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ABSTRACT
The study analyses the quantity and spatial structure of the seed bank of the xerothermic grassland located in
the Biata Gora near Tomaszéw Lubelski (Central Roztocze Region). The seed stock of the bank was compared
with the vegetation found in two different patches of the examined grassland. The number of seeds per square
meter was estimated at 5328 and 5355, depending on the patch. The seed bank’s spatial organisation is clustered.
The most important factors determining this spatial distribution are: remaining of the seeds in close vicinity of
parent plants, and the “group” dispersal of the seeds and fruits.
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INTRODUCTION

According to Thompson at al. (1997) the seed banks of
different types of grasslands are quite well examined. Ho-
wever, the majority of these data comes form managed
grasslands — most often by grazing and hay-making. There
are few data from limestone, xerothermic grasslands from
the area of Western Europe (e.g. Schenkeveld, Verkaar
1984; Milberg, Hansson 1994; Willems 1995), and there
are no data on the soil seed bank of this type of plant com-
munity in Polish literature at all.

This work is the attempt to fill this gap. The aim of the
study was to learn the seed bank structure of xerothermic
grassland and to investigate the relationship between the
vegetation and soil seed bank. Another investigated pro-
blem was the spatial horizontal structure of the seed bank.
There is little information about it (Thompson 1986; Cha-
brerie et al. 2002), in contrast to a lot of data about the ver-
tical distribution of seeds in the soil profile in different
plant communities (e.g. Symonides 1978; Piroznikow
1983; Grandin, Rydin 1998; Edwards, Crawley 1999). The
answer to the question about the spatial structure of the xe-
rothermic grassland seed bank and the agents responsible
for it can be very helpful for the methodology of seed bank
investigations and the evaluation of the number of diaspo-
res in soil. Spatial distribution of diaspores is independent
from vegetation structure (Chabrerie et al. 2002). This was

often the situation when despite the apparent homogeneity
of the sampling area there occurred large differences in the
distribution and abundance of species in the seed bank
among sampling locations (Gross 1990).

STUDY SITE

The research was carried out at the Biata Gora, a hill of
altitude 349 m a. s. 1., situated in the south-eastern part of
Roztocze Tomaszowskie (geographical classification ac-
cording to Buraczynski 1997), about 5 km away from To-
maszow Lubelski. The part of Biata Gora was established
as an ecological unit in 1996 because of the unique value
of this area.

The parent rocks of the soils of the mountain are chalk
marls and loess. Shallow alkaline and neutral cretaceous
fertile soils have been formed there (Czarnecka 1994). The
largest part of the southern and south-western slopes are
overgrown with xerothermic grassland of the alliance Cir-
sio-Brachypodion pinnati Hada¢ et Klika 1944 (classifica-
tion of plant communities after Matuszkiewicz 2001). Lo-
wer and higher patches which constitute the mosaic vege-
tation can be observed there. Lower patches of grassland
with lesser plant density are characterised by high abun-
dance of the following species: Aster amellus, Teucrium
chamaedrys, Carex transsilvanica, Euphorbia cyparissias
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and Scabiosa ochroleuca (nomenclature of species after
Mirek et al. 2002). One species — Brachypodium pinnatum
— dominates in higher, denser patches, as well. B. pinnatum
is accompanied by: Linum flavum, Salvia verticillata and S.
pratensis. One species included into “The Polish Red Data
Book of Plants” is observed there: it is Senecio macrophyl-
lus with the VU (vulnerable) category of threat (Czarnecka,
Kucharczyk 2001).

The brushwood of the Rhamno-Prunetea Rivas Goday et
Garb. 1961 class constitutes the border between the grass-
land and the forest. This brushwood makes the belt of veg-
etation adjacent to the forest with dominance of Carpinus
betulus, accompanied by Fagus sylvatica, Populus tremula,
Tilia cordata and Pinus sylvestris (Czarnecka 1994, 1995).

METHODS

Two study plots (3x3 m) were established in May 1999:

Plot A — in the patch of lower grassland with the domi-
nance of A. amellus,

Plot B — in the patch of higher grassland with the domi-
nance of B. pinnatum.

