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The study of plant anatomical structures plays a crucial role in their taxonomic identification and the determination of diagnos-
tic characteristics. Such research facilitates accurate species recognition, clarification of systematic positions, and contributes to the
scientific foundation of floristic studies. Due to the limited anatomical data available for 7ragopogon pratensis L. in the flora of
Azerbaijan, this study provides a novel contribution to science by identifying specific anatomical criteria for the species' identifica-
tion. It represents the first comprehensive investigation of the specific anatomical structures of 7. pratensis in Azerbaijan and de-
termines its diagnostic features. Both generative and vegetative organs of 7. pratensis were used as study material. Anatomical,
microscopic, histochemical, and biometric methods were employed. Transverse sections from the plant's generative and vegetative
organs were treated with reagents, converted into permanent slides, and the results of the microscopic analyses were statistically
validated. Anatomical analysis revealed active development of aerenchyma tissue in the bracts, as well as in the leaf blade and leaf
base. Distinct types of trichomes were recorded on the abaxial epidermis of both the bracts and the ligules. Specific structural cha-
racteristics were analyzed in the stamens and pistils. In the peduncle and stem, well-developed aerenchyma in the pith and schizo-
genous secretory cavities in the perimedullary region were observed. Endogenous laticifers were identified in transverse sections of
both generative and vegetative organs. Vacuolization of ergastic and constitutional substances was detected in the mechanical,
dermal, and ground tissues of 7. pratensis. For the first time, a pseudoisolateral leaf structure was identified in this species within
the Azerbaijani flora. In the rosette and primary root, the vascular system elements showed a predominantly radial arrangement,
with parenchymatous tissues being dominant overall. In the transverse section of the lateral root, pigmentation was observed in the
cell walls of the endodermis. The vascular system exhibited a radial arrangement within the central cylinder. This research demon-
strates species-specific anatomical criteria for I. pratensis in the Azerbaijani flora and offers both scientific and practical contribu-
tions to the field of plant anatomy. Additionally, the findings provide valuable input for the pharmacognostic disciplines of micro-
scopy and phytochemistry, serving as significant markers in the formation and standardization of medicinal plant raw material

resources.
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Introduction

A comprehensive analysis of floristic elements is essential for un-
derstanding plant diversity and clarifying the systematic position of
taxa. Such studies contribute significantly to the refinement of taxono-
mic data, the evaluation of regional floristic richness, biodiversity
conservation, and the expansion of scientific data resources. Investi-
gating the anatomical structure of plants is of major scientific impor-
tance in terms of taxonomic identification, elucidating ecological ada-
ptation mechanisms, and the efficient utilization of plant resources.
Anatomical data enable the identification of diagnostic traits based on
internal structures, refinement of phylogenetic relationships, and the
examination of environmental factors affecting plant organs. This ap-
proach is also vital for the conservation of phytogenetic resources,
biodiversity assessment, and the identification of potential medicinal
plant species. Hence, such studies make substantial contributions to
botany by enhancing plant systematics, explaining adaptive anatomical
changes, and scientifically evaluating biomorphological variations.

Species of the genus Tragopogon (Asteraceae) have undergone a
long evolutionary history and are widely distributed across Eurasia,
North Africa, Eastern Europe, and Westem Asia (Bell et al., 2012; Sol-
tis et al., 2023). Tragopogon pratensis is one such species that is natu-
rally widespread across various regions of the Republic of Azerbaijan.

Tragopogon pratensis is a biennial herbaceous plant characte-
rized by long, lanceolate leaves that are sessile and attached directly to
the rosette or stem via the leaf base. At the upper end of the stem, nu-
merous small flowers form a capitulum, with yellow ligulate petals
borne on peduncles. The base of the capitulum is surrounded by green
bracts. The species has a well-developed taproot system that penetra-
tes deeply into the soil.

Research into the therapeutic properties of 7. pratensis has revea-
led that the plant is rich in antioxidants such as polyphenols and flavo-
noids. Extracts from the plant have shown positive effects on the liver
and pancreas, suggesting potential use in the treatment of diabetes
(Rotaru et al., 2020). Other studies conducted on related species with-
in the genus Tragopogon have demonstrated that leaf extracts may
exhibit strong antioxidant, antibacterial, and antifungal activities (Uy-
sal et al., 2019; Dursun et al., 2025). Additionally, several species
have been reported to possess antitumor, anti-inflammatory, antihy-
perlipidemic, and wound-healing effects, and are used in traditional
medicine as well as in food (Abdalla & Zidom, 2020). These phar-
macological perspectives highlight the relevance of incorporating
anatomical studies for a deeper understanding of this species.

