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Abstract: This study investigated the germination characteristics and genetic variability of
Cerastium candidissimum, a Greek endemic species with potential for ornamental horticul-
ture. The seeds were collected from three populations of Mount Hymettus, M. Parnitha,
and M. Parnassos. The cardinal temperatures for germination, the effect of seed storage
duration, and population-specific germination responses were examined. Germination
trials were conducted in vitro on half-strength Murashige and Skoog medium, with seeds
tested after dark and dry room storage periods of 6, 18, and 30 months. Seeds from Mount
Parnitha exhibited high germination rates (81–94%) within a temperature range of 10–20 ◦C
after 6 and 18 months of storage. Similarly, seeds from Mount Parnassos demonstrated op-
timal germination (81.3–94.0%) at 10–20 ◦C after 6 months of storage, though an 18-month
storage period shifted the optimal range to 15–20 ◦C (67–71%). In contrast, the Mount
Hymettus population exhibited the lowest germination percentages, with 6-month-old
seeds reaching only 47.3% germination at 20 ◦C, declining to 34% at 15 ◦C after 18 months,
and near-zero germination after 30 months. The time required for 50% germination (T50)
ranged from 4 to 8 days at 20 ◦C across all populations but increased as incubation tempera-
ture decreased (4–18 days at 15 ◦C; 8–18 days at 10 ◦C). The molecular analysis revealed that
the primers used presented high polymorphism (49.0%), and a total of 136 amplified mark-
ers were produced. Individuals from different populations were grouped in three different
branches. These findings indicate population-level variability in germination traits, likely
reflecting genetic and ecological differences. The high germination rates of Parnitha and
Parnassos’ populations support their potential use in floriculture. Conversely, the low
germination success of the Hymettus population suggests higher environmental stress or
genetic constraints, warranting further investigation into its possible classification as a
distinct ecotype.

Keywords: cardinal temperature; dendrogram; germination ecophysiology; floriculture;
Greek endemic; new ornamental

1. Introduction
The introduction of new ornamental species, particularly under increasing anthro-

pogenic pressure and global climate change, could benefit both the floriculture industry
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and ex situ biodiversity conservation strategies. Species originating from the wild hold sig-
nificant potential for ornamental use. Additionally, integrating wild species into urban and
suburban environments can contribute to sustainability by providing essential biodiversity
services. Mediterranean ecosystems have been a significant biodiversity tank since ancient
times, providing suitable species for exploitation [1,2].

The genus Cerastium L. (Caryophyllaceae) includes more than 65 species native to
Europe, with the Balkan Peninsula serving as the primary center of diversity (34 species)
and endemism (17 species) [3–6]. Greece alone hosts 25 Cerastium species, 16 of which
are endemic [7–10]. Several perennial Cerastium species are valued for their ornamental
qualities, including their compact, cushion-like growth habits, silver-green foliage, and
abundant white flowers. In contrast, many annual Cerastium species are regarded as
weeds [11]. Among the aforementioned ornamental perennial species, Cerastium tomentosum
and C. biebersteinii, both belonging to Cerastium subg. Cerastium, are widely cultivated
as groundcovers in commercial floriculture [12,13]. However, despite their high esthetic
appeal, these species can be short-lived and susceptible to rapid decline. Moreover, their
ability to escape cultivation and their propensity to establish self-sustaining populations
has led to their classification as invasive species in certain regions [14,15].

Cerastium candidissimum Correns is a perennial herbaceous species endemic to central
and southern Greece. It occurs in temperate and sub-Mediterranean grasslands and high-
mountain vegetation, typically inhabiting dry, rocky limestone areas, often within Abies
cephalonica woodland clearings and alpine pastures at elevations of 1000–2300 m [16]. The
species forms dense, tufted clumps and grows to a height of 15–30 cm, with numerous
ascending stems bearing sessile, lanceolate leaves. Its cymoid inflorescences, which develop
at the stem tips between May and August, consist of 3–7 strikingly white flowers. The entire
plant is covered with a dense indumentum of short white hairs, giving it a characteristic
silvery-white appearance [16,17]. Due to its unique esthetic appeal, this showy Greek
endemic species could be introduced into commercial floriculture as a novel pot plant or
even as a cut flower (Figure 1).
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Figure 1. Cerastium candidissimum individuals in full bloom (June 2020, Mount Parnassos, 1700 m
a.s.l.; 38◦33′06.2′′ N, 22◦34′46.8′′ E).

