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Abstract. In previous studies, limited dispersal was revealed
to be the main obstacle to restoration of species-rich flood-
meadows along the northern Upper Rhine in Germany. To
overcome dispersal limitation we transferred freshly mown
plant material from species-rich sources to a restoration site on
a former arable field. Before plant material application, topsoil
was removed to accelerate nutrient impoverishment and create
favourable conditions for seedling recruitment.

Topsoil removal led to a drastic reduction in organic
matter and essential mineral nutrients to the level of target
communities (P) or even below (N, K). At a removal depth of
30 cm content of the soil seed bank that comprised exclusively
of annual arable weeds, ruderals and some common grassland
species, declined by 60 - 80%, while at a removal depth of 50
cm the seed bank was almost completely eliminated. With few
exceptions, all species recorded in source plant material were
found established at the restoration site. However, the overall
correlation between seed content in plant material and estab-
lishment success was not very high.

Vegetation development at the restoration site was charac-
terized by a rapid decline in arable weeds and ruderals, while
resident grassland species and species transferred with plant
material increased rapidly from the third year onwards. After
four years as many as 102 species were established that could
be exclusively attributed to plant material transfer, among
them many rare and highly endangered plants. Establishment
of species from plant material was most successful in regularly
flooded plots, due to the suppression of competitors as well as
the creation of favourable moisture conditions for seedling
emergence.

Diaspore transfer with plant material proved to be an
extremely successful method in restoring species-rich grass-
land. However, high quality of plant material and suitable site
conditions with low competition in early stages of succession
seem to be essential prerequisites.

Keywords: Biodiversity; Cnidion; Dispersal limitation; Grass-
land; Molinion; Nature conservation; Path analysis; Seedling
recruitment; Seed bank.

Nomenclature: Wisskirchen & Haeupler (1998).

Introduction

In Central Europe, flood meadows of the Cnidion
alliance are strictly confined to large lowland river
corridors with subcontinental climatic conditions such
as the valleys of the rivers Rhine, Elbe and Danube
(Burkart 2001). Due to flood control, drainage, intensi-
fied use and conversion into arable land such habitats
have become extremely rare and a considerable part of
the characteristic flora such as Arabis nemorensis, Cnidium
dubium, Iris spuria and Viola pumila has been catego-
rized as species of Central European conservation con-
cern (Schnittler & Giinther 1999). Remnant populations
of these highly endangered species are still found along
the northern Upper Rhine, where they exist in mesotrophic
Cnidion and in oligotrophic alluvial Molinion communi-
ties (Boger 1991; Holzel 1999). In this region, large-scale
restoration efforts aimed at the recreation of species-rich
flood meadows at sites of former arable fields have been
pursued for more than 15 yr (Holzel et al. 2002). A
recent evaluation of these restoration measures revealed
very poor success in re-establishing rare and endan-
gered target species and communities, even at sites with
successful lowering of soil nutrient status and produc-
tivity by regular mowing and haymaking without ferti-
lizer application (Donath et al. 2003). These findings are
in accordance with earlier studies on grassland restora-
tion that identified the lack of viable seeds in the soil seed
bank and limited dispersal of target species as the main
constraints to restoration of species-rich grassland (Bakker
1989; Berendse et al. 1992; Hutchings & Booth 1996;
Bakker et al. 1996; Pegtel et al. 1996; Muller et al. 1998;
Bakker & Berendse 1999). All these studies revealed that
low productivity is essential but that restoration success
cannot be guaranteed in the absence of substantial seed
resources. Analogous results were obtained in seed ad-
dition experiments that confirmed recruitment limita-
tion as an important factor governing species-richness
in grassland (Tilman 1997; Stampfli & Zeiter 1999;
Turnbull et al. 2000; Pywell et al. 2002; Smith et al.
2002).
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In previous years, diaspore transfer with plant mate-
rial has been increasingly tested as a supplementary
technique in restoration ecology to overcome dispersal
limitation of target species. Such measures showed con-
siderable, but not always compelling, success (McDonald
1993; Molder 1995; Biewer 1997; Triankle 1997; Patzelt
1998; Pfadenhauer & Miller 2000; Kirmer & Mahn
2001). In fact, plant material (or hay) transfer is an old
and traditional method widely used by farmers until the
middle of the 20th century to create and improve grass-
land (Bonn & Poschlod 1998). The fact that this agricul-
tural practice ceased in modern times is often regarded
as one main reason for dispersal limitation of species in
agricultural habitats (Bakker et al. 1996).

