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Abstract

In this study, the reproductive capacity of endemic Jurinea cadmea subspecies, J. cadmea subsp. cadmea, and J.
cadmea subsp. nifensis was investigated, focusing on pollen, stigma, seed viability, and seed germination. Plant
materials were collected from natural populations in Western Anatolia (Nif Mountain, Bozdag, Babadag and
Mugla Oyuklu Mountain) between 2017 and 2020. The tests employed in this study included the MTT (2,5-
diphenyl tetrazolium bromide-thiazolyl blue) test for pollen viability, the Peroxide test for stigma viability, the
TTC (2,3,5-triphenyl tetrazolium chloride) test for seed viability, and seed germination tests under different
conditions, with and without pre-treatment (wet-cold stratification). The study revealed high viability of mature
pollen, stigma, and seeds, indicating successful reproductive capacity. Seed germination experiments showed
that most populations exhibited high germination rates in light conditions. After 30 days of stratification, seeds
showed very low germination in light and dark conditions, but after 60 days at 4°C, Nif Mountain, Bozdag, and
Mugla Mountain (short) populations exhibited germination rates above 80%. However, Babadag population
showed low seed germination in light and dark conditions. This study has significantly contributed to our
understanding of the reproductive biology of both subspecies.
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Bat1 Anadolu'da Yayihs Gosteren Jurinea cadmea Alt Tiirlerinin Ureme
Ekolojisi ve Canlihk Degerlendirmesi: Koruma ve Biyocesitlilik Uzerine
Cikarimlar

Ozet

Bu ¢alismada, endemik Jurinea cadmea alt tiirlerinin, J. cadmea subsp. cadmea ve J. cadmea subsp. nifensis'in,
polen, stigma, tohum canliligi ve tohum ¢imlenmesine odaklanarak tireme kapasitesi arastirildi. Bitki materyali,
2017-2020 yillar1 arasinda Bati Anadolu'daki dogal popiilasyonlardan (Nif Dagi, Bozdag, Babadag ve Mugla
Oyuklu Dagi) toplandi. Bu c¢aligmada kullanilan testler arasinda polen canlihigi i¢in MTT (2,5-difenil
tetrazolyum bromiir-tiyazolil mavi) testi, stigma canlilig1 i¢in peroksit testi, tohum canliligt i¢in TTC (2,3,5-
trifenil tetrazolyum kloriir) testi ve farkli kosullarda tohum ¢imlenmesi i¢in 6n islem (stratifikasyon) ile ve 6n
islem olmadan yapilan testler bulunmaktadir. Calisma, olgun polen, stigma ve tohumlarin yiiksek canliligin
ortaya koyarak basarili lireme kapasitesini gosterdi. Tohum c¢imlenme deneyleri, ¢cogu populasyonun 151k
kosullarinda yiiksek ¢imlenme oranlar1 sergiledigini gosterdi. Tohumlar, 30 giin stratifikasyon sonrasinda 151k ve
karanlik kosullarda ¢ok diisiik cimlenme gosterirken, 60 giin boyunca 4°C'de tutulduktan sonra Nif, Bozdag ve
Mugla (kisa) populasyonlar1 %80'in iizerinde ¢imlenme oranlar1 sergiledi. Ancak, Babadag populasyonu hem
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1sikta hem de karanlikta diigiik tohum c¢imlenmesi gosterdi. Bu g¢aligma, her iki alt tiirlin {ireme biyolojisinin
anlagilmasma 6nemli bir katki saglamistir.
Anahtar kelimeler: Jurinea cadmea alt tiirleri, endemik, Tiirkiye, lireme kapasitesi

