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Abstract

Purpose: The aim of this study was to determine the seed characteristics of Salvia dorysthoechas, a local endemic
shrub growing in southern Tiirkiye.

Method: Two seed sources were used in the study: (1) from the natural population in Antalya - Feslikan Plateau and (2)
from 3-year-old Salvia dorystoechas plants of Feslikan origin grown in Eskisehir Forest Nursery. In order to determine
dormancy, seeds were subjected to four different duration of prechilling treatments. Prechilling treatments were applied
to moist filter paper in petri dishes at 4°C for 2, 4 and 6 weeks. Germination tests were carried out using filter paper
placed in 12 cm diameter petri dishes at 20°C with 300 (3x100) seeds.

Findings: 1000-seed weight was determined as 0.586 g. The shape of the thin seed was slightly concave. The average
length, width and thickness of the seeds are 4.29 mm, 1.57 mm and 0.67 mm, respectively. There was no physical
dormancy due to the impermeable seed coat. The seed has a physiological dormancy at a light depth and 2 weeks of
prechilling treatment was sufficient to eliminate dormancy. The germination percentage of the seeds without any
pretreatment (control) exceeds the half of the total germination capacity. Germination occurs rapidly and the
germination percentage reaches maximum levels within a week after the prechilling treatments.

Conclusion: The seed characteristics of this endemic and narrowly distributed species were studied in detail for the first
time. It is expected that this study will contribute to the production of the species from seed and the ex situ conservation.

Keywords: Calba tea, Mediterranean areas, Seed germination, Prechilling, Endemic.

*

Salvia dorystoechas B.T. Drew’in tohum o6zellikleri

Ozet

Amag: Bu calismanin amaci Tiirkiye'nin giineyinde yetisen nadir endemik bir ¢ali tlirli olan Salvia dorystoechas'm
tohum o6zelliklerini belirlemektir.

Metod: Calismada iki tohum kaynagi kullanilmistir: (1) Antalya - Feslikan Yaylasi'ndaki dogal popiilasyondan ve (2)
Eskisehir Orman Fidanligi'nda yetistirilen Feslikan kokenli 3 yasindaki Salvia dorystoechas bitkilerinden. Dormansiyi
belirlemek i¢in tohumlar dort farkl siirede katlama iglemine tabi tutulmustur. Katlama islemleri 4°C'de petri kaplarinda
nemli filtre kagid1 tizerinde 2, 4 ve 6 hafta boyunca uygulanmistir. Cimlenme testleri 20°C'de 12 cm ¢apindaki petri
kaplarinda filtre kagid1 iizerinde 300 (3x100) tohumla gergeklestirilmistir.
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Bulgular: Tiriin 1000-tohum agirligi 0,586 gr olarak belirlenmistir. Tohumun sekli ince ve hafif igbiikeydir.
Tohumlarm ortalama uzunlugu, genisligi ve kalinlig1 sirasiyla 4,29 mm, 1,57 mm ve 0,67 mm'dir. Tohum kabugundan
kaynaklanan fiziksel dormansi yoktur. Tohum, hafif derinlikte dormansiye sahiptir ve dormansiyi gidermek igin 2
haftalik katlama islemi yeterlidir. Herhangi bir 6n islem uygulanmayan tohumlarin (kontrol) ¢imlenme yiizdesi, toplam
¢imlenme kapasitesinin yarisin1 agmaktadir. Cimlenme olduk¢a hizli olup, katlama islemlerinden sonra ¢imlenme
yiizdesi bir hafta i¢inde maksimum seviyelere ulasmaktadir.

Sonu¢: Bu endemik ve dar dagilimli tiiriin tohum o6zellikleri ilk kez ayrintili olarak incelenmistir. Calismanin tiiriin
tohumdan iiretilmesine ve ex situ korunmasina katkida bulunmasi beklenmektedir.

Anahtar Kelimeler: Calba cay1, Akdeniz bolgesi, Tohum ¢imlenmesi, Katlama, Endemik.

