Pre prints.org

Article Not peer-reviewed version

TheEffect of Different Soil Parameters
on the Germination Of New Grass
Species Applicable to Urban
Environments. Germination of Festuca
Taxa Under Greenhouse Conditions

Tinde Szab6-Szollési, Eva Horvathné Baracsi, Péter Csontos , Laszlé Papp , Szilvia Kisvarga , Laszlé Orléci

, Judit Hazi i , Zoltan Kende , Dénes Salata , Akos Tarnawa , Katalin Rusvai , Karoly Penksza

Posted Date: 4 July 2024
doi: 10.20944/preprints202407.0364 v1

Keywords: germination; Poaceae; soil; sandy grassland; taxonomic clarification

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3099613
https://sciprofiles.com/profile/2002794
https://sciprofiles.com/profile/2003399
https://sciprofiles.com/profile/2062674
https://sciprofiles.com/profile/1837135
https://sciprofiles.com/profile/2458547
https://sciprofiles.com/profile/2135619

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0364.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
The effect of Different Soil Parameters on the

Germination Of New Grass Species Applicable to
Urban Environments. Germination of Festuca Taxa
Under Greenhouse Conditions

Tiinde Szab6-Sz6116si 14, Eva Horvathné Baracsi?, Péter Csontos 3, Laszl6 Papp?, Szilvia Kisvarga
4, Laszl6 Orlaci 4, Judit Hazi 5%, Zoltan Kende 6, Dénes Salata ?, Akos Tarnawa 7, Katalin Rusvai !
and Karoly Penksza!

! Hungarian University of Agriculture and Life Science, Institute of Agronomy, Pater Karoly u. 1, 2100
Godolls, Hungary; szolossi.tunde.iren@phd.uni-mate.hu (T.S.S.); Kissne.Rusvai.Katalin@uni-mate.hu
(K.R.), penksza. karoly@uni-mate.hu (K.P.)

2 Hungarian University of Agriculture and Life Sciences, Institute of Horticultural Sciences, Deak Ferenc u.
16, 8360 Keszthely, Hungary, horvathne.baracsi.eva@uni-mate.hu (B.E)

3 Centre for Agricultural Research, Institute for Soil Sciences, Herman O. ut 15, 1022 Budapest, Hungary,
csontos.peter@agrar.mta.hu (P.C.)

4 ELTE Botanical Garden, H-1083 Budapest Illés u. 25., Hungary, papplaca@gmail.com (L.P.),
kisvarga.szilvia@uni-mate.hu(S.K.), orloci.laszlo@uni-mate.hu (L.O.)

5 Hungarian University of Agriculture and Life Science, Institute of Agronomy, Pater Karoly u. 1, 2100
Godolls, Hungary; szolossi.tunde.iren@phd.uni-mate.hu (T.S.S:); penksza karoly@uni-mate.hu (K.P.)

5 University of Veterinary Medicine Budapest, Department of Botany, Rottenbiller u. 50, 1077 Budapest,
Hungary; hazi.judit@univet.hu (J.H.)

¢ Hungarian University of Agriculture and Life Science, Institute of Agronomy, Department of Agronomy
Pater Karoly u. 1, 2100 G6do6ll6, Hungary; Kende.Zoltan@uni.mate.hu (Z.K), tarnawa.akos@uni-mate.hu
(A.T.)

7 Hungarian University of Agriculture and Life Science, Institute of Agronomy, Pater Karoly u. 1, 2100
Go6dolls, Hungary; slata.denes@phd.uni-mate.hu (D.S.)

