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Livestock grazing is the most widespread management tool for sustaining grassland biodiversity worldwide.
Studying grazing effects on the vegetation composition is quite frequent, research on its effects onthe biodiversity
and density of soil seed banks is scarce. We studied the effects of livestock type (e.g., sheep or cattle) and grazing
intensity on the soil seed bank of species-rich sand grasslands. Altogether 25 grazed grasslands classified into four
grazing intensity categories were studied; and their soil seed bank was analysed. We tested the following hy-
potheses: i) Diversity and density of soil seed banks are lower in sheep-grazed sites than in cattle-grazed ones. ii)
Species composition, diversity, and density of the soil seed banks are more strongly affected by grazing intensity
than by the livestock type. We found that sheep grazing sustained a much lower density of total seed bank
regardless to grazing intensity. Livestock type mainly affected the seed bank density, while grazing intensity had
a major significant effect on most of the variables. Most of the studied variables were affected by the interaction
of grazing intensity and livestock type. We emphasise that i) livestock type must be carefully selected and high-
intensity sheep grazing should be avoided in the long-run, and ii) for a sustainable grazing management and to
meet nature conservation goals, grazing intensity and livestock type should be considered simultaneously.

1. Introduction was stressed by several authors that the effect of grazing on the sub-

jected vegetation is strongly dependent on grazing livestock type,

Natural and semi-natural grasslands globally have high conservation
value by acting as refuges for many animal and plant species (Didukh,
2009). They also provide important ecosystem services including food
supply for people and their livestock (Squires et al., 2018). Similar to
other ecosystems, natural and semi-natural grasslands are facing a series
of conservational problems. Besides area loss, the most widespread
problem is the change of management type and intensity in grasslands,
ranging from complete abandonment to overuse in the form of
high-intensity mowing and/or livestock grazing (Torok and Dengler,
2018).

From a conservation perspective, grazing by domestic livestock is
considered to mimic wild grazers and thus it is frequently applied in
sustainable grassland management (Wang et al., 2019; Senn, 2022). It

grazing intensity, and the productivity and diversity of the subjected
grassland (Liu et al., 2015; Fraser et al., 2022; Torok et al., 2024; Errea
et al., 2025). Thus, while grazing is extensively studied globally, it is
difficult to identify general patterns or to form universal recommenda-
tions for the sustainable use of grasslands for many regions and there are
still numerous open questions waiting for answers (Fraser et al., 2022;
Jiang and Wang, 2022). For example, belowground aspects including
the diversity and density of soil seed banks (SSB) are less considered
than aboveground vegetation (but see Dreber and Esler, 2011; Chu et al.,
2019; Li et al., 2024). However, SSBs can play a crucial role in com-
munity resilience and they are considered as ecological memory acting
as a back-up of the community bridging unfavourable conditions
(Perkins et al., 2019; Torok et al., 2020).
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The role of livestock type in understanding the effects of grazing is
less studied than that of grazing intensity, however, it is just as impor-
tant as it affects the biodiversity and sustainability of grasslands (Fraser
etal., 2022; Jiang and Wang, 2022; Torok et al., 2024). In the vegetation
of alkaline grasslands and alpine meadows, Toth et al. (2016) and
Rodriguez et al. (2023), respectively, found that livestock type (cattle or
sheep) is a more crucial driver of vegetation composition than grazing
intensity. However, the opposite was found in sand grassland vegetation
by Kovacsics-Vari et al. (2023). These findings raised the question of
what effect the livestock type and grazing intensity can have on the
composition and density of SSB of sand grasslands. Because the grazing
selectivity and behaviour of sheep and cattle differ, they presumably
have different effects on vegetation composition. For example, sheep
consume plants closer to the ground and prefer vegetative parts, while
cattle prefer reproductive parts but are more selective for vegetation
patches with higher biomass (Metera et al., 2010; Jerrentrup et al.,
2015). In the long run, the difference in grazing behaviour can also
affect the species composition and diversity of the SSBs. Furthermore,
Toth et al. (2016) found that the vegetation of cattle-grazed sites has a
higher functional and taxonomic diversity compared to sheep-grazed
ones. However, these expectations were not confirmed by a former
comparison of sheep and cattle grazing in sand grassland vegetation as
livestock type was found to be a less significant driver of the selected
variables (Kovacsics-Vari et al., 2023). We presumed that these differ-
ences may affect SSB characteristics too (Shi et al., 2022a).

Grazing might affect the SSB in many ways including the followings:
i) by the selectivity for reproductive structures grazing decreases the
local input of seeds (Wentao et al., 2023), ii) via ecto- and endo-
zoochorous dispersal it can transport propagules in and into the sub-
jected communities (Matus et al., 2005; Ozinga et al., 2009; Eichberg
et al., 2007), iii) by their trampling, grazers facilitate the incorpora-
tion of seeds into the soil (Eichberg and Donath, 2018). As livestock
grazing is increasingly used as a conservation and restoration measure in
many regions and habitat types, studying how it affects community
resilience in the form of SSBs is also important from a conservation point
of view. Former studies on the SSB of sand grasslands analysed its
density and species composition and how it changes in response to some
management extremes (e.g., overgrazing and abandonment in sand
grasslands, Matus et al., 2005). To our knowledge, no study has analysed
the composition and density of SSBs in the context of both livestock type
and grazing intensity.