In comparison with direct sowing of seeds, the appli-
cation of diaspores with plant material in habitat restora-
tion has a number of advantages: (1) potentially, the
entire species-pool of a plant community may be cov-
ered by material transfer, including rare species of which
sowing material is often not available; (2) the genetic
variability of locally adapted ecotypes and races is pre-
served and maintained (e.g. Molder 1995; Pegtel 1998);
(3) on bare substrates with extreme micro-climatical
conditions plant material may provide ‘safe sites’ for
seedling recruitment (Patzelt 1998; Trinkle 1997); (4)
compared to the relatively laborious and expensive col-
lection, propagation and sowing of seeds (e.g. Stevenson
et al. 1995), diaspore transfer with plant material is a
cheap method that is applicable to large areas and differ-
ent types of habitats. Despite these benefits, however,
large-scale practical applications in restoration projects
(e.g. Pfadenhauer & Miller 2000) are still scarce. Most
previous work was conducted as small-scale studies that
often comprised only of a few dozen m? (Molder 1995;
Kirmer & Mahn 2001). For many habitat types and
species groups — such as the rare subcontinental flood-
meadows — experience regarding the effectiveness of
plant material transfer is still completely lacking.

Factors that may hamper the success of plant mate-
rial transfer experiments are: (1) low quality of plant
material in terms of species composition and seed densi-
ties, (2) unfavourable target site conditions (soil nutrient
status, moisture regime), (3) poor conditions for seed-
ling recruitment due to dense canopy structure of estab-
lished vegetation, (4) adverse weather conditions
(drought, frost) during the germination period causing
high seedling mortality. Generally, the relative impor-
tance and interaction of these potentially hampering
factors are strongly context dependent so that it is diffi-
cult to define common rules and guidelines without
large-scale field evidence (Bosshard 1999).

Recently, topsoil removal has been revealed as a
very effective measure to increase the impoverishment
of nutrient enriched sites, by combining bare substrate

with poor competition (Aerts et al. 1995; Jansen &
Roelofs 1996; van Diggelen et al. 1997; Patzelt et al.
2001; Tallowin & Smith 2001; Verhagen et al. 2001).
Thus, we used this technique in combination with plant
material transfer to create favourable site conditions for
seedling recruitment. Additional positive effects we ex-
pected were: (1) increase of flooding frequency due to
surface lowering, (2) depletion of the soil seed bank and
the established vegetation, (3) re-activation of deeply
buried viable seeds of target species.

Due to the high heterogeneity in seed content and
species composition of plant material it is not feasible to
perform well defined factorial experiments with true
replicates in randomized order (e.g. Molder 1995;
Bosshard 1999). The main object of our study, however,
was not to test a mechanistic hypothesis of universal
validity, but rather to evaluate the efficiency of material
transfer as a method for restoration practice. Thus we
chose an observational approach that allowed us to
conduct our study on a large scale and under a realistic
practical scenario.

To assess the influence of plant material transfer on
succession we separately analysed the two major com-
partments of the species pool, i.e. plant material and soil
seed bank, and observed the vegetation development
with different treatment variants over four years. Fur-
thermore, we investigated the effects of topsoil removal
on soil nutrient status by comparing the original arable
field with removal plots and source stands.

