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a  b  s  t  r  a  c  t

Open  landscapes  in  many  parts  of  Europe  have  been  negatively  affected  by large-scale  drainage  and
amelioration  to  support  agricultural  production.  In continental  alkali  grasslands,  amelioration  and  estab-
lishment  of drainage  ditch systems  were  typical  in  the  1950s  and  60s.  Drainage  ditches  caused  a
considerable  fragmentation  and  degradation  of natural  grasslands;  thus  several  projects  aimed  at  elim-
inating  these  linear  landscape  elements.  In a multi-site  study,  we explored  the  drivers  of  grassland
recovery  after  soil-filling  of drainage  ditches  in  landscape-scale  restoration  projects  in Hortobágy  National
Park, East-Hungary.  Ditch  embankments,  formerly  built  from  the excavated  soil,  were  used  to  fill  the 8-m
wide  ditches  and grazing  was  applied  to facilitate  the  recovery  of  grasslands  similar  to the surrounding
matrix.  Three  age  classes  were  selected  for the  study:  1-, 6-  and  8-year-old  filled  ditches;  with  nine  sites
per  age  group,  surrounded  by three  grassland  types  (27  ditches  in  total).  We  recorded  the  percentage
cover  of  vascular  plant  species  in  18  plots  per  ditch,  486  plots  in  total.  We  found  that  the  species  pool  of
the  filled  ditches  became  more  similar  to the  reference  grasslands  with  increasing  successional  age  and
increasing  distance  to  the  central  zone  of  the  ditches  regardless  of  grassland  type. Species  richness  of the
filled  ditches  became  more  similar  to  that  of  the  reference  grasslands  with  increasing  successional  age.
However,  we  found  that several  target  species,  especially  salt-tolerant  pioneers,  could  establish  even  in
the first  year.  Grassland  recovery  was  most  successful  in  sites  adjacent  to  dry  grasslands  characterised  by
soils  with  high  salt  content,  which  favoured  specialist  species  and  suppressed  non-target  species.  Cover of
non-target  species  was  higher  in  wet  meadows  with  moist,  nutrient-rich  soils  which  favoured  generalists
and non-target  species.  Our  study  revealed  that  passive  restoration  after  soil  filling  of  disused  drainage
ditches  can  effectively  support  grassland  recovery  even  within  less  than ten  years,  when  restoration  sites
are  surrounded  by natural  grasslands.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Parallel to the increasing level of infrastructural development,
the area covered by linear landscape element networks is rapidly
increasing worldwide. Roads, railways, electric wires, pipelines,
dams, ditches and channels are the main elements of this network.
For instance, the total length of the road network is longer than
64 million km in the World and we can expect its marked increase
in the near future (van der Ree et al., 2015). A common feature of
these linear landscape elements is that their construction and oper-
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ation is usually associated with intense human disturbance, which
results in a serious loss of natural habitats (Fahrig, 2003). In many
cases these linear structures facilitate the dispersal of disturbance-
tolerant or invasive species (Deák et al., 2016a). Moreover, they
reduce habitat connectivity and often act as barriers for the move-
ments of plant and animal populations (Hoenke et al., 2014; Wu
et al., 2013). Fragmentation of formerly connected habitats affects
landscape traits and ecological processes at multiple scales by alter-
ing habitat characteristics, community structure and population
dynamics of species which generally leads to the decline of bio-
diversity (Deák et al., 2016b; Dolt et al., 2005; Ewers and Didham,
2006). These negative effects are well studied for roads (van der Ree
et al., 2015), but much less attention has been paid to the effects of
drainage ditch systems on biodiversity.
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Strategic conservation planning is essential for mitigating the
negative effects of linear landscape elements on natural ecosys-
tems. It is crucial to assess the ecological consequences of the
establishment of the existing items as well as to eliminate the dis-
used ones (Bulot et al., 2014; Coiffait-Gombault et al., 2011; Hoenke
et al., 2014). The elimination of disused linear landscape elements
can be an effective and fast way of landscape-scale restoration if
methods are fine-tuned and consider local circumstances. In areas
where the ratio of natural habitats (i.e. propagule sources of target
species) is high, we can expect a fast recovery of natural habi-
tats after the elimination of linear landscape elements. By this
approach, we can improve landscape-scale ecosystem functioning
by enlarging existing natural habitats and re-establishing connec-
tions between them (Freund et al., 2014; Török et al., 2012; Zulka
et al., 2014). The successful restoration of landscape connectivity
includes three major steps (i) site preparation by removal of linear
structures and landscape scars; (ii) supporting the establishment
of target species, and (iii) post-restoration management to sustain
and improve the diversity of recovered habitats (Freund et al., 2014;
Kelemen et al., 2014).