Based on the above considerations and the identified knowledge gap,
we aimed to study the soil seed bank (SSB) in sheep- or cattle-grazed
grasslands used as pastures subjected to multiple levels of grazing in-
tensity. The following hypotheses were tested: i) Diversity and density of
SSBs are lower in sheep-grazed sites than in cattle-grazed ones likely due
to the higher selectivity of sheep for forbs. ii) The species composition,
diversity, and density of the SSBs are more strongly affected by grazing
intensity than by livestock type.

2. Materials and methods
2.1. Study area

The study area is located in the Nyirség region, East Hungary, Central
Europe, where we have selected 25 sand grassland sites for sampling
(App. A). Sand grasslands of the Nyirség are included as “Pannonian and
Pontic sandy steppes” (El.la) habitat types into the EU Habitats
Directive and are critically endangered habitats in Europe. In general,
sand grasslands provide refugia for numerous endemic plant and animal
species (Didukh, 2009; Torok et al., 2018). The Nyirség is characterised
by a moderately continental climate. The mean annual precipitation
ranges between 530 and 680 mm (Doveényi, 2010), and in arid years it
can be even lower than 400 mm (Négyesi, 2018). Mean annual tem-
perature falls between 9.4 and 9.8 °C (Dovényi, 2010). The mean annual
temperature in the year of the vegetation sampling (2021) was 10.8 °C,
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11.8 °Cin 2022, and 12.3 °C in the year of the SSB sampling (2023). On
average, 510 mm precipitation was received in 2021, 500 mm in 2022,
while with 770 mm this figure was higher in 2023 (Hungarian
Meteorological Service, 2025). Typical soil types of the selected sites
are Dystric to Brunic arenosols. The soil pH ranges between 4.45 and
5.71, while humus contents between 0.6 and 2.6 m/m% (Kovacsics-Vari
et al., 2024).

Our study sites belong to the Hortobagy National Park Directorate
and herders lease the area from the directorate; hence they must follow
strict management regulations except for one study site, which is owned
by the local government. The selected sites are characterized by sea-
sonal, pastoral cattle and sheep grazing and their size ranges between
10 ha and 200 ha. Livestock breeds are Merino for sheep, while
Limousin, Hungarian Simmental and Charolais for cattle. The grazing
livestock type and intensity of grazing did not change noticeably during
the study period. The selected pastures were typically commons
belonging to a given settlement and already served this function in the
19th century (Timar and Biszak, 2010). The elevation above sea level
ranges between 102 m and 144 m.

2.2. Vegetation composition of the studied grasslands

In the studied grasslands, characteristic perennial graminoid species
are Festuca pseudovina, F. vaginata, and Corynephorus canescens. Where
livestock grazing is frequent and rather high in intensity, Cynodon dac-
tylon, Bromus hordeaceus, Anthemis ruthenica, and Euphorbia cyparissias
also become typical (Borhidi et al., 2012). The most typical short-lived
forbs of these acidic sand grasslands are Cerastium semidecandrum,
Filago minima, and Myosotis stricta (Borhidi et al., 2012; Jentsch and
Beyschlag, 2003). Furthermore, other perennial forb species sensitive
to disturbance such as Pulsatilla flavescens, or Anacamptis morio can also
be found in the most valuable stands of these grasslands (Borhidi et al.,
2012). In grazed sites, some spiny and/or highly unpalatable forbs, e.g.,
Verbascum phlomoides, V. densiflorum, and Eryngium campestre can reach
relatively high cover. Native weeds including Chenopodium album,
Polygonum aviculare and some aliens like Ambrosia artemisiifolia, Conyza
canadensis, Setaria viridis, or Digitaria sanguinalis can also be detected
(App. C).

2.3. Experimental design

We selected 25 grazed sand grassland sites in the municipality of
eight settlements (App. B). The 25 sites were classified into four grazing
intensity categories based on information on grazing intensity provided
by national park rangers. We classified the grazed sites first into two
main categories based on livestock units/ha data (LU/ha). Then we
further refined the categories by considering the distance of the sites
from frequently visited points (e.g., watering places). We counted the
number of animal droppings to confirm the presence of livestock (see
classification in App. A). In each selected site, we designated
10 m x 10 m quadrats. We selected five 4-m?-sized plots arranged in a
regular pattern within the 10 m x 10 m quadrats to obtain a more
uniform heterogeneity of the samples in the sampling sites (see sampling
design in App. B). We selected 10 m x 10 m quadrats closer and further
away from frequently visited places. In selecting quadrats, we consid-
ered the followings: i) Verges of dirt roads and ditch banks should be
avoided. Based on the visual detection of the vegetation patches, we
deemed 10 m as a minimum distance from the verges. ii) We avoided
sites where large bare ground patches were created by activities other
than grazing. iii) At the small scale, we did not sample patches covered
by dung of cattle to avoid bias in SSB data. We had altogether 13 sam-
pling sites grazed by cattle and 12 grazed by sheep, 11 grazed by a
higher LU/ha, 14 grazed by a lower LU/ha, 12 sampling sites being
further away from the frequently visited places while 13 being closer to
the frequently visited places.
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2.4. Sampling and management of the samples