Material and Methods

Study site

The study site is a former arable field (1.3 ha)
situated in the fossil dyke-protected compartment of the
Holocene floodplain of the northern Upper Rhine ca. 30
km southwest of Frankfurt, Germany (49°51' N, 8°23'
E, 85 m a.s.l.). The hydrological site conditions are
characterized by strong fluctuations of the ground water
table, which are in the region of 2 m per year (Boger
1991) depending on the water level of the nearby (ca.
300 m) main channel of the River Rhine. Due to ex-
tremely high clay content the soil shows some unfavour-
able physical features such as poor aeration in wet
periods, low storage capacity of plant available water
and hardening in summer. During the observation pe-
riod major flooding events, that lasted for several weeks,
occurred in March and May/June 1999 and in March/
April 2001, whereas dry periods were observed every
summer from early May onwards.
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Restoration measures

For more than 20 yr the study site was intensively
used as an arable field until it fell fallow for nature
conservation purposes in 1994. In late August 1997, the
nutrient-rich topsoil was removed from almost the
entire field (ca. 1.3 ha) down to a depth of 30 or 50 cm
(Fig. 1). After topsoil removal the area was subdivided
into eight parallel strips, each 20 m X 50 m.

September was chosen as the date of transfer, be-
cause at this time the majority of target species had ripe
seeds while most of the dominant grasses (e.g. Alopecurus
pratensis) had already released their seeds (Holzel un-
publ.). Two different types of material were used in the
experiment (Fig. 1b):

1. Alluvial Molinion meadows are exclusively found
at regularly flooded extremely nutrient-poor sandy sites
where the loam cover was removed in the past. They are
floristically characterized by a strictly oligotrophic spe-
cies composition with Molinia caerulea agg., Carex
panicea, Serratula tinctoria, Inula salicina and Succisa
pratensis dominating. Due to extreme site conditions
they are species-poor with less than 30 species.100m2.
Some target species such as Gentiana pneumonanthe,
Dactylorhiza incarnata and Iris sibirica are restricted to
this vegetation type.

2.In contrast, Cnidion meadows occupy more fertile
loamy and clay-rich sites, which are also regularly
flooded. They are characterized by a higher proportion
of nutrient-demanding meadow species such as Alope-
curus pratensis, Elymus repens and Potentilla reptans.
However, they share many target species with the
Molinion meadows such as Arabis nemorensis, Pseudo-
lysimachion longifolium, Serratula tinctoria and Inula
salicina. In general, they are more species-rich with 40
- 60 species.100m2. Cnidion material from a particular
salt-influenced site that contained the rare Iris spuria and
some other salt-tolerant species such as Lotus tenuis and
Tetragonolobus maritimus was only brought to strip I.

Four strips in early September 1997 and two strips in
1998 were covered with freshly mown plant material
from nearby remnants of species-rich flood-meadows,
while two strips remained without treatment (indicated
zero). Plant material was harvested with conventional
hay making machinery and spread manually at the resto-
ration site in a loose 5 to 10 cm thick layer.

The whole site was mown yearly in September with a
flail mower to prevent the emergence of woody plants.
Because of the low production biomass was not removed.

Vegetation sampling

Each of the eight 20 m X 50 m treatment strips was
subdivided into ten 10 m x 10 m quadrats (80 quadrats in
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Fig. 1. Plan of study site and treatments.

total, Fig. 1). From 1998 onwards, vascular plants were
recorded annually for the entire 10 m X 10 m quadrat.
Species cover and abundance values were estimated
visually using a modified Braun-Blanquet scale with
cover value 2 subdivided into 2m, 2a and 2b (van der
Maarel 1979). Vegetation of the source stands was
recorded in the same way every year with six quadrats in
each of the Molinion and Cnidion meadows.

Soil properties

To investigate the effects of topsoil removal, the
following soil properties were measured: total nitrogen
and organic carbon content, calcium-acetate-lactate
(CAL) soluble phosphorus and potassium. Samples were
taken from four plots with 30 cm, 50 cm and adjacent
areas without topsoil removal, respectively. In each
plot, five soil cores were taken at random locations at a
depth of 0-10 cm using a 3 cm diameter corer, and
subsequently pooled for analysis. The same method was
applied to the 12 quadrats in the source stands to obtain
a reference for the soil nutrient status in the target
communities. Flooding frequency per plot was calcu-
lated using data from a neighbouring groundwater gauge,
field observations and topography (Fig. 1c).