The quality of the surrounding habitat matrix is a crucial fac-
tor of restoration success. When propagules of target species and
dispersal vectors are provided in the surrounding matrix, establish-
ment of target species is usually fast in the recovering habitats. In
such cases, passive restoration can rely on locally available propag-
ule sources (e.g. seed bank or seed rain; Prach and Řehounková,
2008; Török et al., 2011), offering a cost-effective and natural way
of recovery. Thus, spontaneous recovery is expected to be faster in
landscapes harbouring natural habitats, where propagule sources
and dispersal vectors are present (Albert et al., 2014).

Several open landscapes in Europe have been affected by large-
scale drainage and amelioration works in the past centuries to
support agricultural production (Blann et al., 2009). For instance,
34% of farmland in Northwest Europe has been modified by
drainage (Abbot and Leeds-Harrison, 1998). Worldwide, drainage
systems are present on one third of the total land area, where the
lack of the natural water supplies constrains agricultural produc-
tion (Smedema and Ochs, 1997). In many cases drainage activities
have not resulted in the desired increase in agricultural produc-
tivity, and thus drainage ditches can be removed. In such cases,
soil filling of disused ditches can increase landscape aesthetic val-
ues and enhance landscape connectivity (Blomqvist et al., 2003).
Grassland recovery on these linear landscape structures offers a
unique opportunity to study the effects of the surrounding habi-
tat matrix on grassland regeneration potential. Linear structures
have a high perimeter/area ratio, which increases the establish-
ment rate of target species via vegetative dispersal or seed rain
from the surrounding matrix (Deák et al., 2015). Thus, grassland
recovery is expected to be fast on narrow and linear soil surfaces
surrounded by target grasslands.

We  studied grassland recovery after soil-filling of drainage
ditches in landscape-scale restoration projects in Hortobágy
National Park, East-Hungary. The study area holds one of the largest
open landscapes in Europe covering about 82,000 ha (Deák et al.,
2015). The aims of the restoration projects were to restore former
landscape connectivity by eliminating disused drainage ditches by
soil-filling, to restore grasslands on the ditches, and to sustain the
recovered grasslands by grazing. The overall aim of the restora-
tion projects was to recover grasslands similar to their surrounding
matrix, i.e. to grasslands adjacent to the filled ditches. Grassland
recovery on soil-filled ditches is expected to be fast, since filled
ditches are linear and narrow, their surrounding matrix consists of
natural grasslands, and dispersal vectors, i.e. grazing livestock are
present in the landscape (Deák et al., 2015; Tóth et al., 2016).

2. Aims of the study

Landscape-scale restoration projects provided a unique oppor-
tunity for a multi-site study of grassland recovery. We  studied
spontaneous grassland recovery on newly created open soil sur-
faces on soil-filled former drainage ditches. Since all the soil-filled
ditches were adjacent to reference grasslands, we  were able to
define the reference state of grassland recovery and to compare
vegetation characteristics of the recovering grasslands to those of
reference grasslands. For this purpose, we  adapted and tested the
usefulness of the Relative Response Index (RRI; Armas et al., 2004;
Perkins and Hatfield, 2014), which is generally used in ecologi-
cal studies, but seems a proper tool also for restoration purposes.
Our goal was  to test the effect of the surrounding matrix (grass-
land type), spatial position and successional age on the success of
grassland recovery on filled ditches. High similarity to reference
grasslands in terms of species composition and cover of perennial
graminoids, target forbs and non-target species were considered
as restoration targets. We  hypothesised that with increasing suc-
cessional age and with increasing distance to the central zone of
the ditch (i) the species pool of soil-filled ditches becomes more
similar to reference grasslands, (ii) the cover of perennial grasses
and target forbs becomes higher, and (iii) the cover of non-target
species becomes lower.