* Correspondence: hazi.judit@univet.hu

Abstract: This survey is part of a Hungarian Research OTKA project that examines the vegetation
of sandy grasslands along the Danube. During this study, two grass species, Festuca wagneri and
Festuca tomanii, were identified as potentially suitable for urban planting and turf establishment
based on preliminary research. Our aim was to determine the germination success of seeds from
aesthetically selected individuals and to identify the soil types on which they germinate most
effectively. This information could be crucial for future cultivation efforts. From the collected Festuca
individuals, were analyzed 30 specimens of each taxon under garden conditions and selected the
individuals for germination. The Festuca tomanii individuals were uniform, so we selected only 5
individuals. The Festuca wagneri individuals were categorized into three groups: upright, spreading,
and low types. It was assumed that Festuca species seeds would germinate better in sandy soils. To
test this, seeds from ten Festuca wagneri and five Festuca tomanii individuals, selected based on
aesthetic criteria, were sown in six different substrates: a sand-peat mixture, sand, coconut fiber,
peat, a coconut fiber-sand mixture, and native sandy soil. Contrary to expectations, the growth and
germination rates of seeds sown in peat and coconut fiber substrates were higher than those in
native sandy soil. These results suggest that Festuca seeds germinate better on substrates resembling
dead plant debris with a peat-like structure or on the surface of live mosses, rather than on bare
sand. Among the examined individuals, the seeds from the spreading Festuca wagneri group
exhibited the highest germination rate, making this group particularly suitable for urban
environments. Additionally, one of the upright Festuca wagneri individuals showed the highest
growth rate and should also be considered for urban planting. In contrast, despite their uniform
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appearance, the Festuca tomanii individuals did not demonstrate similar germination trends. In fact,
the seeds from two clumps did not germinate at all, indicating that further selection is necessary.

Keywords: germination; Poaceae; soil; sandy grassland; taxonomic clarification

1. Introduction

During the examination of the dry sandy grasslands along the Danube, it was hypothesized that
the drought-resistant individuals of the dominant grass species found in these areas could be suitable
for urban planting [1]. This hypothesis is particularly relevant as only a few species can endure the
extreme dry conditions frequently found in urban environments without intensive maintenance.
These grasses could also be utilized on surfaces such as green roofs, where attributes like shallow
root systems, low mass, drought tolerance, and wind resistance confer significant advantages [2]. The
aesthetic appeal of these grasses is also noteworthy, as it is an essential consideration in the design of
urban green spaces [3]. Additionally, it is well-documented that grasses contribute to air purification
and the reduction of urban surface temperatures [4].

However, the establishment of urban green spaces often involves the use of non-native grass
species, which carries the risk of these species becoming invasive and threatening our natural
grasslands. For instance, the spontaneous appearance of Eleusine indica, first recorded in Budapest in
the early 20th century, is now observed in over a hundred locations throughout the city (ex verbis
Csontos, Schmotzer), and Sporobolus cryptandrus poses a threat to our sandy habitats [5,6]. Future
invasive grass species are likely to be perennial, tall grasses [7].

Therefore, it would be significantly more advantageous to utilize native grass species. This led
us to focus on the drought-tolerant species of the Festuca genus. The aim of this study was to
determine whether the collected material could be classified as a single taxon, identify the
morphological and phenotypic differences, ascertain which taxa, if morphologically distinct, exhibit
favorable germination rates, the proportion of germination, the soil type with the highest germination
rate, and the maximum seedling height. Accordingly, we conducted our investigations to address
these questions.

According to Steinegger [8], the Festuca genus, along with Miscantus, Pennisetum, and Panicum,
ranks among the most popular and frequently planted ornamental grasses [9,10]. Several Festuca
species are used globally as turf grass, such as Festuca ovina, Festuca arundinacea, and Festuca
trachyphylla. The blue fescue (Festuca pallens) is the only one with fine leaves that is widely utilized
for decorative purposes in the western United States [11,12].

Staub and Robbins [13] investigated a hybrid of Festuca idahoensis and Festuca ovina. They
suggested that the clone could be suitable as a low-maintenance ornamental plant for urban areas in
semi-arid regions without irrigation. A special value of the hybrid is the presence of individuals with
red, orange, and yellow discoloration, with both upright and drooping inflorescences.

Love et al. [14] consider several Festuca species as ornamental grasses, including F. amethystina,
F. glauca, F. idahoensis, F. punctoria, and F. valesiaca. They particularly highlight the red-tinted flower
stalk of F. amethystina. This species, along with Festuca ovina 'Glauca', is recommended by Meyer and
Mower [15] for use in perennial beds as background plants, focal points, ground cover, and in rock
gardens.