Closely resembling the Italian endemic Cerastium tomentosum, C. candidissimum is of
considerable horticultural interest due to its refined appearance, lower invasiveness, and
adaptability to warm, dry summers. These attributes make it particularly suitable for use as
a groundcover, in mixed perennial plantings, in rock gardens, and on green roofs, especially
in nutrient-poor and exposed environments [18]. Notably, it has been recently reported that
C. candidissimum is among the top 10 Greek endemic plant taxa sold in the international
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plant trade based on pricing criteria [19]. Furthermore, as a native species, its cultivation
requires relatively low production costs for growers [20].

C. candidissimum faces significant threats due to anthropogenic pressures, leading to
the decline of many natural populations. Kougioumoutzis et al. [21] have recommended
its inclusion in the list of endangered Greek endemic species. Many C. candidissimum
populations are small and isolated, with their reproductive success further constrained by
intensive grazing and insect predation [22]. Previous studies have investigated the in vitro
propagation potential of different C. candidissimum populations, including the development
of an encapsulation technique for node explants [23]. Additionally, seeds have proven to be
an excellent resource for in vitro experimentation in various horticultural species [24–32].
Although germination data exist for 60 Cerastium taxa in seed databases such as the Society
for Ecological Restoration and the Royal Botanic Gardens’ Seed Information Database, C.
candidissimum is notably absent from these records [33]. To date, no published studies have
specifically examined the germination ecology of C. candidissimum.

Seed germination, particularly in conjunction with seed storage, plays a crucial role in
propagation studies [34–36]. The development of species-specific propagation protocols and
long-term conservation strategies—such as ex situ storage in seed banks—require precise
knowledge of the target species’ germination ecophysiology [37–40]. In Mediterranean
montane and alpine species such as C. candidissimum, temperature is one of the most
critical ecological factors influencing germination. The timing of seedling emergence
must align with the narrow bioclimatic window that ensures successful establishment
and survival [41].

Seed-based propagation is advantageous, as it requires minimal plant material, making
it an environmentally sustainable approach. Additionally, seed propagation facilitates
the selection of novel genotypes with desirable ornamental or commercial traits [42].
Various PCR-based methods have been employed to assess genetic variation among plant
populations, including those propagated through in vitro culture. Among these, random
amplified polymorphic DNA (RAPD) analysis is a cost-effective and rapid technique for
evaluating genetic relationships at the subspecies or variety level [43,44]. RAPD markers
have been widely used to assess population differentiation in woody species [45–49]. For
example, Oliya et al. [50] used RAPD analysis to evaluate the genetic stability of in vitro-
propagated Rhynchostylis retusa. Molecular studies involving various genetic markers have
also been conducted in Cerastium, with RAPD analysis successfully applied to Cerastium
arcticum [51].

The present study aimed to (1) investigate the germination capacity of C. candidissimum
by determining its optimal and cardinal germination temperatures across seed accessions
from three populations; (2) assess the effect of seed storage duration in dark, dry room
conditions on germination performance; and (3) evaluate the potential of RAPD markers
for identifying genetically distinct populations with valuable traits. The ultimate goal of
this research is to promote the introduction of C. candidissimum into the floriculture industry
while enhancing our understanding of its germination ecology and genetic diversity.

2. Materials and Methods
2.1. Seed Collection

Seeds of C. candidissimum were collected at different times, depending on the species’
flowering period, when seeds had reached full maturity. Seeds were harvested from
three populations located on the slopes of Mount Hymettus, M. Parnitha, and M. Par-
nassos. Specifically, seeds from Hymettus were collected at 900 m a.s.l. (37◦57′23.0′′ N,
23◦49′03.6′′ E) on 30 June 2020; seeds from Parnitha were collected at 1200 m a.s.l.
(38◦09′55.3′′ N, 23◦42′59.4′′ E) on 15 July 2020; and seeds from Parnassos were collected



Horticulturae 2025, 11, 443 4 of 16

at 1700 m a.s.l. (38◦33′06.2′′ N, 22◦34′46.8′′ E) on 25 July 2020. Collection was performed
from 30 to 40 randomly selected individuals per population according to the ENSCONET
protocol and associated criteria [52]. After their collection, the seeds were transported to the
laboratory, where they were manually separated from the pericarp. They were then placed
in Petri dishes and stored under controlled conditions in a growth chamber at 25 ◦C and
30% relative humidity in complete darkness. Germination experiments were conducted
after storage periods of 6, 18, and 30 months.

