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Onosma vanensis is an endemic species from Türkiye, and this study presents a detailed 

investigation of its anatomical features based on specimens collected from a newly recorded 

population in Muş province. Root, stem, and leaf tissues were examined using light microscopy to 

characterize the anatomical structure of the species. The roots display a well-developed secondary 

structure, in which the pith is entirely composed of tracheary elements and extensive xylem 

occupies a major portion of the cross-section. The stem has a uniseriate epidermis covered with 

setose and glandular trichomes, a 7–8 layered cortex, and a distinct vascular system with a 2–3 

layered cambium. Leaves are isobilateral and amphistomatic, consisting of a uniseriate epidermis 

on both surfaces covered by a thin cuticle. The mesophyll thickness ranges between 234.5–328.8 

µm, comprising 2(–3) layers of palisade parenchyma beneath the upper epidermis, a single palisade 

layer above the lower epidermis, and 3–4 layers of spongy parenchyma. Stomata are anomocytic to 

anisocytic, located at the same level as epidermal cells, and present on both leaf surfaces. The 

stomatal index was measured as 17.94 on the adaxial surface and 16.64 on the abaxial surface. 

These findings provide the first comprehensive anatomical characterization of O. vanensis and 

contribute to the documentation of its structural features for future taxonomic research. 
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Introduction 

The Boraginaceae family is widely distributed across 

tropical, subtropical, and temperate regions, comprising 

approximately 153 genera and over 2.000 species (POWO, 

2025). In Türkiye, the family is represented by 44 genera 

and 375 taxa, exhibiting a high level of endemism 

exceeding 40% (Binzet, 2012). Onosma L., the largest 

genus of Boraginaceae, includes around 298 species 

globally and is primarily diversified in Türkiye and Iran 

(Johnston, 1954; Weigend et al., 2009; Cecchi et al., 2016; 

Chacón et al., 2016; Binzet & Eren, 2018; Fırat & Binzet, 

2021; Binzet et al., 2024; Fırat & Binzet, 2024).  

Identification of Onosma taxa is challenging due to 

morphological uniformity and complex phenological 

variation (Binzet, 2016a). According to the most recent 

checklist of the Turkish flora, 96 species (including one 

hybrid) were initially recognized (Binzet, 2012). Since 

then, 13 new species have been described from Türkiye, 

including O. atila-ocakii (Koyuncu et al., 2013), O. 

demirizii (Tarımcılar et al., 2015), O. malatyana (Binzet, 

2016a), O. anatolica (Binzet, 2016b), O. juliae (Cecchi et 

al., 2016), O. erzincanica (Binzet & Eren, 2018), O. onur-

koyuncui (Sezer, 2021), O. satensis (Fırat & Binzet, 2021), 

O. korukluei (Aytaç et al., 2023), O. serpentinica (Binzet 

et al., 2024), O. vanensis (Fırat & Binzet, 2024), O. 

zaferkayae (Binzet, 2025a), O. guniae (Binzet, 2025b). 

Consequently, Türkiye now hosts 109 Onosma species, of 

which 65 are endemic.  

Many Onosma species possess ethnobotanical 

significance and have been used in traditional medicine 

across Türkiye, Iraq, Iran, and adjacent regions (Jabbar et 

al., 2022). Despite their importance, detailed anatomical 

studies of newly described species remain scarce. Onosma 

vanensis Fırat & Binzet, recently reported from Van 

Province, has not yet been anatomically investigated (Fırat 

& Binzet, 2024).  