1. Introduction

Salvia dorystaechas B.T. Drew(Feslikan sage, Devren thyme, Calba tea) is an endemic medicinal plant with
limited natural distribution in the West of Antalya, southern Tiirkiye (Figure 1).
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Figure 1. The area seed collected (Feslikan plateau)

The species is 40-100 cm tall, densely pilose, with short soft hairs (pubescent) and many stemless glands.

Flowers are in the form of a spike (Figure 2). Fruit is upright, without bending, it remains on the plant until the next
season. Flowering is in the 5th-7th months [1; 2].
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Figure 2. Salvia dorystoechas in natural site, Feslikan Plateau-Antalya
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The plant generally prefers stony and rocky areas exposed to the sun. It is also encountered among bushes and
maquis vegetation. The main forest tree species around natural distribution sites are Pinus brutia, Cupressus
sempervirens, Quercus coccifera, Juniperus spp., and Cedrus libani. It naturally occurs at altitudes ranging from sea
level to 2000 m [3]. Natural populations of the species are under risks due to overgrazing, urbanization, excessive
collection by local people [4].

The plant has a rich chemical content [2], strong antioxidative capacity so that it used as a potential
antioxidative edible source due to its different classes of phenolic compounds [5; 6].

The genus Salvia is one of the most widely distributed the world, occupying many different habitats. There are
around 900 species of Salvia in all around the world. Tiirkiye is one of the genetic diversity centers for Salvia. There are
100 Salvia species in the country, 53 of which are endemic [7].

The seeds of Salvia species can exhibit quite different characteristics in terms of size and physiological
characteristics due to the great heterogeneity of its natural habitats. Physiological dormancy is common in Salvia seeds
under different environmental conditions [8]. Physical dormancy is also observed for the seeds of some species [9].
Light can also significantly affect the germination percentage of some Salvia species [10]. Removing the nutlet
covering tissues, prechilling, and application of GA3 are common treatments that are effective in overcoming the seed
dormancy [8; 9; 11; 12]. Salvia dorystoechas can also be produced by tissue culture. Cotyledons were determined as the
most suitable explants for creating callus cultures of the plant [13].

There is a knowledge gap regarding the physiological properties of S. dorysthoechas seeds. In a previous study,
seed germination rates of this species were found to be very low. In natural conditions, the generation of new
individuals through germination appears to be very difficult. [14]. In another study [2], cold stratification partially
increased the germination percentage in some populations. Due to low seed germination of Salvia dorysthoechas, a
narrowly distributed endemic medicinal plant, the examination of the factors that affect the germination and dormancy
of this plant is especially needed.

The main objectives of this study on S. dorystoechas seeds were to determine the basic morphological traits of
the seeds and to explore the dormancy phenomenon and the pretreatment requirements for germination.

2. Metarial and method

Two seed sources used in the study:
(1) The seeds were collected on 06.08.2021 and 12.09.2021 from a natural population in Antalya - Feslikan Plateau,
1880-1900 m. The seed collection site is in the transition from the upper forest limit to the alpine zone, with very rare
Juniperus foetidissima and other semi-woody species such as Origanum minutiflorum and Dahpne oleoides subsp.
oleoides. The seed collection area has east and southeast aspects where the bedrock is limestone.
(2) Additional seeds were collected on 09.08.2024 from three-year-old Salvia dorystoechas plants of Feslikan origin,
cultivated at the Eskisehir Forest Nursery (Figure 3).

Figure 3. The seeds and spikes of Salvia dory&toechas

2.1. Morphological characteristics

The dimensions of the seed (length, width and thickness) were measured using 30 seeds with an electronic
caliper with a sensitivity of 0.01 mm. 1000-seed weight was calculated based on 800 (8x100) seeds according to ISTA
rules [15].

