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G. KEMÉNY, Z. NAGY and Z. TUBA

Dept. Botany and Plant Physiology, Fac. Agricult. Environm. Sci.
Szent István University

H–2103 Gödöllő, Páter K. út 1, Hungary
E-mail: kemenyg@mail.orfk.b-m.hu

(Received 29 January 2003)

The survey was carried out on the seed bank of several patches of an open, semiarid sandy
grassland (Festucetum vaginatae Rapaics ex Soó 1929 (Borhidi 1996)). We chose four, approx-
imately 20 m × 20 m large, adjacent patches, different in their species composition and total
cover. Soil samples were taken in early spring and at the end of summer, in two consecutive
years. We determined the seed bank of the samples with the seedling emergence method.
The fact that we found the seeds of only two species that were not present in the vegetation
indicates the isolated and without artificial disturbed state of the grassland. The vegetation
and the seed bank of the patches showed a low degree of similarity in the same period,
while the composition of the spring aspect reflected clearly in the seed bank of late summer
in all four patches. Results showed that mosaic-like appearance is not only characteristic of
the vegetation, but also the seed bank of the soil. Differentiation of the seed bank manifested
mostly after the period of seed-fall, at the end of summer, while in early spring it was less
expressed. On the basis of the differentiation of the seed bank we can conclude that not the
dispersion of seeds, but natural vicinity of mother plants was decisive in forming the spatial
variation of the seed bank.
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INTRODUCTION

Mosaic structure of the vegetation is characteristic of arid and semiarid
areas. The view of the landscape is composed of the mosaic-like structure of
uncovered and covered patches. Significant differences can be shown in the
seed amount and dynamics of open and covered patches that can be attributed
to the presence or absence of the most productive, generally annual species
(Nelson and Chew 1977, Kemp 1989, Ghermandi 1997, Baptista and Shumway
1998). It has been observed that the amount of seeds is lower in less covered
patches than in those covered by shrubs or other perennials (Reichman 1984,
Aguiar and Sala 1997). This phenomenon’s primary cause is the seed disper-
sion into the immediate vicinity of mother plants, not excluding the dispersion
by wind and animals (Pulliam and Brand 1975, Bullock 1976, Nelson and

0236–6495/$ 20.00 © 2003, Akadémiai Kiadó, Budapest



Chew 1977, Reichman 1979, Baptista and Shumway 1998). Most of the annual
species of sandy areas do not have a special apparatus for dispersion. Conse-
quently, the principal factor in formation of the seed pattern strongly depends
on the weight of the seed (Symonides 1987) and more than 70% of the seeds are
in the 5–10 cm vicinity of the mother plant (Harper 1977). In case of several
grass species Rabinowitz and Rapp (1981) showed within laboratory circum-
stances that seed dispersal by the wind was in the range of 15 to 50 cm. This can
be a reason for the difference showed in the seed amount of patches, and the
aggregated dispersion of seeds at a very small scale. A study carried out in the
Sonoran desert in Arizona by Reichman (1984) showed, that micro reliefs (e.g.
ravines, wind-furrows, natural dips, etc.) of the ground can cause the local ac-
cumulation of the seeds increasing this way the difference between the seed
banks of the patches. Also clumps of grass can collect floating seeds (Bertiller
1998).

The association selected for the examination (Festucetum vaginatae Rapaics
ex Soó 1929 (Borhidi 1996)) is situated in the central part of Hungary, between
the Danube and Tisza rivers. The association is a mosaic of patches with a di-
ameter of 10–40 metres of stands in different states of vegetation dynamics and
succession. Our information on the seed bank of the grassland is rather sparse
(Kincsek 1985, Halassy 2001).

Our work examined firstly the similarity of the seed banks of the adjacent,
but structurally different patches of approximately 20 m × 20 m to the vegeta-
tion.

Supposing on the one hand, a limited seed-dispersion we raised as a hy-
pothesis that seed banks of structurally different patches can be distinguished
easily. On the other hand, although due to the high number of ephemeral spe-
cies the existence of a general seed bank was also supposed, presumably lead-
ing to difficulties in distinguishing the seed banks of structurally different
patches. Our assumptions were tested at the end of summer after the seed-fall
of ephemerals and most perennials, and in early spring, in the time of the ex-
haustion of the seed bank (Kemény 2002) during two vegetation periods.

MATERIALS AND METHODS

The sandy grassland (Festucetum vaginatae Rapaics ex Soó 1929 (Borhidi
1996)) is an association widespread in the Danube-basin developed on a loose,
calciferous sandy soil with semiarid features due to water shortage periods
and also due to edaphic reasons (Zólyomi 1958, Fekete et al. 1988, 1995). The
study area is situated 25 km west of Kecskemét (Kiskunság National Park,
near Fülöpháza). The annual mean temperature is 10.5 °C, and the annual
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mean precipitation is about 550 mm, with two maxima (in May and Novem-
ber). The vegetation cover is 20 to 80% at highest and the total number of spe-
cies is low (50 to 60).