For instance, Onosma alborosea is utilized by the 

people in northern Iraq as a calming agent and for 

addressing kidney ailments, whereas Onosma orientalis 

serves as a calming agent. In Turkey, O. armeniacum is 

utilized to address various health issues, including wounds, 

stomach ulcers, burns, and abdominal discomfort. It is also 

prepared by cooking and straining the vegetables. 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Sayılgan et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(9): 2424-2429, 2026 

2425 

 

Additionally, extracts from the species O. argentatum and 

O. chlortricum has been traditionally utilized in Türkiye 

and Iran for the treatment of wounds. In Iran, the 

conclusions of O. hispidum is utilized to treat headaches, 

injuries, and insect stings, whereas the flowers are ingested 

to address women's health concerns. O. bracteatum has 

been utilized as a tonic to enhance the weight loss process 

and support its use. O. sericeum is utilized in Adıyaman as 

a cream for treating skin sores and burns. Meanwhile, O. 

microcarpum is utilized in Erzurum for the treatment of 

wounds and burn scars. O. echioides is utilized for treating 

degenerative and metabolic issues in children, whereas the 

flowers are employed for orthopedic and heart-related 

conditions. Furthermore, the origin of O. paniculata is 

recognized in traditional Chinese medicine as a therapeutic 

approach. Nevertheless, merely 12 out of over 230 species 

of Onosma have been utilized in traditional medicine. This 

could be related to the overall condition of the species and 

a past deficiency of research focus on this genus (Özgen et 

al., 2003; Özgen et al., 2004; Jabbar et al., 2022). 

The present study provides the first comprehensive 

morphological and anatomical characterization of O. 

vanensis, examining root, stem, and leaf structures. These 

data aim to contribute valuable diagnostic traits to the 

literature and enhance the taxonomic understanding of 

Onosma in the Irano-Turanian region. 

 

Materials and Methods 

 

This study investigated the morphological and 

anatomical characteristics of the endemic species O. 

vanensis Fırat & Binzet. The species was first described by 

Fırat & Binzet (2024) from Van province. Subsequently, a 

new population of the species was identified in Muş 

province as a result of field studies conducted by Sayılgan 

during the vegetation period in 2024 and 2025. Plant 

materials were collected from the natural population of the 

species in Muş province during the 2025 vegetation period, 

with a total of 20 individual specimens sampled in the field. 

(Locality: 5a Muş Province, Ilıca Village, İncesu locality, 

stony and rocky slopes, 23.05.2025, 2500–2600 m a.s.l. 

(2580 m), 38° 35' 99" N 41° 46' 47" E, GMZ95) (Fig. 1). 

The taxonomic identification of the species was made 

based on Fırat and Binzet (2024) and Flora of Turkey and 

the East Aegean Islands (Riedl, 1978). Some of the 

collected specimens were prepared as herbarium material 

and are preserved in the Mersin University Herbarium 

(MERA). Samples intended for anatomical examination 

were placed in 70% ethyl alcohol; a small amount of 

glycerol was added to the solution to facilitate sectioning. 

For anatomical investigations, transverse sections of 

roots, stems, and leaves, as well as superficial sections of 

the adaxial and abaxial leaf surfaces, were manually 

prepared using a razor blade from plant material previously 

fixed in 70% ethanol. A minimum of five slides were 

prepared for each section type, and anatomical characters 

were determined based on observations from these 

replicated preparations. All sections were stained 

according to the protocol described by Vardar (1987) and 

mounted in glycerin–gelatin medium. Anatomical features 

were examined, measured, and photographed using a light 

microscope (Leica DM1000 LED) equipped with a ×40 

objective lens. Stomatal indices were calculated according 

to the method of Meidner and Mansfield (1968) using the 

formula 

 

SI (%) = [S / (E + S)] × 100   (1) 

 

SI = Stomatal index, S = Number of stomata per unit 

area and E = Number of epidermal cells per unit area. 

All micrometric measurements, including cuticle 

thickness, epidermal cell dimensions, and mesophyll 

thickness, were performed using calibrated imaging 

software. For each anatomical parameter, a minimum of 30 

independent measurements was obtained, and the data 

were expressed as arithmetic mean ± standard deviation to 

ensure consistency and reliability in the measurements. 