3. Materials and methods

3.1. Study area

The study sites are in the Hortobágy Puszta (Hortobágy National
Park) in Eastern-Hungary near settlements Balmazújváros, Tiszac-
sege, Hortobágy, Kunmadaras and Püspökladány (central coordi-
nates: N 47◦35′; E 21◦09′). The lowland open landscape of the
Hortobágy Puszta (elevation between 87 and 110 m a.s.l.) is char-
acterised by alkali grasslands, marshes and loess steppes, forming
one of the largest open landscapes in Europe (Török et al., 2014).
The typical soil type of the region is meadow solonetz, character-
ized by moderate or high soluble soil content (Deák et al., 2014a).
Alkali habitats are characterised by a dynamically changing water
regime, they are wet in springtime and get dry for midsummer. The
climate of the region is moderately continental characterised by a
mean annual precipitation of 550 mm and a mean temperature of
9.5 ◦C with high strong variability among years (Lukács et al., 2015).

3.2. Site preparation and restoration

In the 1950s and 60 s several efforts were made to support
agricultural intensification in Central-European alkali landscapes,
especially in the Hortobágy Puszta. As a part of this attempt an
extensive system of drainage and watering ditches was  established
in the region (Deák et al., 2015). These linear structures had consid-
erable negative effects on the habitats at the landscape scale. They
altered the natural water balance regimes by hampering surface
water movement and lowering of the groundwater table. The latter
caused severe leeching of alkali soils and resulted in a degradation
of the alkali grasslands. The dense network of ditches caused seri-
ous problems in grassland management: the approximately 8-m
wide ditches acted as obstacles during grazing and mowing. During
the last decades, these problems motivated several landscape-scale
restoration projects, aiming at elimination of disused linear struc-
tures.

We  selected altogether 27 former ditches which were restored
by soil-filling in 2004, 2006 and 2011 (9 ditches per each year
respectively). Ditch embankments, formerly built from the exca-
vated soil, were used to fill the ditches. Due to the applied
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technology, the soil used for filling was completely mixed dur-
ing the elimination works. The works were carried out by wheel
loaders. The width of the ditches was approximately 8 m in every
case. After site preparation by soil-filling and levelling of the soil
surface, no other active restoration measures were applied (i.e. no
seed sowing, plant material transfer, fertilisation or watering). The
filled ditches were managed by moderate cattle grazing.

3.3. Reference grasslands

Adjacent to the studied filled ditches, there were three types of
alkali grasslands representing alternative reference states of grass-
land recovery: (i) Achilleo setaceae-Festucetum pseudovinae dry
alkali grasslands; (ii) Artemisio santonici-Festucetum pseudovinae
dry alkali grasslands and (iiii) Agrostio stoloniferae-Alopecuretum
pratensis alkali meadows; called hereafter as Achilleo-Festucetum,
Artemisio-Festucetum and Agrostio-Alopecuretum. Dry alkali
grasslands (Achilleo-Festucetum and Artemisio-Festucetum) are
short steppic grasslands formed on meadow solonetz soils in the
Hortobágy region (Deák et al., 2014a). Both grassland types are
characterised by a high cover of the short grass species Festuca
pseudovina. Achilleo-Festucetum grasslands are generally more
species-rich and harbour several generalist grassland species, such
as Achillea collina,  Plantago lanceolata and Trifolium spp. (Török
et al., 2016). Artemisio-Festucetum grasslands are species-poor
dry grasslands, harbouring several salt-tolerant forbs, such as
Artemisia santonicum, Aster tripolium ssp . pannonicum, Limonium
gmelinii ssp. hungarica and Podospermum canum (Kelemen et al.,
2015). Agrostio-Alopecuretum alkali meadows are species-poor
mesophilous meadows characterised by tall grass species, such as
Alopecurus pratensis, Agrostis stolonifera and Elymus repens and only
a few forb species (Deák et al., 2014b). The reference grasslands,
similarly to the filled ditches, were managed by moderate cattle
grazing (Török et al., 2016).

