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We studied the potential role of seed bank in the dynamics of the understorey in a turkey oak-sessile oak 
forest (Querceteum petraeae-cerris) in hungary. We used long-term records of the herb layer (1973–2006) 
and the seed bank composition of 2006 to assess the role of seed bank in the regeneration of herb layer. 
The total cover of herb layer decreased from 22% (1973) to 6% (1988), and remained low (<10%) till 2006; 
coinciding with the increasing cover of secondary canopy dominated by Acer campestre. We found a low 
density seed bank (ca. 1300 seeds/m2). altogether 33 species were germinated from the soil samples. a few 
generalist weed species composed the majority of seed bank. it was possible to assign a seed bank type for 
19 species; 14 species out of 19 was long-term persistent. We found that the characteristic perennial forest 
herbs and grasses had only sparse seed bank. The Jaccard similarity between vegetation and seed bank was 
low (<30%). our results suggest that the continuous establishment of forest herbs are not based on local 
persistent seed bank; it should be based on vegetative spreading and/or seed rain.

Keywords: forest decay – herb species – seed density – seed persistence – seedling emergence

inTroducTion

The herb layer of forests has quick adaptation features which make it a sensible indi-
cator of forest dynamical changes [1]. it is crucial to assess the composition and 
density of seed banks to understand dynamical events and predict the responses of the 
herb layer to disturbance [38, 52, 56, 62]. The seeds in the soil enable the plants to 
survive the unfavourable conditions for the germination and establishment [6, 23]. 
furthermore, the seed bank can determine the direction of secondary succession after 
a disturbance [44] and can ensure information on the past and also predicts future 
changes [42]. The research of forest dynamics [17] and forest seed banks [e.g. 4, 27, 
41] is in the centre of interest. but only a few studies compared seed bank composi-
tion with long-term herb layer records [33].

in our study long-term vegetation records of the herb layer (1973–2006) were 
compared with seed bank of 2006 in a turkey oak-sessile oak forest in hungary. We 
aimed at to test the following hypotheses: (i) The seed bank is composed of a few 
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generalist weed species; the characteristic perennial forest species do not form per-
sistent seed banks [5, 22]. (ii) species richness and seed density of seed banks are 
low; only a few short-lived species form a persistent seed banks [46, 55]. (iii) 
similarity between the forest seed bank and present vegetation is low [48, 51]; the 
seed bank contains seeds of species characteristic to former composition of vegeta-
tion [6]; therefore, the seed bank is more similar to former stages of vegetation than 
to later ones.

maTerials and meThods

Site description and history

The study site was in the Síkfőkút Project Nature Reserve located ca. 6 km NE of 
town eger, in the hilly region of north hungarian mountain range (ca. 47°90’n; 
20°46’e, a.s.l. 320–340 m). The climate is moderately continental with a mean 
annual temperature of 9.9 °c. The mean annual precipitation is between 500–600 
mm, the yearly peak of precipitation is in the may–July period. serious drought 
events were frequent during the studied period. The 64 ha reserve is vegetated with 
an even-aged ca. 100 years old xeric oak forest (Quercetum petraeae-cerris) [25]. 
one-third of the oak trees perished during the 1980s, and canopy gaps were formed 
[26, 39, 40]. These gaps were filled up by shrubs and also a dense second canopy was 
formed by Acer campestre [30, 31].