Results  

 

Morphological Properties  

O. vanensis is a perennial herbaceous species with 

stems 20–30 cm long and up to 5 mm in diameter. The 

stems are unbranched and densely covered with stiff, 

patent setose hairs 4–5 mm long, together with glandular 

trichomes. Basal leaves measure 30–50 × 5–10 mm, are 

shortly petiolate, oblanceolate in shape, with rounded to 

obtuse apices and ±revolute margins. Stem leaves are 20–

90 × 3–10 mm; lower stem leaves are long-petiolate, 

whereas upper stem leaves are sessile; all are oblanceolate 

with rounded apices and non-revolute margins. Setae arise 

from distinct tubercles, which at the leaf base consist of (1–

)2–3 rows of cells. The inflorescence comprises 1–3 

terminal cymes that elongate after anthesis. Bracts are 10–

30 × 3–8 mm, lanceolate at the base, gradually tapering to 

a linear, acute apex, and are sessile. Pedicels are 2–3 mm 

long. Calyx is 8–10 mm long at anthesis and extends to up 

to 12 mm in fruit. Corolla is golden-yellow, 18–20 mm 

long, and cylindrical-campanulate in form. Anthers are 

approximately 7 mm long. Nutlets are 3 × 2.5 mm, shortly 

beaked, light gray to light brown in color, with a finely 

papillate ventral surface, a distinct keel, and an acute apex 

(Fırat & Binzet 2024). 

 

   
Figure 1. Habitus (a) flower (b) and geographic distribution (c) of O. vanensis 
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Figure 2. O. vanensis  

(a: cross section of root, b: cross section of stem, c: upper surface of the leaves, d: lower surface of the leaves, e-j: transverse sections of the leaf). (e: 

epidermis, p: periderm, s: stomata, h: hair, gh: glandular hair, pt: pith, cor: cortex, x: xylem, ph: phloem, pp: palisade parenchyma, sp: spongy 

parenchyma, ca: cambium, t: trachea, cu: cuticle, hbc: hair base cell, hb: hair base, ue: upper epidermis). 
 

Anatomical Properties 

Anatomical examination of O. vanensis roots reveals a 

well-developed secondary structure (Fig. 2a). The 

outermost layer consists of a thick periderm. Beneath the 

periderm, the cortex is composed of multiple organized 

layers of parenchymatic cells. The endodermis is not 

clearly distinguishable at this secondary stage. Between the 

secondary phloem and secondary xylem, a 2-layered, 

indistinct vascular cambium is present. Xylem occupies a 

large portion of the root cross-section and contains 

extensive zones of parenchymatic cells interspersed with 

tracheary elements. The central pith is composed entirely 

of tracheary elements, with no clear differentiation 

between primary and secondary xylem. The tracheae 

measure 37.24–45.50 × 102.98–120.76 μm, with 

calculated mean values of 2948.4 × 62.09 μm, representing 

a significant diagnostic character for the species’ root 

system.  

A cross-section of the stem reveals a single-layered 

epidermal tissue composed of rectangular, square, or ± 

round cells, protected on the outermost layer by a thin 

cuticle (Fig. 2b). The epidermis bears a dense indumentum 

comprising two distinct trichome types: setose hairs of 

varying lengths and glandular hairs. Stellate hairs are also 

located at the base of the setose. Beneath the epidermis lies 

the cortex tissue, composed of 7–8 layers of mostly 

collenchymatic cells and parenchyma. The vascular system 

includes a crushed primary phloem, followed by 4–6 layers 

of secondary phloem. A ±distinct vascular cambium, 2–3 

cell rows thick, is situated between the secondary phloem 

and secondary xylem. The secondary xylem occupies a 

large portion of the stem. Examination of the primary 

xylem shows numerous vascular bundles arranged in a 

ring. The pith covers a large area and is composed of large 

parenchymatic cells. 