2.2. In Vitro Germination

Prior to germination experiments, seeds were surface-disinfected by an initial 10 s
wash with 90.0% v/v ethanol solution, followed by immersion for 10 min in a 20.0%
(v/v) solution of commercial bleach (4.6% w/v sodium hypochlorite) and finally rinsed
three times (3.0 min per rinse) with sterile double-distilled water. Then, they were cultured
in vitro in 9 cm Petri dishes containing solid Murashige and Skoog (MS) medium [53] at
half strength (MS/2), hormone-free, and solidified with 8 g L−1 agar. The Petri dishes were
incubated under controlled conditions at six different temperatures (10 ◦C, 15 ◦C, 20 ◦C,
25 ◦C, 30 ◦C, and 35 ◦C) under 16 h cool white fluorescent light (37.5 µmol m−2 s−1/8 h
dark photoperiod), following the methodology of Bertsouklis and Panagaki [54]. Germi-
nation was assessed at 6, 18, and 30 months after seed storage. A seed was considered
germinated when a radicle of at least 2 mm emerged, as per the criteria established by the
International Seed Testing Association [55]. Germination was recorded every two days
over a total period of 36 days. The time required for 50% of the final germination (T50) was
calculated according to Soltani et al. [56], providing a comparative measure of germination
speed. A total of 150 seeds per treatment were used (6 Petri dishes per treatment with
25 seeds per dish). The germination speed index (GSI) was determined using the Maguire
formula [57]:

GSI = G1/N1 + G2/N2 + . . . + Gn/Nn

where G1, G2, . . . Gn represent the number of normal seedlings counted at each observation,
and N1, N2, . . . Nn represent the number of days from sowing to each observation. The
statistical significance of results was assessed using an analysis of variance (ANOVA), with
mean comparisons performed using Tukey’s HSD test at p < 0.05. Germination speed
indices (GSIs) were expressed as mean ± standard error.

Canonical discriminant analysis (CDA) was used to highlight the variation among
different populations and minimize the three populations’ variation [58]. Four variables
were used, namely germination (%), the GSI, T50, and days for full germination. In order
to classify the three populations by CDA, Wilks’ Lambda method was applied using
JMP 11.0 software. The Wilks’ Lambda estimates the performance of the discriminant
analyses calculating the following ratio: within-group variation/total variation. Hence, the
significance of the discriminant function can be evaluated providing the chance-corrected
percentage of agreement between real and predicted groups [59].

2.3. DNA Extraction and RAPD Analysis

Plant material for DNA extraction was collected from in vitro-grown seedlings that
were 50 days old. A total of 30 individuals (10 from each population) were sampled. The
collected material was flash-frozen in liquid nitrogen and stored at −80 ◦C until further
processing. Genomic DNA was extracted from 0.1 g of leaf tissue using the DNeasy Plant
Mini Kit (Qiagen, Hilden, Germany), following the manufacturer’s protocol. Amplifica-
tion reactions were performed according to the methodology described by Stavrakakis
and Biniari [60]. Twenty 10-mer oligonucleotide arbitrary primers were used for the am-
plification of RAPD sequences. Twelve primers that could generate strongly amplified,
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polymorphic, and reproducible bands were selected for formal amplification (Table 1). The
reactions were repeated two times with independently isolated genomic DNA as templates.

Table 1. Results of the RAPD analysis using the 12 selected primers, including their nucleotide
sequences, number of amplified fragments, and number and percentage of polymorphic bands.