INTRODUCTION

The Asteraceae family stands out as one of the largest flowering plant families, boasting
approximately 1,620 genera and over 23,600 species, making it a prominent member of the plant
kingdom (Stevens 2001). In Tiirkiye, the Asteraceaec family ranks as the second-largest family,
comprising 134 genera and a total of 1,209 species, with 447 being endemic, contributing to a
remarkable 37% endemism (Ozhatay & Kiiltiir 2006; Dogan et al. 2011). As part of the Asteraceae
family, the Jurinea Cass. genus plays a vital role in ecological systems and offers insights into plant
adaptation across diverse regions. With an extensive distribution spanning Central Asia, Iran,
Tiirkiye, and the Eastern Mediterranean, this genus encompasses around 180 species (Szukala et al.
2019). Jurinea's endemism in Tiirkiye is noteworthy, constituting approximately 42.1% of the
genus (Aksoy et al. 2018). Eight species are endemic to Tirkiye, particularly in the Mediterranean
and Irano-Turanian phytogeographic regions, representing 18 species in total (Danin & Davis 1975;
Dogan et al. 2007; 2009; 2010). The prevalence and endemism of Jurinea species in Tiirkiye
highlight the genus's significance in contributing to the country's biodiversity. Numerous endemics
within the Jurinea genus are threatened due to anthropogenic factors like deforestation, destruction
of steppe vegetation, and the conversion of semi-desert areas for agricultural and industrial
purposes.

Jurinea cadmea Boiss. is an endemic plant species, meaning it is native and restricted to a
specific geographic region. Distinctive morphological features, such as the absence or rarity of a
stem and the presence of scabrous pappus, set Jurinea cadmea apart from other species within the
Jurinea genus (Danin & Davis 1975; Dogan et al. 2010). J. cadmea, a species with two subspecies,
which are J. cadmea subsp. cadmea and J. cadmea subsp. nifensis Yildirnm & Senol, holds
ecological significance in Tiirkiye and Greece. While J. cadmea subsp. cadmea is distributed across
Tiirkiye and Greece, J. cadmea subsp. nifensis is confined to a small range on Nif Mountain in
Izmir, Tirkiye, making it a local endemic taxon. According to Dogan (2012), J. cadmea subsp.
nifensis was not accepted as a valid taxon and was considered synonymous under J. cadmea.
However, as a result of a comprehensive revision study carried out by us on J. cadmea, which has
not yet been published, J. cadmea subsp. nifensis distinctly separated from J. cadmea subsp cadmea
both morphologically and molecularly. Thus, J. cadmea subsp. nifensis is treated as a valid taxon in
this article. According to the Tiirkiye Plants Red Data Book, Ekim et al. (2000) suggested a
potentially vulnerable (VU) categorization for J. cadmea. The impact of human activities has led to
the critical endangerment (CR) classification for J. cadmea subsp. nifensis (Yildirim & Senol 2010)
and the vulnerable (VU) classification for J. cadmea subsp. cadmea on the IUCN Red List. The
critical endangerment of J. cadmea subsp. nifensis and the vulnerability of J. cadmea subsp.
cadmea underlines the need for immediate action and a unified approach to protecting these
valuable plant species. The unique morphological features and limited geographical ranges of J.
cadmea subspecies highlight the urgency of conservation efforts.

Research on Jurinea cadmea has been limited, primarily focusing on morphological,
molecular, cytological, and palynological studies. This study aims to enhance our understanding of
the life cycles of the two taxa within J. cadmea, providing clarity on their taxonomic statuses.
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Understanding the biological potential of J. cadmea subpopulations is crucial for effective
conservation strategies. The study of pollen, stigma, seed viability, and seed germination is
considered the only way to preserve the genetic diversity of populations. This becomes especially
important in rare and endemic species and for species at risk of extinction. Understanding the
germination abilities of these taxa is emphasized as crucial for their conservation and the continuity
of generations. Species like J. cadmea may exhibit specific germination strategies adapted to local
conditions, allowing them to respond to environmental changes and ensure their survival.
Knowledge of pollen and stigma viability contributes to understanding reproductive barriers within
and between J. cadmea populations. This information is crucial for addressing challenges related to
gene flow and maintaining genetic diversity. Environmental factors such as temperature, humidity,
and pollinator’s presence can impact pollen and stigma viability in J. cadmea species. Studies on
how these factors affect reproductive success are vital for conservation and cultivation efforts.
Knowledge of seed germination is a critical event that shapes the life cycle of plants like J. cadmea,
influencing population dynamics, genetic continuity, and the overall health of ecosystems.
Understanding the germination requirements of J. species is crucial for reintroducing them into their
native habitats and restoring ecosystems.