According to Schmidt [16], Festuca gautieri thrives in rock gardens and is also suitable as an
edging plant and ground cover. Festuca pallens is an excellent ground cover, but is also suitable for
container planting and border beds according to Zsohdr and Zsoharné [17]. Many Festuca species are
native to New Zealand. The fine-leaved Festuca coxii, native to the Chatham Islands, is widely
promoted for landscaping purposes as a native blue-foliage grass [18].

To achieve our objectives, we selected taxa from the central, driest, and warmest regions of the
Carpathian Basin. Based on our preliminary investigations, we identified two grass species (Festuca
wagneri and Festuca tomanii) as promising for our objectives, with Festuca wagneri subjected to further
studies [19]. Observations on the synecological status of Festuca wagneri were made by Pécs [20], who
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recorded it as a species of sandy steppe meadows. Extensive populations of this species are primarily
found in the Kiskunsag area [21]. When establishing a sustainable lawn, it is crucial to consider the
germination capacity of the seeds. Seed germination is a fundamental phase of the plant life cycle
[22,23]. Even though a plant species may be drought-tolerant, it still requires water during the initial
germination phase, similar to other plants [24-28]. However, several threats can impact the success
of germination in urban environments. The results of germination studies heavily depend on the
specific needs of Festuca species and the given environmental conditions [29]. Such studies help
determine the optimal conditions for successful seed germination and plant growth.

Numerous studies have been conducted on the germination of Festuca and other grass species.
These studies generally aim to investigate the effects of various environmental factors, such as
temperature, light, moisture, soil [25,30,31], soil salinity and nutrients [32], as well as the effects of
different treatments [33-36] on germination percentage and speed.

The seeds of Festuca species germinate at different temperature ranges, but the optimal
temperature is usually between 15-25°C. Extremely low or high temperatures can reduce the
germination rate and slow down the germination process [37]. Most Festuca species do not require
light for germination, meaning that seeds can germinate in darkness. However, in some species, the
presence of light can accelerate germination [38]. Excessive or insufficient moisture can hinder seed
germination.

The soil texture and water retention capacity also affect the germination rate. Sandy soils can
dry out quickly, while clay soils retain moisture better [39]. Although germination is fueled by the
nutrients in the seed, the soil nutrient content can influence post-germination growth [40]. Cold
stratification, which involves exposing seeds to cold, moist conditions before germination, can benefit
the germination of some Festuca species [41]. For certain species, acid treatments can promote
germination by softening the seed coat [37], and gibberellic acid hormone treatments can also
positively affect germination [41]. Brief heat treatments sometimes improve germination rates,
particularly in areas where natural fires are frequent. The highest germination rate for Festuca
arundinacea seeds was observed at temperatures between 20-25°C and soil moisture levels of 60-80%
[39,42]. Festuca rubra seeds showed the best germination results in darkness at temperatures around
15°C. Cold stratification significantly improved the germination rate of Festuca ovina seeds, especially
in their natural habitats, where cool, wet winters alternate [31].

At the beginning of our germination studies, we hypothesized that the native sandy soil would
yield the highest germination percentage.

2. Materials and Methods

In 2018, 90 Festuca specimens were planted in the pilot area of the MATE Georgikon Campus,
Department of Horticulture. These plants were initially potted during their first year and then
planted out. Each sample was assigned a code (w1-w30; t1-t30) based on its planting position (Figure
1.). The planted Festuca specimens originated from two habitats, potentially representing two species.
Specimens collected near Kunpeszér were of the Festuca wagneri taxon, while those collected from
Ujpest Sea-buckthorn Nature Reserve were of the Festuca tomanii taxon, which is a new species in the
Hungarian flora.
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Figure 1. Planted specimens 2019, 2023.

The specimens were grown under the same conditions, and their inflorescences were analyzed
for the following parameters: 1. Length of generative stem; 2. Length of inflorescence; 3. Length of
the longest branch on the first node; 5. Length of the fourth spikelet from the top of the branch; 6.
Length of the fourth spikelet from the top of the inflorescence; 7. Length of the first internode of the
inflorescence; 8., 16. Number of florets per spikelet; 9., 17, Vivanco, 2021. Length of upper glume; 10.,
18. Length of lower glume; 11., 19. Length of the second flower’s lemma; 12., 20. Length of the second
flower’s awn; 13., 21. Hairiness of spikelet; 14., 22. Length of the first flower’s lemma; 15., 23. Length
of the first flower’s awn [43].