3.4. Sampling design

In line with the timing of the ditch filling works, we  selected
three age classes for the study: 1-, 6- and 8-year-old filled ditches;
with nine sites per age group (27 ditches in total). We  used the
chronosequence method to study spontaneous grassland recov-
ery, as suggested by Walker et al. (2010). Within age groups, (i)
three ditches were surrounded by Achilleo-Festucetum grasslands,
(ii) three by Artemisio-Festucetum dry grasslands, and (iii) three
by Agrostio-Alopecuretum meadows. We  designated six cross-
sections perpendicular to the filled ditches, which included three
zones: (i) adjacent reference grassland; (ii) edge of the former ditch
and (iii) the central zone of the former ditch, mentioned as ‘refer-
ence grassland’, ‘edge zone’ and ‘central zone’, hereafter. In each
cross-section we designated three 1m × 1 m plots (i.e. one plot per
zone, see Fig. 1 for sampling design). Altogether we surveyed 18
plots per ditch, 486 plots in total. The percentage cover of vascu-
lar plants was recorded in each plot in June 2012. Nomenclature
follows Király (2009).

Six intact soil samples (d = 4 cm,  h = 10 cm)  were taken with a
vacuum soil corer from the three zones of every studied ditch;
samples from the same zone of a ditch were pooled, resulting
in 81 pooled samples in total. Soil samples were analysed in
an accredited pedological laboratory (NAT-1-1654/2011), where
the following soil parameters were determined: soluble salt (%),
soil organic matter (%), calcium-carbonate (CaCO3; mg  kg−1)-,
nitrogen- (NO2

− + NO3
−; mg  kg−1), potassium- (K2O; mg  kg−1) and

phosphorous (P2O5; mg  kg−1).

Fig. 1. Sampling design on a soil-filled ditch (N = 27 soil-filled ditches and 486 plots
in  total).

3.5. Data processing

We identified non-target species, based on Grime’s ruderal
species group (Grime, 1979), adapted to Central-European condi-
tions in the Social Behaviour Types general classification of Borhidi
(1995). Non-target species are mainly ruderal species or rem-
nants of earlier successional stages, which typically do not occur
in target grasslands. The species groups of adventive competitors
(AC), ruderal competitors (RC) and weeds (W)  were considered
as non-target species. We  classified all species into functional
groups based on simplified life-form categories (short-lived: thero-
phytes and hemitherophytes; and perennial: hemicryptophytes,
geophytes and chamaephytes) and morphological features (forbs,
i.e. dicots; and graminoids, i.e. Juncaceae, Cyperaceae and Poaceae).
Target forb species were classified based on their phytosociological
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affiliations: forb species typical to the Festuco-Brometea class were
considered as target forbs (Borhidi et al., 2012).

To assess the species composition of the filled ditches and refer-
ence grasslands, a DCA ordination was calculated using CANOCO 4.5
program (ter Braak and Šmilauer, 2002). Soil parameters (total solu-
ble salt content, soil organic matter, calcium-carbonate, nitrogen-,
potassium- and phosphorous content) were included as an over-
lay. Percentage cover of the species was used for the calculations.
Identical plots from the same zone of the ditches (six plots in the
grassland, edge and central zone per ditch) were pooled for the
DCA. To describe the similarity of the vegetation of filled ditches
(the edge and central zone respectively) and reference grasslands,
Sørensen similarity index was also calculated. Effects of age and
grassland type on Sørensen similarity indices were analysed with
linear mixed models (LMMs) where ‘successional age’, ‘grassland
type’ and ‘zone’ were included as fixed factors and ‘site’ was
included as random factor.