Sampling setup

cover of vascular herb species were recorded in 33 permanent plots of 4 m × 4 m 
within a quarter-hectare sized area in July of the following years: 1973, 1982, 1988, 
1994, 2000, 2006. Seed bank was sampled after natural winter stratification in the 
same plots after snowmelt in late march, 2006. in each plot 6 soil cores were col-
lected (4 cm diameter and 10 cm depth, in a total volume of 25,000 cm3). We treated 
the samples of all plots separately, which were divided in two vertical segments (0–5 
cm, 5–10 cm). identical segments drilled from the same plot were pooled. a bulk 
reduction procedure was used to reduce sample volume [53]. Vegetative organs were 
retained by washing over a coarse sieve (3.0 mm mesh). Seed-free fine soil compo-
nents were removed on a 0.2 mm fine mesh. Sample volume was reduced by 65–70%. 
Volume reduced samples were spread in a 2–4 mm thick layer on 66 trays, formerly 
filled with 8 cm of steam-sterilized potting soil. Trays were placed under natural light 
in a greenhouse shaded with rachel nets from early may to august. Temperature 
varied typically between 30 °c/18 °c at day/night. seedlings were regularly counted, 
identified then removed [10]. Unidentified seedlings were transplanted. In early July, 
when no new seedlings emerged, watering was stopped; dried sample layers were 



Seed bank and understorey dynamics 111

Acta Biologica Hungarica 61, 2010

crumbled and turned. in early september watering was re-started and continued till 
late october. germination altogether lasted for 37 weeks. seed rain as contamination 
was monitored in sample-free control trays filled with sterilized soil.

Data management

raunkiaer life-forms and grime’s c-s-r strategy groups adapted to the hungarian 
conditions (social behaviour Types) were used for the characterization of herbs [3]. 
based on the social behaviour Types the followings were regarded as ruderals: 
AC-alien competitors, DT-disturbance tolerants, NP-natural pioneers, RC-ruderal 
competitors, W-weeds. We used transient, short-term persistent, and long-term per-
sistent seed bank type classification of Thompson et al. [56]. Species with less then 
three seeds in the samples (less than a density of 12 seeds/m2) were not classified.

spearman rank-correlation was used to compare the species ranks of the cover of 
herbaceous species [49]. similarity of the seed bank and vegetation data was dis-
played by nonmetric multidimensional scaling [35]; similarity was calculated by the 
Jaccard similarity. differences between years in means of cover and species numbers 
were tested using RM ANOVA and in case of significant differences Tukey test was 
used [62].

resulTs

Understorey vegetation

altogether 53 vascular species were recorded in vegetation; out of these 15 species 
were recorded only once during the whole study period. The species composition 
changed substantially during the study period (Table 1). several characteristic forest 
herbs (e.g. Carex michelii, C. montana, Lathyrus niger) were typical in the vegetation 
recording before 1988. from 1988 onwards only sparse cover of forest species were 
detected (Lathyrus vernus, Melica uniflora, Poa nemoralis). several nitrophytes were 
established permanently during the studied period (e.g. Alliaria petiolata, Chelidonium 
majus, Galium aparine and Geranium robertianum). The mean cover of the herb 
layer was 22% in 1973. This score was decreased below 10% and remained low till 
the end of the study (Table 2). The mean number of species significantly decreased 
from 1973 to 1988 (p < 0.001), but we found significant increase from 1988 to 2006 
(p < 0.001, Table 2). We found that the species ranks also changed significantly 
(p < 0.001). The cover of perennial graminoids (e.g. Poa nemoralis and Melica uni-
flora, Carex spp.) decreased remarkably. from 1994 onwards the cover of nitrophil-
ous annuals and short-lived ruderals (e.g. Chelidonium majus, Fallopia dumetorum, 
Geranium robertianum) were increased (Table 1). 
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Table 1
Percentage cover (mean ± SE) of the most frequent 25 species during the studied period