Primer Sequence Number of Amplified
Fragments

No. of Polymorphic
Bands

Percentage of
Polymorphic Bands (%)

1224 * CAGGCCCTTC 16 8 50
1225 * AGGTGACCGT 12 8 66.6
1226 * CGCAGGATGG 12 7 58.3
1227 * GTGTGCCCCA 6 2 28.5

OPF-01 ** ACGGATCCTG 16 3 18.8
OPF-02 ** GAGGATCCCT 10 6 60
OPF-03 ** CCTGATCACC 6 3 50
OPF-04 ** GGTGATCAGG 8 4 40
OPF-05 ** CCGAATTCCC 10 6 60
OPF-06 ** GGGAATTCGG 16 9 56.3
OPM-11 ** GTCCACTGTG 16 10 62.5
OPM-18 ** CACCATCCGT 8 3 37.5

Total: 136 69

Mean: 11.33 5.75 49.1
* Primers were obtained from IBBM (University of Crete, Heraklion, Greece). ** Primers were obtained from
Operon Technologies, Inc. (Alemeda, CA, USA).

2.4. Data Collection and Statistical Analysis

Germination percentage was recorded every two days for a total of 36 days. Data
collection was conducted with 6 replicates per treatment (25 seeds per replicate), using a
total of 2700 seeds per population. A factorial experiment was designed for each population,
incorporating two main factors, namely temperature (10, 15, 20, 25, 30, and 35 ◦C) and
storage period (6, 18, and 30 months). The experiments followed a completely randomized
design (CRD). A two-way ANOVA was used to assess the significance of temperature and
storage effects at each storage period. Mean differences were evaluated using Tukey’s
HSD test at p ≤ 0.05. Germination percentage data were arcsine-transformed prior to
statistical analysis to ensure the homogeneity of variance. Results were expressed as the
mean ± standard error. For RAPD analysis, a binary matrix was generated for each plant
based on the presence (1) or absence (0) of RAPD bands. The resulting data were analyzed
using NTSYS-pc version 2.11f [61]. Cluster analysis was performed using the unweighted
pair group method with arithmetic mean (UPGMA), generating a dendrogram based on the
genetic distance matrix. Genetic similarity (GS) was calculated using the simple matching
(SM) coefficient [62]. Additionally, principal coordinate analysis (PCA) was conducted to
visualize genetic relationships among populations.

3. Results
3.1. In Vitro Germination

A two-way analysis of variance (ANOVA) revealed a significant interaction between
temperature and storage period on seed germination percentage (G%), T50, the germination
speed index (GSI), and overall germination success across the studied populations. Seeds
from the Parnitha population exhibited high germination rates (81% to 94%) at temperatures
ranging from 10 to 20 ◦C after 6 and 18 months of storage. After 30 months, germination
declined to 74.6% at 15 ◦C and 65.3% at 20 ◦C, with some germination observed at 35 ◦C
after 18 and 30 months (25% and 11%, respectively; Figures 2A and 3).
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storage at 10, 15, 20, and 25 ◦C (from left to right) during the 20th day of their in vitro incubation.

Seeds from the Parnassos population displayed a similar germination pattern. After
6 months of storage, germination remained high (81.3% to 94%) within the 10–20 ◦C range.
Following 18 months, the highest germination occurred at 20 ◦C (71%), with no significant
difference from 15 ◦C (67%). Germination decreased at lower temperatures and fell below
27% at temperatures exceeding 25 ◦C. After 30 months, germination did not surpass 42% at
15 and 20 ◦C (Figure 2B).
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The Hymettus population exhibited the lowest germination rates. Six-month-old seeds
achieved a maximum germination of 47.3% at 20 ◦C, which further declined to 34% at 15 ◦C
after 18 months. Following 30 months of storage, Hymettus seeds showed germination
rates below 10% and were practically non-viable (Figure 2C).