Relative Response Indices (RRI; Brinkman et al., 2010; Perkins
and Hatfield, 2014) were calculated for describing the relationships
between the vegetation characteristics (species richness and the
covers of functional groups) of the soil-filled ditches (edge and
central zones) and the reference grasslands. This index has been
mainly used for studying interspecific interactions and plant-soil
feedbacks (Armas et al., 2004; Perkins and Hatfield, 2014), how-
ever it has not been used for evaluating restoration success yet. We
used the following equation:

RRI = (CC − CG)/(CC + CG)

where CC represents the vegetation characteristic (i.e. species rich-
ness or the cover of a particular functional group) of the recovering
grassland (the edge or central zone of a soil-filled ditch) and CG
represents the vegetation characteristic of the reference grassland.
Value of RRI ranges from −1 to +1. The closer is the RRI to zero, the
higher the similarity of the recovering vegetation to the reference
grasslands, while the closer is |RRI| to 1, the lower the similar-
ity. |RRI| scores of vegetation characteristics calculated for edge
and the central zone of the ditches were compared by t-tests. To
analyse restoration success, |RRI| scores of the vegetation charac-
teristics were tested by linear mixed models (Zuur et al., 2009).
Effects of age, grassland type and zone were analysed with LMMs
where ‘successional age’, ‘grassland type’ and ‘zone’ were included
as fixed factors and ‘site’ was included as random factor. All univari-
ate statistics were calculated using SPSS 17.0 program. Vegetation
characteristics of the three zones of the ditches were compared
with one-way ANOVA and Tukey tests.

4. Results

4.1. Species composition of the restored and reference grasslands

We  recorded altogether 124 vascular plant species in the study.
We recorded 105, 54 and 50 species in the 1-, 6- and 8-year-old
filled ditches, respectively. The reference grasslands harboured 79
species in total. According to the DCA ordination, the vegetation of
1-year-old filled ditches had a heterogeneous species composition
regardless of grassland type (Fig. 2). The vegetation of 1-year-
old filled ditches were characterised by non-target species (such
as Cirsium arvense and Carduus acanthoides) and pioneer species
of alkali grasslands (Atriplex hastata, A. litoralis, Polygonum bel-
lardii and Kochia prostrata), which were plotted towards the high
scores of nitrogen-, total soluble salt- and calcium-carbonate con-
tent. The species composition of 6- and 8-year-old filled ditches
was more homogeneous compared to the 1-year-old ones, and
the majority of species characteristic to reference grasslands were
plotted towards these sites. 6-year-old filled ditches surrounded

Fig. 2. Species composition of the 1-, 6- and 8-year-old soil-filled ditches
plotted by a DCA. Main matrix consisted of specific cover scores, sec-
ondary matrix consisted of soil parameters. Notations: 1-year-old filled ditches
surrounded by �—Achilleo-Festucetum grasslands, �—Artemisio-Festucetum ref-
erence grasslands and �—Agrostio-Alopecuretum grasslands; 6-year-old filled
ditches surrounded by —Achilleo-Festucetum grasslands, —Artemisio-
Festucetum grasslands and —Agrostio-Alopecuretum grasslands; 8-year-old
filled ditches surrounded by �—Achilleo-Festucetum grasslands, − Artemisio-
Festucetum grasslands and �—Agrostio-Alopecuretum grasslands; and reference
grasslands: ©—Achilleo-Festucetum grasslands, ♦—Artemisio-Festucetum grass-
lands and �—Agrostio-Alopecuretum grasslands. Species were abbreviated using
the first three letters of their genus and species names.

by Agrostio-Alopecuretum grasslands showed a distinct species
composition, characterised by a high cover of moisture-demanding
species, such as Beckmannia eruciformis, Carex vulpina and Lysi-
machia nummularia. The majority of the species characteristic for
reference grasslands was plotted towards the high levels of soil
organic matter content (Fig. 2).

