping, or
the introduction of horse grazing to control the spreading
of some undesired low-quality grasses, and mechanical
clearance of woody species, along with the reintroduction
of cattle and sheep grazing.

Parolo et al. (2011) defined a few management practices
necessary for the preservation of Nardus grasslands. They
suggested mechanical removal of woody pioneer species
to prevent encroachment at pasture edges, establishing
electric paddocks for more intensive grazing at the periph-
ery of pastures, and using electric fences on lower pastures
that are grazed twice to ensure the concentration of cows
at pasture edges. It is advisable to distribute animals
along the peripheral parts of pastures so that nitrophilous
species have less potential for spreading (Bensettiti et al.
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2005). Moreover, Parolo et al. (2011) recommended turf
stripping in the centre and fertilisation at the periphery
of pastures, and combining cattle with small herbivores,
such as sheep and goats, for a more efficient limitation
of woody encroachment following restoration. However,
fertilisation in these habitats is usually forbidden or at least
very restricted, as it can lead to eutrophication (Galvdnek
and Jandk 2008). Some countries encourage liming for the
improvement of Nardus grasslands, as higher calcium (Ca)
levels may positively affect species diversity (Common et
al. 1991). Nevertheless, a thorough assessment is required
before application since liming, like P, has a long-term
effect on species composition (Hejcman et al. 2007). Turf
stripping is otherwise mainly used in the case of eutrophi-
cation of the upper soil horizons. This technique removes
nutrients from the upper soil layers, and thus restoration of
such oligotrophic habitats is possible (Galvdnek and Janak
2008).

Sometimes it is necessary to apply several restoration
techniques at once. However, this correspondingly also
requires more effort. Since grasslands that are to be
restored are often abandoned and, therefore, densely
overgrown, a technique that is often used is the removal
of trees and shrubs by hand or with machinery. If a
habitat is not densely overgrown, cutting and chopping of
biomass with a flail or rotary mower may be used. When,
however, trees and shrubs are too lush, a cultivator has
to be used. Another possible, but costly method is also
manual cutting with a brush cutter (Galvanek and Jandk
2008). All these methods for scrub cutting are effective,
but only if regular management is assured afterwards
(Bensettiti et al. 2005), as scrub encroachment could turn
out to be even more intense after cutting (Galvdnek and
Jandk 2008).

Restoration of completely destroyed habitats is very
expensive, yet feasible. There were some attempts of
restoration of severely damaged habitats in Belgium by
turf transplantation using sod-cutting techniques and
by utilisation of hay or mulch from species-rich donor
grasslands (Galvanek and Jandk 2008). The turf should
be placed on open land in a chessboard layout. Such an
arrangement prompts seed dispersal and recruitment, and
thus enables faster rehabilitation of disturbed habitats.
In addition, turf also prevents soil erosion (Stanova et
al. 2007). If farmers are not interested in maintaining
these habitats, or when these habitats are threatened by

various economic activities, land acquisition is of great

importance in order to ensure their proper management.
In any case, no matter which restoration measure is used,
regular active management of these habitats is still much
more cost-effective than their restoration (Galvanek and
Jandk 2008).

Timeline of grassland
restoration

When designing restoration studies, it is important to take
into account the conditions and area of both donor and
recipient grassland plots, along with the phenology of the
community and target grassland species (Edwards et al.
2007, Torok et al. 201M). Seed collection should take place
when most of the seeds in the donor plant community
are ripe (Edwards et al. 2007, Torok et al. 2011). The most
appropriate times for seed collection in different habitat
types are shown in Tab. 2. Nevertheless, it should be
noted that these data were collected in different parts of
Europe and, therefore, cannot be directly applied to the
conditions in Slovenia.