The germination speed, reflected by T50 values, ranged from 4 to 8 days at 20 ◦C across
all populations and storage treatments. However, T50 increased as incubation temperatures
decreased, extending to 4–18 days at 15 ◦C and 8–18 days at 10 ◦C. Germination speed
was lowest at 20–35 ◦C. Seeds from Parnitha germinated fastest at 15 and 20 ◦C after 6 or
18 months, and at 20 ◦C after 30 months (T50 = 4 days). Similarly, Parnassos seeds germi-
nated most rapidly at 15 and 20 ◦C after 18 months, whereas Hymettus seeds germinated
faster at 15 ◦C and 20 ◦C after 6 and 18 months, respectively (Figure 4).
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Figure 4. Time (days taken for a cumulative germination of 50% (T50) of Cerastium candidissimum
seeds, as affected by provenance (Parnitha, Hymettus, Parnassos), incubation temperature (10, 15,
20, 25, 30, or 35 ◦C), and storage time (6, 18, or 30 months). Two-way ANOVA results for Parnitha:
Fstorage × temperature ***, Fone-way ANOVA ***; Parnassos: Fstorage × temperature ***, Fone-way ANOVA ***;
Hymettus: Fstorage × temperature ***, Fone-way ANOVA ***; *** significant at p ≤ 0.001; n = 6, 25 seeds/Petri
dish (total 150 seeds per treatment). Mean separation in seeds by Tukey’s HSD at p ≤ 0.05; means
followed by the same letter are not significantly different. Standard errors of the means are shown for
each temperature.

The germination period (GP) varied between 16 and 32 days. Parnitha seeds exhibited
the shortest germination period when 18-month-old seeds were incubated at 15 ◦C (16 days).
Parnassos and Hymettus populations also showed reduced germination periods after
18 months (GP = 16 and 8 days, respectively; Figure 5).

Analysis of the GSI revealed that Parnitha seeds stored for 6 and 18 months had the
highest germination speed at 15 ◦C (GSI = 103.05 and 102.13, respectively). Parnassos seeds
displayed the highest GSI (91.57) after 6 months at 15 ◦C. The highest GSI for Hymettus
seeds was recorded at 20 ◦C (GSI = 50), approximately half of the values observed in
Parnitha and Parnassos (Figure 6).



Horticulturae 2025, 11, 443 8 of 16

Horticulturae 2025, 11, x FOR PEER REVIEW 8 of 17 
 

 

 

Figure 4. Time (days taken for a cumulative germination of 50% (T50) of Cerastium candidissimum 

seeds, as affected by provenance (Parnitha, Hymettus, Parnassos), incubation temperature (10, 15, 

20, 25, 30, or 35 °C), and storage time (6, 18, or 30 months). Two-way ANOVA results for Parnitha: 

Fstorage × temperature ***, Fone-way ANOVA ***; Parnassos: Fstorage × temperature ***, Fone-way ANOVA ***; Hymettus: Fstorage 

× temperature ***, Fone-way ANOVA ***; *** significant at p ≤ 0.001; n = 6, 25 seeds/Petri dish (total 150 seeds per 

treatment). Mean separation in seeds by Tukey’s HSD at p ≤ 0.05; means followed by the same letter 

are not significantly different. Standard errors of the means are shown for each temperature. 

 

Figure 5. Time (days) taken for full germination of Cerastium candidissimum seeds, as affected by 

provenance (Parnitha, Hymettus, Parnassos), incubation temperature (10, 15, 20, 25, 30, or 35 °C), 

and storage time (6, 18, or 30 months). Two-way ANOVA results for Parnitha: Fstorage × temperature ***, 

Fone-way ANOVA ***; Parnassos: Fstorage × temperature ***, Fone-way ANOVA ***; Hymettus: Fstorage × temperature ***, Fone-

way ANOVA ***; *** significant at p ≤ 0.001; n = 6, 25 seeds/Petri dish (total 150 seeds per treatment). Mean 

separation in seeds by Tukey’s HSD at p ≤ 0.05; means followed by the same letter are not signifi-

cantly different. Standard errors of the means are shown for each temperature. 

Figure 5. Time (days) taken for full germination of Cerastium candidissimum seeds, as affected
by provenance (Parnitha, Hymettus, Parnassos), incubation temperature (10, 15, 20, 25, 30,
or 35 ◦C), and storage time (6, 18, or 30 months). Two-way ANOVA results for Parnitha:
Fstorage × temperature ***, Fone-way ANOVA ***; Parnassos: Fstorage × temperature ***, Fone-way ANOVA ***;
Hymettus: Fstorage × temperature ***, Fone-way ANOVA ***; *** significant at p ≤ 0.001; n = 6, 25 seeds/Petri
dish (total 150 seeds per treatment). Mean separation in seeds by Tukey’s HSD at p ≤ 0.05; means
followed by the same letter are not significantly different. Standard errors of the means are shown for
each temperature.