 species sbT fs 1973 1982 1988 1994 2000 2006

Carex michelii g PG 5.9±1.1 3.4±0.8 0.3±0.2
Carex montana s PG 2.8±0.9 1.4±0.5
Dactylis polygama g PG 1.7±0.3 1.0±0.2
Fragaria vesca g PH 0.4±0.1 0.2±0.1
Festuca heterophylla c PG 1.1±0.4 0.4±0.1
Galium schultesii g PH 1.5±0.7 1.2±0.5 1.2±0.7
Lathyrus niger g PH 0.5±0.2 0.4±0.1
Melica nutans g PH 0.4±0.2 0.2±0.1
Melica uniflora c PG 1.4±0.7 0.8±0.3 0.5±0.3 0.3±0.2
Poa nemoralis c PG 4.6±1.1 2.5±0.6 0.5±0.3 0.2±0.2 0.1±0.1
Alliaria petiolata dT PH 0.2±0.1 0.1±0.1
Carex muricata dT PG 0.2±0.1 0.3±0.1
Galium aparine W ah 0.2±0.1 0.5±0.3 0.2±0.1 1.9±0.8
Geranium robertianum dT ah 1.1±0.8 0.5±0.2 0.1±0.1 1.4±0.9
Lathyrus vernus s PH 0.2±0.1 0.1±0.1 0.3±0.1 0.2±0.1
Fallopia dumetorum dT ah 0.5±0.1 0.8±0.3 0.3±0.2 0.2±0.1
Symphytum nodosum g PH 0.2±0.1
Chelidonium majus W PH 0.8±0.5 0.1±0.1 1.3±0.7
Melittis grandiflora g PH 0.1±0.1
Polygonatum latifolium g PH 0.3±0.2 0.4±0.4 0.7±0.5
Veronica chamaedrys dT PH 0.1±0.1
Dictamnus albus s PH 0.1±0.1
Ajuga reptans dT PH 0.2±0.1
Stachys sylvatica g PH 0.2±0.1
Stellaria media dT ah 0.2±0.1

Notations: social behaviour Types (sbT, [3]): c – competitors, dT – disturbance tolerants, g – gen-
eralists, W – weeds, s – stress tolerants. functional species groups (fs) based on morphological catego-
ries and Raunkiaer’s Life-form system: PG – perennial grass, PH – perennial herb, AH – annual herb.

Table 2
Change of vegetation cover and species richness (mean ± SE) in the study period 

1973 1982 1988 1994 2000 2006

cover 22.3±3.2a 12.2±1.9b 5.6±1.3c 4.0±0.8d 1.8±0.5e 7.9±1.4f

species richness 5.8±0.4a 5.5±0.4a 2.4±0.3b 1.8±0.3c 1.0±0.3d 4.2±0.6e

Different superscripted letters refer significant differences between years (RM-ANOVA, p < 0.001).
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Table 3
seed bank composition of the 33 plots in the upper (0–5 cm) and lower (5–10 cm) soil layer (seeds/m2)

species sbT fs 0–5 cm 5–10 cm P

Ajuga reptans dT PH 24 36 3
Ballota nigra W PH  4
Fallopia dumetorum dT ah  8  4 2
Carex michelii g PG 12 1
Carex muricata dT PG 56 68 3
Chenopodium album rc ah 52  8 3
Chenopodium hybridum W ah  4
Chenopodium polyspermum rc ah 133 193 3
Cherophyllum temulum dT ah  4
Cirsium arvense rc PH  4
Cirsium vulgare W PH 32  4 3
Conyza canadensis ac ah 48 28 2
Dactylis glomerata dT PG  8  4 3
Epilobium montanum g PH  8
Epilobium tetragonum g PH  4
Festuca heterophylla c PG  4
Fragaria vesca g PH 24  4 3
Hypericum perforatum dT PH 52 52 3
Lathyrus niger g PH  4
Matricaria maritima W ah  4
Melandrium album W ah  4
Melica uniflora c PG  4
Poa nemoralis c PG 44 20 2
Polygonum lapathyfolium dT PH  4  4
Solanum nigrum W ah  4  8 3
Stellaria media dT ah 40 36 3
Taraxacum officinale rc PH  4
Turritis glabra g PH  8  4 3
Typha angustifolia c PH 52 24 3
Urtica dioica dT PH  8
Verbascum nigrum g PH  4 36 3
Veronica chamaedrys dT PH 36  8 2
Vicia lathyroides NP ah  8  8 3