In the selected 4-mZ2-sized plots we recorded the percentage cover of
vascular plant species and collected SSB samples. Recording of per-
centage cover data was implemented in 2021 from late May to early
June, at the peak of the vegetation period. Soil samples for SSB analyses
were collected in the spring, early March 2023 using core samplers. We
had altogether 125 vegetation plots and also collected 125 pooled SSB
samples from the plots in 25 sites with five replications each (App. B).
For SSB, six cores (4 cm diameter, 10 cm depth, 126 cm® of volume)
originating from the same plot were pooled for germination and ana-
lyses. We used the seedling emergence method by Ter Heerdt et al.
(1996). Samples were concentrated by sieving, then spread in a thin
layer on the surface of steam-sterilised potting soil. The pots containing
the samples were placed in a greenhouse without heating. We also used
three pots without a sample layer as control, to detect airborne species
not being part of the SSB samples. The germination period lasted from
early April to mid-November with two sub-periods (a spring period from
early April to the end of June and an autumn period from the end of
August to mid-November with the inclusion of a mid-summer germi-
nation break). Seedlings were regularly counted, identified and then
removed from the pots. Unidentified individuals were transplanted to
separate pots for later identification. Seedlings and transplanted in-
dividuals were regularly checked for appropriateness of soil conditions,
detection of decaying plants caused by fungus infections or damage
created by molluscs or insects. The frequency of regular checking was
higher during the hot weeks to avoid the expected higher mortality by
careful watering and manual ventilation of the greenhouse. To mimic
summer drought, when no further seedlings emerged, watering of the
soil samples was stopped, and only the transplanted individuals were
watered between early July and the end of August. The watering break
of SSB samples coincided with the typical summer drought in the region
and likely enhanced the germination vigour of species requiring a
heat-stratification (Baskin and Baskin, 1998). Before the watering break,
all seedlings were removed or transplanted from the pots. After
mid-November, conditions are not suitable for further germination (low
temperatures and short daylight period), therefore we stopped the
germination and prepared the transplanted individuals for over-
wintering. Seedlings were identified based on the nearly 20 years of
experience of the senior author, and the identification was supported by
a photo collection of seedlings at the Department of Ecology, University
of Debrecen. We also used the reference works of Csapody (1968), and
Muller (1978) for the identification of seedlings. Nomenclature follows
Euro + Med PlantBase (Euro-+Med, 2006).

2.5. Data collection and processing

Several species groups were pooled during the data processing. Eq-
uisetum species (E. arvense, E. ramosissimum) were omitted from the
comparison of vegetation and seed bank data as these species do not
have seeds. We were not able to differentiate small Filago individuals in
the field, so F. minima and F. arvensis were pooled in the analyses, the
same hold for Geranium molle and G. pusillum and for Polygonum arena-
rium and P. aviculare. We were not able to grow some seedlings of
Teucrium species due to their high mortality, so we pooled them as
T. chamaedrys/scordium. It was also not possible to grow seedlings of
Viola arvensis and V. kitaibeliana until flowering, so we pooled them for
the analyses.

We classified the identified plant species of the SSB into four morpho-
functional groups based on life forms and morphological characteristics
provided by Kiraly (2009) and Sonkoly et al. (2023). These were
perennial graminoids, perennial forbs, short-lived graminoids, and
short-lived forbs. Annual and biennial species were considered as
‘short-lived’, while all other long-lived species were considered as
‘perennial’.
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2.6. Data analyses

We compared the composition of vegetation and seed banks using a
PCA (Principal Component Analysis) ordination visualised in CANOCO
5.0. Livestock type (categorical variable) and levels of grazing intensity
(ordinal variable) as independent variables (fixed factors) and site
identities (random factor) were included for calculating generalized
linear mixed models (GLMM, Poisson probability distribution, loglink
function). To improve normality of count data, logarithmic trans-
formation of data (log (x+1)) was used integrated into loglink function
of SPSS. Dependent variables of the GLMMs are summarized in Table 1.
All univariate statistics were calculated using SPSS 26.0 program
package (IBM Corp, 2019). The Bonferroni-Holm method (Holm, 1979)
was applied to control family-wise error rate by adjusting the raw p
values within each family of related response variables. For the
Bonferroni-Holm correction we used the R environment (version 4.3.2)
(R Core Team, 2023).