We have chosen patches for the examinations significantly differing in
their phytosociology (Kemény et al. 2001). The size of the patches was defined
on the basis of the spatial changes in micro-reliefs.

The examined stands were (Fig. 1): Patch I: open patch situated on the top
of a hillock, dominated by Festuca vaginata, Euphorbia seguieriana, Silene otites
with a total cover of 30–40%. Patch II: a patch situated on the slope of a hillock,
more open than the previous patch, dominated by Festuca vaginata tussocks
and Silene otites individuals with a basal diameter of 20 to 40 cm in which other
species were present only dispersedly. The vegetation cover is 20–30%. Patch
III: a patch located in a hillock dip, dominated by Festuca vaginata and Stipa
borysthenica. Some other grasses e.g. Bothriochloa ischaemum, Cleistogenes seroti-
na, Poa bulbosa were also present with higher cover values. The cover was
about 60–70% out of which 10–15% were given by moss cushion and lichen
thalli. Patch IV: a patch situated on the top of a hillock, dominated by Stipa
borysthenica and to a lesser extent by Festuca vaginata. The cover by a few peren-
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Fig. 1. Schematic drawing of the four patches of the semiarid sandy grassland



nial species (Fumana procumbens, Poa bulbosa, Cleistogenes serotina) was also
considerable. The vegetation cover is 60–70%. Detailed coenological descrip-
tion of the patches has already been reported (Kemény et al. 2001).

For the seed bank examinations an area of 20 m × 20 m was selected in
each patch from which 20 samples were taken to 5 cm depth in August 1992,
March and August 1993, and March 1994. The total surface area of the samples
was 0.76 m2 per patch. The soil samples were air-dried at room temperature
and kept at a cool place for one month. Vegetative plant parts were removed
from the samples by sieving. The cores were transferred to a plant growth
chamber (14 h day length, 300 µmol/m2/s light intensity, 23/15 °C day/night
temperatures) and spread in 3 cm layers on trays. Seedlings were identified,
counted and removed after four successive germination periods in five
months by mixing and spreading the soil again after each counting procedure
(Thompson et al. 1997). No new individuals have been detected in the 40 days
after the fourth counting procedure. Species were identified after Csapody
(1968) and using germinated seeds of species collected in the area. Species no-
menclature follows Horváth et al. (1995).

The composition of the vegetation and that of the soil seed bank were
compared by the Sørensen’s similarity index (Greig-Smith 1983). Classifica-
tion of soil samples were done by using the SYN-TAX programs (Podani 1993).
Distances were calculated by using the Sørensen-index for binary data, for
clustering the average-link method was used.

RESULTS

We found 59 species in the four mosaic patches with different coenologi-
cal structures. Seeds of 39 species emerged from the soil samples at least one
occasion. (19 (76%) from the 25 annual species, and 20 (59%) from the 34 peren-
nial species.) Only two species were found (Chenopodium album, and Hieracium
sp.) to appear in the seed bank of the soil, but not in the above ground vegeta-
tion.

We examined the similarity of the composition of the vegetation and the
seed bank in the patches with the Sørensen-index. We found that in the same
period (e.g. early spring vegetation – early spring seed bank) there is no strict
correlation between the vegetation and the seed bank (Table 1). The autumn
seed bank, however – which contains the seeds of ephemeral species and also
seeds of frequent perennials – shows a high degree of similarity with early
spring vegetation (Table 2). Between the early spring seed bank and autumn
vegetation there was no such similarity that can be mostly explained by the ab-
sence of seeds of perennial species.
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In the cluster analysis of the samples taken at the end of the first summer
(Aug. 1992) three larger groups were detected (Fig. 2). The first group is
formed by samples from Patch I (white square), in the second the samples of
Patch III (black triangle) and Patch IV (white circle) and into the third group
the samples of Patch II (black rhombus) fall. In the second larger group, a fur-
ther four units (at y-axis value of 0.65) can be distinguished. Most of the sam-
ples of Patch III (black triangle) belong to the first unit. Into the second, third
and fourth units, the samples of Patch IV (white circle) fall.