For example, to maximise the yield of grass seeds,
mowing of European dry grasslands should be carried out
in June, whereas mesic grasslands should be mown later
during the vegetation season (between June and July)
(Torok et al. 2011). To promote better biomass decomposi-
tion at the recipient sites in Nardus grasslands, propagule
collection for restoration purposes in these grasslands
should be carried out as early as May (Van Daele et al.
2017), in the period from June to July (Rasina et al. 2017),
in mid-July (Galvanek and Janak 2008, Kurtogullari et
al. 2020), or by the end of July at the latest (Hdkova et
al. 2004). Actions taken later in the vegetation season
are generally more suitable for Nardus grasslands and
pastures at higher altitudes (Kurtogullari et al. 2020). Wet
grasslands are usually mown in late summer, only in August
(Torok et al. 201). Generally, earlier cuts of grasslands
favour grasses, whilst later or repeated cuts favour forbs
(Krautzer et al. 2011, Haslgribler et al. 2013). Late propagule
collection can severely decrease the chances of successful
grassland restoration. To avoid this, it is recommended to
carry out multiple collections throughout the vegetation
season (Torok et al. 2011). The area ratio between recipient
and donor site size varies between 1:2 and 1:10, and mostly
depends on the state of vegetation at donor sites (Edwards
etal. 2007, Torok et al. 2011).
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Table 2. An approximate timeline of plant material collection (primarily by mowing), which is used for the restoration of different European
grassland habitat types. Differently coloured cells in the following table indicate theoretically defined optimal timing for mowing at different
grassland habitat types. Individual restoration actions should, however, consider climate conditions and the state of donor grassland vegetation
at a given time. Following works by Hékova et al. (2004), Galvanek and Jandk (2008), Krautzer et al. (2011),Torok et al. (2011), Haslgribler et al.

(2013), Rusina et al. (2017), Van Daele et al. (2017), Kurtogullari et al. (2020).

Tabela 2. Casovni okvir nabiranja rastlinskega materiala (predvsem s ko$njo) za obnovo razli¢nih evropskih habitatnih tipov travi$¢. Razli¢no

obarvana polja v spodnji preglednici oznacujejo teoreti¢no optimalen ¢as za koSnjo in nabiranje rastlinskega materiala v razlicnih travniskih
habitatnih tipih. Kljub temu pa je pri akcijah obnavljanja travnikov vedno potrebno upostevati klimatske razmere in stanje vegetacije obmocja
izbranih donorskih povrsin. Prirejeno po Hakova in sod. (2004), Galvdnek in Jandk (2008), Krautzer in sod. (2011), Torék in sod. (2011), Haslgriibler
in sod. (2013), Rsina in sod. (2017), Van Daele in sod. (2017), Kurtogullari in sod. (2020).

January
February

Dry calcareous grasslands (habitat type 6210(*))
Mesic grasslands (habitat types 6510, 6520)
Oligotrophic Nardus grasslands (habitat type 6230)

Wet grasslands (habitat type 6410)

Choice of donor sites for
grassland restoration

When choosing adequate donor sites for grassland res-
toration, one should opt for donor sites that fulfil specific
criteria. Primarily, we should choose donor sites that are
biogeographically and phytocoenologically suitable
for recipient sites, with representative target plant com-
munity structure and low presence of neophytes. Some
databases for grassland sites in Germany also cite the
need for adequate management status and naturalness
of the site (not sown with commercial seeds), without
incoming/planned changes in land use (Krautzer et al.
2011). Additionally, donor sites must be compatible with
recipient plots regarding their nutrient status, hydrology,
and substrate, with special attention paid to differences in
water and nutrient status of dry, nutrient-poor grasslands
(Bromion), mesic and mesotrophic grasslands (Arrhen-
atherion), and wet grasslands (Molinion and Deschamp-

sion) (Krautzer et al. 2011).

Soil fertility as a crucial factor
in grassland restoration

On land formerly used for cropland, the establishment
of target grassland species can be limited by increased

March

April

May

June

July
August
September
October
November
December

Dependent on area

nutrient levels in topsoil, which stimulate the growth
of highly competitive annuals and weeds (Kardol et al.
2008). The removal of the topsoil layer might be applied
to lower nutrient concentrations (H6lzel and Otte 2003,
Kardol et al. 2008, Kiehl et al. 2010, Torok et al. 2011) and
to remove propagules of weeds (Ho6lzel and Otte 2003,
Kiehl et al. 2010, T6rok et al. 2011). To prevent soil erosion,
the removal of 25-50 cm of soil is recommended, whereas
soil removal on a larger scale is not advised. Soils of
ex-arable fields are often saturated with inorganic N,
which stimulates the development of non-target species
in the initial phases of vegetation succession. To prevent
overgrowth by non-target species (namely weeds), a
decrease in soil fertility is required and carried out by
different actions: topsoil removal, offtake optimisation,
or the currently popular C addition (for more details, see
Torok et al. 2011).