All blossoming and fruiting individuals within the bor-
ders of the study plots were counted during the entire vege-
tative season. One hundred soil samples (5 cm deep, 100
ml volume, 1 sample per 100 cm?) were taken from the
central square of both plots in November. The samples were
washed separately on a 0.25 mm sieve. All seeds were pic-
ked from the remaining part of the material under 10X ma-
gnification and identified. The most abundant seeds were
sown into the soil and were kept in the greenhouse for 2
months under conditions thought to promote germination.

To check the relationship between parent plants distribu-
tion and spatial structure of the seed bank, individuals of
the following species were selected: Melilotus officinalis,
S. macrophyllus, L. flavum, and S. verticillata. They were
chosen in such a way so that the next neighbouring indivi-
dual could not be closer than 6 m. The individuals of the
above listed species do not establish dense agglomerations,
which helped to find isolated examples. Two lines at the
angle 90° between them from each individual towards the
bottom of the hill were established. Soil samples along the
lines were taken at distances of 10, 20, 30, 40, 50, 60, 80,
100, 130, 170, 200, 230, 270, and 300 cm from chosen
plants (28 samples per each species). The treatment proce-
dure of the samples was the same as above.

Statistical analysis

The similarity coefficient between vegetation and the
seed bank was calculated according to the formula (Szafer,
Zarzycki 1972):

P=50x [E + E]%
a b
where:
a — the number of species in vegetation,
b — the number of species in the seed bank,
¢ — the number of species in common.

Variation region (Sobczyk 1990) is the result of subtrac-
tion of the highest and lowest seed number of the particular
species.
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To evaluate the spatial structure of the seed bank of each
species variance (s2) to mean (m) ratio (Kershaw 1978) and
the relation of mean and Lloyd’s mean crowding (m*) were
used (Lloyd 1967; Dessaint et al. 1991). Mean crowding
was calculated according to the following formula:

Q
2 X (x-1)
=1

m¥* =
Q
2 X
i=1

where:

x; — the number of seeds in i-th core,

Q — the number of cores.

Relations significantly higher then 1 indicate aggregated
spatial structure (Dessaint et al. 1991).

To evaluate biodiversity of the seed bank the following
coefficients were used: total species diversity — and even-
ness — E (Krebs 1996; Olaczek, Warcholifniska 1999),
which were calculated according to the formulae:

— 1. 1. ﬁ
] e § Zi|.E=
i E(N)Dgg(l‘lj log .2

where: n; — the number of seeds of i-th species,

N — the total number of seeds,

S — the total number of species.

Both indices are thought to be useful to analyse changes
of diversity of one plant community in time and in space
(Kwiatkowska, Symonides 1985).

Minimal detectable seed density (D) per square meter
and litre was calculated as follows (Thompson et al. 1997):

D>In (20) x (QxA)

where:
A — the area of each core in m? or the volume in litres,
Q — the number of soil cores.

RESULTS

Structure of the seed bank

2100 seeds were found in the soil; 2095 of them were
classified as species or genus (49 taxa together); the five
remaining seeds were categorised as merely belonging to
the Poaceae family. The number of diaspores within both
patches of grassland was almost identical: 1048 of them
came from the soil seed bank of the lower patch of grass-
land (plot A), and 1052 — from the higher patch (plot B).

Up to 73% of all the seeds found in the lower grassland
patch (A) belongs to four most numerous species (Medica-
go lupulina, Hypericum perforatum, A. amellus and Betula
pendula). In the higher grassland patch (B) the three most
numerous species were B. pinnatum, H. perforatum and
Origanum vulgare; together they constitute 70% of all the
diaspores.

Despite the fact that the average number of seeds per
square meter is similar for both vegetation types (5328 for
the lower grassland patch vs. 5255 for the higher one), con-
siderable differences were noticed in species composition
of the seed bank, as well as in the occurrences of particular
species (Table 1). 20 common species were found in the



Vol. 73, No. 2: 155-164, 2004

ACTA SOCIETATIS BOTANICORUM POLONIAE 157

TABLE 1. Vegetation (number of shoots per plot) and seed bank structure (number of seeds per m?) of two different patches of grassland.