Abbreviations and notations: the social behaviour Types (sbT) categories by borhidi [3]: ac – alien 
competitors, DT – disturbance tolerants, G – generalists, NP – natural pioneers, RC – ruderal competitors, 
W – weeds. Functional species groups (FS): PG – perennial grass, PH – perennial herb, AH – annual herb. 
The seed bank types (P) of species according to the system of Thompson [56]: 1 – transient; 2 – short-term 
persistent; 3 – long-term persistent.
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Seed bank

altogether 33 species (7 monocots and 26 dicots) emerged from the soil samples. We 
detected a mean seed density of 1.270 seeds/m2. Significantly higher number of seeds 
were detected in the upper soil layer than in lower one (p < 0.05). altogether 44%  
of the total seed bank was detected in the lower layer (Table 3). a limited number  
of species comprised the majority of seed bank. Ten species formed the 80% of  
total seed bank. Chenopodium polyspermum had the highest seed density (ca. 330 
seeds/m2). The proportion of ruderals in total seed density was high (about 80%). out 
of the perennial graminoids only Poa nemoralis (ca. 64 seeds/m2) and Carex muri-
cata (ca. 125 seeds/m2) built up detectably dense seed bank. most of the detected 
species had at most sparse seed banks (Table 3). lower than the half of the detected 
species in the present vegetation (2006) had some seed bank. altogether for 19 spe-
cies was possible to assign a seed bank type, and most of them had long-term persist-
ent seeds (14 species).

Herb layer and seed bank

during the whole study period (vegetation 1973–2006 and seed bank in 2006) 158 
species were detected. There were 17 species in the seed bank which were not record-
ed in the vegetation. among these species Chenopodium album and Typha angustifo-
lia were the most frequent, but with low mean density (60 and 76 seeds/m2, respec-
tively). We found that 37 species of herb layer did not form detectably dense seed 

Fig. 1. nonmetric multidimensional scaling of the species composition of the seed bank and the herba-
ceous vegetation based on Jaccard similarity (stress = 0.27)
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bank. several among them were characteristic forest species detected frequently in 
the vegetation (Melica nutans, Polygonatum latifolium, Stachys sylvatica, and Viola 
hirta). several species (e.g. Chelidonium majus and Geranium robertianum) detected 
in vegetation did not form any seed bank (Table 3).

in 2006, 53 species composed the vegetation and the seed bank. among them 20 
species were found exclusively in the vegetation, while 18 species only in the seed 
bank. There were 15 species both in the vegetation and in the seed bank. The Jaccard 
similarity between vegetation of the studied years and the seed bank was low (ranged 
from 11% to 28%; fig. 1). higher scores than 20% were only detected between seed 
banks and the vegetation records of 1973 and 2006, respectively.

discussion

Density and richness of seed bank

compared to the literature the detected mean seed density of 1.270 seeds/m2 is low. 
in the broadest sense, in dry-mesophilous grasslands several thousand seeds per 
square meter is typical [59]; in wet meadows and dry psammophilous grasslands even 
higher figures are common [37, 38, 57]. In former studies in forest seed banks a wide 
range of density scores were found. Typical seed density in most of the studies range 
from several hundred to several thousand seeds per m2 in the top 10 cm [11, 24]. 
schiffman and Johnson [48] found less than one seed/m2 in different stands of 
Virginian oak forests. in mature beech forests there were found from 1,400 to 21,500 
seeds/m2 [50] and 12,400 seeds/m2 in an oak-beech forest of belgium [5]. in an old-
growth temperate deciduous forest of Quebec there were from 475 to 16,700 seeds/
m2 [34]. kjellsson [29] found from 2,200 to 15,600 seeds/m2 in danish deciduous 
forests. The species richness in the seed bank found in our study, compared to former 
ones was high (33 species). godefroid et al. [19] found 9–24 species in temperate 
forest ecosystem, and only 9–11 species were typical in Quercus spp. dominated 
stands. in mixed coniferous forest Zobel et al. [62] detected 13–29 species.

Species composition of seed banks

We found that 80% of forest seed bank was composed by ruderals. This is well in 
accordance with the results of previous studies [4, 29, 46]. it was formerly found that, 
the seed bank of temperate forests was mainly composed by early successional spe-
cies (characteristic species to clearings), ruderals [4, 5, 22] or rarely by invasive spe-
cies [22]. for typical species of undisturbed habitats, only short term persistence was 
proven [42, 58]. 