Seed bank sampling

To determine the influence of topsoil removal on the
soil seed bank, and the potential role of buried seeds in
succession, we studied soil seed bank composition in
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four plots with 30 cm, two plots with 50 cm and two
plots without topsoil removal. In each plot, twenty 10
cm deep soil cores were taken in September 1997 at
random locations with a 3 cm diameter corer. The seed
bank samples represent 141 cm? of the soil surface and
1410 cm? of the soil volume at each plot.

Plant material sampling

To analyse the quantity and quality of transferred
diaspores, at each of four treatment strips two samples
of plant material were taken from the soil surface in
February 1998 and 1999, five months after material
application. Each sample comprised six quadrats of
31.6 cm by 31.6 cm that were taken with an iron frame at
random locations and pooled together. Superficial plant
material and 2 cm of the topsoil that was expected to
contain discharged seeds were sampled and analysed
separately. During this sampling in February, we did not
find any seedlings under the plant material layer, which
was in accordance with additional germination experi-
ments (Holzel unpubl.).

Analysis of seed contents

Seed bank composition in the soil and the plant
material was analysed using the seedling emergence
method (Roberts 1981). Soil samples were placed di-
rectly ina2 -3 cmthick layer in 18 cm X 28 cm styrofoam
basins and exposed to free air conditions to enhance
natural stratification. Plant material was mixed with
sterile soil and exposed in the same way. The basins
were protected against diaspore input and heating by
covering them with flat, white gauze lids. In summer the
basins were watered regularly. Control basins filled
with sterile soil were used as spacers. Germinated seed-
lings were identified and removed every few weeks.
Unidentifiable specimens were transferred to pots and
grown until they could be identified. When germination
declined the samples were dried in a greenhouse, crum-
bled, mixed, watered and exposed again to free air. The
analysis of diaspore contents in soil and plant material
continued for 36 months.

Data analysis

Plant species occurring at the restoration site were
grouped in the following categories:

1. Annual arable weeds: Present in soil seed bank
and/or established vegetation over the entire restoration
site (including control plots) and/or its direct periphery
in the first season with sharp decline in the second
season; absent from source stands.

2. Perennial or biennial ruderals: As (1) but still

frequent in second year of observation; absent from
source stands with few exceptions (e.g. Cirsium arvense).

3. Resident grassland species: As (2) but typical of
established grassland in the region. Although most of
these species, such as Festuca arundinacea, Poa trivialis,
Achillea millefolium and Plantago lanceolata, also oc-
curred in source stands and thus may be part of the plant
material fraction, they were exclusively included in this
group.

4. Plant material species: Present in source stands,
exclusively found at plant material treatments and com-
pletely absent from control plots in the first two seasons,
absent from soil seed bank and the direct periphery of
the restoration site.

Linear regression was used to assess the relationship
between seed contents of species in plant material and
their establishment success as well as to test the causal
influence of flooding and groups of competitors on estab-
lishment success of plant material species. To separate
the direct and indirect causal covariation of flooding on
establishment success we used the method of path analy-
sis (Legendre & Legendre 1998, pp. 546-551), which was
performed on standardized variable values.

Means of soil nutrient variables were compared us-
ing the parametric Tukey Honest-Significance (HSD)
test for unequal sample sizes. Regressions and ANOVA
were performed on log-transformed data matrices using
STATISTICA 6.0.

Results

Effects of topsoil removal on soil nutrient status

Topsoil removal had large effects on soil nutrient
status at the restoration site (Fig. 2). In the case of
available P there was a sharp decline to the level of
species-rich old stands of Cnidion meadows or even
Molinion meadows (50 cm removal depth). Available
K, total N and organic matter ranged even below the
values found in the source communities. All effects
were most pronounced at a soil removal depth of 50 cm.