Plot A Plot B

Taxa

Vegetation Seed bank Vegetation Seed bank
Present in vegetation and in the seed bank
Agrimonia eupatoria L. 2 10 26 5
Aster amellus L. 320 718 7 25
Brachypodium pinnatum (L.) P. Beauv. - 1480 1442
Campanula rapunculoides L. - - 2 5
Cichorium intybus L. 3 49 - -
Coronilla varia L. - 2 5
Daucus carota L. 1 5 5
Echium vulgare L. 1 15 - -
Euphorbia cyparissias L. 46 138 - 148
Galium mollugo L. 49 377 5 71
Leucanthemum vulgare Lam. 17 10 - -
Linum catharticum L. 1 204 - -
Linum flavum L. 1 25 23 265
Medicago lupulina L. 17 1697 - 15
Melampyrum arvense L. 19 5 -
Peucedanum cervaria (L.) Lapeyr. - - 2 5
Picris hieracioides L. 2 92 - 25
Pimpinella saxifraga L. 5 76 - -
Plantago media L. 1 5 - -
Poaceae 1 15 - 10
Ranunculus bulbosus L. 1 5 - 5
Salvia sp. 7 25 26 15
Scabiosa ochroleuca L. 7 143 1 -
Solidago virgaurea L. - 31
Teucrium chamaedrys L. 3 - 275
Trifolium alpestre L. - - 2 25
Vicia cracca L. 6 5 -
Present only in the seed bank
Anagallis arvensis L. - 15 - -
Arenaria serpyllifolia L. - 5 - 25
Betula pendula Roth. - 601 - 158
Carex digitata L. - 5 - 5
Carex transsilvanica Schur - - - 15
Cerinthe minor L. - 81 - 438
Chenopodium album L. - 5 - -
Conyza canadensis (L.) Cronquist - - - 5
Euphorbia helioscopia L. - 5 - 10
Fragaria viridis Duchesne - - 5
Galium boreale L. - 5 - 5
Hypericum perforatum L. - 866 - 1248
Melilotus officinalis (L.) Pall. - 10 - -
Origanum vulgare L. - 76 - 1024
Salix sp. - - - 5
Sanguisorba minor Scop. - 15 - 20
Sanicula europaea L. - - 5
Senecio macrophyllus M. Bieb. - - -
Thymus pulegioides L. - - 5
Trifolium repens L. - 10 - -
Urtica dioica L. - 5 - -
Viola sp. - - 5
Present only in vegetation
Medicago falcata L. 11 - -
Total number of shoots and seeds 521 5328 1578 5355
Number of taxa 22 35 12 34

soil coming from both study plots, but only one of them, H.
perforatum, is characterised by a similar quantity.

The analysed area, together with the volume of the soil,
allowed for the detection of the species whose density
reached at least 15 per square meter (0.3 per litre, assuming

95% confidence level).

The results of the seed germination test are presented in
Table 2.

The seed bank of the examined xerothermic grassland
clearly exhibits the clustered spatial structure (Figs 1-2),
which is indicated by the diversity of the number of dias-
pores in particular samples. The total seed number in the
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TABLE 2. Seed germination test results.
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Percentage of germinative seeds

Czarnecka J.

samples coming from the lower grassland patch (A) ranges
from 1 to 52; in the samples of the higher patch (B) — from
3 to 22. The empirical variation region for particular species