The findings of this research are expected to enhance knowledge regarding the reproductive
characteristics of Jurinea cadmea, including pollen, stigma, seed viability, and seed germination.
The comprehensive insights gained will not only contribute to the scientific understanding of this
species but will also serve as a foundational resource for informed conservation efforts, ensuring the
preservation of biological diversity in the country.

MATERIAL AND METHOD

Material

Plant materials for both Jurinea cadmea subspecies were collected during the vegetation seasons of
2017-2020 from natural populations in the following regions of Western Anatolia: Izmir / Nif
Mountain, Izmir / Bozdag, Denizli / Babadag, and Mugla / Oyuklu Mountain (Table 1, Figure 1).
Sampling was conducted during the flowering period (May-July) and the fruiting period (June-
October) to encompass the entire vegetation cycle of J. cadmea. Plant materials, including flowers,
were collected during the flowering period to capture the reproductive stage, while achenes and
other reproductive structures were collected during the fruiting period to represent the later stages of
the vegetation cycle.

Seed morphology of Jurinea cadmea subsp. cadmea

Achenes are light brown, tetragonal, longitudinally striped, and crowned, 3.06-6.10 x 1.06-2.66
mm. The pappus is scabrous, dirty white, 8.34-15.18 mm, generally with 2-5 hairs longer than the
others. When mature, the pappus does not emerge from the achene. Flowering time is May-June
(population in Mugla), July-October (population in Bozdag), and August-October (population in
Babadag). Achene maturity is June (population in Mugla), August-October (population in Bozdag),
and September-October (population in Babadag, Figure 2).

The research areas in Bozdag, Babadag, and Mugla Oyuklu Mountain are characterized by
rocks of silica origin, such as schist and gneiss. Notably, the population of Jurinea cadmea in
Mugla was first recorded in 2019, and the study related to this population represents the first
research conducted on it. In the populations of J. cadmea in Babadag and Mugla Oyuklu Mountain,
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two forms have been identified: a short-stemmed form - s (with capitula on short peduncles up to
6.55 cm) and a long-stemmed form - | (with capitula on long peduncles up to 29 cm) (Figure 3).
This variation in forms suggests a possible transitional form between J. cadmea and J. mollis

species.

Table 1. The locations of studied populations of J. cadmea subspecies in Tiirkiye.

10

Location Subspecies Coordinates Altitude (m)
Izmir / Nif Jurinea cadmea 38;23;22.7280 N - 27;21;24.437999 E | 1457
Mountain subsp. nifensis 38;23;3.32399 N - 27;21;18.929999E | 1441
Izmir / Bozdag | Jurinea cadmea 36;31;46.64999 N - 29;11;2.172000 E | 1924
subsp. cadmea 38,19;20.07899 N - 28;6;14.491999 E | 2160
38;19;26.95199 N - 28;6;0.0660000 E | 2125
38;19;10.16399 N - 28;6;41.831999 E | 2054
Denizli / Jurinea cadmea 37,42;9.761999 N - 28;59;27.77400 E | 2039
Babadag subsp. cadmea 37;41;44.60999 N - 28;59;25.04399 E | 1895
37;41;36.00000 N - 28;59;29.04600 E | 1831
37;42;8.945999 N - 28;59;31.54200 E | 2012
Mugla / Jurinea cadmea 37;16;14.95800 N - 28;26;36.37200 E | 1601
Oyuklu subsp. cadmea 37;16;16.64999 N - 28;26;30.72599 E | 1636
Mountain 37;16;15.26399 N - 28;26;30.31799 E | 1624

Figure 1. Studied populations of Jurinea cadmea
Mountain — J. cadmea subsp. nifensis; B) Denizli / Babadag — J. cadmea subsp. cadmea; C) izmir /
Bozdag — J. cadmea subsp. cadmea; D) Mugla / Oyuklu Mountain — J. cadmea subsp. cadmea.

