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Restoring grassland on arable land: an example of a fast spontaneous
succession without weed-dominated stages
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Vegetation succession was studied for 12 years on an abandoned nutrient-poor small field sur-
rounded by a strip of natural grassland. No fertilizers or herbicides were applied. Few weeds or an-
nuals were present during this period. Only two plants, i.e. Agrostis capillaris and Festuca rubra,
dominated during the 12 years. At two spatial scales (0.04 and 0.4 m2) adramatic increase in species
richness was recorded during the first two years. However, no further trend in species richness oc-
curred after the sixth year of succession. Successional changes were directed and continuous. The
rate of succession depended on the distance from the neighbouring meadow. Vegetation at the mar-
gins of the transect developed more slowly and diverged from the middle during the succession.
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Introduction

Restoration of species-rich grassland is a long-term process which is not always fast or
successful. A lack of diaspores of plants typical of late successional stages of grassland
vegetation and high concentrations of nutrients in the soil are repeatedly identified as cru-
cial factors hampering grassland restoration on arable land (Willems & Bobbink 1990,
Muller et al. 1998). Moreover, seeds of weedy plants prevail in seed banks of abandoned
fields whereas grassland species are poorly represented (McDonald et al. 1996, Willems
2001). Virtually all reports on grassland restoration in oldfields describe a relatively fast
establishment of an initial successional stage dominated by weeds. Without human inter-
vention subsequent development towards grassland is slow or even prevented for a long
time if tall weedy perennials dominate (Kl6tzli & Grootjans 2001, Willems 2001).

If former grasslands or pastures are farmed only for several years, diaspores of some
grassland plants can persist in the seed bank and germinate after farming ceases. Diaspore
availability can be further improved if the arable field is small and surrounded by natural
grasslands. High nutrient levels do not cause problems on sandy soils where nutrients are
leached out within a few weeks or months. Therefore, in some situations grassland restora-
tion could be fast and the initial domination by weeds avoided.
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Unfortunately, there are very few examples showing how restoration proceeds if dia-
spore availability and high nutrient levels do not restrict succession. Even on sandy soils
where nutrients are at very low levels, the first stages of succession are dominated by
weeds for several decades (Falinski 1986). Also, the spread of natural steppe vegetation
into abandoned fields in dry and nutrient-poor conditions can be slow and affect only the
margins of the field (Buisson & Dutoit 2002). However, very few observations are avail-
able for non-fertilized arable fields farmed for only a few years and where the persisting
seed bank is likely to contain seed of species of the former grassland.

Here we report such a case. In the central part of the Bilé Karpaty Protected Landscape
Area people in the past cultivated small pieces of land around their farms, which were usu-
ally surrounded by orchards, pastures or hay meadows and situated in clearings within
woodland (Nekuda 1982). Due to a lack of fertilizers the fields were fertilized only moder-
ately. As the size of the harvest usually decreased after several years, such sites were aban-
doned or changed to grasslands. Because of the shortage of arable land small arable fields
were often established in the middle of meadows and pastures (Kunz 1955, 1956). There-
fore, the arable fields were usually transient, always small, and isolated from each other by
grasslands and woodlands.

In this note we refer to spontaneous succession in an area previously managed in the
traditional way. From 1989 to 1999 we studied succession on an abandoned field to an-
swer the following questions: 1. Can the initial weedy stage in succession be avoided and
the restoration process speeded up? 2. Does the rate of succession slow down in time?
3. Does the speed of succession at a particular spot depend on the proximity of grassland?

Material and methods
Study plot

The study plot was situated in the Bilé¢ Karpaty Mountains, SE Moravia, Czech Republic,
in a nature reserve called “Rubaniska” (48°44' N, 17°15' E), located in a highland area
with extensive saddles and deep valleys. The study area, 15.4 ha in size, consists of an
80 m wide strip of pasture with several springs and brooks, at altitudes ranging from 460 to
530 m. The locality slopes at 8—10° to the north, the mean annual temperature is 7.9 °C,
and annual precipitation 808 mm (1951-1980, Kuca et al. 1992). The pastures were mown
once a year and up until the 1960s occasionally grazed by cattle and sheep in autumn. In
the centre of the pasture, an area of 20 x 100 m, perpendicular to the slope, was ploughed
in 1985 and maize cultivated there for two seasons. No fertilizer was applied. The maize
field was abandoned after the harvest in 1986 and since then the whole area, including the
study plot, was mown once a year in summer. Only once, in 1992, it was grazed by sheep.