Species (number of seeds tested in parentheses) : e :
reaches the following values: B. pinnatum — 15, M. lupulina
Plot A Plot B — 52, H. perforatum — 6 (A) and 7 (B), O. vulgare — 1 (A)
Aster amellus 523 (132) - and 6 (B), and for B. pendula — 6 (A) and 3 (B).
Betula pendula 1.6 (123) 36(28) Moreover, the relatively high values of the variance to
Brachypodium pinnatum - 80.8 (287) - 2 . 5 . . .
Cerinthe minor 187 (16) 1.2 (80) mean ratio (s?/m), and Lloyd’s mean to mean crowding
Euphorbia cyparissias 3.8 (26) 0.0 (29) ratio (Table 3, Fig. 3) point to the clustered spatial struc-
Galium mollugo 0.0 (69) 7.0 (14) ture, as well. For the analysis I chose the species whose
Hypericum peiforatum 32.5 (163) 15.2 (244) average number of seeds per sample was higher than 0.2.
Linum catharticum 8.3 (36) - In plot A only the seeds of Euphorbia cyparissias are dis-
Linum flavum N 2.0G0) tributed in the manner close to random (s2/m=0.89;
Medicago lupulina 185 (325) N m>m*). The remaining species (s?/m>1; m<m*) clearly
Origanum vulgare 13.3(15) 5.4 (185) . .
Picris hieracioides 43.5 (23) _ exhibit the clustered spatial structure.
Pimpinella saxifraga 76.9 (13) _ The most important reason for the detected spatial struc-
Scabiosa ochroleuca 80.0 (20) - ture of the seed bank seems to be the fact that most of the
Teucrium chamaedrys - 2.0(49) seeds remain in close vicinity of the parent plant. This
observation refers not only to the barochorous species,
Total over all species 239061 292 566) although in this particular case this relationship is even
All seeds Fig. 1. Spatial structure of the seed bank — patch of lower grassland with
dominance of Aster amellus (plot A).
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Fig. 2. Spatial structure of the seed bank — patch of higher grassland with
dominance of Brachypodium pinnatum (plot B).
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more evident (e.g. L. flavum, M. officinalis and S. verticilla-
ta), but it is equally true for anemochorous species, e.g. S.
macrophyllus (Fig. 4). Another reason for this spatial struc-
ture is the “group” seed dispersal of some species. A good
example is the coming off of whole heads of A. amellus, the
dispersal of fruits containing several seeds within them or
grown together dry fruits (Sanguisorba minor, Cerinthe
minor or Plantago media), or flower calyxes with fruits of
Teucrium chamaedrys, O. vulgare and S. verticillata.

Biodiversity of the seed bank

Mean values of biodiversity coefficient for both vegeta-
tion types are similar (1.83 for A and 1.90 for plot B), and
their spatial structure also indicates the clustered spatial
structure of the seed bank. The value of the evenness coef-
ficient for the lower grassland is also only slightly lower
than for the higher patch (0.85 for A and 0.88 for plot B).

Values of both coefficients vary strongly in space. This
fact results first of all from the spatial distribution of the

rFallir=
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] ] [] [ ] 0
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% \ >10 seeds
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seeds of the species dominating in both areas: M. lupulina
(A) and B. pinnatum (B). The areas with high numbers of
these species, and their ample participation, are charac-
terised by considerable lowering of both biodiversity and
evenness coefficient (Figs 5-6).

Vegetation versus the seed bank

A relatively strong similarity was noticed between vege-
tation composition and seed bank. The similarity coeffi-
cient reached 74% for the lower grassland (plot A), and
62% for the higher patch (plot B). In the vegetation of the
plot A 22 plant species were present, while in soil the seeds
of 35 taxa were found (20 of them common). For the B
area these numbers are 12, 34 and 11, respectively. The
seeds of almost all the species present in the plant cover are
to be found in the seed bank, too. However, some of the
taxa, numerous in the seed bank, are characterised by a
very small presence in vegetation, or they are even totally
absent. Only A. amellus in the A area and B. pinnatum in B
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TABLE 3. Spatial structure of the seed bank — numerical characteristics;
m —mean, m" — mean crowding, s%/m — variance to mean ratio.