Horticulturae 2025, 11, x FOR PEER REVIEW 9 of 17 
 

 

 

Figure 6. Germination speed index (GSI) of Cerastium candidissimum seeds, as affected by prove-

nance (Parnitha, Hymettus, Parnassos), incubation temperature (10, 15, 20, 25, 30, or 35 °C), and 

storage time (6, 18, or 30 months). Two-way ANOVA results for Parnitha: Fstorage × temperature ***, Fone-

way ANOVA ***; Parnassos: Fstorage × temperature ***, Fone-way ANOVA ***; Hymettus: Fstorage × temperature ***, Fone-way 

ANOVA ***; *** significant at p ≤ 0.001; n = 6, 25 seeds/Petri dish (total 150 seeds per treatment). Mean 

separation in seeds by Tukey’s HSD at p ≤ 0.05; means followed by the same letter are not signifi-

cantly different. Standard errors of the means are shown for each temperature. 

 

Figure 7. Discriminant analysis of germination data separating the three populations of Cerastium 

candidissimum. GERMIN: germination (%); T50: time taken for a cumulative germination of 50.0%; 

GER TIM: full germination period; GSI: germination speed index (F18.4877 = 576, p < 0.0001). 

3.2. DNA Extraction and RAPD Analysis 

The RAPD analysis identified significant genetic variation among the three popula-

tions. The primers used exhibited polymorphism at 49.0%, generating 136 amplified 

markers (Table 1). The highest levels of polymorphism were observed in primers 1225 and 

OPM-11 (66.6% and 62.5%, respectively), while OPF-02 and OPF-05 also displayed sub-

stantial polymorphism (60%). The highest numbers of bands (>15) were produced by pri-

mers 1224, OPF-01, OPF-06, and OPM-11, indicating strong discriminatory power. Pri-

mers 1225, 1226, OPF-02, and OPF-05 produced 10–15 bands, whereas primers 1227, OPF-

Figure 6. Germination speed index (GSI) of Cerastium candidissimum seeds, as affected by provenance
(Parnitha, Hymettus, Parnassos), incubation temperature (10, 15, 20, 25, 30, or 35 ◦C), and storage time
(6, 18, or 30 months). Two-way ANOVA results for Parnitha: Fstorage × temperature ***, Fone-way ANOVA

***; Parnassos: Fstorage × temperature ***, Fone-way ANOVA ***; Hymettus: Fstorage × temperature ***,
Fone-way ANOVA ***; *** significant at p ≤ 0.001; n = 6, 25 seeds/Petri dish (total 150 seeds per treat-
ment). Mean separation in seeds by Tukey’s HSD at p ≤ 0.05; means followed by the same letter are
not significantly different. Standard errors of the means are shown for each temperature.

Canonical discriminant analysis (CDA) effectively classified the three populations into
distinct groups. Three well-defined clusters were observed along the first canonical axis,
explaining 93.46% of the total variation (Figure 7).
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Figure 7. Discriminant analysis of germination data separating the three populations of Cerastium
candidissimum. GERMIN: germination (%); T50: time taken for a cumulative germination of 50.0%;
GER TIM: full germination period; GSI: germination speed index (F18.4877 = 576, p < 0.0001).