Effects of topsoil removal on soil seed bank

The size of the soil seed bank, which reached up to
12000 seed.m2 in the young fallow arable field, de-
clined dramatically after topsoil removal (Fig. 3). At a
removal depth of 30 cm only 20 - 40% of the former
values were found, while at a removal depth of 50 cm
the soil seed bank was almost completely eliminated.
Seed bank composition was dominated by typical an-
nual arable weeds such as Chenopodium polyspermum,
C. album, Erucastrum gallicum, Sonchus asper and
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Stellaria media. However, we also found a considerable
number of seeds of some common perennial meadow
species such as Poa trivialis, Achillea millefolium,
Galium album and Medicago lupulina. These may play
an essential role even in advanced successional stages of
meadow communities. No seeds of rare or endangered
target species of flood-meadows were recorded.

Seed contents in plant material

A total of 19394 individuals of 66 species that could
exclusively be accounted to transfer (species group 4)
were found in the analysis of sampled plant material
(App. 1). In general the results displayed a considerable
variation and patchiness in species distribution and seed
densities between and even within material of the same
origin. Total densities of plant material species usually
ranged between 551 and 2125 seed.m~2. In one case we
found an exceptionally high density of 24019 indi-
vidual.m2 to which a single species, Pseudolysimachion
longifolium, contributed > 80%. Species numbers in
Cnidion samples ranged from 22 - 28 species.m2 while
they were lower in samples from Molinion stands with
only 15 - 17 species.m 2. Maximum densities of more
than 100 individual.m—2 were reached by only nine

20 p
18 T
18

£ o

1

§ 12 ad .

2

H ab | .

g 8 1103

1
[] = G =
L] I
4
2
A B c D E
14
12 2
a
—_
10 . Eo

5 \II —|_

(=]

e 1 -

-

|

4 8 H

3 | =

% . b T

C
’ o
[
A B c D E

N %

P CAL mg/100 gr

135

species, among them some rare and endangered target
species such as Pseudolysimachion longifolium, Arabis
nemorensis and Inula salicina. In contrast, the majority
(38 species) had maximum densities of only ten or less
individuals per m2. Compared to their dominant role in
the source stands, grasses and sedges (except Agrostis
stolonifera) were very under-represented in plant mate-
rial. This phenomenon was also reflected in vegetation
development.

Vegetation development

In the first year of observation, the vegetation at the
restoration site was still dominated by ruderals and annual
arable weeds that emerged from the soil seed bank and
shoots remaining after topsoil removal (Fig. 4). From the
second year onwards, annual arable weeds disappeared
almost completely from the established vegetation, while
the decline in ruderal species was more continuous over
the years. In contrast, an increase in total cover of plant
material species and resident grassland species was ob-
served in the third year. While total number and fre-
quency of resident grassland species remained almost
constant, there was a sharp increase in species originating
from plant material. After 4 yr, 102 species that could be
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Fig. 2. Effects of topsoil removal on soil nutrient status (organic matter, total N, CAL-soluble K and P). A. Arable field without
topsoil removal (n = 4); B. 30 cm removal depth (n = 4); C. 50 cm removal depth.(n = 4); D. Molinion source stands (n = 6); E.
Cnidion source stands (n = 6). Significant differences according to the Tukey Test are indicated by different letters.
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Fig. 3. Effect of topsoil removal on the size of the soil seed
bank at the restoration site. Samples originating from: A =
Arable field without topsoil removal; B = 30 cm removal
depth; C = 50 cm removal depth.
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exclusively accounted to plant material transfer were
found at the restoration site (Fig. 4; App.2). Among these
were 31 species mentioned in the national German and
regional Hessian Red Data Book (Korneck et al. 1996).
Species derived from plant material comprised 64% of all
species found in established vegetation in 2001 and 49%
of all species observed during the entire observation
period. Transfer rates (i.e. the number of species that
established from plant material at the restoration site as a
percentage of the number of species that occurred in the
source stands) for single strips ranged from 64% to 72%
for the wet (flooded) strips and from 53% to 56% for the
dry (not flooded) strips (Table 1). In total 82% of the
entire species pool at the source sites was transferred after
four years.