Species Abbreviation m  m* s%m Frequency
(%)
Plot A
Medicago lupulina Ml 333 1295 107 60
Hypericum perforatum Hp 1.70  2.06 1.37 78
Aster amellus Aa 141 237 198 62
Betula pendula Bp 1.18 136 1.19 66
Galium mollugo Gm 0.74  5.00 5.31 27
Linum catharticum Lc 040 055 1.16 29
Scabiosa ochroleuca So 0.28 043 1.16 22
Euphorbia cyparissias Ec 0.27 0.15 0.89 25
Plot B
Brachypodium pinnatum Brp 2.83 488 3.08 86
Hypericum perforatum Hp 245 258 1.14 89
Origanum vulgare Ov 201 229 1.29 86
Cerinthe minor Cm 0.86 256 2.73 30
Teucrium chamaedrys Tch 0.54 1.78 2.26 28
Linum flavum Lf 0.52  1.50 2.00 28
Betula pendula Bp 031 071 141 23
Euphorbia cyparissias Ec 029 041 1.14 24

area appear in considerable numbers both in vegetation and
in the seed bank.

DISCUSSION

Most of plant-communities-seed banks exhibit the fol-
lowing structure: some of the species are considerably
numerous, constituting over 50% of all diaspores; the
remaining species are represented by isolated seeds only
(e.g. Symonides 1978; Piroznikow 1983; Tsuyuzaki 1989;
Dessaint et al. 1991; Milberg, Persson 1994; Warr et al.
1994; Garcia-Fayos et al. 1995; Milberg 1995; Csontos et
al. 1996; Pakeman, Hay 1996; Kalamees, Zobel 1997). The
seed bank of xerothermic grassland is no exception here. In
the seed bank of the Biala Géra grassland the highest par-
ticipation numbers belong to (depending on the vegetation
type): A. amellus, B. pendula, B. pinnatum, H. perforatum
and M. lupulina. There appear a couple of ‘cosmopolitan’,
small-seeded pioneer species whose diaspores can be
found in the soil of various plant communities. Among
them we can point out the species of the genus Betula and
Hypericum (Piroznikow 1983; Bigwood, Inouye 1988;
Kjelsson 1992; Milberg, Hansson 1994; Milberg, Persson
1994; Warr et al. 1994; Milberg 1995; Bekker et al. 1997,
Mitchell et al. 1998; Jankowska-Btaszczuk 2000;
Chabrerie et al. 2002), whose considerable numbers were
present in soil of the examined grassland, too.

In the literature on the subject we may come across the
information that B. pinnatum does not form a persistent
seed bank and the number of caryopses in the soil is usual-
ly small (Thompson 1987; Willems 1995; Thompson et al.
1996). This situation results first of all from the intensive
pre- and postdispersal predation of its fruits. It seems that
the regenerative strategy exhibited by this species is first of
all vegetative expansion, for the mass of its underground
rhizomes (stolon system) exceeds 2-3 times its above-
ground biomass (Willems 1995). In the light of the above
data, then, the high number of caryopses of B. pinnatum
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Fig. 3. Mean (m) versus mean crowding (m”) — plot A and B; for explana-
tion of abbreviations see Table 3.

presented in this study may seem surprising. However, this
appears to be a passing, short-time effect of the improve-
ment of its condition and fertility resulting from burning-
out of the grassland, which occurred a year before the car-
ried out research. Schlaepfer (1997) reported the same
effect after this type of management. He applied different
management regimes (cutting with different frequency,
burning and abandonment) to the grassland. The highest
number of inflorescences, which was the determinant of
the total seed production, was observed on burned plots.
The main factor promoting the formation of inforescences
seemed to be the absence of litter.

Interestingly, the species most numerous in the seed
bank quite often have a relatively small participation in the
vegetation (in this study: H. perforatum, B. pendula and M.
lupulina). Additionally, the seed stock in the soil shows a
considerably greater species variety than the plant cover.
This conclusion does not refer to grasslands only (Thomp-
son 1986; Graham, Hutchings 1988; Milberg, Hansson
1994; Milberg 1995), but it is also true for sand dune plant
communities (Symonides 1978) and woodlands (Thomp-
son, Grime 1979; Piroznikow 1983). It has to be stressed,
too, that this study demonstrates that the differences in
density and structure of both grassland patches have
absolutely no reflection in the quantitative characteristics
of the seed bank. In both cases all the measured parameters
(seed number, biodiversity and evenness coefficients) are
extremely similar. The differences concern the qualitative
features: firstly, the species composition of the seed bank,
and secondly, the participation of diaspores belonging to
particular taxa in the total seed pool.