3.2. DNA Extraction and RAPD Analysis

The RAPD analysis identified significant genetic variation among the three popu-
lations. The primers used exhibited polymorphism at 49.0%, generating 136 amplified
markers (Table 1). The highest levels of polymorphism were observed in primers 1225
and OPM-11 (66.6% and 62.5%, respectively), while OPF-02 and OPF-05 also displayed
substantial polymorphism (60%). The highest numbers of bands (>15) were produced
by primers 1224, OPF-01, OPF-06, and OPM-11, indicating strong discriminatory power.
Primers 1225, 1226, OPF-02, and OPF-05 produced 10–15 bands, whereas primers 1227,
OPF-03, OPF-04, and OPM-18 exhibited lower polymorphism (6–10 bands). The UPGMA
dendrogram grouped individuals from different populations into three main branches. The
Parnitha population formed a distinct branch, whereas Parnassos and Hymettus popula-
tions clustered together in a separate branch (Figure 8). Despite the greater geographic
distance between Parnassos and Hymettus, their genetic similarity suggests a possible
historical connection. Principal coordinate analysis (PCA) further confirmed the separation
of the three populations, with the first principal component explaining 11.3% of the total
variation (Figure 9). The differentiation in germination behavior supports the hypothesis
that Hymettus populations may represent a distinct ecotype.
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Figure 9. PCA evaluation of the primers used and their contribution to the variability of the popula-
tions studied. The PCA plot, constructed from 10 individuals per population, shows relationships
among three different populations of Cerastium candidissimum individuals.

4. Discussion
This study defined, for the first time, the temperature range required for the seed

germination of C. candidissimum. The results demonstrated that the upper threshold for
germination in the three populations approached 35 ◦C (Figure 2), while high germination
percentages recorded at 10 ◦C suggest that the lower threshold may be below this temper-
ature. The interaction between temperature and storage period significantly affected all
estimated germination parameters, including final germination percentage, the germination
speed index (GSI), time to 50% germination (T50), and total germination period. Therefore,
the combined effects of these two factors were crucial in determining germination success.

Seed germination occurred over a relatively short period and within a broad tem-
perature range, with no pre-treatments required. Six-month-old seeds exhibited high
germination percentages (>80%) at temperatures between 10 ◦C and 20 ◦C, contrasting with
the alpine species Cerastium dinaricum, which is reported to require cold stratification to
germinate [37]. Given the high final germination percentages recorded in Parnitha and Par-
nassos populations, their seeds can be classified as non-dormant according to the standard
definition of dormancy [63]. Furthermore, the Parnitha population maintained germina-
tion rates near 80% even after 18 months of storage, whereas Parnassos and Hymettus
populations exhibited a more pronounced gradual decline in germinability over time.

The observed optimal germination temperatures (10–15 ◦C) are consistent with other
Greek endemic drought-tolerant species, such as Lithodora zahnii and Dianthus frutico-
sus, which also demonstrate preference for lower germination temperatures [64,65]. This
adaptation aligns with the ecological strategies of Mediterranean plants, as high summer
temperatures often coincide with prolonged droughts, which can increase seedling mortal-
ity if germination occurs at inappropriate times. Similar germination patterns have been
observed in Watsonia species native to South Africa, where germination preferences are
linked to seasonal rainfall patterns, favoring either winter or summer emergence [66]. The
germination behavior of C. candidissimum populations from Parnitha and Parnassos aligns
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with this Mediterranean adaptation strategy, as evidenced by their optimal germination
temperatures. Moreover, the Seed Information Database (SID) reports that C. tomentosum, a
species closely related to C. candidissimum, exhibits optimal germination at 15 ◦C in similar
ecological conditions [33].

In contrast, the Hymettus population exhibited significantly lower germination per-
centages compared to the other two populations. Several factors may explain this trend,
including adverse environmental conditions at the collection site during seed setting and
potential inbreeding depression due to small population size [67,68]. Many Mediterranean
species experience seasonal drought stress, making temperature a critical determinant of
seed germination success. Environmental constraints during seed maturation, coupled
with genetic differences, may contribute to the reduced viability of Hymettus seeds over
time [36,69,70]. Notably, extending the storage period from 6 to 30 months further dimin-
ished Hymettus seed germination, ultimately reducing it to near zero. This decline could
be linked to lower endosperm content, resource availability during seed development,
or site-specific habitat characteristics [71,72]. Additionally, the differential germination
ability observed across populations suggests the potential for local adaptation to specific
environmental conditions [73].

Another plausible explanation for the low germinability of the Hymettus population
relates to genetic variation within the species. Previous studies have proposed that differ-
ences in germination traits may indicate ecotypic differentiation [74,75]. If this hypothesis
holds and could be further related to evidence for unique morphological and/or functional
traits, it could support the classification of the Hymettus population as a distinct ecotype.
The results of discriminant analysis further emphasize the distinct germination responses
among populations, corroborating similar studies on Mediterranean xerophytic species
such as Origanum vulgare [76].