Simple linear regression between species recorded
in plant material (all analysed samples pooled) as the
independent variable and established vegetation in the
fourth year of observation (only strips with material
sampling) as the dependent variable resulted in a con-
siderable proportion of explained variance (r> =0.32, P
<0.001). Of the species recorded in plant material, only
Carex praecox, C. tomentosa and C. otrubae did not
establish during the study. With few exceptions, such as
the legumes Genista tinctoria, Ononis spinosa and Lo-
tus tenuis, species not recorded in the plant material

Table 1. Transfer rates and efficiency of plant material (pl.
mat.) analysis in the different treatments. In strips V and VII
seed contents in plant material were not measured (n.m.)

Strip I I Iv VvV VI VI
No. of species at source sites 97 74 84 81 15 77
No. of established species 70 48 54 54 42 41
Transfer rate in % 72 65 64 67 56 53
No. of spec. in pl. mat. 33 21 24 nm. nm. 28

% transferred spec.inpl. mat. 54 44 44 nm. nm. 62

analysis (App. 1) were also scarce and infrequent in
established vegetation (App. 2). Generally, the invasion
of species from plant material treatments to neighbour-
ing control treatments occurred much faster in the case
of the wet, regularly flooded plots (Fig. 5, App. 2).

Simple linear regressions of all plots with material
application (n = 60) revealed a strong negative corre-
lation between the cover of resident grassland species
and the cover of species that emerged from plant mate-
rial (Fig. 6). On the other hand, there was a positive
correlation between the cover of plant material species
and flooding height, and a negative correlation between
flooding height and the cover of resident grassland
species. Although decomposition of direct and indirect
causal influence of flooding on establishment success
by path analysis (Fig. 6) suggested a relatively high
proportion of indirect causal covariation via compe-
titors, there nevertheless remained a considerable pro-
portion of direct covariation.
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Fig. 5. Cumulative cover of different species groups along the
treatment strips four years after plant material application. C =
Cnidion material; M = Molinion material; O = Control treat-
ments. Wet = regularly flooded strips; Dry = never flooded
strips.

Discussion

Effects of plant material transfer

In the present study diaspore transfer with plant
material proved to be a very effective method to over-
come dispersal limitation of rare and endangered target
species in habitat restoration. Our results are in accord-
ance with seed addition experiments (e.g. Burke &
Grime 1996; Tilman 1997; Pywell et al. 2002) that
found species diversity in plant communities to be
strongly governed by recruitment limitation, most com-
monly in early successional stages (Turnbull et al. 2000).
The transfer rate was particularly high compared to
other plant material transfer experiments (Trinkle 1997;
Patzelt 1998; Pfadenhauer & Miller 2000). Total seed
densities per m? in plant material ranged considerably
below those recommended in practice for the recreation
of species-rich grassland (Smith et al. 1997; Bosshard
1999; Pywell et al. 2002). Surprisingly, even species
with maximum densities of less than 10 seed.m™2 in
plant material, which is two orders of magnitude lower
than the rates normally used in seed addition experi-
ments (Turnbull et al. 2000), established successfully.
Seed content in plant material alone proved to be a weak
predictor for establishment success and may be strongly
outweighed by colonization ability in certain species
(e.g. Patzelt 1998). Low densities of grasses and sedges
in plant material were also reported from other transfer
experiments (Patzelt 1998; Pfadenhauer & Miller 2000),
which is obviously mostly due to late mowing (Biewer
1997). Principally, this bias towards herbaceous species
should not be seen as a disadvantage, since the estab-
lishment of target species is usually facilitated by a low
abundance of strongly competitive grasses (e.g. Lep$
1999) and a delayed development of a closed sward (e.g.
Bosshard 1999).

re.o7 k=052
(o] ——

r=-0.79
p=-0.57

rs=
P

R*=0.65

Fig. 6. Decomposition of direct and indirect causal influence
of flooding on establishment success of plant material species:
A = flooding height; B = cover of resident grassland species
in 2001; C = cover of plant material species in 2001; r =
covariation in simple linear regression, p = parameter esti-
mate in multiple regression, R? = explained variance; all
values significant (p < 0.01).