Two different studies, one from Switzerland and one
from the Czech Repubilic, reported a long-term impact of
fertilisation on Nardus grasslands. In the latter study, the
impact of fertilisation was evident even 37 years after the
last nutrient application, especially on behalf of P and Ca
(Hegg et al. 1992, Hejcman et al. 2007). Therefore, due to
their preference for oligotrophic soils, restoration of exten-
sive Nardus grasslands where fertilisers were applied in
the past is difficult (Dahler 1992, Hejcman et al. 2007).
Van Daele et al. (2017) claim that to restore species-rich
Nardus grasslands, it is crucial to reduce bioavailable

65



Acta Biologica Slovenica, 2023, 66 (1)

P below 10 mg/kg or to select sites with bioavailable P
contents below this threshold. Similarly, Korzeniak (2016)
found that, especially for mesic Nardus grasslands in the
lower montane zone, nutrient levels should be kept low to
successfully control the expansion of nitrophilous species.
For the restoration of species-rich Nardus grasslands,
Van Daele et al. (2017) suggest inoculation of soil with a
native soil community since native soil communities are
known to promote restoration management (Middleton
and Bever 2012, Wubs et al. 2016). Another criterion for
selecting suitable sites for restoration could be a pH of
approximately 4.5 to lift seed limitation. Last but not least,
they recommend mowing in May, as this measure could
reduce the competitive disadvantage of the slower-germi-
nating Nardus species. They emphasised that to increase
the success of restoration management, knowledge
about establishment limitation should be considered (Van
Daele et al. 2017).

According to Schelfhout et al. (2017), a prerequisite for
successful restoration is that the requirements regarding
the abiotic conditions are met. These authors conducted
a study where they tried to restore Nardus grasslands
on formerly intensively managed agricultural land. They
discovered that traditional mowing and grazing did not
change community composition in such a way that it would
resemble Nardus grasslands. They concluded that when
threshold values for abiotic conditions are exceeded,
abiotic restoration should be performed before biotic res-
toration. Therefore, it is crucial to perform measurements
of important initial soil characteristics (e.g., pH, nutrients,
etc.) before restoration. For abiotic restoration, the authors
suggest P-mining or topsoil removal. Nevertheless, topsoil
removal is a costly procedure from both the perspectives
of time and money. Topsoil removal is, therefore, more
feasible in larger restoration projects with more funding.
Restoration projects with less funding should focus on
sites that were previously managed less intensively
(Schelfhout et al. 2017).

Post-restoration management
with grazing and mowing

The most commonly applied methods in post-restoration
management, used in the studies analysed, are listed in
Tab. 3. It is very important to use an appropriate type of
post-restoration management since optimally chosen

post-restoration management may have an impact that
is comparable to or even greater than the impact of a
suitable restoration method (Paolinelli Reis et al. 2022).

Grasslands in Europe are semi-natural ecosystems
that greatly depend on how they are managed (Butaye et
al. 2005). This fact confirms the importance of disturbance
in grasslands (Edwards et al. 2007), primarily mowing
and/or grazing in restored grasslands, once basic vege-
tation is established (Butaye et al. 2005, Kiehl et al. 2010,
Torok et al. 2011). Disturbance in the form of grazing and
mowing enhances the colonisation of target species by
creating better germination and establishment conditions
at microsites by reducing the cover of highly competitive
species (Edwards et al. 2007). Cutting taller plants is
especially effective, as it stimulates the establishment of
sown forbs (Lawson et al. 2004) and improves plot diver-
sity (Torok et al. 2011). One of the many positive impacts
that grazing and mowing as forms of management also
have on grasslands is the reduction of accumulated abo-
veground plant (litter) biomass since they open space and
offer new niches for new plants to emerge and establish
in the community (Torok et al. 2011). This is a specificity of
mesic grasslands due to their higher biomass production
in comparison to xeric grasslands, which do not benefit
from grazing and/or mowing as much (Hayes and Holl
2003). Huhta et al. (2001) indicated that different mowing
timeline has a different impact on grasslands: late mowing
as a form of grassland upkeep and litter removal, whereas
early mowing might shift species structure due to dis-
turbed seed production.