Numerous anatomical studies have been conducted on various
plant species across different geographical regions (Liu et al., 2020;
Sosnovsky et al., 2021), including comparative analyses of anatomi-
cal structures (Ma et al., 2012; Belaeva & Butenkova, 2018; Bezerra
etal., 2020; Gao et al., 2023).

Plant anatomy has always remained a focal point of both classical
and modem scientific approaches (Lata et al., 2021; Simioni et al.,
2023; Talebi et al., 2025). In recent years, studies encompassing the
anatomy and morphology of both vegetative and generative organs
have gained increasing relevance and are now well-represented in in-
ternational scientific databases. Leaves, as vital vegetative assimilati-
on organs with great significance for both plants and humans, are the
subject of extensive anatomical research across different populations
and countries (Makruf et al., 2024; Ramasar et al., 2025; Sevgi et al.,
2025). These investigations yield results of both scientific and practi-
cal value for modern plant anatomy. Contemporary studies on the
anatomy of generative organs are considered particularly relevant,
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and research in this area continues to expand (Poli et al., 2017; Lv
etal., 2024).

The study of anatomical adaptations in plants is crucial not only
for understanding ecological adaptation mechanisms but also for cla-
rifying taxonomic differentiation and phylogenetic relationships. Glo-
bally, the contributions of leading scientists in this field are reflected
in the significant advancements in botanical sciences (Aydm et al.,
2013; Shahrestani et al., 2020; Kumar et al., 2023). Several studies
conducted by the author in this direction also hold considerable im-
portance (Sardarova, 2024, 2025a, 2025b).

Despite the medicinal importance of 7. pratensis, anatomical
identification and documentation of its diagnostic structural features
within the flora of Azerbaijan remain limited. Studying its anatomical
features is crucial for determining its precise taxonomic position and
understanding its adaptation strategies under ecological conditions.
The findings of this study provide foundational data for assessing the
richness of Azerbaijan's flora, conserving biodiversity, and scientifi-
cally identifying ethnobotanically significant species.

Materials and methods

Microscopic analyses were conducted on vegetative and genera-
tive organs of Tragopogon pratensis collected from the Lachin region
of the Republic of Azerbaijan (39°38'03" N, 46°33'28" E). The plant
materials were initially stabilized using appropriate fixation techniqu-
es and subsequently processed under laboratory conditions. During
infiltration and sectioning, paraffin (BW Blended Waxes, Inc., US)
was used as a supporting medium. The section thickness was calibra-
ted and measured using the micrometric adjustment screw on a mi-
crotome. Sections obtained with the microtome were cut at 7, 8, and
9 pm thicknesses under controlled conditions. Following sectioning,
differential staining was performed using histochemical methods with
specific reagents such as Safranin O (KimyaLab, Turkey), Fast
Green, Sudan III, Toluidine Blue, Phloroglucinol-HCI, and Methy-
lene Blue (Innovating Science, US). Additional reagents including
xylene, carboxylol, and ethylene (Mir Nauki, Russia) were extensive-
ly used throughout the staining process. The selective staining of
tissue components was performed in a stepwise manner using a deco-
lorization technique (Pradhan Mitra & Loqué, 2014; Bozdag et al.,
2016; Da Silva et al., 2020; Engin et al., 2024). The sequential use of
various histological staining methods allowed a more precise cha-
racterization of the anatomical structural components of the 7. praten-
sis plant. Permanent slides were prepared using Canada balsam (In-
novating Science, US), by placing a drop on a glass slide (AmScope,
USA) and covering it with a coverslip. The slides were then incubated
at a stable temperature (20-25 °C) until the balsam was fully cured.
Permanent slides of transverse sections were subjected to microscopic
analyses following complete preparation.