Sampling and analyses

Two fixed transects, parallel to the shorter side of the former arable field in the centre of
the abandoned area, were set up in June 1989. Their length was 10 m, and width 4 cm.
Each of them consisted of 50 segments, each 20 cm long. The amount of work is substan-
tially reduced by using transects rather than permanent quadrats, while the number of spe-
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cies recorded remains high. As one of the transects was damaged, data for only one
transect is presented. From 1989 to 1999 the presence of vascular plants was recorded
along the transect every year in late June, before the grassland was mown. Species richness
was evaluated at two scales: the whole transect (0.4 m?; called plot) and 1 m long plots
(0.04 m?; called sub-plots), consisting of five continuous segments, each 20 cm long. In
addition, in 1999 the species composition was recorded in ten sub-plots, placed randomly,
in a nearby pasture that was not ploughed. Rates of change in species composition were as-
sessed (1) by comparing data from pairs of subsequent years using three coefficients of
similarity (Similarity ratio, Soerensen and Jaccard’s coefficients of similarity), which dif-
fer in the weighting of rare and frequent plants (for details see Jongman et al. 1987), and
(2) using the time-lag analysis developed by Collins et al. (2000). The latter method uti-
lises Euclidean distance, calculated using all possible pairs of years. They are plotted
against time lag for all lags below the diagonal in the triangular matrix of resemblance co-
efficients. The Euclidean distances were calculated using the percentage of 0.2 m long
segments in each 1 m long segment of the transect occupied by individual species. The
slope of the regression line indicates the pattern of succession. In stable communities the
slope is close to zero, in those with directional change it is positive, and in those with cycli-
cal dynamics negative (Collins et al. 2000). This was done for ten 1 m long segments along
the transect to determine whether the successional pattern was the same along the whole
transect. We did not estimate the significance of the regressions because not all the data
points were mutually independent.

The effect of distance from the ends of the transect on species composition was evalu-
ated using Canonical Correspondence Analysis (CCA) with recording year defined as
a covariable and distances from either end of the transect, respectively, defined as environ-
mental variables. Using this coding the sub-plots at the centre of the transect had the same
codes. Testing the distance effect was performed using 999 Monte Carlo simulations re-
stricted for time series (ter Braak & Smilauer 1998). Nomenclature of vascular plants fol-
lows Marhold & Hindak (1998).

Results

Altogether 74 species were recorded along the transect from 1988 to 1999. Total species
numbers in the plot (0.4 m?) more than doubled from the first (14 species) to the second
year (33 species) and then increased linearly with a mean increment of 1.7 species per
year, until 1997 (49 species). During the last two years (1998 and 1999) several species
disappeared (Fig. 1A). A similar trend was observed in the sub-plots (0.04 m?; Fig. 1B).
There were considerable differences in species richness between the upper and other parts
of the transect, with less species accumulating in the upper part in 1990 and more in
1997-1998. However, in other years there were no such differences (Fig. 1B).

Species composition along the transect evaluated using sub-plots changed consider-
ably during the succession. However, the greatest changes were observed during the first
two years; later, species composition did not change much. This accords with the results of
the analysis of the numbers of newly recorded species and species that disappeared in sub-
sequent years, which did not change from 1989 to 1999 (colonization: y = —0.1x + 200.9,
R?=0.009, P > 0.05; extinction: y = 0.33x — 64.6, R>=0.2, P > 0.05) and were about the
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Fig. 1. — Species richness (mean + SE) in 0.4 m’ plots (A) and in 0.04 m’ subplots (B) along a transect across the
study site.

same in individual years (P = 0.5; paired t-test). The fast convergence of the transect to
unploughed pasture accords with the fact that with the exception of Koeleria pyramidata,
all species found in the pasture with a frequency of 20% or more were already recorded in
the transect in 1990.

Species composition was not the same along the transect. CCA showed a strongly sig-
nificant effect of the distance from both ends of the transect on species composition
(Lambda =0.24, F=17.78, P <0.001). An analysis of individual species showed that very
few species occurred preferentially at the ends of the transect at the beginning of the study,
whereas after 11 years more species significantly concentrated there and their frequencies
were much higher (Table 1). None of the species concentrated at the ends of the transect
occurred there preferrentially over the whole period of the study, even if the number of
species recorded every year from 1990 (3rd year) to 1999 (12th year) was as high as 19.
Virtually all species recorded in 1999 were recorded before 1995. This indicates relatively
small and slow changes in species composition of the grassland during the last 10 years.
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Table 1. — Percentage of 0.2 m long transect segments occupied by individual species from 1988 to 1999. Species
significantly concentrated at lower (a) or upper (b) ends of the transect or in its middle part (c) are labelled with
superscripts (tested by chi? test). Species recorded in 4 or less years are omitted.