Turtureanu et al. (2014) claim that the highest plant
species richness in semi-natural grasslands is provided
by mowing. However, grazing and minor disturbance
by animals may also be important for a higher diversity
of plant species in semi-natural grasslands (Enyedi et al.
2008). Mowing may affect species composition since, for
example, early mowing facilitates early-flowering species.
As opposed to mowing, grazing usually inhibits graminoids
and promotes the development and replenishment of forb
species. However, grazing has a positive impact on the
development and germination of many important grass-
land species, primarily by providing open soil surfaces
and niches by livestock trampling while grazing (Torok
et al. 2020). Nevertheless, grazing animals may exert a
large force on the soil surface due to their heavy weight
and, at the same time, relatively small hoof area (Bilotta
et al. 2007). As a result, trampling may reduce both bio-
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diversity and vegetation cover at grazed sites (Matches
1992). Thus, the load imposed on the soil by grazing
animals should always be taken into account. The amount
of pressure exerted on the soil differs according to the
species and age of grazing animals (Bilotta et al. 2007).
Furthermore, there are differences regarding grazing
preference according to the type of grazing livestock.

prefer short grasses and forbs (Téth et al. 2018). Moreover,
browsers, such as goats, can reduce shrub encroachment
into grasslands (Elias et al. 2018). On Nardus grasslands,
late onset of grazing, badly organised grazing, or too low
grazing intensity might lead to the spreading of small
shrubs, such as Vaccinium myrtillus or V. uliginosum,
which results in a lower pasturing value of these habitats

Cattle and horses feed on taller grasses, whereas sheep

(Bensettiti et al. 2005).

Table 3. A list of post-restoration grassland management techniques used in the studies reviewed.

Tabela 3. Seznam tehnik vzdrzevanja travnikov po njihovi obnovi, ki so bile uporabljene v pregledanih raziskavah.

Grassland management
technique

Grazing

Mowing

Prescribed burning (with
long fire-return periods)

Mulching

Suitable for

mesic and semi-dry
semi-natural grasslands,
e.g., habitat types
6210(*) and 6230%;

not optimal for hay
meadows and xeric
grasslands

various semi-natural
grasslands, including
habitat types 6210(*),
6230% 6410, 6510, 6520

various types of
grasslands

nutrient-poor
grasslands

Advantages

relatively frequent, but
low-intensity disturbance;
when carried out
adequately (in line with
species phenology), it can
prevent shrub overgrowth
and encroachment;
enhancement of target
species colonisation;
removal of accumulated
biomass and litter; grazing
animals might serve as
vectors for propagule
transfer; decreases fire
hazard; provision of open
areas (niches) for the
development of grassland
species by animal trampling;
increase and maintenance of
microhabitat heterogeneity

generally more accessible
than grazing; early mowing
facilitates the development
of early-flowering species;
enhancement of target
species colonisation;
improvement of the
development of sown
forbs by increasing
competitiveness of higher
plants; elimination of
accumulated biomass and
litter

elimination of accumulated
biomass and litter

prevents overgrowth by
woody species; promotes
the development of target
species found at nutrient-
poor sites

Limitations

selective (might cause an
overgrowth of woody and
thorny species, not palatable
for certain types of livestock
— primarily cows, so grazing
by goats is recommended

in this case); favours
grasses over forbs due to
their biology; dependent

on species phenology; not
suitable for xeric grasslands

beneficial only if carried
out at an appropriate time
in the season (when most
diagnostic grassland forb
species are ripe) and not
too frequently (regime
dependent on grassland
type); when carried out
with machinery, itis a
non-selective and high-
intensity disturbance
single event (compared to
grazing) — hand mowing
has more advantages

that are similar to grazing,
but it is costly and time-
consuming; might cause
vegetation homogenisation;
heavy machinery threatens
invertebrate diversity

might cause drastic species
shift; might increase chances
of biological invasions

Reference /
An example of use

Halada et al. 2001,
Muller 2002, Hayes
and Holl 2003, Pykala
2004, Edwards et al.
2007, Galvanek and
Leps 2008, Torok et al.
2011, Turtureanu et al.
2014, Torok et al. 2016,
Bonari et al. 2017, Téth
et al. 2018, Silva et al.
2019, Koéhler et al. 2020,
Kurtogullari et al. 2020,
Mrazkova-Stybnarova
et al. 2020, Torok et al.
2020, Tolgyesi et al.
2022, Zarzycki et al.
2022

Halada et al. 2001,
Muller 2002, Lawson
et al. 2004, Edwards et
al. 2007, Enyedi et al.
2008, Galvanek and
Leps 2008, Krélovec et
al. 2009, Halada et al.
2011, Torok et al. 2011,
Valko et al. 2012, Torok
et al. 2016, Bonari et al.
2017, Milberg et al. 2017,
Van Daele et al. 2017,
Talle et al. 2018, T6rok
et al. 2020, Zarzycki et
al. 2022