To determine growth vigor and ornamental value, we measured the average length of plant
leaves, the length of the flowering stem (inflorescence axis), and the total length of the panicle.
Additionally, we observed changes in the color and shape of the flowering stem and panicle. These
parameters are important considerations for the marketability of the respective species. During the
study, we recorded the color of the plants (s: silver, g: green) and identified three types based on
habit: 1 = erect, 2 = spreading, 3 = low-growing. We indicated the highlighted species separately with
an asterisk (¥).

The planted individuals of Festuca originate from two different habitats and can potentially be
attributed to two species. Specimens collected near Kunpeszér belong to the taxon Festuca wagneri
(w1-30), while those collected from the Ujpesti Homoktdvis Nature Reserve represent a newly
discovered species for the Hungarian flora, Festuca tomanii (t1-30). From these specimens, we selected
three morphologically distinct types of Festuca wagneri and the fourth group consisted of selected
specimens of Festuca tomanii.

Analyzed Species

Festuca Wagneri

Taxonomy of the species was clarified when it was described as a separate species [43 Penksza
and Engloner 2000]. Specimens of Festuca wagneri were collected by Wagner from the sandy grassland
at Deliblato in 1904-1905. Botanical studies of the grasslands considered it as a new variety of Festuca
sulcata. In the Hungarian title, the name was Festuca wagneri Degen Thaisz et Flatt Festuca wagneri is
different from all other Festuca species of the Carpathian Basin considering the sclerenchyma and
epidermis of its leaves because it has long hairs on the lower surface of the leaf. Finally, based on the
locus classicus and specimens from native areas, Festuca wagneri is a narrow-bladed species with five
sclerenchyma bundles. Long hairs are missing on the epidermis of the lower surface of the leaf of the
native and Carpathian Basin narrow-leaved Festuca species, so these individuals can be distinguished
clearly from those of other Festuca species [43].

Festuca Tomanii
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Festuca tomanii Korneck & T.Gregor sp. nov. from the sand dunes of the northern Upper Rhine,
the Middle Main and the Elbe valleys in the Czech Republic has been described. It is a blue-green,
tetraploid species which grows on base-rich sands. Previously referred to as Festuca duvalii, then
described it as Festuca tomanii. Festuca tomanii in order to be distinguished from Festuca duvalii by the
parchment-like sheaths of the basal leaves [44].

We sowed the seeds of ten selected individuals of Festuca wagneri and individuals of Festuca
tomanii into six different substrates, based on preliminary investigations. The six substrates were:

e  sand-peat mixture,

. sand,

. coconut coir,

. peat,

. coconut fiber,

. sand mixture,

e natural sandy soil from the habitat of Festuca wagneri.

We used lime river sand commonly used in construction, Lithuanian horticultural peat, sieved
horticultural coconut fiber derived from coconut cubes, and sandy soil from the natural habitat of
Festuca wagneri. We used these media because they are widely used in horticulture, they are cheap
and easy to obtain. The habitat sandy soil was used as a control.

Germination was conducted in greenhouse conditions in 16x24 cell seed trays at 20 degrees
Celsius in January (Figure 2), with four replicates. Thus, we germinated a total of 3,840 seeds. Each
seed was placed individually in the 1 cm?® cells of the seed trays. A water-filled tray was placed
beneath the seed trays to prevent random drying out, and the seed trays were always kept in water.
Bottom heating for the propagation trays was provided by heated tables. Irrigation was done with
tap water, with water in the soaking trays changed every four days.

Starting from the tenth day after sowing, we recorded the number of germinated seeds and the

Figure 2. The seed tray layout.

We sowed seeds from selected individuals identified during the habitus examination. We
selected 10 individuals, which were: FW4, FW5, FW9, FW10, FW14, FW15, FW16, FW17, FW20, FW22.
Additionally, 5 individuals were selected from Festuca tomanii: Ft1, Ft11, Ft21, Ft23, FT27.