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Acetosa pratensis 6 14 8 14 6 14 16 20 14b 24 16
Achillea millefolium 28 46 76 64 62 56 82 88 8 T6 66 62
Agrostis capillaris 14 84 76 94 96 8 76 66 60 74 92 84
Alchemilla vulgaris 8 100 2 4 2 4 2
Anthoxanthum odoratum 4 16" 18 8 1220 26 48 38 8 26
Aquilegia vulgaris 2 2 6 6 6 4 14 8 4 8 6
Brachypodium pinnatum 2 10 4 2 8 12 14 28 327 34
Bromus erectus 2 2 2 10 4 2
Campanula patula 2 2 24" 12 6 o 100 14
Carex montana 8 4 2 10 4
Carex pallescens 4 8" 2 2 2 14 12
Carex pilulifera 4 10 6 10 10 4 12 36 32 38 50
Cerastium holosteoides 14" 38 18 14 12° 36" 16 20 4 2 10
Cirsium arvense 22 26 10 4 6 12 10 2
Cruciata glabra 8 4 10 200 28 32 42
Dactylis glomerata 2 4 6 4 6 4
Danthonia decumbens 2 8" 18 20 22 32° 32° 24" 24" 26
Festuca rubra 2 8 50 70 60 68 8 8 94 92 94
Filipendula vulgaris 6 2 6 4 4 10 6 10 2 4 4
Helianthemum grandiflorum 2 4 2 2 2 2
subsp. obscurum
Holcus lanatus 68 76 54 26 10 6 2 8 4 6
Hypericum maculatum 6 2 4 2 2 4
Hypochaeris radicata 4 2 16" 6 4 4
Jacea phrygia 4 2 4 4 6
Leontodon hispidus 14° 4 2 2 4
Leucanthemum ircutianum 8 38 42° 40" 40" 38" 46" 38 14 2
Lotus corniculatus 2 6 4 2 6 2 2
Luzula campestris 4 6 14 32 28 46 46 62 52 58 60
Pimpinella saxifraga 14 6 6 2 6 6 6 6 2
Plantago lanceolata 18 28 36 46 54 84 84 70 44 40" 52
Polygala vulgaris 8 2 4 2 2
Potentilla alba 8 26 4 4 4 6 2 6 4 4
Potentilla erecta 4 50 36 38 12 32 24 18 20 30 16
Ranunculus polyanthemos 6 28 10 22 6 18 18 20" 20
Sanguisorba officinalis 30 28 18 10 6 40 24 26 28 30 32
Stellaria graminea 10 6 2 4 14 18 24" 12 28 30
Taraxacum sect. Ruderalia 8 32 12 10 6 10 6 2 6 2 2
Thesium linophyllon 2 4 2 2 4 2 4 4 2 4
Trifolium medium 30 4 18 28 20 6 18 20
Trifolium pratense 34 34 6 2 2
Trisetum flavescens 2 2 4 4 8 14 8
Veronica chamaedrys 4 4 g 18" 20° 16 14° 8° 8
Veronica officinalis 8 4 2 6 8 24 38 50° 54 66 52
Viola canina 2 12 6 8 20 36 40 52 38 44 40

The number of weedy species was very low during the whole study. Even during the
first years of succession only two annual weeds typical of initial successional stages were
recorded, Persicaria sp. and Veronica arvensis. Moreover, they were found only once. The
only perennial weed was Cirsium arvense, which persisted until 1997 but never became
abundant.
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Fig. 3. — Slopes of the regressions calculated for the relationships between time lags and Euclidean distances
along the transect.
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Only two species were recorded as dominant during the whole study period. Agrostis
capillaris became dominant as early as 1989 (2nd year). It kept its position for several
years but was later gradually replaced by Festuca rubra. This replacement was not com-
pleted until the end of this study when Festuca rubra was the main species along the whole
transect, followed by Agrostis capillaris with a slightly lower frequency.

The changes in the rate of succession, expressed by similarity coefficients, strongly de-
pended on the nature of individual coefficients. While the values of Jaccard’s coefficient
did not change until 1995 and then decreased slightly, Soerensen’s coefficient was con-
stant after an initial strong increase and the similarity ratio gradually increased to a con-
stant rate, after a big initial increase (Fig. 2). The time-lag analysis calculated for the first
and last 1 m long segments along the transect resulted in regression lines with positive
slopes. This indicates that the succession in these sub-plots was directional, i.e., no
cyclicity or chaotic behaviour was found (Fig. 3). The slope calculated for the first seg-
ment of the transect was larger than that for the last segment. Therefore, the rate of succes-
sion was not uniform along the transect. The slowest rate occurred at the lower end of the
transect (Fig. 3), whereas in the middle and at the upper end it was higher.