subspecies (photos by Aida Tug). A) izmir / Nif




Tug & Yildirim / Tiirler ve Habitatlar (2024) 5(1): 7-20




Tug & Yildirim / Tiirler ve Habitatlar (2024) 5(1): 7-20 12

Seed morphology of Jurinea cadmea subsp. nifensis

The achenes are tetrahedral, 4-5 x 1.5-2 mm, not glandular hairy, lightly lined, longitudinally
striped light brown and transversely striped dark brown, naked. The pappus is 10-17 mm long,
whitish, and scabrous. Mature pappus does not persist on the achene (Figure 4). This subspecies
was described by Yildirim and Senol (2010) based on specimens from Nif Mountain in Izmir. It is
distributed on calcareous soils at elevations between 1400-1500 m in the Nif Mountain within the
boundaries of the Kemalpasa district of Izmir. It has a restricted distribution in high elevations and
open subalpine regions. Due to anthropogenic pressures, this subspecies is classified as critically
endangered according to the IUCN Red List.

Figure 4. Jurinea cadmea subsp. nifensis. A) Plant’s general appearance, B-C) Achenes.

Methods

Pollen viability analyses
To assess the pollen viability of the target taxa, Jurinea cadmea subsp. cadmea and J. cadmea

subsp. nifensis, we employed a 5% sucrose solution in the MTT (2,5-diphenyl tetrazolium bromide-
thiazolyl blue) test (Rodriguez-Riano & Dafni 2000; Zeng-Yu et al. 2004; Dafni 2007). Given the
occurrence of secondary pollen presentation in J. cadmea, fresh pollen grains were randomly
collected both before the presentation (pre-anthesis) and during the anthesis stage (Figure 5). A total
of 108 samples from fresh buds and flowers (36 plants) of both subspecies underwent the MTT test
for pollen viability analysis. Using fine tweezers, pollen grains were transferred onto glass slides,
and 1-2 drops of the MTT solution were added. Pollen grains, with a minimum of 300 grains per
preparation field, were counted. The viability percentage for each phase was calculated by dividing
the number of colored pollen grains by the total number of pollen grains in the field of view and
multiplying by 100. In the MTT test, live pollen grains exhibiting a dark purple or black color
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change due to the presence of the dehydrogenase enzyme in the mitochondria were distinguished
from non-viable or damaged pollen, which did not undergo any color change.

S—

Figure 5. Jurinea cadmea flowers in pre-anthesis and anthesis phases.

Stigma viability analyses

We employed the Peroxide test to evaluate the stigma viability in the studied subspecies of Jurinea
cadmea (Dafni & Firmage 2000). This test is designed to detect the presence of hydrogen peroxide
in tissues. When hydrogen peroxide is present, the enzyme induces a color change to dark orange.
The test kit includes a color scale indicating peroxide concentrations in the 10-5000 ppm range.
Fresh flowers after secondary pollen presentation, just before fruiting, were utilized for analyzing
stigma viability. A total of 108 stigmas, obtained from samples collected from 36 individuals, were
included in this study. The procedure involved adding one or two drops of the Peroxide test solution
to the isolated stigma on a glass slide. After waiting 1-4 minutes for the enzyme to activate, the
color of the tissue was compared to the Peroxide test scale values to determine the viability of the
stigma. Compared to the Peroxide test scale, the tissue’s color change enabled the determination of
stigma viability.

Seed viability test

A total of 180 mature achenes were collected from four populations of each of the two subspecies,
each with two replicates. The potential seed viability was assessed using the TTC test. Seeds were
soaked between moistened filter papers for 24 hours. Subsequently, they were soaked ina 1% TTC
solution for one day. Viability levels were determined by observing color changes. The tetrazolium
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solution is initially colorless but turns red when it comes into contact with hydrogen produced by
enzymes during the respiration process (reduction process). Live embryos turn red, while partially
stained or unstained embryos are considered non-viable.

