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Seeds ensure the survival and dispersal of the majority of vascular plant species. Seeds
require species-specific germination conditions and display very different germination ca-
pacities using different germination methods. Despite the importance of plant generative
reproduction, little is known about the germination capacity of the seeds of the Pannonian
flora, particularly under field conditions. Our aim was to reduce this knowledge gap by
providing original data on the germination capacity of 75 herbaceous species. We reported
the germination capacity of 8 species for the first time. We also highlighted the year-to-year
differences in the germination capacity of 11 species which could be highly variable be-
tween years. The data regarding the germination capacity of target species, as well as weeds
and invasive species, can be informative for nature conservation and restoration projects.
Our findings support the composition of proper seed mixtures for ecological restoration
and also highlight the importance of testing seed germination capacity before sowing.

Key words: database, germination potential, germination rate, grassland restoration, re-
gional flora

INTRODUCTION

Seeds are crucial in the reproduction and dispersal of plant species, and
are important components of community resilience. Viable seeds germinate
immediately after seed maturation or enter to a dormant state, which can last
from a few days to years, forming a transient or persistent seed bank (Baskin
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and Baskin 1998, Molnar V. ef al. 2015). Dormancy of seeds represents a way
of bridging unfavourable conditions, enabling seeds to germinate only when
all environmental conditions seem suitable for seedling survival (Valko et al.
2014). In this way species and communities can survive unexpected events and
unfavourable environmental conditions, such as fire, flood events or drought
(Akinola et al. 1998, Bossuyt and Honnay 2008, Kimura and Tsuyuzaki 2011).

At the end of the dormant state, active metabolism is resumed and the
seed germinates (Kozlowski 2012). To achieve germination, sufficient mois-
ture supply, suitable temperature and proper aeration of the soil are crucial
(Kozlowski 2012), although some species may have specific requirements
(Baskin and Baskin 1998). For example, hard-coated seeds often require scari-
fication or stratification in order to break their dormancy (Endrédi 2012, End-
rédi et al. 2012, Lovas-Kiss et al. 2015, Patane and Gresta 2006, Valké et al.
2018). In the case of plants used in agriculture the International Seed Testing
Association (ISTA) provides information about species specific requirements
(ISTA 2018). Baskin and Baskin (1998) collected data from germination stud-
ies and formulated suggestions for future experiments. They suggested us-
ing seeds shortly after harvesting, otherwise their germination capacity can
change during storage, or they can enter dormancy. If possible, factors such as
water permeability should be tested, to check whether seeds can take in water
and whether they are able to germinate. Optimal storage conditions are cru-
cial to preserve seeds (Budelsky and Galatowitsch 1999). Baskin and Baskin
(1998) also provided information on inducing germination and increasing
germination rates for some species, and highlighted that several factors, such
as temperature, moisture or salinity have to be tested to identify the most ap-
propriate conditions (Covell et al. 1986, Gulzar and Khan 2001, Huang et al.
2003, Roberts 1988). To maximise germination rates, the most suitable germi-
nation method has to be identified (Peti et al. 2017).

Given that germination conditions are very species-specific, and testing
germination is labour-intensive, data on the germination capacity of species
are scarce. Germination capacity has mostly been studied for agricultural
crops, as well as garden and ornamental plants (ISTA). In spite of the increas-
ing involvement of seed traits in ecological research (Hintze et al. 2013, Kele-
men et al. 2015, 2016, Torok et al. 2013, 2016), we only found two databases,
which contained information about the seed germination capacity of the wild
plant species of the Central European flora (SID — RBGK 2018, HUSEED™
— Peti et al. 2017). The large international plant trait databases lack such in-
formation (LEDA - Kleyer et al. 2008, D° — Hintze et al. 2013). Although many
restoration experiments were conducted with seed sowing in Hungary (Deak
et al. 2011, Tordk et al. 2010, 2011, Valko et al. 2016), local data on germination
capacity were hardly available for the Pannonian flora until recent times. The
first germination percentage data of 744 taxa collected in Hungary were pub-
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lished online in the HUSEED¥!4 database (Peti et al. 2017, hereafter HUSEED).
This database contains information about the germination capacity of seeds of
the Pannonian flora under laboratory conditions, using wetted filter-paper as a
germination substrate. They aimed at maximizing germination success so they
tested multiple germination methods. In the database, they provided germina-
tion capacity data for the most successful germination method. Germination
data was also published for Salvia (Nyaradi-Szabady et al. 1992) and Erysimum
species (Csontos et al. 2010), and for rare and protected herbs such as Vicia bien-
nis (Endrédi 2012, Endrédi et al. 2012), Trifolium vesiculosum (Endrédi 2012) and
Astragalus contortuplicatus (Lovas-Kiss et al. 2015, Molnar V. et al. 2015) and the
recently discovered alien Cochlearia danica (Fekete et al. 2018). Kévendi-Jako et
al. (2016) published germination records for 12 dry grassland species.

However, data on the germination capacity of the Pannonian flora under
near-natural conditions are still scarce. Knowledge of the germination capac-
ity of the regional flora would not only be useful in germination experiments,
but would also provide information for restoration projects. By studying ger-
mination capacity of seeds, we should answer questions such as how a com-
munity would regenerate after a disturbance, or which species could be used
for restoration purposes. Our aim was to provide data regarding the germina-
tion capacity of herbaceous species of the Hungarian flora under near-natural
controlled conditions. Among the analysed species there were target species
of ecological restoration projects and also weeds and invasive species that can
pose problems for nature conservation. We also tested the year-to-year vari-
ability of the germination capacity of 20 species collected from the same popu-
lations in three consecutive years.