The seed characteristics of Salvia dorystoechas B.T. Drew
Mustafa YILMAZ, Tolga OK, Miinevver ARSLAN, Hakan DEMIRBAG, Hafize KUCCUK, Cansu GUNAY, Muhammed Emirhan GUNDOGDU



Biological Diversity and Conservation — 18/ 3 (2025) 431

2.2. Dormancy level and pretreatment requirements

The preliminary germination tests with the few seeds demonstrated that S. dorystoechas seeds have partial
physiological dormancy. Therefore, to determine the presence of dormancy, dormancy depth, and pretreatment
requirements for germination, the seeds from natural population and the forest nursery were pretreated with four
different pretreatment regimes including control. The prechilling treatments were applied at 4°C for 2, 4, and 6 weeks.
During prechilling treatments at 4°C, the seeds were placed on moist double-layered filter paper in petri dishes. To
maintain adequate moisture levels throughout the pretreatment period, distilled water was sprayed as needed.

2.3. Germination tests

The germination tests were performed on double-layered filter papers that were placed in 12-cm diameter
petri dishes with 300 (3 dishes x 100 seeds) seeds at 20°C. 20°C is the recommended germination temperature for
Salvia seeds (Thanos and Doucci, 1995). The seeds were considered germinated when their radicles protruded
approximately 3 mm and displayed geotropism (Figure 4). The petri dishes were examined every two days, and the
germinated seeds were counted and removed. The germination tests were terminated after 28 days.

Figure 4. Some germlnated seeds of S. dorythoechas on filter paper

The germination percentage of seeds (GP) and the mean germination time (MGT) were calculated using the
formulas below [16].

MGT - Z(ti ’ni)
) 2 )

1. Where GP (%) is the percentage of seeds that germinated, ni is the number of germinated seeds at week i, and N is
the total number of incubated seeds per test.

2. Where MGT is the mean germination time, t; is the number of weeks since the beginning of the test, and n; is the
number of germinated seeds recorded for week t;.

n.
GP(%) = Zz:v £ x100

2.4. Statistical analyses

The data for GP and MGT were evaluated by analysis of variance (ANOVA). The treatment means were
tested using Duncan multiple-range test. Arcsine square root (VP) transformations were applied to the GP values to
normalize the error distributions prior to the variance analyses.

3. Results

3.1. Morphological characteristics of the seeds

The seeds were slightly concave in shape (Figure 5). The seed was thin, its thickness was less than half of its
width. The average 1000-seed weight was 0.586 g.

The average length and width, and thickness of the seeds were 4.294+0.366 mm, 1.57+0.134 mm, and
0.67+0.081 mm, respectively.
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Figure 5. The shape and dimensions (mm) of Salvia dorythoechas seeds

3.2. Germination features

The results showed a significant effect of seed source and prechilling on the germination percentage (GP)
(Table 1). On the other hand, mean germination time (MGT) had a similar appearance in both seed sources and only
affected by prechilling treatment. A seed source x prechilling interaction was significant for seed germination (p=0.018)
but not effective on MGT.

The seeds in the control treatment (without any pretreatment) germinated at more than half of the maximum
germination percentage it could achieve. The average germination percentages of NP seeds and FNG seeds after 2
weeks of prechilling were §9.0% and 56.3%, respectively (Table 2). Two weeks of prechilling eliminated dormancy
completely in both seed sources, and the seeds reached the highest germination ratio under these conditions. With
longer stratification processes of 4 and 6 weeks, germination accelerated while the germination percentages were the
similar (Figure 6).

Table 1. Effects of seed source and prechlling duration on germination percentage (GP) and mean germination time
(MGT) of S. dorystoechas seeds, results of factorial ANOVA

Source of variation df GP MGT
MS F P-value MS F P-value
Seed source (SS) | 2730.66  994.02 0.000 0.753 1407 0253
Prechilling (P) 3 64029  233.08 0.000 113231 211663 0.000
*
SS*P 3 12.33 448 0.018 0198 0370  0.775
Error 16 2.75 0.535

Table 2. Germination percentage (GP) and mean germination time (MGT) of S. dorythoechas seeds collected from
natural population and the forest nursery after the different prechilling durations