Species pool of the filled ditches became more similar to the
reference grasslands with increasing successional age regardless of
grassland type (Sørensen similarity, Table 1, LMM,  p < 0.001). The
position within the ditch had a significant effect on the Sørensen
similarity index calculated between the vegetation of soil filled
ditches and reference grasslands (Table 1, LMM,  p < 0.05). Sørensen
similarity was  higher between the edge zone and the reference
grasslands than between the central zone and the reference grass-
lands especially in the 1-year-old filled ditches (Fig. A1). We
detected high species richness in 1-year-old filled ditches, which
decreased with successional age (Tables 1, A1). Species richness of
the filled ditches became more similar to that of reference grass-
lands with increasing successional age (Table 1, LMM,  p < 0.001,
Table A1 and Fig. A1).

4.2. Relative response indices of species groups

In case of all vegetation characteristics, scores in restored sites
became more similar to reference grasslands (i.e. RRIs were closer
to zero) with increasing successional age (Fig. 3). 1-year-old filled
ditches were characterised by significantly lower total vegetation
cover, than the reference grasslands (Fig. A1). The only exception
was found in case of Agrostio-Alopecuretum meadows, where total
vegetation cover was similarly high as reference grasslands even in
the 1-year-old filled ditches.

Total vegetation cover and the cover of the perennial graminoids
increased with successional age in the filled ditches (Table A1) and
the cover scores became more similar to the reference grasslands
in the later stages of succession (LMM,  p < 0.001, Table 1, Fig. 3).
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Table  1
Effects of age, neighbouring grassland type, zone (position within the ditch) and site on Relative Response Index |RRI| scores of the vegetation characteristics (i.e. scores of
the  filled ditches compared to that of the surrounding grasslands) displayed by linear mixed models (LLM). In the LLM ‘successional age’, ‘grassland type’ and ‘zone’ were
included as fixed factors, site was included as random factor. Significant effects are marked with boldface. Notations: ***: p < 0.001; **: p < 0.01; *: p < 0.05; n.s.: non significant.

Successional age Grassland type Zone Site

F p F p F p F p

Sørensen similarity index 38.03 *** 0.18 n.s. 6.58 * 1.18 n.s.
RRI  of total vegetation cover 12.45 *** 2.96 n.s. 0.04 n.s. 1.57 n.s.
RRI  of perennial graminoid cover 228.19 *** 8.79 *** 1.07 n.s. 0.17 n.s.
RRI  of target forb cover 6.64 ** 1.63 n.s. 0.31 n.s. 1.13 n.s.
RRI  of non-target species cover 13.80 *** 3.49 * 0.01 n.s. 1.55 n.s.
RRI  of total species richness 17.45 *** 0.29 n.s. 0.04 n.s. 2.31 *
RRI  of perennial graminoid species richness 4.06 * 4.47 * 2.34 n.s. 0.45 n.s.
RRI  of target forb species richness 1.54 n.s. 7.35 ** 0.80 n.s. 2.29 *
RRI  of non-target species richness 21.19 *** 1.41 n.s. 2.74 n.s. 0.06 n.s.

Fig. 3. Sørensen similarity and Relative Response Indices (RRIs) of perennial grass cover, target forb cover and non-target species cover. RRIs were calculated between cover
scores  in 1-, 6- and 8-year-old filled ditches and the Achilleo-Festucetum (A), Artemisio-Festucetum (B) and Agrostio-Alopecuretum (C) target grasslands. Rectangles denote
scores  calculated for the edge zone, while circles denote the central zone of the filled ditches. Asterisks denote significant differences between zones (t-tests, *** − p < 0.001;
**  − p < 0.01; * − p < 0.05).

Grassland type had a significant effect on the RRIs of perennial
graminoid cover (p < 0.001, Table 1) and species number (p < 0.05,
Table 1). The cover of perennial graminoids was  not different from
the reference grasslands in case of 6- and 8-year-old filled ditches
surrounded by Artemisio-Festucetum grasslands (Table A1, Fig. 3).
The highest number of perennial graminoids was found in 6- and

8-year-old filled ditches surrounded by Agrostio-Alopecuretum
meadows (Table A1, Fig. A2).