In the cluster analysis of the samples taken at the end of summer of the
following year (1993) two larger groups and a unit containing two samples can
be observed (Fig. 3). Samples of Patch I (white square) and Patch II (black
rhombus) are in the first group. A sharp difference between the two patches
cannot be observed now, but on level 0.55 samples of Patch II (black rhombus)
separate into smaller units. To the second large group (on level 0.8) the sam-
ples of Patch III (black triangle) and Patch IV (white circles) belong. The differ-
ence of the few samples from Patch III (black triangle) can be probably attrib-
uted to the absence of Erophila verna. Also a third group can be seen (on level
0.8) where there are two samples from Patch II (black rhombus). From these
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Table 1
Similarity between the composition of the seed bank and above ground vegetation

(Sørensen-index)

Sørensen’s
similarity index

Late summer
vegetation vs
l.s. seed bank

(1992)

Early spring
vegetation vs
e.s. seed bank

(1993)

Late summer
vegetation vs
l.s. seed bank

(1993)

Early spring
vegetation vs
e.s. seed bank

(1994)
Patch I 0.38 0.54 0.51 0.42
Patch II 0.44 0.44 0.33 0.37
Patch III 0.55 0.38 0.45 0.38
Patch IV 0.44 0.33 0.48 0.25

Table 2
Similarity between the composition of the seed bank and above ground vegetation

(Sørensen index)

Sørensen’s
similarity index

Late summer
seed bank (’92)
vs spring veg.

(1993)

Early spring
seed bank (’93)
vs autumn veg.

(1993)

Late summer
seed bank (’93)
vs spring veg.

(1994)

Early spring
seed bank (’94)
vs autumn veg.

(1994)
Patch I 0.88 0.80 0.86 0.64
Patch II 0.76 0.48 0.81 0.50
Patch III 0.74 0.38 0.66 0.41
Patch IV 0.63 0.44 0.65 0.39
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samples two dominant species (Silene otites, and Erophila verna) of the patch
were absent.

The groups segregating in the cluster analysis of samples taken on the
first date of early spring (March 1993) cannot be linked with the patches (Fig. 4).

In the analysis of spring samples of the following year (March 1994) (Fig.
5) three large groups and a unit containing a unique sample segregate (on level
0.9). Samples of Patch II (black rhombus) and Patch III (black triangle) belong
to the first large group, samples of Patch IV (white circle) belong to the second
and most of the samples from Patch I (white square) fall into the third group.

DISCUSSION

During the two vegetation periods we found only seeds of two species
(Hieracium sp., and Chenopodium album) that were not present in the vegeta-
tion. This shows the isolated, intact state of the grassland, without artificial
disturbance. It is also justified by the results from a study by Halassy (2001),
who found several – mainly weed – species present only in the seed bank
when the grassland was previously exposed to artificial disturbance. It is a
general observation for grasslands that in relatively undisturbed, old grass-
lands the number of seeds is fairly low and there is no close connection be-
tween the composition of species above the ground and that in the soil
(Hayashi and Numata 1971, Thompson and Grime 1979, Bigwood and Inouye
1988, Bakker 1989, Coffin and Laurenroth 1989, Perez et al. 1998). A consider-
able similarity was shown in a desert short-grass community by Henderson et
al. (1988). There is not a general consensus as at what time the comparison of
the composition of the seed bank and the vegetation should be made. We have
not found high correlation between the vegetation and the actual seed bank of
the given vegetation period. The pool of viable seeds and actual vegetation are
dynamically – temporally – linked. Based on the late summer seed bank the
vegetation of early spring could be predicted, and we have found a high de-
gree of similarity. In this period of the year, spring ephemeral species can be al-
ready found in the seed bank (Kárpáti and Kárpáti 1954). In addition, most of
the perennial species can be found in the late summer seed bank. According to
Moore (1980), this close correlation in case of plant communities under ex-
treme environmental conditions can exist because the repeated disturbances
limit the composition of the association to early succession species securing
the survival of the population by an extensive seed production and a persis-
tent seed bank. The Festucetum vaginatae association, showing semiarid fea-
tures, is characterised by a frequent and unpredictable environmental distur-
bance regime (Zólyomi 1958, Fekete et al. 1995), and therefore the proportion
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of annual species is high, approximately 40%. The seed bank in early spring
shows a lower degree of similarity with the autumn vegetation, as the seed
bank becomes exhausted by this time, and contains ephemeral species pre-
dominantly (Kemény 2002), and these are absent in the autumn vegetation.

Studies carried out on arid and semiarid grasslands firstly examined the
differences in the seed amount of patch types, and viewed the mosaic charac-
ter of the seed bank also from quantitative aspects (Nelson and Chew 1977,
Reichman 1979, 1984). In the examined grassland the late summer seed bank of
physiognomically different, but adjacent patches segregated sharply on the
basis of the composition in both years, in spite of 49% of the species is wind
dispersed (Csontos et al. 2002). This result also justifies the earlier observations
reporting on limited seed-dispersion (Harper 1977, Rabinowitz and Rapp
1981, Symonides 1987). In spring, when the seed bank becomes poorer, the
segregation of the seed banks of the patches is less expressed. This pattern of
temporal variability of the seed bank show that majority of seeds have a
short-term persistence in the soil (Thompson and Grime 1979).

CONCLUSION

The results show that both of initial assumptions were right, when con-
sidering the temporal dynamics of the seed bank. In late summer, when
seed-fall of most ephemeral and perennial species have already terminated,
seed banks of the patches were different. In early spring, when the seed bank is
poorer, the “borders” of the seed banks of the patches merges.
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