Statistical Analysis

For the statistical analysis, we utilized Python and R, leveraging various packages to perform
the necessary tests and visualizations. The Shapiro-Wilk test, implemented using
the scipy.stats module in Python [45], was conducted to assess the normality of the data for
'Germinated (pcs)', 'Germination rate (%)', and 'Plant height (cm)'. Given that the data did not follow
a normal distribution, the Kruskal-Wallis H test was used to compare genotypes within each habitat,
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also using the scipy.stats module. Visualization of the germination rate (%) and plant height (cm)
across different genotypes and growing media was achieved with the seaborn library in Python [46].
In R, equivalent packages include shapiro.test and kruskal.test from the stats package for normality
and non-parametric tests, respectively, and ggplot2 for visualizations [47].

3. Results

During the study, we observed differences in the appearance of the plants based on their color
and habitus. These differences were evident in the first year and persisted. Based on this, we
distinguished three groups among the Festuca wagneri individuals, which are listed with the numbers
of the selected clumps:

1. Leaves and inflorescence are densely upright (Fw 4, 17, 22).
2. Inflorescence shoots spread out (Fw 5, 15, 20).
3. Low "dwarf" form, compact and dense but short in stature (Fw 9, 10, 14, 16).

The fourth group consists of the Festuca tomanii specimens, which are also tall with upright
shoots (Figure 3).

Figure 3. The Distinct Festuca Morphotypes.

Festuca wagneri: Both the leaves and the inflorescence are densely upright.
4. Festuca wagneri: The inflorescence shoots spread out.
5. Festuca wagneri: Low "dwarf" form, compact and dense, but short in stature.

6. Festuca tomanii.
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Figure 4. Classification Based on the Morphological Traits of the Studied Festuca Individuals.

Based on the measurements of the inflorescence parameters through the stereomicroscope, we
could distinguish 4 groups. In the first group of specimens, a high intensity of hairs was observed on
the lemmas of the spikelets. Individuals of the second group had larger spikelets, in contrast to
specimens of the third group, which had much smaller spikelets. In the fourth group, specimens were
supposed to be transitional, within which there were a greater number of flowers and more spikelets
per specimen than in the others, or in other cases, they were much smaller than the others.

It can be seen from the classification analysis that the most significant differences between the
potential taxa were the length of the spikelet, the length of the upper glume, the length of the lemmas
and the length of the awn of the lemmas (Figure 4.).

The spikelets of the individuals of the first group were the shortest and the ones of the second
group were the longest. The ones in the fourth group showed the widest range. To explore the
separation within the taxa and identify which morphological traits are responsible for this
differentiation, a PCA analysis was performed. The results indicated that the following traits most
distinctly separate the individuals: inflorescence length, length of the 4th spikelet from the top of the
branch, length of the 1st internode of the inflorescence, and the number of florets per spikelet (Figure
5).
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Figure 5. PCA analysis based on the morphological traits of the examined Festuca individuals.
Result of Festuca wagneri germination

Normality Analysis Results

The normality analysis was conducted on three variables: 'Germinated (pcs)’, 'Germination rate
(%)', and 'Plant height (cm)'. The Shapiro-Wilk test was used to determine whether the data follows
a normal distribution (Table 1).

Table 1. The main variables and results.

Shapiro-Wilk Test

Variable Statistic p-value
Germinated (pcs) 0.8409 <0.001
Germination rate (%) 0.8409 <0.001
Plant height (cm) 0.8511 <0.001

Given that the p-values for all three variables are significantly less than 0.05, we reject the null
hypothesis that the data are normally distributed. This indicates that the data for 'Germinated (pcs)’,
'‘Germination rate (%)', and Plant height (cm)' do not follow a normal distribution. These findings
suggest that non-parametric statistical methods may be more appropriate for analyzing these
datasets.

Kruskal-Wallis H Test Results by growing media

The Kruskal-Wallis H test was performed to compare the genotypes within each growing media
based on the '‘Germinated (pcs)', 'Germination rate (%), and Plant height (cm)' variables (Table 2).

Table 2. Results of Kruskal-Wallis H Test.