Seed germination tests

To determine seed germination, achenes were collected at full maturity, cleaned, and stored in a
dark place at room temperature until the experiments were conducted. A total of 720 achenes were
used for germination trials, encompassing all four populations. Before the experiment, achenes were
immersed in a 5% sodium hypochlorite solution for 1 minute to prevent mold formation. For the
stratification method, achenes were placed between two layers of filter paper in an 8 cm petri dish
and moistened with distilled water to maintain moist and dark conditions. The dishes were then
wrapped in aluminum foil and kept in the refrigerator at 4°C for 30 and 60 days (two groups
consisting of 40 achenes each per working population). Two groups with 20 achenes each from
each population were used for control. For the room temperature germination method, achenes were
arranged between two layers of filter paper in an 8 cm petri dish and kept in both bright and dark
environments at room temperature. Distilled water was added during the experiment to keep the
filter paper moist. Every 3-4 days, germinated achenes were removed from the petri dish. Seeds
were considered germinated if they were the same length or longer than the achene. These seed
germination methods provide insights into the reproductive success and potential of J. cadmea
subspecies, contributing valuable information for further research and conservation initiatives. The
experiment was set up as follows: Control group (room temperature): two repetitions with 20
seeds each were placed between moistened filter papers in a petri dish. a) Kept at room temperature
in a bright environment for 30 days. b) Kept at room temperature in a dark environment for 30 days.
Stratification group (cold-wett treatment): two repetitions with 40 seeds each were placed
between moistened filter papers in a petri dish for stratification. a) After 30 days at +4°C,
transferred to 20°C and kept in both bright and dark environments for an additional 30 days. b)
After 60 days at +4°C, transferred to 20°C and kept in a bright environment for an additional
period. In both the control and stratification groups, the petri dishes were regularly checked to
maintain the moisture of the filter papers. Every 3-4 days, germinated seeds were removed from the
dishes for assessment. The experiment aimed to observe the germination responses of J. cadmea
subspecies seeds under different conditions, including room temperature and stratification.

RESULTS AND DISCUSSION

The pollen viability and stigma activity for Jurinea cadmea subsp. nifensis were observed to be
approximately 74.18% before presentation in the male phase and 52.13% during presentation. The
Bozdag population showed an average pollen viability of 76.60% before presentation in the male
phase and 53.13% during presentation. The Babadag population (short form) exhibited a pre-
presentation pollen viability of 89.39% and a pollen presentation viability of 79.39%. In the long-
form Babadag population, the pre-presentation pollen viability was 82.28%, and it was 65.23%
during the presentation. In all studied populations, it was observed that all stigmas were active in
the female phase (Figures 6 and 7). Pollen viability and stigma activity tests were not conducted for
the Mugla Oyuklu Mountain populations in this study.
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Based on the staining intensity with the tetrazolium solution, live seeds are stained red, while
partially stained or unstained seeds are considered non-viable (Figure 8). Using the tetrazolium test,
it was determined that the majority of seeds in all studied populations were viable (Figure 9).

B| oo,

Ho,

Figure 6. Pollen and stigma viability. A) Live (purple dark) and death
(yellow) pollen grains; B) Peroxide test scale for determination of

stigma viability; C) Viable stigmas.

Pre-Anthesis Phase Anthesis Phase

POLLEN VIA

BOZDAG BABADAG ()  BABADAG ()

*Livepollen  * non-viable polien

0 0
NIF MOUNTAIN BOZDAG BABADAG(s)  BABADAG () B NIF MOUNTAIN

* Live pollen  * non-viable pollen

Figure 7. Pollen viability test. A) Pre-anthesis phase; B) Anthesis phase.

Figure 8. Non-viable seed (-); viable seed (+).
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Seed viability (%)

Nif Mountain - J Bozdag -J. cadmea Babadag (short) - J. Babadag (long) - J. Mugla (short) - ). Mugla (lorg)-J.
cadmea subsp. nifensis subsp. admea cadmea subsp. cadmea subsp. cadmea subsp. camdea subsp.
cadmea cadmea cadmea cadmea

Figure 9. Seed viability in Jurinea cadmea subspecies showed by populations.