The most frequent species was a long-term persistent seeded weed, Chenopodium 
polyspermum. This species is a shade intolerant weed, characteristic to open agricul-
tural areas, and were not detected in the vegetation. as formerly published, the seed 
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bank density of Chenopodium species can exceed 10,000 seeds/m2 [16]. seeds of 
Chenopodium polyspermum – can successfully persist several decades [7, 9, 20, 21, 
23, 47]. on the other hand, it is more likely that the detected weed seeds are origi-
nated from the surroundings by spatial dispersal. closely to the studied forest stand 
abandoned vineyards are situated, where this species is frequently recorded.

many authors suggest that the most shade-tolerant species do not form a persistent 
seed bank [e.g. 4, 22]. Our results support these findings; we found that the seed bank 
of perennial forest grasses and forbs were sparse. The low seed density of these spe-
cies can be explained with predation, because seeds of late successional species are 
large and they are more frequently exposed to predation, than small seeded, early 
successional ones [12, 18]. moreover, perennial grasses and forbs often could survive 
strong shading [28]. in such conditions the regeneration and spreading most of the 
perennial forest species is more likely based on vegetative spreading and reproduc-
tion than on seed bank formation [36].

our third hypothesis was that there is a poor similarity between the present forest 
vegetation and seed bank composition [54, 60]. as it was presented in the review of 
bossuyt and honnay [6], that the species similarity between seed bank and vegetation 
across ecosystems was the lowest in forests with a mean score around 30%. in our 
study only lower scores were found than that. The main causes of low similarity 
between vegetation and seed banks of the forests are: (i) Persistent seeds of ruderal 
species remain viable in the soil for a long time without germination [5, 8, 13, 32]. 
(ii) in low density seed banks, species with small amounts of short-lived seeds with 
clumped horizontal pattern can remain undetected by sampling. (iii) Presence of sev-
eral hygrophytes (e.g. Typha angustifolia) exclusively in seed bank is a further source 
for dissimilarity.

The soil seed bank of the studied oak forest contains many persistent seeds of 
ruderal species. conversely, characteristic forest grasses and forbs do not possess 
dense seed banks. as a consequence, the recovery of former understory typical in the 
early years of the study (1973–1988) is difficult from local seed banks. There are 
some other driving forces such as the increased vegetative propagation [14, 15] and 
seed rain from adjacent areas which have more important influence on the regenera-
tion dynamics of understory in temperate forests than persistent seed bank formation. 
our results suggest that the continuous establishment of forest herbs are not based on 
local persistent seed bank; it should be based on vegetative spreading and/or seed 
rain.

acknoWledgemenTs

The authors are thankful to K. Jámbrik, Zs. Veres, P. Ari, A. Miklós, E. Miklós for their help in field 
sampling and seed germination study. We are thankful to the staff of debrecen university botanical 
garden for providing facilities as well as l. karaffa and e. fekete at department of genetics and applied 
microbiology for sterilizing potting soils. special thanks are due to the workers of botanical garden of 
Debrecen for providing facilities in germination. Research was partially supported by TÁMOP 4.2.1.



Seed bank and understorey dynamics 117

Acta Biologica Hungarica 61, 2010

references

 1. aude, e., lawesson, J. e. (1998) Vegetation in danish beech forests: the importance of soil, micro-
climate and management factors, evaluated by variation partitioning. Plant Ecol. 134, 53–65.

 2. Bhuju, D. R., Ohsawa, M. (2001) Patch implications in the maintenance of species richness in an 
isolated forest site. Biol. Conserv. 98, 117–125.

 3. borhidi, a. (1995) social behaviour types, the naturalness and relative ecological indicator values of 
the higher plants in the hungarian flora. Acta Botanica Hungarica 39, 97–181.

 4. Bossuyt, B., Hermy, M. (2001) Influence of land use history on seed banks in European temperate 
forest ecosystems: a review. Ecography 24, 225–238.