Bensettiti et al. 2005,
Galvanek and Jandk
2008, Valké et al. 2014

Moog et al. 2002
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Grassland management
technique

Cessation of fertilisation

Mechanical elimination
of woody vegetation

Mixed management

Suitable for

suitable for oligotrophic
grasslands (such as
Nardus grasslands);
previously used arable
fields

Nardus grasslands

various semi-natural
(including restored)
grassland types

Advantages

retains naturally occurring

nutrient status of
oligotrophic habitats

prevention of overgrowth at

pasture edges

favours plant and butterfly

diversity; takes into

consideration the fact that

different habitats require
different approaches and
that there is no ultimate
solution that could be

Limitations

revegetation might be
time-consuming

if not followed by regular
management, it might cause
worse shrub overgrowth
compared to initial
conditions

time- and resource-
challenging

Reference /
An example of use

Critchley et al. 2007,
Galvének and Jandk
2008, Kralovec et al.
2009, Korzeniak 2016,
Van Daele et al. 2017,
Kurtogullari et al. 2020

Galvanek and Janak
2008, Parolo et al. 2011

Bonari et al. 2017

applied to all habitats

Grazing is a more selective form of management that
favours rosette and prostrate plant life forms, so its aban-
donment favours the development of taller plant stands.
Pykala (2004) also found that grazing improves the
diversity of different plant functional types and life forms
in mesic grasslands more than in wet or arid habitats. The
latter are additionally limited by natural limiting factors,
such as drought or flooding. In this study, grazing partic-
ularly benefitted annual, biennial, and perennial plants,
whereas geophytes had a negative response to grazing.
Cattle grazing might increase the coexistence of different
species with different life strategies and functional types,
if given species are not under selective pressure by cows
as a food source. Apart from species’ traits and habitat
type, impacts of this specific disturbance are also geo-
graphically defined and, therefore, context-dependent.
Torok et al. (2011) noted that grazing could potentially
have more positive impacts on grasslands in comparison
to mowing since grazing animals can serve as vectors for
propagule transfer. Furthermore, through their selective
grazing, they can form more heterogeneous landscapes
with different microclimatic and microstructural condi-
tions. However, selective grazing can negatively affect
the diversity and establishment of target species since
grazers (especially cows) usually avoid woody and thorny
species. Consequently, these can overgrow the target
area. Such common field weeds should be avoided in
forage production and may be suppressed with occasional
clean cuts. Otherwise, goat grazing is also recommended
in areas under pressure by shrub vegetation (Torok et al.

2011). This was confirmed by Kohler et al. (2020), whose
study showed that grazing by goats (browsing) had a
positive effect on orchid-rich dry calcareous grasslands in
Germany at a Natura 2000 site classified as habitat type
6210(*), due to the presence of Gymnadenia conopsea,
Orchis purpurea, O. militaris, Ophrys sphegodes, O.
apifera, and O. insectifera. Browsing should be conducted
in early spring in accordance with the phenology of
orchids and the onset of shrub development, when young
shrub plants are still palatable. The results of this study are
promising. However, they should be further researched
since this study was conducted on a relatively small scale
and with orchid cover varying throughout the eight-year
study. Grazing and trampling probably enhance light avail-
ability in pastures, promoting the annual recruitment of
orchids (Kohler et al. 2020). The positive effects of grazing
are also reflected in epizoochory (Tolgyesi et al. 2022).

Mowing is a more accessible form of management.
However, it does not offer the same probability of possible
improvement in grassland and landscape diversity as
grazing does, often causing homogenisation of vege-
tation and negatively impacting invertebrate diversity
in grasslands, particularly when carried out by heavy
machinery. When possible, mowing by hand is recom-
mended, although this method itself is not very useful at a
larger scale (Torok et al. 2011).