When seeds were examined for germination without pre-treatment (control) in a lighted area,
most populations in the study exhibited high germination rates. An exception was observed in the
Mugla Oyuklu Mountain short population and Babadag short population, where the germination
percentage was slightly lower than in other examined populations. The germination percentage was
25% in the Mugla Oyuklu Mountain short population and 65% in the Babadag short population. For
most populations studied, the minimum time for germination to start ranged between 5 to 7 days.
Seeds from the Nif Mountain population showed 100% germination on the seventh day of the
experiment. In the other studied populations, seeds reached maximum germination between 14 to
18 days after the initiation of the experiment (Figure 10).

When seeds were examined for germination in the dark without pre-treatment (control), seeds
obtained from the Nif Mountain and Bozdag populations showed germination rates exceeding 60%.
In other studied populations, germination ranged between 10% and 40%. While the minimum
germination time in the dark was 3 to 5 days for the Nif Mountain and Babadag populations, it
ranged from 10 to 12 days for seeds from the Bozdag and Mugla Oyuklu Mountain populations.
Seeds obtained from the Nif Mountain population reached maximum germination (85%) in the dark
after 18 days of initiating the experiment. Seeds obtained from the Bozdag and Babadag
populations reached maximum germination after 20 and 26 days, respectively, from the initiation of
the experiment in the dark. Regardless of light conditions, seeds from the Mugla Oyuklu Mountain
population showed low germination without pre-treatment (Figure 10).

To determine whether the stratification process influenced the germination of Jurinea cadmea
subspecies seeds and to what extent seeds from the studied populations were subjected to
stratification after pre-treatment (control). For this purpose, the seeds were kept in the refrigerator at
4°C for 30 and 60 days. After 30 days of stratification at 4°C, the J. cadmea subspecies seeds were
divided into two groups and kept at room temperature in light and dark conditions. Germination of
seeds was monitored and recorded daily, and the experiment was stopped after 30 days when no
further changes in germination were observed. The seeds of the J. cadmea subspecies showed very
low germination in light and dark conditions after 30 days of the stratification process (Figure 10).
The seeds obtained from the Nif Mountain and Mugla Oyuklu Mountain populations did not
germinate. Seeds from the Bozdag population showed slightly better germination in the dark (15%)
compared to the illuminated place (5%). On the other hand, seeds from the Babadag population
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exhibited better germination in the illuminated place (25% for the short form and 45% for the long
form) compared to the dark place (15% for the short form and 40% for the long form).

Germination seed test
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Nif Mountain - L Bozdag -J. cadmea Babadag (short) - Babadag (long) - Mugla (short) - L. @admea Mugla (lorg) - J. cadmea
cadmea subsp. nifensis subsp. c@admea J.cadmeasubsp. cadmea  cadmea subsp. cadmea subsp. c@admea subsp. admea

Without pretreatment - light = Without pretreatment - dark m After cold-wet stratification

Figure 10. Germination seed test by populations and by treatments.

After 60 days of seed stratification at 4°C, the germination percentage of seeds in most studied
populations was above 60%. Specifically, the germination percentage for the Nif Mountain
population was 85%, Bozdag was 80%, Babadag (short form) was 15%, Babadag (long form) was
55%, Mugla Oyuklu Mountain (short form) was 85%, and Mugla Oyuklu Mountain (long form)
was 55% (Figure 10).

Later, the seeds were left in a lighted place at room temperature, and changes in germination
were monitored. The experiment was terminated because there was no change in germination after
the third day. The germinated seeds were recounted, and the percentages were determined. While
the germination percentages of seeds from the Nif Mountain, Bozdag, and Mugla Oyuklu Mountain
populations remained unchanged, the germination percentage of seeds from the Babadag population
increased after three days. For the short individuals, the germination percentage became 20% (an
increase of 15% from before), and for the long individuals, it became 100% (a rise of 55% from
before).