 5. bossuyt, b., heyn, m., hermy, m. (2002) seed bank and vegetation composition of forest stands of 
varying age in central belgium: consequences for regeneration of ancient forest vegetation. Plant 
Ecol. 162, 33–48.

 6. bossuyt, b., honnay, o. (2008) can the seed bank be used for ecological restoration? an overview 
of seed bank characteristics in european communities. J. Veg. Sci. 19, 875–884.

 7. Canham, C. D., Marks, P. L. (1985) The response of woody plants to disturbance, patterns of estab-
lishment and growth. In: Pickett, S. T. A., White, P. S. (eds) The Ecology of Natural Disturbance and 
Patch Dynamics. Academic Press, New York, pp. 197–216.

 8. chang, e. r., Jefferies, r. l., carleton, T. J. (2001) relationship between vegetation and soil seed 
banks in an arctic coastal marsh. J. Ecol. 89, 367–384.

 9. cook, r. (1980) The biology of seeds in the soil. in: solbrig, o. T. (ed.) Demography and Evolution 
of Plant Populations. University of California Press, Berkely, pp. 107–129.

10. csapody, V. (1968) Keimlingsbestimmungsbuch der Dicotyledonen. Akadémiai Kiadó, Budapest.
11. Csontos, P. (2007) Seed banks: ecological definitions and sampling considerations. Community Ecol. 

8, 75–85.
12. decocq, g., Valentin, b., Toussaint, b., hendoux, f., saguez, r., bardat, J. (2004) soil seed bank 

composition and diversity in a managed temperate deciduous forest. Biodivers. Conserv. 13, 2485–
2509.

13. drake, d. r. (1998) relationships among the seed rain, seed bank and vegetation of a hawaiian for-
est. J. Veg. Sci. 9, 815–828.

14. eriksson, o. (1989) seedling dynamics and life histories in clonal plants. Oikos 55, 231–238.
15. eriksson, o. (1993) dynamics of genets in clonal plants. Trends Ecol. Evol. 8, 313–316.
16. forester, e. (1956) ein beitrag zur kenntnis der selbstverjüngung von dauerweiden. Zeitschrift für 

Acker- und Pflanzenbau 100, 273–301.
17. frelich, l. e. (2002) Forest Dynamics and Disturbance Regimes: Studies from Temperate Evergreen-

Deciduous Forests. Cambridge University Press, Cambridge.
18. Gashaw, M., Michelsen, A., Jensen, M., Friis, I. (2002) Soil seed banks dynamics of fire-prone 

wooded grassland, woodland and dry forest ecosystems in ethiopia. Nord. J. Bot. 22, 5–17.
19. Godefroid, S., Phartyal, S. S., Koedam, N. (2006) Depth distribution and composition of seed banks 

under different tree layers in a managed temperate forest ecosystem. Acta Oecol. 29, 283–297.
20. Grime, J. P. (1989) Seed banks in ecological perspective. In: Leck, M. A., Parker, V. T., Simpson,  

r. l. (eds) Ecology of Soil Seed Banks. Academic Press, Inc., London, pp. 15–22.
21. Grubb, P. J. (1988) The uncoupling of disturbance and recruitment, two kinds of seed bank and per-

sistence of plant populations at the regional and local scales. Ann. Zool. Fenn. 25, 23–26.
22. halpern, c. b., evans, s. a., nielson, s. (1999) soil seed banks in young closed-canopy forests of the 

Olympic Peninsula, Washington: potential contributions to understory reinitiation. Can. J. Bot. 77, 
922–935.

23. harper, J. l. (1977) Population Biology of Plants. London, Academic Press.
24. hopfensperger, k. (2007) a review of similarity between seed bank and standing vegetation across 

ecosystems. Oikos 116, 1438–1448.
25. Jakucs, P. (1985) Results of “Síkfőkút Project”. Akadémiai Kiadó, Budapest.
26. Jakucs, P., Mészáros, I., Papp, B. L., Tóth, J. A. (1986) Acidification of soil and decay of sessile oak 

in the “Sikfőkút Project” area (N-Hungary). Acta Bot. Hung. 32, 303–322. 