Microscopic examinations were carried out in the laboratory of
the Department of Biology at Azerbaijan State Agricultural Universi-
ty using a “Carl Zeiss, Axio Imager A2” microscope (ZEISS, Germa-
ny) equipped with LED illumination and specialized objectives (4x,
10x, 40x%, 60%, 100x) designed to minimize optical aberrations.
An LCD Digital Microscope NLCD-307B model (Wincom Compa-
ny Ltd., China) was also employed to monitor staining quality and
section integrity prior to permanent slide preparation. Final analyses,
image capture, and acquisition of micrometric data were conducted
using the Carl Zeiss Axio Imager A2. Observations at 100> magnifi-
cation were enhanced using immersion oil (RMY, US), which in-
creased optical resolution and improved image clarity and contrast.
Stereomicroscopes including the Zeiss Stemi 508 (ZEISS, Germany)
and Stereo YK-SM067B2 (Wincom Company Ltd., China) were also
used for macroscopic examination of the specimens.

To ensure the accuracy of micrometric measurements obtained
from microscope images, both eyepiece and stage micrometers (Muh-
va, China) were used. Calibration of the eyepiece micrometer was
first performed with the stage micrometer, after which size estima-
tions of observed structures were calculated based on calibrated scales
(Moyo et al., 2015). Additionally, a digital micrometer (Jiavarry, Chi-
na) was used to record the macroscopic dimensions of the sampled
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organs. All measurements were properly annotated on corresponding
photomicrographs (Jambor et al., 2021).

Herbarium specimens of the pharmacologically important 7. pra-
tensis were prepared following standard systematic methods, ensuring
a comprehensive analysis of the species’ anatomy and ecology. These
specimens are stored in the herbarium collection of the Department of
Biology at Azerbaijan State Agricultural University, named after
Academician Valida Tutayuq, and are available for research, educati-
on, and reference purposes in botanical and pharmacognostic studies.

Sections from vegetative organs of 15 individuals belonging to
the same population were prepared, and the most representative ones
were used to create permanent slides for further analysis. Generative
organ sections were also examined. Micrometric data obtained during
the study were statistically analyzed using Jamovi software (version
2.6.26, University of Sydney, Australia). All quantitative values are
expressed as mean =+ standard error (SE).

Results

Bract. In T. pratensis, acrenchyma tissue is present in the subepi-
dermal adaxial region of the bract. The aerenchyma is delimited from
below and structurally supported by groups of parenchyma cells, which
also form the septa between aerenchymatous spaces. These parenchy-
ma cells are rich in chloroplasts, indicating active photosynthetic po-
tential. A centrally located large vascular bundle is observed within
the bract, accompanied by smaller lateral collateral bundles situated
toward the marginal zones. Below the vascular bundles, particularly
toward the abaxial epidermis, a layer of parenchyma composed of
large, rounded cells is present (Fig. 1; Table 1). Laticifer cells were
identified both at the boundary of the phloem tissue and interspersed
within the parenchyma cells. The presence of laticifers is considered
an anatomical feature supporting the phytotherapeutic properties of
the plant. Microscopic anatomical analysis revealed both non-glandu-
lar and glandular trichomes on the abaxial epidermis of the bract. The
epidermal surface is covered by a well-developed cuticle layer, which
serves a protective function against environmental stressors.

Table 1

Quantitative characteristic of the bract of 7. pratensis (n=15)
Indicators Mean + SE

Height of the central vascular bundle 95.76 +3.99

Diameter of xylem vessels 9.88+1.90

Thickness of the parenchyma region below the central 195.52+£7.98

vascular bundle

Diameter of parenchyma cells 3527+6.70

Height of upper epidermal cells 19.14+4.38

Height of lower epidermal cells 20.25+4.33

Diameter of aerenchyma spaces in the upper subepidermal 38.08 +13.04

region

Diameter of chlorenchyma cells 26.66 + 6.60

Note: SE — standard error; all measurements are given in micrometers (um).

Ligule. The ligule sample was examined microscopically without
sectioning. Although the fusion of five petals to form the ligule is cle-
arly observable macroscopically, this feature is more distinctly confir-
med at the tissue level under microscopic observation. Micrographic
images revealed that the ligule contains six longitudinally aligned vas-
cular bundles. Except for the two marginal bundles, the remaining
four bifurcate in the apical region of the ligule. These branches merge
pairwise within the lobes at the apex. In these apical regions, xylem
vessels with relatively large diameters were observed to be arranged
in a disorganized manner. Along the margins of the apical lobes, ro-
unded epidermal cells were noted, while elongated epidermal cells
were distributed along the surface of the ligule (Fig. 2; Table 2).
These epidermal cells were rich in chromoplasts, contributing to the
yellow pigmentation of the ligule. Microscopic analysis also revealed
the presence of stomata and trichomes on the adaxial surface of the
ligule. The stomata were identified as being of the anomocytic type,
with kidney-shaped guard cells and clearly visible open stomatal po-
res. Long, multicellular trichomes with rectangular-shaped cells arran-
ged in a single row were also observed.
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Table 2
Quantitative characteristic of the ligule of 7" pratensis (n = 15)