Muller (2002) compared different management prac-
tices between different Natura 2000 grassland habitat
types and denoted mowing without fertilisation as an
adequate form of management for dry grasslands (6210(*))
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since fertilisation led to structurally- and diversity-de-
graded forms of habitats dominated by grasses. On the
other hand, abandonment led to overgrowth by shrubs.
Low-intensity mowing without fertilisation is also recom-
mended for Molinia grasslands (6410), which are very
sensitive to eutrophication. Grazing without fertilisation
turned out to be the best method for species-rich Nardus
grasslands (6230*) since grazing prevents regressive
succession to the previous form (heathlands), whereas
fertilisation would disturb the oligotrophic nature of this
habitat. Hay meadows (Natura 2000 habitat types 6510
and 6520) require extensive management with low fertil-
isation and late cutting. Moog et al. (2002) noted that for
Arrhenatherum elatius and Bromus erectus grasslands,
the best management regimes for grassland conservation
include regular grazing, mowing, and mulching since
these practices promote the development of species that
are typical of nutrient-poor habitats. On the other hand,
irregular mulching was proved to have a very similar
impact as natural succession. Succession favoured the
development of seedlings of woody species, such as
Fraxinus excelsior, Acer platanoides, A. pseudoplata-
nus, and species of nutrient-rich habitats. Therefore, to
prevent grassland degradation, it is highly discouraged to
cease their management. Krdlovec et al. (2009) reported
on the possibility of natural regeneration of agriculturally
used fields following cessation of fertilisation and regular
management in the form of multiple cuttings per year.
However, this experiment was relatively small-scale and
was probably highly dependent on the colonisation of
target species in the proximity and regular management
rather than on the seed bank itself. A positive impact of
post-restoration management on dry grasslands, evident
from the suppression of ruderal perennial vegetation, was
experimentally proved by Kiehl and Pfidenhauer (2007),
particularly in the later phases of experiments.

The importance of regular management of grassland
habitat types 6210(*), 6410, and 6510 was confirmed by
Milberg et al. (2017), whose results showed that in com-
parison to annual mowing, mowing every three years had
a negative impact on plant diversity after 11-14 years from
cessation of management. Cessation of management had
the highest impact on short plants, so the authors recom-
mended extensive management (for example, mowing
once every two years) on taller grasslands, whereas short-
grown swards are suited for annual mowing. Even though

irregular mowing might not be the ideal solution for the

conservation of all grassland plants, it is still more reason-
able and sustainable regarding diversity in comparison to
abandonment, with additional benefits for pollinators.

One of the largest attempts at grassland restoration
was carried out as part of the project LIFEO4 NAT/HU/119
titled ‘Grassland restoration and marsh protection in
Egyek-Pusztakécs’ in the Hortobagy National Park in
the Great Hungarian Plain (Valké et al. 2021). Following
restoration actions in the form of seed mixture sowing,
the authors studied the importance of post-restoration
management and the impact of seed bank on grassland
development. Their results showed that cessation of man-
agement had a negative impact on both seed bank and
vegetation stands, favouring weed development. Further-
more, seed bank itself had limited potential in grassland
restoration since it mainly consisted of weed species and
not target species. The similarity between vegetation
stands and seed bank was low (Valké et al. 2021).

When trying to reduce N. stricta cover in the case of
N. stricta dominance on Nardus grasslands, it is generally
better to choose cattle than sheep, as sheep usually avoid
N. stricta (Grant et al. 1996), and plant species diversity
increases under cattle grazing (Armstrong et al. 1997).
Similarly, in a study in the Hruby Jesenik Mountains in the
Czech Republic, overall species richness increased on a
previously long-term unmanaged pasture after six years
of revived cattle grazing. In addition, rare and endangered
species became more dominant. The authors concluded
that this was probably the result of cattle trampling, which
formed small open habitats that enabled the germination
and survival of new species (Mrézkové-Stybnarova et
al. 2020). However, according to Hejcman et al. (2008),
sheep grazing proved to be a suitable management
practice for degraded meadows in the Giant Mts. in the
Czech Republic, as it reduced the extent of undesirable
species typical of long-term abandoned swards. Crawley
(1983) even promotes mixed stocking with sheep and
cattle (or goats), as one species improves the environment
for the other, and thus facilitation is enabled. Accordingly,
Holland et al. (2008) observed that the combined use of
cattle and sheep was more effective in creating struc-
tural change on N. stricta grasslands compared to when
sheep alone were used. Next, Kurtogullari et al. (2020)
believe that pastures at lower altitudes should have a
lower grazing intensity. Velev and Apostolova (2008) also
found in their study in Bulgaria that the abundance of N.

stricta was lower at lower grazing intensity. This could
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be achieved by moving cattle to higher altitudes earlier
during the season. At higher altitudes, cattle should first
be sentand enclosed in areas where N. stricta is dominant
in order to reduce its cover as long as it is still palatable
(Kurtogullari et al. 2020).