Examination of transverse and superficial sections 

reveals that O. vanensis leaves are isobilateral and 

amphistomatic (Fig. 2e-j). Both the adaxial and abaxial 

surfaces of the leaves are covered by a thin cuticular layer 

and consist of a uniseriate epidermis composed of 

rectangular, quadrate, or subcircular cells. Cuticle 

thickness varies between 5.05-6.23 μm in the upper 

epidermis and 3.62-5.16 μm in the lower epidermis. The 

epidermis has prominent setae, glandular hairs, and stellate 

hairs at the base of the setae on both surfaces. Stomata are 

located at the same level as the epidermal cells 

(mesomorphic type). Mesophyll thickness ranges from 

234.5 to 328.8 μm (average = 285.7 μm). The palisade 

parenchyma consists of 2 (rarely 3) cell rows on the adaxial 

surface and a single cell row on the abaxial surface; the 

cells are rectangular to cylindrical in shape. The spongy 

parenchyma is located between the upper and lower 

palisade layers and consists of 3-4 cell layers.  
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Stomata on both the adaxial and abaxial leaf surfaces 

are of the anomocytic and anisocytic types. The mean 

dimensions of the stomatal guard cells are 23.13 × 8.68 μm 

on the adaxial surface and 25.95 × 9.32 μm on the abaxial 

surface. Upper epidermal cells measure 30.85–76.6 × 

11.68–37.61 μm, while lower epidermal cells measure 

31.1–62.91 × 14.87–37.43 μm. The stomatal index was 

determined to be 17.94 on the adaxial leaf surface and 

16.64 on the abaxial surface. The vascular bundles are 

surrounded by a distinct bundle sheath composed of a 

single layer of parenchyma cells (Fig. 2c,d). 

 

Discussion 

 

This study presents a comprehensive review of the 

morphological and anatomical features of the endemic O. 

vanensis. Analyses include root, stem, and leaf anatomy, as 

well as epidermal and mesophyll tissues, stomatal 

characteristics, and trichome morphology. While the 

obtained data largely coincide with those reported in the 

literature, some significant differences were also observed. 

The species O. vanensis belongs to the subsection 

Haplotricha of the section Onosma. Although it generally 

resembles O. lanceolata, the main morphological features 

that distinguish O. vanensis are its narrower stem leaves, 

larger bracts, shorter pedicels and calyx, as well as a longer 

corolla. These characteristics clearly differentiate O. 

vanensis from related species and are crucial for its 

taxonomic diagnosis. 

Examination of the root cross-section of O. vanensis 

revealed that it exhibits a well-developed secondary 

structure, as is observed in many Onosma species. The 

xylem occupies a substantial portion of the root cross-

section and contains abundant tracheary elements. Notably, 

the pith is composed entirely of tracheary elements, with no 

distinct boundary between the primary and secondary 

xylem. This feature clearly differentiates O. vanensis from 

species such as O. mersinana Riedl, Binzet & Orcan (Binzet 

& Orcan, 2009) and O. intertexta Hub.-Mor. (Binzet & 

Akçin, 2009), in which the pith is parenchymatical, while it 

shows closer anatomical affinity to taxa characterized by 

extensive xylem development in the root, such as O. 

sieheana Hayek (Binzet & Akçin, 2009). 

When the stem structure of the species was examined, 

it was determined that O. vanensis showed a high degree 

of similarity to other Onosma species in terms of general 

structural characteristics, but O. polyantha DC., O. 

mutabile Boiss. & Hausskn, O. halophila Boiss. & Heldr., 

and O. mollis DC. possessed a more pronounced and 

thicker cambium layer compared to O. vanensis. When the 

pith region was examined, it was determined that all 

species had a parenchymatous pith, but O. mutabile, O. 

bracteosum Hausskn. & Bornm., O. roussaei DC., and O. 

halophila were distinguished from the other species by the 

presence of crystals within the parenchymatous cells 

(Binzet & Orcan, 2003a; Binzet & Akçin, 2009; Güven et 

al., 2013; Binzet & Teke, 2014; Suna et al., 2021). 