3. Results
3.1. Species composition of the vegetation and the seed bank

We identified altogether 192 vascular plant species in the vegetation
and the soil seed banks; 137 species were found in the vegetation while
126 species in the SSB (66 species only in the vegetation, 71 species both
in the vegetation and the SSB, while 55 species only in the SSB, App. C).
In addition, three further species (Epilobium sp., Oxalis sp., Sonchus
oleraceus) emerged, but were considered as contamination because they
were found in the control pots and therefore omitted from further ana-
lyses. Of the most frequent species, Anthemis ruthenica, Arenaria serpyl-
lifolia, Cerastium semidecandrum, Cynodon dactylon, Erigeron canadensis,
Myosotis stricta, Poa angustifolia, Potentilla argentea, Potentilla incana,
Rumex acetosella, Scleranthus annuus, Veronica arvensis, Veronica verna,
and Vicia lathyroides were detected both in the vegetation and the seed
banks. In the vegetation, Cerastium pumilum subsp. glutinosum, Chondrilla
juncea, Crepis rhoeadifolia, Hypochoeris radicata, and Spergula pentandra
were not detected in the soil seed bank. In contrast, from the most
frequent seed bank species Eragrostis pilosa, Portulaca oleracea, and

Table 1

Effect of grazing intensity, livestock type and their interaction on species di-
versity and density of seed banks of grazed sand grasslands (GLMM). Notations:
marginally significant effects (p < 0.1) were denoted with italics, significant
effects (p < 0.05) with boldface. The trends of significantly affected dependent
variables are shown in figures and App. D. Family-wise error rate was controlled
by applying Bonferroni-Holm correction to the raw p values within each family
of related response variables.

Characteristics Livestock type Grazing intensity Livestock type x

Grazing intensity

F1,117  PHom F3117 PHolm F3117 PHolm

Shannon diversity 0.748 1.000 3.266 0.143 4.038 0.054

Evenness 0.001 1.000 0.966 1.000 1.749 0.321
Species richness
Total 1.780 1.000 2.691 0.247 7.208 0.001

Short-lived forb 0.855 1.000 1.459 0.917 2.344 0.229

Short-lived 0.876 1.000 5.953 0.006 1.751 0.321
graminoid
Perennial forb 1.060 1.000 0.506 1.000 3.557 0.083
Perennial 0.889 1.000 0.013 1.000 3.534 0.083
graminoid
Seed bank density
Total 7.030 0.045 3.117 0.029 98.919 <0.001
Short-lived forb 0.015 1.000 26.154 <0.001 21.274 <0.001
Short-lived 0.280 1.000 6.861 <0.001 20.347 <0.001
graminoid
Perennial forb 3.092 0.325 26.468 <0.001 62.217 <0.001
Perennial 0.514 1.000 11.003 <0.001 58.055 <0.001
graminoid
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hygrophyte species like Typha angustifolia and all the detected Juncus
species were present only in the seed bank (App. C).

We compared the species composition of vegetation and soil seed
banks of the grazed grasslands using a PCA ordination (Fig. 1). We found
that vegetation and seed bank compositional data were quite well
separated from each other. The vegetation of X19-X21 sites formed a
relatively distinct point cloud in the ordination and were characterised
by a higher frequency of Jasione montana. No discrete clustering of
vegetation and seed bank composition was detected based on either
livestock type or grazing intensity except of the sites X19-X21 which
were cattle-grazed ones.

Q
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Fig. 1. Vegetation and seed banks of the studied 25 sand grassland sites dis-
played by a PCA ordination. The ordination was based on a presence-absence
dataset, where frequency data was used (the number of plots/soil samples
per site where the species occurred were summarized, the frequency was
0 when the species was not detected in any plots/soil samples, and 5 when the
species was present in all plots/soil samples). The 30 most frequent species
either in the vegetation or the seed banks were filtered and added to the
ordination diagram (altogether 46 species are shown, 14 frequent species were
present both in vegetation and seed banks). The cumulative species variance
explained by the four axes of ordination was 46.13. The names of the species
follow a four-letter abbreviation of the genus, and a four-letter abbreviation of
the species names as follows: ACHICOLL = Achillea collina,
ANTHRUTH = Anthemis ruthenica, ARENSERP = Arenaria serpyllifolia, BROM-
HORD = Bromus hordeaceus, CAREHIRT = Carex hirta, CAREPRAE = Carex
praecox, CARESTEN = Carex stenophylla, CERAGLUTI = Cerastium pumilum
subsp. glutinosum, CERASEMI = Cerastium semidecandrum, CHONJUNC =
Chondrilla juncea, CREPRHOE = Crepis rhoeadifolia, CREPTECT = Crepis tecto-
rum, CRUCPEDE = Cruciata pedemontana, CYNODACT = Cynodon dactylon,
ERAGPILO = Eragrostis pilosa, ERIGCANA = Erigeron canadensis, ERYNCAMP =
Eryngium campestre, ERYSDIFF = Erysium diffusum, FESTPARV = Festuca
valesiaca subsp. parviflora, FILAARVE = Filago arvensis, HYPERPERF