According to Bedia and Busqué (2013), the most
suitable management practice for maintaining spe-
cies-rich Nardus grasslands is grazing by large herbivores,
as it reduces not only N. stricta dominance through defo-
liation, but also shrub encroachment through trampling
and fertilisation (Hartley and Mitchell 2005). In general,
low-intensity management by mowing, grazing, or a
combination of both is crucial to retain Nardus grasslands
(Krahulec et al. 2001, Dullinger et al. 2003). A combination
is especially beneficial, as it enables the occurrence of
a greater number of different species (Galvanek and
Jandk 2008). Most of all, a spatially variable disturbance
regime is needed (Dullinger et al. 2003). Parolo et al.
(2011) showed that heterogeneous grazing management
had a positive impact on plant diversity in the alpine spe-
cies-rich Nardus pastures in ltalia. Likewise, Zarzycki et al.
(2022) claim that to preserve the biodiversity of mountain
grasslands, it is vital to preserve a mosaic spatial structure
and retain extensive management practices with various
forms of human impact, such as mowing and grazing. On
the contrary, Vassiliev et al. (2011) suggested the forma-
tion of sheep pens for a more spatially uniform grassland
management within the mountain in less accessible sites
with abandoned pastures in the Western Balkan Mts. in
Bulgaria. However, they also advocated extensive man-
agement with a zonation regime (Vassiliev et al. 2011).
Yearly rotational grazing is also recommended to limit
woody encroachment in remote areas on the one hand
and also overgrazing near populated areas on the other
hand (Basnou et al. 2009). In a study by Lith et al. (2011),
the Sieversio montanae-Nardetum strictae grasslands
were most species-rich in the case of mowing, slight
fertilisation, and grazing in autumn. Thus, they suggested
that traditional hay management is the most appropriate
practice (Lith et al. 2011). Some use of manure or leaving
cut grass on the ground every now and then is advisable
when the only management practice on Nardus grass-
lands is mowing (Hakova et al. 2004), as regular removal of
biomass might gradually lead to oligotrophisation of these
grasslands, especially on very poor soils, which reflects in
a lower number of species (Krahulec et al. 1996, Halada
et al. 2001). However, several soil parameters have to be

considered first to prevent eutrophication (Galvédnek and
Jandk 2008). In the case when Nardus grasslands are only
mown, it is also highly recommended to introduce artificial
disturbance to ensure space for those plant species that
are less competitive (Hdkova et al. 2004). Fischer and
Wipf (2002) advised to continue with traditional mowing of
subalpine meadows and to switch back to mowing in the
case of recently grazed meadows, as grazing negatively
affected plant species richness in their study. However,
this traditional management practice presents high costs
and is, therefore, often no longer feasible (Galvédnek and
Jandk 2008). Considering this, traditional mowing may
also be alternated with sheep grazing. In fact, the alter-
nation between mowing and grazing is advisable not only
from the perspective of lowering the costs, but also to
suppress the spreading of invasive species, as utilisation
of only one restoration technique is often not enough to
curb the expansion of invasive species (Pechackova and
Krahulec 1995, Krahulec et al. 2001). Pechackova and
Krahulec (1995) reported that by using multiple restoration
techniques at once, it is possible to restore species-rich
grasslands in three to five years. Nonetheless, Halada
et al. (2001) found that the vitality of invasive species
was also suppressed by applying regular mowing only.
Along with the position of grasslands along the altitudinal
gradient, management practices should also always take
into consideration the sensitivity of grasslands to isolation
and fragmentation (Reitalu et al. 2012, JaniSova et al.
2014). Korzeniak (2016) stated that the above-mentioned
suggestions are necessary especially for thermophilous
grasslands with Nardus in the lower montane zone.