Natural Population Forest Nursery Grown
Prechilling
GP (%) MGT (d) GP (%) MGT (d)
0 week (Control) 62.3 b* 13.31d 20.7b 12.66 ¢
2 week 89.0a 598 ¢ 563 a 531b
4 week 883 a 4.63b 60.3 a 4.48 ab
6 week 883 a 328a 603 a 334a

* The values on the same line column followed by the same letters are not significantly different at p < 0.05.
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Figure 6. The germination percentages of S. dorystoechas seeds collected from the natural population (A, left) and the
forest nursery (B, right) after the different prechilling durations

4. Conclusions and discussion

Salvia dorythoechas is an endemic plant with limited distribution in southern Tiirkiye. Natural populations
are under anthropogenic effects that threaten their existence in some places. The seed characteristics of the species has
not been sufficiently known and this research has revealed them in detail, which will contribute to its propagation and
ex situ conservation.

Seeds of Salvia species come in many different sizes and weights. The 1000-seed weight of S. dorythoechas
is lighter than most of the seed weights of Salvia species [17]. The slightly concave seed is thin and small with a length
of about three times its width. The1000-seed weight of the species (0.586 g) is quite light compared to the seeds of
some natural Salvia species in Tiirkiye such as S. aramiensis (8.19 g). Some Salvia species contain chemical mucilage
in their seeds that prevents germination [18]. Physical dormancy has also been observed in the seeds of S. mirzayanii
[19] and Salvia verticillata [9]. There is no physical dormancy that restricts water and air passage in S. dorysthoechas
seeds. Current research demonstrated that S. dorysthoechas has only a physiological dormancy at a slight depth.

Physiological dormancy is generally eliminated by cold treatment at 4 °C. Two weeks of prechilling (cold
treatment) were sufficient to eliminate the dormancy of the S. dorysthoechas seeds. Germination accelerated with the
extension of the cold treatment. In line with this, about 7 weeks prechilling treatment positively affected the
germination percentage in the seeds of S. smyrnaea [20]. Similarly, 10-30 d cold stratification was effective in breaking
dormancy in the seeds of S. aramiensis [21]. On the other hand, seeds of S. cyanescens [22], S. officinalis, S. coccinea,
and S. farinacea [11] have no dormancy and are capable of achieving maximum germination without any pretreatment.

The seeds obtained from the forest nursery have apparently lower germination ability than those collected
from the natural populations (Table 2). This is probably due to the relatively higher proportion of empty seeds in NGS
sources, because after 2 weeks, extending the prechilling period did not lead to an increase in the germination
percentage. In other words, most of the nursery grown seeds that did not germinate after the prechilling treatment were
empty.

The optimum germination temperature of Salvia seeds ranges from 10°C to 30°C [23]. For example, S.
fruticosa and S. pomifera ssp. pomifera seeds showed higher germination percentage at lower temperatures of 10 and
15°C [24]. S. sclarea seeds showed better germination performance between 15 and 25 °C [25]. Since the natural
distribution of S. dorystoechas is found in a wide range from sea level to 2000 m, the germination behavior of seeds
from populations at different altitudes should be examined at different temperatures.

For S. dorysthoechas production in the nursery, it will be sufficient to sow the seeds at the beginning of
March without any stratification. Alternatively, seeds may be sown at the beginning of April after stratification for 2 or
4 weeks under Mediterranean climatic conditions at low to mid altitudes.

Salvia seeds can be stored alive for a long time in cold conditions [17]. Similarly, the dry seeds stored in the
refrigerator for three years showed very high germination (Table 2). As with other species whose seeds have remained
viable for decades, the seeds of this narrowly distributed endemic species should be stored in seed banks for long-term
conservation purposes.

It is an ornamental plant was high value with its thanks to strong fragrance and attractive appearance [2].
The species can be grown in suitable places and used as an ornamental plant. The cultivation of this medicinal and
aromatic plant by the private sector for commertial purposes should also be considered and carried out for commercial
purposes.
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