=Hypericum  perforatum, HYPORADI = Hypochoeris radicata,
JASIMONT = Jasione montana, JUNCARTI = Juncus articulatus,
JUNCBUFO = Juncus bufonius, JUNCCOMP = Juncus compressus,
JUNCEFFU =  Juncus effusus, JUNCINFL = Juncus inflexus,

MYOSSTRI = Myosotis stricta, PETRPROL = Petrorhagia prolifera, PLANLANC =
Plantago lanceolata, POA_ANGU = Poa angustifolia, POA_BULB = Poa bulbosa,
POLYAVIC = Polygonum aviculare, PORTOLER = Portulaca oleracea, POTEARGE
= Potentilla argentea, POTEINCA = Potentilla incana, RUMEACES = Rumex
acetosella, SCLEANNU = Scleranthus annuus, SPERPENT = Spergula pentandra,
TRIFARVE = Trifolium arvense, TYPHANGU = Typha angustifolia, VERBPHLO =
Verbascum phlomoides, VEROARVE = Veronica arvense, VEROVERN = Veronica
verna, VICILATH = Vicia lathyroides. Explanation of the site codes in order of
appearance in the abbreviations: first letter- C = cattle or S = sheep then X1-
X25 site codes and the last letter is V = vegetation or S = seed banks. Graz-
ing intensities are denoted with different colours: green = 1, blue = 2,
orange = 3, and red = 4).
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3.2. Seed bank density

Altogether 9507 seeds germinated from the samples; the average SSB
density (mean) of sheep-grazed sites was 7748 seeds/m?, while the
density was 12,247 seeds/m? in cattle-grazed sites. The 20 most
frequent species were the followings (see total seed numbers in the
brackets): Rumex acetosella (1666), Filago minima (592), Potentilla
argentea (582), Juncus articulatus (534), Carex praecox (509), Juncus
compressus (487), Juncus bufonius (437), Cerastium semidecandrum (419),
Portulaca oleracea (327), Veronica verna (272), Scleranthus annuus (258),
Arenaria serpyllifolia (253), Jasione montana (246), Juncus inflexus (235),
Conyza canadensis (214), Juncus effusus (179), Potentilla arenaria (134),
Anthemis ruthenica (124), Ambrosia artemisiifolia (120), Verbascum phlo-
moides (110). See further data on the seed densities in App. C.

3.3. Effect of livestock type on the seed bank

The main effect of livestock type was not significant on any of the 15
most abundant species in the SSB (Table 2, App. D, lower scores for
sheep-grazed sites regardless of grazing intensity). Regarding total SSB
density, the main effect of livestock type was significant; and we found
higher seed densities in cattle-grazed sites with a striking difference at
the second and particularly at the fourth level of grazing intensity
(Fig. 2A).

3.4. Effect of grazing intensity on the soil seed bank

Grazing intensity had a significant main effect on many of the studied
variables except for most diversity measures and the species richness
characteristics of morpho-functional groups (Table 1). Total species
richness was higher at the second level of grazing intensity compared to
the first level (Fig. 3A). While Shannon diversity was higher at the
second grazing intensity level compared to the first one (Fig. 3B), no
clear pattern was found for evenness (Fig. 3C). Species richness of short-
lived graminoids was significantly lower at the first level compared to
the other levels, but the richness of other functional groups were not
affected by the main effect of grazing intensity (Table 1, Fig. 4). The seed
density of all morpho-functional groups was significantly affected by the
main effect of grazing intensity (Table 1, Fig. 2). The seed density of

Table 2

Effect of grazing intensity, livestock type and their interaction on the density of
soil seed banks of species with the highest cumulative seed numbers on the
studied grazed sand grasslands (GLMM; species with >200 viable seeds detected
in the 25 sites in total were tested). Notations: marginally significant effects
(p < 0.1) were denoted with italics, significant effects (p < 0.05) with boldface.
Family-wise error rate was controlled by applying Bonferroni-Holm correction
to the raw p values within each family of related response variables.

Seed bank density Livestock type Grazing intensity Livestock type x
Grazing intensity
F1,117  PHolm F3117 DHolm F3117 DHolm
Rumex acetosella 6.232 0.209 24.431 <0.001 50.362 <0.001
Filago minima 3.748 0.774 1.151 1.000 1.620 0.754
Potentilla argentea 0.183 1.000 6.708 <0.001 38.585 <0.001
Juncus articulatus 0.202 1.000 10.700 <0.001 26.160 <0.001
Carex praecox 0.185  1.000 2.985 0.205 6.623 0.003
Juncus compressus 3.176 1.000 0.163 1.000 8.336 <0.001
Juncus bufonius 0.025 1.000 2.033 0.565 18.805 <0.001
Cerastium 0.015  1.000 0.502 1.000 3.623 0.091
semidecandrum
Portulaca oleracea 0.015 1.000  35.027 <0.001 3.147 0.139
Veronica verna 1.004 1.000 3.322 0.156 0.749 1.000
Scleranthus annus 0.080 1.000 25.767 <0.001 8.571 <0.001
Arenaria 2.143 1.000 10.324 <0.001 1.492 0.754
serpyllifolia
Jasione montana 1.472 1.000 0.107 1.000 0.104 1.000
Juncus inflexus 1.390  1.000 4.847 0.028 5.351 0.012