Leaf anatomy is widely used in plant systematics for 

distinguishing among species and also makes significant 

contributions to ecological interpretations by enabling the 

understanding of the adaptation strategies of species to 

environmental conditions. The leaves of O. vanensis are 

isobilateral and stomata are observed on both surfaces 

(=amphistomatic). The mesophyll structure, consisting of 

a 2 (rarely 3) layered palisade parenchyma beneath the 

upper epidermis and a single layer of palisade above the 

lower epidermis, shows similarities with the species O. 

intertexta, O. mutabile, O. bracteosum, O. roussaei, O. 

giganteum, O. mersinana, O. nana DC., and O. sorgerae 

var. subglabriflora Teppner (Binzet & Akçin, 2009; Binzet 

& Orcan, 2003a; Binzet & Orcan, 2003b; Binzet & Orcan, 

2009; Güven et al., 2013; Binzet & Teke, 2014). The 

presence of 3–4 layers of spongy (conductive) parenchyma 

in the leaf mesophyll tissue of O. vanensis is a distinctive 

anatomical character that distinguishes it from O. 

polyantha, O. mitis Boiss. & Heldr., and O. discedens 

Hausskn. ex Bornm., which have 4–6 layers of spongy 

parenchyma (Teke and Binzet, 2017; Suna et al., 2021). 

When the number of epidermal cells surrounding the 

stomata in the species examined was evaluated, it was 

determined that O. intertexta, O. sieheana, O. roussaei, O. 

halophila, O. sorgerae var. subglabriflora, and O. 

vanensis, which was examined in this study, had slightly 

higher numbers of epidermal cells surrounding their 

stomata compared to other species (Binzet & Orcan, 

2003b; Binzet & Akçin, 2009; Binzet & Teke, 2014). In O. 

vanensis, stomata surrounded by 4-5 epidermal cells are 

similar to features observed in many endemic species of the 

genus to Türkiye, such as O. intertexta (Binzet & Akçin, 

2009). Stomatal density is higher on the adaxial surface; 

this is a characteristic frequently associated with 

amphistomatic leaves in xeromorphic plants. Comparison 

of stomatal index between species revealed that O. 

vanensis exhibits a higher stomatal index on its upper 

surface, showing similarity to species such as O. 

bracteosum, O. mutabile, O. giganteum Lam., O. 

mersinana Riedl, Binzet & Orcan, O. polyantha, O. mitis, 

and O. mollis. In contrast, species such as O. roussaei, O. 

discedens, O. nana, O. sorgerae var. subglabriflora, O. 

intertexta, O. sieheana, and O. halophila exhibit a higher 

stomatal index on thier lower surfaces (Binzet & Orcan, 

2003a; Binzet & Orcan, 2003b; Binzet & Akçin, 2009; 

Binzet & Teke, 2014; Suna et al., 2021). Accordingly, the 

difference in stomatal index between the upper and lower 

surfaces may contribute as an important systematic 

character distinguishing O. vanensis from related taxa. 

 

Conclusion 

 

This study provides the first detailed anatomical 

characterization of O. vanensis based on newly collected 

specimens from Muş province. Analyses of root, stem, and 

leaf tissues revealed well-developed secondary xylem in 

roots, an isobilateral and amphistomatic leaf structure, and 

distinctive mesophyll organization consisting of 2(-3) 

upper palisade layers, a single lower palisade layer, and 3-

4 layers of spongy parenchyma. The stomatal index was 

higher on the adaxial surface than on the abaxial surface, 

and stomata were mainly anomocytic–anisocytic, 

surrounded by 4-5 epidermal cells. These findings 

contribute valuable anatomical data for the species and 

provide additional reference characteristics that may 

support future taxonomic evaluations within the genus 

Onosma. 
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