Target forb cover was affected by successional age (p < 0.01,
Table 1). The cover of target forbs was even higher in the 6-
and 8-year-old filled ditches compared to the reference grasslands
regardless of grassland type (Table A1, Fig. 3). RRIs of species rich-
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ness of target forbs were not different in the differently aged filled
ditches (Table 1, Fig. A2). Grassland type (p < 0.01) and site (p < 0.05)
had a significant effect on the RRI of target forb species richness
(Table 1). Higher number of target forb species was found in 6- and
8-year-old filled ditches compared to the surrounding Agrostio-
Alopecuretum meadows (Table A1).

Cover of non-target species was the highest in the central zone
of the 1- and 6-year-old filled ditches, except for 6-year-old ditches
surrounded by Artemisio-Festucetum grasslands (Table A1). Cover
of non-target species decreased with successional age and became
similar to that of reference grasslands regardless of grassland type
and position within the ditch (Tables A1, 1, Fig. 3, LMM,  p < 0.001).
The species richness of non-target species was significantly affected
by successional age (Fig. A2, Table 1, p < 0.001), they had the highest
cover scores in 1-year-old filled ditches.

5. Discussion

5.1. Grassland recovery on soil-filled drainage ditches

Our study revealed that passive restoration (i.e. facilitat-
ing spontaneous grassland recovery) after soil-filling of disused
drainage ditches can be a successful tool even within a few years,
when restoration sites are surrounded by natural grasslands. This is
in line with the theory proposed by Walker et al. (2014): on slightly
damaged sites where there is a high chance for the spontaneous
establishment of target species, it is not necessary to apply active
restoration measures. The success of spontaneous grassland recov-
ery was often studied on post-mining sites (Řehounková and Prach,
2010; Tischew et al., 2014) or abandoned croplands (Csecserits
et al., 2011; Török et al., 2011; Valkó et al., 2016), but the effec-
tiveness of this method has been rarely studied in case of linear
landscape elements. By spontaneous grassland recovery we  can
save costs of species introduction (e.g. by seed sowing or plant
material transfer; Török et al., 2012), and we can support the most
natural regeneration pathways. As target species are able to estab-
lish from the surroundings, we can be sure that the local ecotypes
will colonise the sites (Mijnsbrugge et al., 2010).

5.2. Species composition and indicators of restoration success

The DCA ordination revealed that first-year vegetation was
characterised by weedy assemblages and high species number,
however, besides non-target species, several target forb species
were also present (Fig. 2). In the first year, the vegetation of the edge
zone was much more similar to the reference grasslands than that of
the central zone; but this zonation vanished for the sixth year, indi-
cating the effective colonisation of perennial graminoids and target
forbs and the disappearance of the majority of non-target species.
The gradual establishment of target species from the surround-
ing grasslands suggests, that in the early years, species established
mainly from seed banks in the central zone of the ditches, but later
on establishment from the surrounding reference grasslands via
clonal spreading and seed rain became important. Species rich-
ness was higher on the filled ditches compared to the reference
grasslands regardless of grassland type or successional stage. These
results also indicate that solely the species richness is a poor indi-
cator of the restoration success, as high species richness scores in
the early years after restoration are often due to the high num-
ber of non-target species (Klaus et al., 2016; Török et al., 2010).
However, we found that species number of target forbs was  simi-
lar on the filled channels regardless of successional age. They were
present even from the early successional stages with high species
number, even though their cover scores were low. During succes-
sion their cover increased significantly. This suggests that target

species can establish in an early stage of the succession from local
seed sources, and that even recently filled ditches contribute to the
plant diversity at the landscape scale.

Low cover and species number of perennial grasses was typically
found in the 1-year-old filled ditches, which increased significantly
with successional age, especially in the two  drier grassland types.
In alkali meadows the cover of perennial grasses recovered more
slowly than in the dry grasslands, likely because non-target species
were more persistent there (Appendix 1). Generally, weeds find
proper conditions in wet  habitats. For example Sutherland (2004)
analysed the flora of the United States and found weeds to be more
characteristic to wetland habitats than other non-weedy species.