Erigeron canadensis 0.036  1.000 4.871 0.028  20.905 <0.001
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short-lived forbs (Fig. 2B), perennial forbs (Fig. 2D), and perennial
graminoids (Fig. 2E) was much higher in cattle-grazed sites at the fourth
level of grazing intensity compared to the other levels. Considering the
15 most abundant species, the SSB densities of eight species were
affected by the main effect of grazing intensity (Table 2). The responses
of species were highly species-specific and strong interactions were
detected (App. D).

3.5. Effect of interaction of grazing intensity and livestock type on the soil
seed bank

We found that in most cases where the main effect of grazing in-
tensity on dependent variables was significant, the interaction effect of
livestock type and grazing intensity was also significant (Table 1). The
total species richness was significantly affected by the interaction of
livestock type and grazing intensity, displaying an increasing trend with
increasing grazing intensity at cattle-grazed sites and a decreasing trend
at sheep-grazed sites (the total richness of the seed bank was markedly
higher for cattle-grazed sites than for sheep-grazed ones at grazing in-
tensity levels 2-4). The interaction of livestock type and grazing in-
tensity also had a significant effect on the seed bank density of all
morpho-functional groups (Table 1). Increasing SSB density values
were detected along an increase in grazing intensity in cattle-grazed
sites, while mostly decreasing or unaltered values were found with
increasing levels of sheep grazing (Fig. 2). From the 15 most abundant
species, the seed bank density of 9 species was affected by the interac-
tion of intensity and livestock type (Table 2). The SSB density of most
Juncus species increased with increasing grazing intensity in case of
cattle grazing (App. D). The seed bank density of some abundant small-
sized short-lived species like Cerastium semidecandrum or Scleranthus
annuus showed different patterns for cattle and sheep grazing. While the

abundance of C. semidecandrum increased in cattle-grazed sites and
decreased in sheep-grazed ones with increasing grazing intensity
(marginally significant interaction effect), that of S. annuus showed an
opposite trend peaking at the most intensively grazed sheep pastures
(Table 2, App. D).

4. Discussion
4.1. Effect of livestock type on the SSB

We partly confirmed our first hypothesis that sheep-grazed sites have
lower SSB diversity and density compared to cattle-grazed ones. The
total density of SSBs (at all intensity levels) was lower in sheep-grazed
sites compared to cattle-grazed ones. However, the diversity metrics
and the SSB density of functional groups and individual species were not
affected by the main predictor ‘livestock type’. However, the interaction
of grazing intensity and livestock type was significant also for the total
species richness of the SSBs, and on the SSB density of all the studied
morpho-functional groups (Table 1). This means that the values of these
dependent variables showed a different pattern to the increase of graz-
ing intensity in cattle and sheep-grazed sites.

Considering the species-specific results, it was also found that from
the 15 most abundant species, none of the species was affected by the
main effect of livestock type. According to Shi et al. (2022a), most
studies addressing grazing and seed bank have no information about the
livestock type. Studies addressing grazing and vegetation provide more
information in this respect. Metera et al. (2010) and Jerrentrup et al.
(2015) found that sheep have a higher selectivity for forbs, which
leads to higher functional and taxonomical diversity in the vegetation
for cattle grazing (Toth et al., 2016). We could not confirm the overall
higher diversity for SSB in our study, although the species richness of
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cattle-grazed sites exceeded that of sheep-grazed ones from the 2nd to
the 4th level of grazing intensity (Fig. 3). However, total seed density
was significantly higher in cattle-grazed sites, which is probably due to
cattle being less selective for forbs. Moreover, sheep consume small in-
dividual plants and bite very close to the ground using their incisors in
contrast to cattle (Metera et al., 2010; Jerrentrup et al., 2015), which
presumably opens more gaps in the vegetation, and increases germina-
tion in the created gaps that can reduce the SSB density. Cattle are less
selective for individual plants but selective for patches with higher
biomass due to their feeding strategy as well: cattle use their tongue
wrapping the plants (Rook et al., 2004; Jerrentrup et al., 2015). Lower
selectivity of cattle can result in more plants ripening seeds, for example,
short-lived forbs ripening small-sized seeds in large amounts (Coomes
and Grubb, 2003). Moreover, short-lived forbs can reach higher abun-
dance in the SSB compared to perennial forbs (Shi et al., 2022b).