. . . Kruskal-Wallis
Growing media Variable H Test Statistic p-value
peat Germinated (pcs) 34.62507 <0.001

peat Germination rate (%) 34.62507 <0.001
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peat Plant height (cm) 24.69003 <0.001

habitat sand Germinated (pcs) 28.76128 <0.001

habitat sand Germination rate (%) 28.76128 <0.001

habitat sand Plant height (cm) 26.33822 <0.001

peat & river sand Germinated (pcs) 35.23083 <0.001

peat & river sand Germination rate (%) 35.23083 <0.001

peat & river sand Plant height (cm) 25.24541 <0.001

river sand Germinated (pcs) 32.46233 <0.001

river sand Germination rate (%) 32.46233 <0.001

river sand Plant height (cm) 24.79502 <0.001
coconut fiber & river sand ~ Germinated (pcs) 34.45232 7.439
coconut fiber & river sand Germination rate (%) 34.45232 7.439

coconut fiber & river sand  Plant height (cm) 29.55687 <0.001

coconut fiber Germinated (pcs) 31.53221 <0.001

coconut fiber Germination rate (%) 31.53221 <0.001
coconut fiber Plant height (cm) 11.33910 0.253

The Kruskal-Wallis H test results indicate statistically significant differences in the 'Germinated
(pes)' and 'Germination rate (%)’ variables across genotypes for all growing media except for 'Coconut
fiber', where the plant height did not show significant differences (p=0.253p = 0.253p=0.253). These
findings suggest that the genotype has a significant impact on germination and growth metrics
within most growing media types, underscoring the importance of considering genetic variation
when assessing plant performance across different environments (Figure 6-7.).

peat
60

T

s
=)

+

Plant height (cm)
= o w
o S S

=)

habitat sand

peat & river sand

hél !l *

river sand

@
k=]

w
=]

-
H
HiH
HIll—

Plant height (cm)
w
=]

N
=]

-
=)

coconut fiber & river sand

coconut fiber

]

mmmmm

T © T o T T =

Genotype

llllll

Genotype

noow o~ O
HHHHHH

mmmmm
ﬂﬂﬂﬂﬂﬂﬂ

L @ T T o T

Genotype

Figure 6. Festuca wagneri plant height of genotypes by growing media.


https://doi.org/10.20944/preprints202407.0364.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0364.v1

10

100 peat habitat sand peat & river sand

é-! = =
o = a—;é -_T B = .

— =] .|

river sand coconut fiber & river sand coconut fiber

Germination rate (%)

100
80

60

=
40 i - ,
i, 8l

Germination rate (%)

oio
| [0
Hill

%

%
A
]

2l
Fwa ‘I

= "2 o o < w o ~ o ~ [l o o oy -] ~ (=] ~ < Il o (=] s ) o ~ o ~
= 2 32 2 2 3 2 8¢ = =z o o4 84 = & o z =z =z o9 o o o 4 & o
o = = =z = =z = = Lo = = =z =z =z =z = T @ T =z =z = =2 = =z =
T @ T @ & T © 2 @ © @ @ T © 2 @ & & @ @ ©

Genotype Genotype Genotype

Figure 7. Festuca wagneri germination rate of genotypes by growing media.
Results for Festuca tomanii

Kruskal-Wallis Test Results by growing media of Festuca tomanii

The Kruskal-Wallis H test was performed to compare the genotypes within each medium based
on 'Germination rate (%)’ and 'Plant height (cm)'. The results are summarized below:

Table 3. Results of Kruskal-Wallis H Test.

Kruskal-Wallis H

Growing medium Metric Test Statistic p-value
peat Germination rate (%) 17.0999 0.001
peat Plant height (cm) 16.0264 0.002
habitat sand Germination rate (%) 9.23978 0.055
habitat sand Plant height (cm) 7.58664 0.107

These results indicate that there are statistically significant differences among the genotypes for
both germination rate and plant height within the peat medium. However, there are no statistically
significant differences among the genotypes in the habitat sand for both variables.
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Figure 9. Plant height of Festuca tomanii.

4. Discussion

Growth Vigor and Ornamental Value

The results of the cluster analysis show that the three selected F. wagneri groups are distinctly
separated not only from the Festuca tomanii clumps, which diverge at the highest level of dissimilarity,
but also from each other. This confirms the selection based on appearance.