Indicators Mean + SE
Height of epidermal cells at the apical part of the ligule 30.80+3.22
Length of epidermal cells at the middle part of the ligule 89.45+24.49
Width of epidermal cells at the middle part of the ligule 11.81+2.70
Length of stomata 30.08+1.80
Width of stomata 22.62+0.78
‘Width of trichomes 16.73 £ 1.82

Note: see Table 1.

Pistil. The pistil was examined microscopically to assess its gene-
ral anatomical structure. Two vascular bundles extending along the
length of the pistil were detected. It was evident from the microscopic
view that the pistil consists of two carpels and a bifurcated style, each
branch leading to a separate stigma, with one vascular bundle per

stigma (Fig. 3; Table 3). Within the epidermal cells of the style and
stigma, droplet-shaped, light-yellow fluid accumulations were obser-
ved, which are likely indicative of biologically active compounds cha-
racteristic of the medicinally valuable 7. pratensis. These epidermal
cells exhibit distinctive structural features, forming upwardly directed
oval-shaped protrusions along the style surface. In the branching zone
and on the stigma surface, these protrusions become more pointed.
Numerous pollen grains were observed adhered to the epidermis of
the stigma.

Table 3
Quantitative characteristic of the pistil of 7. pratensis (n = 15)

Indicators Mean + SE
Width of style 33434+ 14.61
Width of stigma 161.61 +£5.98

Note: see Table 1.

a b

Fig. 1. Transverse section of bract (section thickness: 9 pm): a — general view of bract, b, ¢ — central and lateral parts, d — central vascular bundle
area, e — a part of the bract with lateral vascular bundles, f— marginal parts of the bract, g, 4 — trichomes on the lower epidermis at the margins;
1 —parenchyma, 2 — chlorenchyma, 3 — upper epidermis, 4 — aerenchyma, 5 — xylem, 6 — phloem, 7 — laticifers, 8 — lower epidermis,
9—cuticle, 10 — glandular trichome, /1 —non-glandular trichome

Fig. 2. Microscopic structure of ligule: a, b — general view of the ligule, ¢ — ligule's lobed apical part, d — a lobe at the apical region,
e—middle region of the ligule, f— lower epidermis, g — trichomes on the lower epidermis, / — structure of the stomata; / — vascular bundle,
2 —epidermis, 3 — xylem vessels, 4 — multicellular trichomes, 5 — stomata, 6 — lower epidermis cell, 7 — guard cell, § — stomatal pore
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Fig. 3. Microscopic structure of pistil: @ — general view of the pistil, b, ¢, d — structure of the bilobed stigma, e — starting point of the bilobed
stigma from the style, /— epidermal cells of the style and the pollen grains adhering to them, g — epidermal cells of the stigma and the
attached pollen grains, / — microscopic characteristics of the stigma’s epidermal cells; / — vascular bundle, 2 — epidermis cell,

3 —pollen grain, 4 — biological active substrances

Stamen. Microscopic analysis was conducted to study the general
structure of the stamens and pollen grains. Each stamen comprises an
elongated anther situated on a short filament. The filament was slig-
htly thickened at the point of attachment to the anther. Epidermal cells
covering this area were relatively small and clearly visible under the
microscope. Each filament contains a single vascular bundle, which
extends into the connective tissue at the point of fusion with the an-
ther. The connective tissue joins the two elongated thecae of the an-
ther. A specialized apical appendage formed by the connective tissue
was observed at the top of the anther. Microscopic images revealed
the presence of thick-walled endothecium cells within the anther.
Pollen grains were seen in clusters, adhering to one another along the
length of the anther. The surface of the pollen grains exhibits distinc-
tive ornamentation. At the thickened corners of the exine layer, spine-
like protrusions (spine-bearing ridges) were detected (Fig. 4; Table 4).
Pollen grains were oblate-spheroidal in equatorial view and hexago-
nal in polar view.