We found that the pattern in the seed density of short-lived forbs
closely resembles the total seed density pattern along grazing intensity
levels in case of cattle grazing. It suggests that both the seed density of
short-lived forbs and total seed density are positively affected by the
proximity of frequently visited places (the second and the fourth levels
of grazing intensity). Despite the patterns found, seed density of short-
lived forbs was not significantly affected by livestock type only in
interaction with grazing intensity. However, it does not mean that cattle
grazing compared to sheep grazing increases the seed density of short-
lived forbs in general, because the effect was highly species-specific
and some short-lived species (e.g., Scleranthus annuus) benefitted from
the increasing intensity of sheep grazing. Sheep grazing was found to
increase the biomass of short-lived, weedy forbs in sand grasslands when
grazing intensity was higher, especially when frequently visited places
were closer (Kovacsics-Vari et al., 2024). In addition, grazing-driven

changes in biomass can increase the similarity between aboveground
vegetation and SSB in the long run (Sanou et al., 2018; Zida et al., 2020).
This is probably because the formerly mentioned feeding strategy makes
cattle less selective, not only for forbs (Rook et al., 2004; Jerrentrup
et al., 2015). Our findings draw the attention to the careful planning
of grazing management (grazing intensity, livestock type, and probably
the arrangement of grazing lands) if we wish to prevent the accumula-
tion of seeds of species which are undesirable from a conservation point
of view.

4.2. Effect of grazing intensity on the SSB

We found that grazing intensity had a significant main effect on some
of the diversity measures, on the SSB density of all plant functional
groups. On the other hand, only the total seed bank density was affected
by the main effect of ‘livestock type’. Thus, we confirmed the second
hypothesis that the species composition, diversity, and density of the
SSBs are more strongly affected by grazing intensity than by livestock
type. To our knowledge, no previous study compared the effect of
livestock type and grazing intensity on the SSB. Former studies
addressed the aboveground vegetation and had contrasting results; some
previous studies conducted in sand grasslands agree with our results
(Kovacsics-Vari et al., 2023) while some others conducted in different
grassland types contradict them (Toth et al., 2016 — alkaline grasslands;
Rodriguez et al., 2023 - mountain grasslands). However, it is important
to stress that in most cases a significant effect of the interaction of
livestock type and grazing intensity was also detected. Considering the
above-mentioned results, we clearly demonstrated that livestock type
and grazing intensity are both important drivers of the diversity of
vegetation and seed banks. It is also important to mention that several
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former studies have demonstrated that effects of grazing intensity and
livestock type are also highly dependent on the type of the subjected
grassland (Rook et al., 2004; Fraser et al., 2022; Jiang and Wang, 2022;
Torok et al., 2024).

Regardless of livestock type, former studies found that the amount of
green biomass and litter was lower at higher grazing intensities
(Mangano et al., 2019; Kovacsics-Vari et al., 2023), and dominant spe-
cies were supressed by grazers (Salguero-Gomez, 2017) which promotes
the seed bank formation of morpho-functional groups consisting of
subordinated species. This explanation can be confirmed by our study as
species richness and Shannon diversity were higher at the second level of
intensity compared to the first level. According to the meta-analysis by
Shi et al. (2022a), light grazing can increase species richness in the SSB.
We found that both species richness and Shannon diversity were
significantly higher at the second level of grazing intensity than at the
first level and we detected no further increase in these variables at
higher intensity levels that can confirm Shi et al. (2022a).

In contrast, we cannot confirm the result by Shi et al. (2022a) that
SSB density is higher at lower intensity of grazing. When grazing in-
tensity was higher, SSB density was found to be lower both in mesic and
dry habitats including not only grasslands (Shi et al., 2022a). These
findings were confirmed (Zhao et al., 2011) as the consumption of plants
can reduce the number of seeds. In contrast, seed production can also be
higher when grazing intensity is higher (Grime, 2002; Klimkowska et al.,
2009). In our study, grazing intensity was found to be a stronger driver
of the SSB density than livestock type, but this may only be the case in
the selected type of acidic sand grasslands. When grazing intensity is
lower, there is no intensive consumption of plants, hence seeds are saved
(Zhao et al., 2011) but the amount of accumulated litter is also higher
(Mangano et al., 2019; Kovacsics-Vari et al., 2023). As litter can act as a
seed trap (Ruprecht and Szabo, 2012), litter accumulation at low grazing
intensity may hinder seeds from being incorporated into the soil and
therefore entering the SSB.