118 G. Koncz et al. 

Acta Biologica Hungarica 61, 2010

27. kalamees, r., Zobel, m. (1998) soil seed bank composition in different successional stages of a spe-
cies rich wooded meadow in laelatu, western estonia. Acta Oecol. 19, 175–180.

28. kawano, s. (1975) The productive and reproductive biology of flowering plants. ii. The concept of 
life history strategy in plants. J. College of Libertal Arts 8, 51–86.

29. Kjellsson, G. (1992) Seed bank sin Danish deciduous forests: species composition, seed influx and 
distribution pattern in soil. Ecography 15, 86–100.

30. Kotroczó, Zs., Fekete, I., Tóth, J. A., Tóthmérész, B., Balázsy, S. (2008) Effect of leaf- and root-litter 
manipulation for carbon-dioxide efflux in forest soil. Cereal Res. Commun. 36 (Suppl.), 663–666.

31. Krakomperger, Zs., Tóth, J. A., Varga, Cs., Tóthmérész, B. (2008) The effect of litter input on soil 
enzyme activity in an oak forest. Cereal Res. Commun. 36 (Suppl.), 322–326.

32. leary, c. i., howes-keiffer, c. (2004) comparison of standing vegetation and seed bank composition 
one year following hardwood reforestation in south-western ohio. Ohio J. Sci. 104, 20–28.

33. Leck, C. F. (1998) A ten-year seed bank study of old field succession in central New Jersey. J. Torrey 
Bot. Soc. 125, 11–32.

34. leckie, s., Vellend, m., bell, g., Waterway, m. J., lechowicz, m. J. (2000) The seed bank in an 
oldgrowth, temperate deciduous forest. Can. J. Bot. 78, 181–192.

35. Legendre, P., Legendre, L. (1998) Numerical Ecology. elsevier science, amsterdam, The 
netherlands.

36. Matlaga, D. P., Horvitz, C. C. (2009) Growth and survival across a gap-understory gradient: contrast 
in performance of sexually vs. clonally produced offspring. Am. J. Bot. 96, 439–447.

37. Matus, G., Tóthmérész, B., Papp, M. (2003) Restoration prospects of abandoned species-rich sandy 
grassland in hungary. Appl. Veg. Sci. 6, 169–178.

38. Matus, G., Papp, M., Tóthmérész, B. (2005) Impact of management change on vegetation dynamics 
and seed bank formation of inland dune grassland in hungary. Flora 200, 296–306.

39. Mészáros, I., Módy, I., Marschall, M. (1993) Effect of air pollution on the condition of sessile oak 
forests in Hungary. In: Vernet, J.-P. (ed.) Environmental Contamination. studies in environmental 
Science 55. Elsevier Sci. Publ., Amsterdam, pp. 23–35.

40. Mészáros, I., Veres, Sz., Kanalas, P., Oláh, V., Szőllősi, E., Sárvári, É., Lévai, É., Lakatos, Gy. (2007) 
leaf growth and photosynthetic performance of two co-existing oak species in contrasting growing 
seasons. Acta Silv. Lign. Hung. 3, 7–20.

41. Milberg, P. (1995) Soil seed bank after eighteen years of succession from grassland to forest. Oikos 
72, 3–13.

42. Mitlacher, K., Poschlod, P., Rosén, E., Bakker, J. P. (2002) Restoration of wooded meadows – a com-
parative analysis along a chronosequence on Öland sweden. J. Veg. Sci. 5, 63–73.

43. numata, m. (1979) facts, causal analyses, and theoretical considerations on plant succession. 
Vegetation und Landschaft Japans 16, 71–91.

44. Pakeman, R. J., Small, J. L. (2005) The role of the seed bank, seed rain and the timing of disturbance 
in gap generation. J. Veg. Sci. 16, 121–130.