This study examined the reproductive capacity of two subspecies of Jurinea cadmea (pollen,
stigma, seed viability, and seed germination) to determine some fundamental features of their
reproductive biology. Seed production is closely related to pollen and stigma viability (Dafni &
Firmage 2000; Wilcock & Neiland 2002; Hu 2005), and it is known to facilitate the successful
realization of reproductive capacity, an essential prerequisite for maintaining the population size
(Wang et al. 2012). The study explored seed germination by subjecting the seeds of the studied
subspecies to a cold-wet folding pretreatment, aiming to assess the impact of the stratification
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process on germination. High viability for both pollen and stigma (above 70% for individuals from
Nif Mountain and Bozdag populations, and above 80% for individuals from Babadag population),
and high seed viability (above 85% for individuals from Nif Mountain and Bozdag populations,
above 80% for individuals from Babadag-short, above 50% for individuals from Babadag-long,
above 80% for individuals from Mugla Oyuklu Mountain -short, above 50% for individuals from
Mugla Oyuklu Mountain-long) indicate that the reproductive capacity was successfully achieved in
both J. cadmea subspecies. Most seeds from the studied J. cadmea subspecies showed high
germination without pretreatment (above 65% in most populations). Maximum germination
percentage (100%) was observed in the first seven days for seeds obtained from Nif Mountain
population (J. cadmea subsp. nifensis), while for the other J. cadmea subsp. cadmea populations,
maximum germination was observed 14 to 18 days after the experiment was set up. The faster and
maximum germination of J. cadmea subsp. nifensis seeds may be attributed to the absence of
glandular hairs on the seed surface and potentially thinner seed coat. These reasons should be
approached with caution until additional analyses are conducted on the germination of seeds of the
J. cadmea subspecies. Mugla Oyuklu Mountain population seeds (25%) showed lower germination
without pretreatment compared to the other studied populations, and the lower germination in these
populations is thought to be due to the short waiting period (7 months) after seed collection. Seeds
of other populations were collected and left to wait for more than 12 months. According to
Urbanska and Schiitz (1986) and Korner (1999), alpine plants may not germinate in the current
season and enter a dormancy process to avoid low winter temperatures and be ready to germinate
early in spring. The dormancy process terminates the embryo’s development, removing physical
constraints in the seed coat through alternate freezing and thawing. After 30 and 60 days of
stratification pretreatment, seed germination significantly decreased in all studied populations,
indicating a negative impact of the stratification process on the germination of J. cadmea
subspecies. Our results partly overlap with the findings of Giménez-Benavides et al. (2005), who
studied the germination of 20 Mediterranean species from higher altitudes. In most studied
subspecies, high seed germination was found without any pretreatment. Larger seeds did not
germinate after the stratification process in this study, while Biscutella laevigata L. subsp. gredensis
(Guinea) Malag. and Senecio pyrenaicus L. subsp. carpetanus (Willk.) Rivas Mart. lost their
viability during the stratification process.

This study aimed to understand better the life cycles of the two subspecies of Jurinea cadmea,
namely J. cadmea subsp. cadmea and J. cadmea subsp. nifensis, by examining reproductive biology
features such as pollen, stigma, seed viability, and seed germination. Both subspecies exhibited high
viability rates and successful reproductive capacity, indicating the importance of maintaining
population size and capacity. This study has contributed significantly to understanding the
reproductive biology of both subspecies, laying a foundation for future research endeavors that
delve deeper into the intricacies of the J. cadmea subspecies' variability and taxonomic status.
Successful seed germination ensures the continuity of the species. It allows for the transmission of
genetic information from one generation to the next, facilitating the persistence of J. cadmea in its
natural habitat. Understanding this interconnectedness provides insights into the plant's reproductive
strategies, environment adaptation, and potential challenges it may face in maintaining viable
populations. Conservation efforts should consider these aspects to promote the overall reproductive
success and sustainability of J. cadmea in its native habitats.
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However, further research is needed to understand these two subspecies, intra-population and
inter-population relationships, further research is needed, encompassing genetic, effects of
phytohormones, climatic, phytosociological, taxonomic, pedological, and other variability factors.
Such studies could provide more detailed insights into the variability and taxonomic status of the
Jurinea cadmea subspecies.
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