Another possible reason is that in the other two  dry grassland
types Festuca pseudovina tolerates grazing, trampling and can more
successfully overcome the dominance of non-target species than
typical grass species of alkali meadows. Interestingly, target forbs
could successfully establish even in the first year, especially in
the two grassland types characterised by salt stress, i.e. Achilleo-
Festucetum and Artemisio-Festucetum (Lukács et al., 2015; Valkó
et al., 2014). The likely reason is, that several forbs characteristic
to these grassland types are pioneer species (e.g. Atriplex hastata,
A. litoralis, Kochia prostrata and Polygonum bellardii), which can tol-
erate high salt content and found of open soil surfaces (Deák et al.,
2015). We  found that in 6- and 8-year-old filled ditches, the cover of
target forbs was  even higher than in the reference grasslands. This
was probably caused by the fact that most of them could estab-
lish even in the early stages of succession and could persist on the
site successfully (see also Albert et al., 2014). Availability of estab-
lishment microsites was probably higher for these species in the
more open vegetation of the 1-year-old filled ditches compared to
the closed sward with a dense litter layer typical in the reference
grasslands (Kelemen et al., 2013). These results indicate that the
management of the restoration sites by extensive grazing is a fea-
sible tool for introducing the propagules of target species (Freund
et al., 2015; Tölgyesi et al., 2015).

Non-target species, including short-lived weeds generally have
dense and persistent seed banks in the soils of disturbed sites
(Bekker et al., 1998; Davies et al., 2005); thus, they can quickly
colonise newly created soil surfaces from local seed banks. In our
study, the cover and species number of non-target species was
highest in the 1-year-old filled ditches, but their cover values were
considerably lower compared to other types of restored grasslands
in the study region. Here, initial cover of non-target species ranged
between 10 and 58% in the 1-year-old filled ditches, compared to
64–80% detected in the first year after active restoration by seed
sowing on former croplands (Valkó et al., 2016). These differences
can be originated from several reasons. First, residual weed seed
banks are generally dense in croplands and several years time is
needed for their depletion (Török et al., 2012). Second, propag-
ule pressure of non-target species was likely lower in our case
compared to intensively used agricultural landscapes. Third, sev-
eral target species could establish even in the 1-year-old filled
ditches, which could contribute to the suppression of non-target
species. Finally, the moderate or high soil salt content could also
hamper the germination and establishment of several non-target
species (Deák et al., 2015). The latter was  also indicated by the low
cover of non-target species in Achilleo-Festucetum and Artemisio-
Festucetum dry grasslands, probably because this grassland type
was characterised by the highest salinity and lowest levels of soil
organic matter (Valkó et al., 2014, and see also Fig. 2), which did not
provide optimal establishment conditions for non-target species.
The detected low cover of non-target species is beneficial from the
viewpoint of the sustainable management, since it is associated
with higher fodder quality which supports local animal husbandry
(Valkó et al., 2016).
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6. Conclusions

We  found that passive restoration after soil-filling of disused
drainage ditches is a successful restoration tool even within less
than ten years. Regardless of grassland type, target grasslands
recovered within 6–8 years. Relative Response Indices calculated
for the cover of perennial graminoids, target forbs and non-target
species indicated an increasing similarity to target grasslands with
increasing successional age. Based on our results, we suggest using
Relative Response Index in evaluating the success of restoration
actions. Using this index, we can compare multiple characteristics
of recovering vegetation to a realistic and desirable reference state;
thus, we can evaluate directly the success of grassland recovery.
This method is especially useful in cases when the restored sites
are adjacent to reference grasslands. We  propose four general indi-
cators of restoration success – similarity of vegetation composition
of restored and reference sites: cover of perennial grasses, cover of
target forbs and the cover of non-target species. With these indi-
cators by using the Relative Response Index, success of both active
and passive restoration projects can be compared, even in different
ecosystems. Such analyses can contribute to reveal general pat-
terns of ecosystem restoration and can be effectively included in
meta-analyses.
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