The assessment of grazing intensity can differ from study to study,
which affects the interpretation of the results (Rodriguez et al., 2023).
For example, we considered the LU/ha and also the proximity to
frequently visited places (a combination of intensity expressed in LU/ha
and the frequency of visits). In our study, when the distance to
frequently visited places is lower (second and fourth levels of grazing
intensity), the seed bank density of short-lived forbs is higher. In
contrast, the density of perennial forbs is higher when the distance to
frequently visited places is higher (first and third levels of grazing in-
tensity). Therefore, we found fluctuations for perennial and short-lived
forbs along the grazing intensity levels. According to the meta-analysis
of Diaz et al. (2007), the abundance of short-lived forbs increases in
the aboveground vegetation when grazing intensity is higher, while that
of perennial forbs decreases. A meta-analysis of SSB found that
short-lived forbs were not affected by grazing, while the density of
perennial forbs was decreased by grazing (Shi et al., 2022a). In contrast,
Li et al. (2024) found that perennial forbs were not affected while the
density of short-lived forbs was higher at higher grazing intensity levels
(at a soil depth of 0-5 cm). The higher density of short-lived forbs was
also confirmed by Dreber and Esler (2011). In our study region (Nyirség,
Hungary), the aboveground biomass of sand grasslands was also studied
along a gradient of grazing intensity, but contrary to our results, no
contrasting effects of grazing on short-lived and perennial forbs were
found (Kovacsics-Vari et al., 2024). This confirms the different role of
certain species or functional groups in seed bank and in vegetation
(Klimkowska et al., 2009). The differences in seed density and the
impoverishment of SSB related to frequently visited places can give a
sensible reason for shifting the position of frequently visited places
within a pasture. These differences can also give a sensible reason for
planning grazing exclusion at the frequently visited places as grazing
exclusion contributes to positive changes both in seed density and di-
versity (Su et al., 2026).

Surprisingly, perennial graminoids were represented with the
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highest seed bank density at the highest level of grazing intensity in
cattle-grazed sites (Fig. 2E). The opposite was found in studies
addressing either aboveground vegetation or seed bank (see e.g., Chu
et al., 2019; Li et al., 2024). This contradiction can be explained by
the perennial Juncus spp. which represent a high seed density in our
studied sites (see App. C). In mesic to wet grasslands in years with high
rainfall and/or after a high decrease in vegetation cover (e.g. by
burning), Juncus species can emerge from the soil seed banks (where
they are likely abundant) with a higher success in the gaps formed and
produce a high number of persistent seeds. Juncus species can be found
with high densities in wet grasslands (Bossuyt and Honnay, 2008). In the
studied types of grasslands, it is more likely that seeds of Juncus species,
together with other small-seeded hygrophytes are dispersed by wind or
by grazing animals from deep-lying dune slacks covered by hygrophyte
vegetation (Matus et al., 2005).

4.3. The effect of the interaction of livestock type and grazing intensity on
the SSB

The most interesting results were the interactions between livestock
type and grazing intensity. Surprisingly, many studied dependent vari-
ables were significantly affected by the interaction of grazing intensity
and livestock type. The difference in total species richness and seed bank
density and in the richness and density of perennial species in the seed
banks between cattle and sheep-grazed sites became more pronounced
at the higher grazing intensity levels on the benefit of cattle-grazed sites.
These findings are in line with results found for aboveground vegetation
comparing sheep and cattle grazing in other types of grasslands. For
example, Toth et al. (2016) found lower richness and diversity in
sheep-grazed pastures compared to cattle grazing in short-grass steppes.
The lower taxonomic richness and lower amount of forb species were
also found by other authors for sheep-grazed pastures (Pykala, 2005;
Jerrentrup et al., 2015). The detected differences between cattle and
sheep grazing are explained by the higher selectivity of sheep for sub-
ordinated forbs in grassland communities (Dumont et al., 2011). How-
ever, for example Kovacsics-Vari et al. (2023) found no effect of
livestock type on the species richness and diversity of sand grassland
vegetation, but the interactions between livestock type and grazing in-
tensity were found to be also significant. These discrepancies can be
explained by the species-specific effects of grazing, found also in our
study that species in the soil seed bank displayed different responses to
the interaction of livestock type and grazing. While for many abundant
species, we found higher SSB densities in cattle-grazed pastures or
detected an increasing trend of their seed bank densities along an
increasing intensity of cattle grazing (i.e. Rumex acetosella, Juncus spe-
cies, or Cerastium semidecandrum), some other species displayed the
opposite trend (Scleranthus annuus). This highlights the fact that grazing
responses should be carefully considered and compared also at the
species level.

5. Conclusions and implications for conservation

Importantly, we found that seed bank characteristics were more
strongly affected by the main effects of grazing intensity than by live-
stock type, but i) seed density was rather livestock-type dependent,
especially closer to the frequently visited places and ii) the interaction
between grazing intensity and livestock type significantly affected many
of the studied variables. Although the seed density of short-lived forbs
was not significantly affected by the main effect of livestock type, their
seed density was significantly higher in sites that are closer to frequently
visited places, especially in case of cattle grazing at the highest level of
grazing intensity. These findings raise the question of the adequate
grazing frequency and the good arrangement of the drinking points,
resting points and barns in grazing lands, especially ones that are small
and/or situated near human-made habitats facilitating the encroach-
ment of weeds and invasive species. We have also found that sheep
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grazing tended to decrease the total seed bank density especially at
higher grazing intensities compared to cattle grazing. Also, with
increasing grazing intensity of sheep, the total species richness and the
Shannon diversity showed a decreasing trend compared to cattle graz-
ing. Thus, high intensity sheep grazing should be avoided in sites rich in
forbs. We emphasise that for a sustainable grazing management and to
achieve nature conservation goals, grazing intensity and livestock type
need to be considered simultaneously.
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