In accordance with other transfer experiments (e.g.
Patzelt 1998; Pfadenhauer & Miller 2000), species with
preferably vegetative means of spread and poor regen-
eration by seeds, such as the genus Carex (Grime et al.
1998; Schiitz 2000), were predominant among those
failing to establish from plant material.

Effects of topsoil removal

The success that was achieved must be seen in
conjunction with topsoil removal that created the most
favourable conditions for seedling recruitment. How-
ever, even in the present study, establishment success of
species from plant material was revealed to be strongly
correlated with the degree of competition from estab-
lished vegetation (Fig. 6). In many experimental studies
(e.g. Tilman 1993; Rusch & Fernandez-Palacios 1995;
Kienovd, Z. & Lep$ 1996; Kotorovd & Lep§ 1996,
1999) microsite limitation and competition from estab-
lished plants proved to be the main constraints govern-
ing germination, growth and survival of seedlings. Due
to the partial depletion of the soil seed bank and estab-
lished vegetation by topsoil removal the temporal and
spatial dimension of the ‘regeneration niche’ (Grubb
1977) as a ‘window in time’ (Gross & Werner 1982)
was considerably enlarged.

Besides the creation of open substrate with low compe-
tition, topsoil removal was absolutely essential for the
reduction of available P to the level of the target communi-
ties. This was of particular relevance for the successful
establishment of ’stress-tolerators” (Grime 2001) that strictly
depend on nutrient-poor site conditions, such as Gentiana
pneumonanthe and Succisa pratensis, which are typical of
Molinion meadows. Our findings are in accordance with
many other studies that identified P as the major nutrient
that may potentially hamper the re-establishment of low
productive species-rich grassland communities (Egloff
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1983; Gough & Marrs 1990; Oomes et al. 1996; Snow et al.
1997; Tallowin et al. 1998; Olde Venterink et al. 2001).

The rapid decline of ruderals — in comparison with
other old-field successions (e.g. Schmidt 1993) — was
obviously also an effect of the massive reduction in soil
nutrient status, since the ruderal strategy is supposed to
play an important role only under relatively fertile site
conditions (Grime 2001). However, the negative impact
of ruderals on establishment success was less significant
than expected, as was also found by other authors
(Bosshard 1999; Pfadenhauer & Miller 2000). In con-
trast, resident mesophyllous grassland species were re-
vealed to be the most prominent group that may seri-
ously hamper recruitment from plant material, although
their vitality was considerably reduced by lowering the
soil nutrient content.

Increased flooding frequency due to surface lower-
ing had an unexpectedly large influence on the estab-
lishment success of plant material species, not only by
the weakening of competitors. Under the given climatic
(dry and warm) and edaphic (heavy, rapidly hardening
clay soils) situation, seedling recruitment seems to be
strongly facilitated by floods in late spring and early
summer that provide favourable moisture conditions. In
summer 1999, we found mass germination and rapid
seedling development on muddy surfaces created by
slowly retreating flooding water. Our findings are sup-
ported by many other studies that identified drought as a
main source of germination failure (Baskin & Baskin
2001) and high seedling mortality (Cavers & Harper
1967; Silvertown & Dickie 1980; Ryser 1993). One
might argue that additional species preferring wet site
conditions were favoured by flooding and thus caused a
bias towards higher establishment rates. However, we
observed a general facilitation in establishment of plant
material species by flooding, even in mesophyllous
grassland species such as Leucanthemum vulgare and
Centaurea jacea. The faster invasion of plant material
species to regularly flooded zero plots underpins the
significant role of flooding events for dispersal over
moderate distances (Holzel & Otte 2001).
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