Germination Rate and Plant Height

The facet-wrapped boxplots for germination rate (%) and plant height (cm) across different
growing media reveal significant variability among genotypes. In terms of germination rate,
genotypes like Fw4 and Fw5 consistently show higher performance in several media, while others,
such as Fw9, exhibit lower germination rates, particularly in habitat sand. For plant height, genotypes
such as Fw22 and Fw9 demonstrate taller plants across multiple growing media, indicating robust
growth performance. Notably, peat and peat & river sand media tend to support higher variability
in both germination rate and plant height, suggesting that these environments may influence
genotype performance more diversely. These findings underscore the importance of genotype
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selection and medium consideration in optimizing germination and growth outcomes for Festuca
species.

The boxplots for Festuca tomanii illustrate the distribution of germination rate (%) and plant
height (cm) for various genotypes across two media: Peat and Habitat Sand. In the Peat medium, the
germination rates of different genotypes show considerable variability, with Genotype Ftl
demonstrating a relatively higher and more consistent germination rate compared to others. Some
genotypes, such as Ft11 and Ft21, display wider variability, indicating inconsistent performance in
this medium. In contrast, the Habitat Sand medium also exhibits variability among the genotypes,
with Genotype Ft23 having a relatively higher germination rate, while others like Ft11 and Ft27 show
lower rates. This suggests that the Habitat Sand may not be as conducive to germination for some
genotypes as the Peat medium.

For plant height, significant differences are observed among genotypes in the Peat habitat, with
Genotype Ftl tending to have taller plants, indicating robust growth. Genotypes like Ft11 and Ft21
exhibit a broader range of plant heights, suggesting variability in growth performance. In the Habitat
Sand, plant heights show less variability compared to Peat, with Genotype Ft23 having taller plants
on average. The consistency in plant height across different genotypes in Habitat Sand suggests a
more uniform growth environment. Overall, the Peat medium supports higher variability in both
germination rate and plant height, highlighting the importance of medium selection in optimizing
the growth and performance of Festuca tomanii genotypes.

Our results indicate that the lowest germination rate and seedling height are observed in sandy
soil habitats, while peat appears to be the most ideal substrate for germination. The peat is the most
important substrate used in horticulture and in agriculture for the production of garden soil and as
an organic fertilizer [47-49]. Although sandy soil does not favor seed germination, the species is
found in such habitats [20]. This raises the question: what germination strategy does Festuca wagneri
employ? The complexity of this question is heightened by the observation that, while river sand
yields the highest germination percentage, the seedling height is lower compared to those germinated
in peat. Numerous horticultural studies have demonstrated that peat is the most suitable germination
medium for many plant seeds. However, is there sufficient peat formation in sandy soils to provide
(deal conditions for germination? To answer this, it is crucial to examine the habitat conditions.
Considering that open sandy grasslands feature a mosaic of moss-lichen patches interspersed with
bare sand surfaces, our findings suggest that Festuca seeds are more likely to germinate on dead plant
debris or the surface of live mosses, structures similar to peat soils, rather than on bare sand.

5. Conclusions

Our investigations reveal that Festuca wagneri and Festuca tomanii individuals, collected from
their natural habitats and transplanted into pots with standard garden soil, exhibited clear
differentiation. Festuca tomanii displayed uniformity with more substantial specimens and clumps
[17] and Staub and Robbins [14], we also observed individuals within the populations of both species
with reddish flowering stems. Significant differences between the two taxa were evident upon
examining the spikelets, particularly in spikelet length, the size of the glumes, and the dimensions of
the palea leaves, especially the upper palea. Additionally, three types of Festuca wagneri exhibited
various morphological traits, further affirming their horticultural potential.

Germination tests conducted on six different soil types demonstrated that the native sandy soil
is far from ideal for the germination and subsequent development of Festuca wagneri and Festuca
tomanii, while peat and peat-mixed soils proved to be much more suitable. These findings suggest
that Festuca species employ a specialized germination strategy that may significantly involve peat
formation processes and the characteristic cryptogamic associations of sandy soils [50].
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