45. Peterson, C. J., Carson, W. P. (1996) Generalizing forest regeneration models: the dependence of 
propagule availability on disturbance history and stand size. Can. J. Forest Res. 26, 45–52.

46. Pickett, S. T. A., McDonnell, M. J. (1989) Seed bank dynamics in temperate deciduous forest. In: 
Leck, M. A., Parker, V. T., Simpson, R. L. (eds) Ecology of Soil Seed Banks. Academic Press, Inc., 
london, pp. 123–145.

47. Priestly, D. A. (1986) Seed Aging: Implications for Seed Storage and Persistence in the Soil. cornel 
University Press, Ithaca, N.Y.

48. Schiffman P., Johnson, W. C. (1992) Sparse buried seed bank in a Southern Appalachian oak forest: 
implication for succession. Am. Midl. Nat. 127, 258–267.

49. sokal, r. r., rohlf, f. J. (1995) Biometry. freeman, new york, usa.
50. staaf, h., Jonsson, m., olsen, l. g. (1987) buried germinative seeds in mature beech forests with 

different herbaceous vegetation and soil types. Holarctic Ecology 10, 268–277.
51. sullivan, k. a., ellison, a. m. (2006) The seed bank of hemlock forests: implications for forest 

regeneration following hemlock decline. J. Torrey Bot. Soc. 133, 393–402.



Seed bank and understorey dynamics 119

Acta Biologica Hungarica 61, 2010

52. Templeton, a. r., levin, d. a. (1979) evolutionary consequence of seed pools. Am. Nat. 114, 232–
249.

53. ter Heerdt, G. N. J., Verweij, G. L., Bekker, R. M., Bakker, J. P. (1996) An improved method for seed 
bank analysis: seedling emergence after removing the soil by sieving. Funct. Ecol. 10, 144–151.

54. Thompson, K., Grime, J. P. (1979) Seasonal variation in the seed banks of herbaceous species in ten 
contrasting habitats. J. Ecol. 67, 893–921.

55. Thompson, k. (1992) The functional ecology of seed banks. in: fenner, m. (ed.) Seeds: The Ecology 
of Regeneration in Plant Communities. cab international, Wallingford, uk, pp. 231–258.

56. Thompson, K., Bakker, J. P., Bekker, R. M. (1997) The Soil Seed Banks of North West Europe: 
Methodology, Density and Longevity. Cambridge University Press, Cambridge, UK.

57. Török, P., Deák, B., Vida, E., Valkó, O., Lengyel, S., Tóthmérész, B. (2010) Restoring grassland 
biodiversity: sowing low-diversity seed mixtures can lead to rapid favourable changes. Biol. Conserv. 
143, 806–812.

58. Turner, m. g. (1989) landscape ecology: the effect of pattern on process. Ann. Rev. Ecol. Evol. S. 20, 
171–197.

59. Valkó, O., Török, P., Matus, G., Tóthmérész, B. (2010) Restoration potential in seed banks of acidic 
fen and dry-mesophilous meadows: can restoration be based on local seed banks? Restor. Ecol. doi: 
10.1111/j.1526-100X.2010.00679.x

60. Warr, J. S., Kent, M., Thompson, K. (1994) Seed bank composition and variability in five woodlands 
in southwest england. J. Biogeog. 21, 151–168.

61. Zar, J. h. (1999) Biostatistical Analysis. Prentice & Hall, Upper Saddle River, New Jersey.
62. Zobel, M., Kalamees, R., Püssa, K., Roosaluste, E., Moora, M. (2007) Soil seed bank and vegetation 

in mixed coniferous forest stands with different disturbance regimes. Forest Ecol. Manag. 250, 
71–76.


	000cimn
	000tart
	000tPREFACE
	001bartha
	003borh
	004gonda
	005hamvasetgonda
	006hide
	007hoohn
	008illyes
	009jambrik
	010kanal
	011kon
	012marsch
	013pinter
	014sarvar
	015surany
	016szalontai
	017szollosi
	018tari
	019tatar
	020toldi
	021vasas
	022vida
	023direct