Evaluation of grassland
restoration techniques

Evaluation of grassland restoration techniques and their
comparison is a very demanding task since every resto-
ration action has specific initial conditions at both target
and donor sites (Torok et al. 201). Every restoration
action depends on interspecies’ interactions on the field,
particularly competition (Holzel and Otte 2003), and there-
fore requires individual approaches (Torok et al. 2011).
Additionally, technical details differ for each restoration
action. Different methods are generally harder to compare.
Therefore, only similar actions should be compared (e.g.,
sowing of seeds and addition of plant material). In general,
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any restoration planning effort should start with the col-
lection of reliable information regarding the previous and
current state of chosen plots. The choice of methodology
should be carefully considered and planned according to
the target vegetation and conditions at both target and
donor sites, which should be ecologically similar (Torok
et al. 201). Sengl et al. (2017) noted that commonly used
variables, such as similarity and dissimilarity indices,
biodiversity indices, number and coverage of chosen func-
tional plant groups, and species number, are applicable
only if sites are similar or located nearby, and not when
they are distant and/or degraded. For instance, sites with
high diversity could be degraded by invasive species and
weeds, and thus their ecosystem services could be dis-
rupted. Therefore, Sengl et al. (2017) recommend the eval-
uation of grassland naturalness, more specifically, the use
of ecological indicator values, which explain the state of
grasslands through the presence of specific plant species,
level of invasiveness, grassland functional diversity, and
resilience of grasslands to disturbance and degradation.
The evaluation of success is highly context-depen-
dent. According to Prach et al. (2021a), varying abiotic and
biotic factors at chosen sites affect restoration success
and are also influenced by the chosen restoration method.
Furthermore, soil and landscape characteristics are also
highly important. Their experiment showed that the use
of regional seed mixtures benefitted the establishment of
dry grasslands, whereas methods like natural succession
and commercial seed mixtures favoured the establish-
ment of mesic grassland species (Prach et al. 2021a). They
also noted that researchers should evaluate measures of
post-restoration management, which would primarily help
in the establishment of characteristic target species. In
addition, restoration must also be thought out from the
technical and economic points of view. When possible, the
desired restoration actions should be tested. Restoration
progress should be monitored and sampled using an
appropriate methodology, which should be able to show
the differences and results of revegetation attempts. In
addition, these should be documented for future refer-
ence (Torok et al. 20M). The survival of newly established
plant populations is often limited by ecosystem services,
such as seed production and dispersal, but also by other
factors, such as lack of suitable pollinators, limited genetic
diversity in sexual mating, vegetative reproduction by
dominant species, herbivory, and inadequately planned
management (Albert et al. 2021). Albert et al. (2021) found

that donor sites provide more ecosystem services in com-
parison to recipient sites. These show signs of pressure
by previous arable use and dominance of ruderals
and weeds, supporting mostly herbivory, whereas the
presence of late-flowering meadow generalists supports
pollination and pollinator diversity on donor grasslands.

Conclusions

Today, grasslands are under threat all over the world,
mainly due to human activity and climate change, which is
why their ability to provide ecosystem services is rapidly
decreasing.

The agri-environment measures for the preservation
of high nature value grasslands in Slovenia are not suc-
cessful for various reasons. Therefore, they should be
reconsidered and based on a different basis.

Given the many benefits that grasslands provide, it
is vital to prevent their further decline. The best way to
maintain grassland biodiversity is to ensure traditional
extensive agricultural practices, such as mowing and/
or grazing. For this reason, these two practices are also
often recommended for grassland restoration. In order to
successfully maintain grassland biodiversity, not only one
type of appropriate practice but rather the introduction of
a wider scheme of traditional management practices is
necessary. In addition, mosaic management should also
be taken into account.

In the case of partly degraded grasslands, a reduction
in management intensity is usually sufficient for their
successful restoration. On the other hand, for entirely
degraded grasslands, spontaneous succession or tech-
nical reclamation (for example, sowing of regional seed
mixtures or transfer of plant material) is necessary for their
recovery. In any case, the proximity of well-preserved
donor grasslands, which serve as a natural source of repro-
ductive units (propagules) for degraded grasslands, is key
to the success of larger grassland restoration projects.

Restoration of species-rich grasslands can be a very
time-consuming process and usually requires a certain
amount of soil preparation on the land that will be subject to
restoration, as well as further management after restoration.
It was found that optimally chosen post-restoration man-
agement may have an impact that is comparable to or even
greater than the impact of a suitable restoration method.

When designing restoration studies, it is always neces-
sary to take into account the conditions and area of donor
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and recipient grassland plots, as well as the phenology of
the community and target grassland species.

When selecting donor plots for grassland restoration,
attention should be paid to the fact that donor plots should
be compatible with recipient plots in terms of nutrient
status, hydrological conditions, and substrate. In addition,
donor plots must also demonstrate a biogeographically and
phytocoenologically representative plant community com-
position, with as little presence of neophytes as possible.

In any case, active maintenance of well-preserved
grasslands that have not yet been degraded is more
cost-effective than the restoration of grasslands that have
already been degraded.
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