Discussion

We found that restoration of species-rich grassland on abandoned land can be fast, and
successional stages dominated by weeds can be avoided, if the arable field is small, farmed
for a few years only, not fertilized and surrounded by natural vegetation. This is interesting
and may be useful in applied ecology. However, the preconditions are rather strict and un-
likely to apply to most situations.

The most important difference between our results and those in the literature is the
missing initial successional stages dominated by weedy plants. Weeds are usually well-
represented not only in vegetation developing in the first years after an arable field is aban-
doned (Numata 1982, Falinski 1986) but also in the seed bank (Lopez-Marino et al. 2000),
so their regeneration may negatively affect the process of restoration even at later
successional stages. The results of the time-lag analysis of an oldfield succession pre-
sented by Collins et al. (2000) are similar to ours, i.e. directional change without cyclicity
and much stochasticity, except in the first years when his plots behaved rather chaotically,
due to great changes in the species composition of annuals, which were then very abun-
dant. In our case, as indicated by Fig. 3, this first stage of succession was absent and direc-
tional succession started immediately after the field was abandoned. This speeded up the
successional development. This difference probably resulted from an absence of weed
seeds in the seed bank in this field. Thus, weedy plants are uncommon at the onset of suc-
cession only if they are absent from the seed bank and uncommon in the surrounding land.

Various procedures have been suggested for suppressing weeds in the initial stages of
succession or avoiding these stages completely. The seed bank of arable fields can partly
be exhausted of weeds if they are allowed to germinate and establish, but then cut before
flowering (Michal & Petiic¢ek 1999). If this procedure is repeated several times, the num-
ber of seeds in the soil can be reduced. In some cases herbicides are utilized to prevent the
established weeds in abandoned fields from flowering (Wilson & Gerry 1995,
Biedenbender & Roundy 1996). As weedy plant assemblages include species adapted to
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a wide range of environmental conditions, they cause serious problems not only in nutri-
ent-rich localities but also nutrient-poor conditions, such as sandy soils (Falinski 1986, but
see Csecserits & Redei 2001). Therefore, the dominance of weedy plants in the early
stages of succession on abandoned fields is difficult to suppress.

A fast rate of succession appears to benefit restoration. This is certainly true if there is
a single weedy stage before real grassland is established. However, in other cases a high
rate of succession can be associated with a larger number of initial stages each dominated
by different species. In that case a high rate of succession does not necessarily imply that
grassland is achieved within a shorter period. In our particular case the slow rate of succes-
sion was beneficial. As most of the important grassland plants were already present in the
former arable field early in the succession only slight changes in species composition were
required to establish grassland similar to that in the surrounding landscape.

The estimated rate of succession depends partly on the method of its calculation. There
are several methods, the simplest of which is that of Prach et al. (1993) who used year-to-
year changes in the cover of the dominant species. They found that succession on nutrient-
poor and dry sites is slower than on nutrient-rich and wet sites and that the rate of succession
decreases strongly at the beginning and more slowly later in the succession. Similar results
were obtained by Myster & Pickett (1994), based on species composition of the whole plant
assemblage. Our results cannot be directly compared with those of Prach et al. (1993), as we
did not estimate plant cover. However, assuming a correlation between frequency and plant
cover, a tentative comparison can be made. In our study only two dominant species were re-
corded in the first 12 years of the succession. Therefore, the succession rate was extremely
low. Our observation contrasts with that reported for other oldfields where the succession
was usually very fast in the first five years or so, after which it decreased in the following de-
cade or so (e.g. Bornkam 1981, Molnar & Botta-Dukét 1998). This difference is associated
with the generally low rate of succession in the grassland studied. The extremely low pro-
portion of annuals (3 species, i.e. 4% of the species recorded during 12 years) is largely re-
sponsible for the pattern observed in this study. As perennials grow more slowly than annu-
als, the rate of succession was lower. Moreover, even among the perennials there were
hardly any characteristics of early successional stages. Therefore, the pattern was largely
caused by a step-by-step increase in plants typical of late successional stages and largely sto-
chastic extinction of already established species.
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Souhrn

Sukcese vegetace byla studovana na Zivinami chudém, opus§téném poli uprostied lesniho porostu, které bylo ob-
klopeno pfirozenou pastvinou. Nase dvandctileté sledovani jsme zah4jili po opusténi pole, které bylo kultivovano
pouze dva roky. Pocet druht pleveli a jejich pokryvnost byly béhem celé sledované doby pozoruhodné nizké.
Pouze dva druhy, Agrostis capillaris a Festuca rubra, dominovaly béhem sledovanych 12 let. Od 6. roku sledové-
ni se jiz neménil pocet druhi. Sukcesni zmény byly béhem celého sledovani kontinualni, smétfovaly jednim smé-
rem a od druhého roku byly jen malé.
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