MATERIALS AND METHODS

Seeds were collected in the Carpathian Basin between 2006 and 2017 (for
locations and dates, see Tables 1 and 2). Most of the seeds originated from the
Great Hungarian Plain. One species (Erophila verna) was collected in Romania.
Seeds were collected after maturation (Tables 1 and 2) and dry-stored until the
germination experiments. In the case of five short-lived Brassicaceae species
a long time period elapsed between their collection and germination (Miglécz
et al. 2013), but they are known for their long-lived seeds so the longer time
period had no effect on their germination capacity. In the case of the other 70
species, seeds were germinated in the year of collection or in the following
year (details given in Tables 1 and 2). Before germination, seeds were cleaned,
and only intact seeds were used in the experiments. We used 8 cm x 8 cm x 12
cm pots, filled with potting soil. We placed 25, 50 or 100 seeds on each pot. The
pots were ordered randomly and placed under natural light in room tempera-
ture, or were placed in unheated greenhouses. The number of seeds per pot,
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SID
NA
93.8+7.5

HUSEED
18
11.8+7.6*

Year 3
70.3+4.5°
0.0+0.0¢

Year 2
80.3+6.8"
37.7+3.1°
66.7+11.6

Germination capacity (%)
16.7+3.8

Year 1
35.0£10.5%
18.3+0.6°

Year 3
(2016)
02.07

02.07.

Table 2 (continued)

Collection date
Year 2
(2015)
04.06.
16.07.

13.06.

Year 1
(2014)
03.06

22.08.

Source
population
Egyek
Egyek

Salvia austriaca
Salvia nemorosa

Species

Acta Bot. Hung. 60, 2018

96.0

87.5+16.2%

42.0*

54.7+6.6

44.6+58.2
14.6+8.0

24.08.

23.09.

Nagymacs

Scabiosa ochroleuca

NA

9.7+3.2
87.0+3.0

29.07.

19.07.
16.07.
16.07.

15.07.
13.06.
13.06.

Legyesbénye

Securigera varia

78.0£26.9 60.0+12.0 93.0 NA
75.7+1.52 5

72.3+16.4%

23.06.

Egyek

Silene viscosa

NA

6.0

13.0+10.8°

Egyek 01.08.

Thymus glabrescens

the number of replicates and germination
conditions are indicated for each species
in Tables 1 and 2. The pots were watered
with tap water regularly. Seedlings were
counted and removed at weekly intervals.
Nomenclature follows Kiraly (2009).

To study the year-to-year variation of
the germination capacity of 20 common spe-
cies of dry grasslands, we collected seeds in
the same populations in three consecutive
years (Table 2). The yearly variation of the
seed germination capacity of 20 species in
three consecutive years was tested using
one-way ANOVA and Tukey’s tests in R.

RESULTS

We provided data on the germination
capacity of 75 species under controlled con-
ditions, at room temperature or in a green-
house. We reported the germination capac-
ity of 20 species not included in HUSEED
and 26 not included in SID, of which 8 spe-
cies were new to both databases. The mean
and standard deviation of the germination
capacity found in our study is shown in Ta-
ble 1, and, as comparison, mean scores from
HUSEED and SID databases are also given.
The lowest germination capacities — be-
low 5% — were observed for legumes, such
as Trifolium strictum (1.6%), Trifolium re-
pens (3.6%), Trifolium fragiferum (4.0%) and
grasses, such as Tragus racemosus (3.2%) and
Beckmannia eruciformis (4.7%). The highest
germination capacities were recorded for
grasses (Festuca pseudovina, Bromus tectorum
and Hordeum murinum) reaching 97.6%,
98.4% and 100%, respectively.

Year-to-year differences in the germi-
nation capacity of 20 dry grassland species
are shown in Table 2. There were significant
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yearly differences in the germination capacity of 11 species. Rapistrum perenne
had the lowest mean germination capacity (5.9%), having a maximum germi-
nation capacity of 12.3%. Hard-seeded species, such as Securigera varia, Lotus
corniculatus and Salvia nemorosa also had a mean germination capacity below
20%; Salvia nemorosa showed significant differences between years. Cruciata
pedemontana and Podospermum canum had the highest germination capacities
with a mean of 80.1% and 84.8%, respectively.

DISCUSSION

We provided original data on the germination capacity of 75 species of
the Hungarian flora. Compared to the other available germination databases
(HUSEED, SID), we used potting soil as a germination substrate, we did not
regulate the temperature or dark/light periods, and we sowed seeds with-
out any pre-treatment. Thus, our dataset can give important insights into the
germination capacity of plant species under near-natural conditions. This
knowledge will support restoration projects in the composition of ideal seed
mixtures, containing species that can germinate successfully without addi-
tional treatments. Records of the germination capacity of weeds and invasive
species can also be informative in nature conservation projects. Our study also
highlights that germination capacity can be highly variable between years.
This implies that, for successful restoration, the germination capacity of the
sown species should be tested in multiple years, and in large-scale projects
those species should be prioritized that germinate similarly well every year.
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