The Biata Géra xerothermic-grassland species have a
clustered spatial organisation of their seed banks. The dis-
tribution of anemochores transported from the outside of
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Fig. 4. Relation between distance from the parent plant and the number of seeds in soil.

the examined plant community (H. perforatum and B. pen-
dula) is closer to random to a higher degree than it is the
case with seeds of barochores or these anemochores which
were produced within the examined grassland (e.g. A.
amellus, B. pinnatum and M. lupulina). The clustered spa-
tial structure is typical for the seed bank of many plant
communities: dune sand plants (Symonides 1978), decidu-
ous forests (Piroznikow 1983), grasslands (Verkaar et al.
1983; Thompson 1986; Van Tooren 1988; Rush 1992),
plant communities of arable lands, old, abandoned fields
and badlands (Bigwood, Inouye 1988; Dessaint et al. 1991;
Garcia-Fayos et al. 1995). The most important factor con-
tributing to the creation of seed concentration is their trans-
portation to very small distances from parent plants.
Verkaar et al. (1983) concluded, and their conclusion gets
further confirmation in the research conducted at the Biata
Gora, that in the case of grassland species most of the
seeds remain within a distance of 0.3 to 3.5 m from a fruit-
ing individual. Dispersal distance of anemochorous species
(e.g. grassland species Scabiosa columbaria and S.
ochroleuca diaspores with wing-like structures made by
calyx and epicalyx) can be attributed to seed mass and sur-
face structures influencing air resistance (Hensen, Miiller
1997). Stem height and wind velocity are the next factors
determining the effectiveness of seed dispersal. Release
height enables diaspores to tower above the surrounding
vegetation and helps to reach longer distances. Horizontal
dispersal distances increase overproportionally in relation
to wind velocity. It points out that stormy weather may be

very important for long-distance seed dispersal (Verkaar et
al. 1983; Hensen, Miiller 1997). According to Klinkhamer
et al. (1988), more than 50% of cypselas of Cirsium vul-
gare remain no further than 1 m from the parent plant, and
only 10% reache the distance greater than 32 m: these are
the seeds that happened to be elevated to considerable
heights.

An important question asked by the ecologists studying
the seed banks is the volume and number of soil samples
ensuring credible results informing on species diversity
and the spatial structure of the seed bank. Taking many
small samples rather than a few bigger ones is usually rec-
ommended (Thompson et al. 1997). However, the concept
of “many samples” has never been clearly defined. Thomp-
son (1986) considers 50 soil cores as the absolute mini-
mum, on the condition that there exist no vital contraries.
He remarks additionally that if the need should be to limit
the amount of the material taken, sample number should be
maintained at the expense of sample size. Therefore the
number of approximately 20 samples taken by Schenkveld
and Verkaar (1984) was estimated by Thompson (1986) as
too small. We may assume, then, that a hundred of samples
taken for the examination of the seed bank of different
patches of xerothermic grassland is a sufficient number
guaranteeing credible results.

According to Gross (1990), the extraction of seeds by
washing and sieving — the method used in this study — has
several advantages over the germination method. It is espe-
cially clear when a large number of seed cores must be
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Fig. 5. Spatial variability and frequency distribution of species diversity and evenness indices — patch of lower grassland with dominance of Aster amellus

(plot A).

taken. Although this method is time-consuming and small
light-coloured seeds can be missed, a big number of cores
can be processed and stored. This way work can be spread
out over long time.

The seed extraction method must necessarily be accom-
panied by the seed-germination test or another test for via-
bility of seeds (Thompson et al. 1997). Such a test is indis-
pensable for the accurate estimate of the actual number of
the living diaspores because the results obtained with the
help of this method are always considerably higher than in
the case of using the seedling emergence method (e.g.
Gross 1990; Piroznikow 1983; Falinska 1999). Marked dif-
ferences in the percentage of viable seeds among the
species are typical for this kind of research and they were
observed in the studies devoted to the seed banks of various
plant communities (Symonides 1978; Gross 1990). The
results obtained over all species by Gross (1990) were close
to the one arrived at by the author and reached 20-30%.
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