RAPD molecular analysis identified 12 polymorphic markers, which were selected
for a full analysis. The UPGMA clustering revealed two major groups, one comprising the
Parnitha population and the other containing two subclusters—Parnassos and Hymettus
populations (Figure 8). Interestingly, this genetic grouping contradicts the actual geograph-
ical distances among populations, as Parnassos and Hymettus are not the most proximate
populations. However, high genetic similarity between geographically distant populations
has been observed in other species of the genus, such as Cerastium arcticum and C. alpinum,
likely due to historical dispersal events, a more widespread occurrence during glacial
maxima, and shared evolutionary pressures [51,77].

The results of the RAPD analysis suggest that the lower germination success of the
Hymettus population is potentially linked to physiological limitations, such as reduced
endosperm content or environmental stressors affecting seed development. Additionally,
low germinability may represent an adaptive response to local conditions, including water
scarcity, which can influence seed longevity and viability [37,78].

Regarding the low value of the first principal component of the PCA explaining
11.3% of the total variation (Figure 9), it reveals that there is a significant portion of the
total variance and genetic differentiation across multiple components rather than a single
axis. The PCA indicated that 30 components were necessary to explain >60% of variation,
revealing a high level of genetic diversity possibly attributed to the biogeography and
evolution of C. candidissimum, as it has been mentioned for other native species [79]. Hence,
the preservation of the populations is necessary to protect the genetic diversity of the
species, as it has been proposed for other native species, i.e., Anisodus tanguticus and
Foeniculum vulgare [80,81]. Still, the low PCA variance of the first component could be
examined in further detail. Further molecular and morphological analyses are needed
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to explore intraspecific variation and elucidate the phylogeographic relationships among
these populations.

The integration of novel ornamental species into floriculture requires a comprehensive
understanding of their propagation potential. Wild species intended for commercial culti-
vation must undergo artificial selection, breeding, and controlled propagation to ensure
consistency in horticultural traits [19]. In this regard, RAPD markers have proven useful for
identifying genotypes with desirable ornamental characteristics, which could facilitate the
selection of commercially valuable clones. Additionally, populations with low germination
potential, such as those from Hymettus, should be prioritized for conservation efforts to
prevent genetic erosion. Future research should focus on elucidating the causes of low
germination in the Hymettus population and developing targeted conservation strategies.
Finally, further molecular and morphological analyses are needed to explore intraspecific
variation and elucidate the phylogeographic relationships among these populations, prefer-
ably incorporating additional populations of the species within a wide and representative
geographical and elevational profile.

The introduction of C. candidissimum into the floriculture and landscape architecture
industries could be facilitated through the collection and storage of wild seeds for two to
three years, providing a reliable source of propagating material for growers. Moreover,
elite genotypes with superior ornamental traits could be selectively cultivated for com-
mercialization. RAPD markers offer an efficient, cost-effective approach for molecular
studies, enabling the identification of genotypes with valuable traits. The increasing threat
of wildfires in the Hymettus and Parnitha regions underscores the urgency of conservation
studies on the germination and genetic structure of C. candidissimum populations.

5. Conclusions
This study revealed significant variability in the germination behavior of Cerastium

candidissimum across three populations, highlighting the influence of environmental and
genetic factors. The high germination percentages observed in Parnitha and Parnassos
populations suggest that seeds from these sites could serve as a valuable resource for orna-
mental horticulture and conservation efforts. Conversely, the markedly lower germination
rates in the Hymettus population indicate greater environmental pressures and potential
genetic constraints. RAPD analysis confirmed high genetic polymorphism among popula-
tions and provided valuable insights into their genetic structure. The findings suggest that
Hymettus populations may represent a distinct ecotype, warranting further investigation.
Future research should focus on optimizing propagation techniques, assessing genetic sta-
bility, and developing conservation strategies for C. candidissimum. Given its horticultural
potential, the species could be integrated into commercial floriculture, offering an attractive,
drought-tolerant option for landscape applications.
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