Peduncle. In cross-sections of the peduncle, a central air cavity
was observed and identified as aerenchyma. This central air space is
surrounded by pith parenchyma cells, which form a continuous layer
around it. Vascular bundles are arranged radially around the pith, with
a total of 32 vascular bundles observed, of which 13 are large in size.

Microscopic analysis revealed schizogenous-type secretory canals lo-
cated near the xylem elements within these large vascular bundles
(Fig. 5; Table 5). These endogenously formed secretory structures in-
dicate localized sites of biologically active compound accumulation
and reflect high metabolic activity, as confirmed by micrographic
observations. Chloroplast-containing parenchyma cells were also fo-
und surrounding the vascular bundles. Protosclerenchyma formation
was detected adjacent to the vascular bundles, toward the cortex, with
associated laticifer cells observed along its margins. The epidermal
cells of the peduncle exhibit thickened outer periclinal walls and are
covered by a well-developed cuticle layer. Small trichomes were pre-
sent on the epidermis. Both the epidermis and underlying parenchyma
cells showed accumulation of constitutional substances based on
microscopic observations.

Table 4
Quantitative characteristic of the stamen of 7. pratensis (n=15)

Indicators Mean + SE
Width of the anther 463.32+£31.88
Polar diameter of the pollen grains 3130+ 1.76
Equatorial diameter of the pollen grains 36.06+ 1.50

Note: see Table 1.

Fig. 4. Microscopic structure of stamen: a, b — general view of the stamen, ¢ — apical part of the stamens and the anther appendages,
d — appendage at the tip of the anther, e — the basal part of the stamens and the filaments attached to the anthers, f— central part of the stamens,
g— connective tissue between the two thecae, # — microscopic view of the pollen grains; / — appendages, 2 — pollen grains, 3 — filament,
4 —vascular bundle, 5 — thecae, 6 — connective, 7 — endothecial cells, § — pollen grain in equatorial view, 9 — pollen grain in polar view,
10 — spine-bearing ridge
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Fig. 5. Transverse section of peduncle (section thickness: 9 um): @ — general view of the peduncle, b — a part of the peduncle, ¢, d — cortex,
e, f, g — structure of vascular bundles, / — strichomes on the epidermis; / — pith cavity, 2 — pith parenchyma cells, 3 — chlorenchyma, 4 — cortex,
5 — cortical parenchyma cells, 6 — constitutional substances, 7 — schizogenous secretory canal, § — xylem, 9 — phloem, /0 — laticifers,
11 —epidermis, /2 — cuticle, /3 — trichomes

Table 5
Quantitative characteristic of the peduncle of 7. pratensis (n = 15)
Indicators Mean + SE

Thickness of the cortex 179.63 +19.52
Diameter of cortex parenchyma cells 3841+1048
Height of large vascular bundles 131.61+7.90
Diameter of xylem vessels 12.63+1.30
Height of epidermal cells 19.95+4.98
Diameter of schizogenous secretory canal 49.52+£6.36

Note: see Table 1.

Leaf blade. As a result of this study, conducted for the first time
within the flora of Azerbaijan, it was determined that the leaf lamina
of T. pratensis exhibits a pseudoisolateral structure. The formation of
weakly developed palisade-like cells and the preservation of adaxial
symmetry were interpreted as structural identification traits of the
species. Thus, the formation of the pseudoisolateral structure is consi-
dered a specific feature of the plant, reflecting the characteristics of its
population. In the midrib region of the leaf lamina, the development
of aerenchyma structures was observed. Surrounding the aerenchyma,
parenchyma cells are located (Fig. 6, Table 6). Pigmentation was
observed in the cell walls of those parenchyma cells bordering the
aerenchyma cavity. Collenchyma tissue was present on the abaxial
side, especially near the corners and beneath large lateral vascular
bundles. These were accompanied by chloroplast-rich parenchyma.
Vascular bundles were clearly delimited from adjacent parenchyma
by bundle sheath cells. On the abaxial side of large bundles, protos-
clerenchyma was observed adjacent to the phloem, and this region
exhibited intensive development of laticifer cells. The outer periclinal
walls of both adaxial and abaxial epidermal cells were moderately
thickened and covered with cuticle. Anatomical observations also
revealed the accumulation of constitutional substances in both epi-
dermis and collenchyma cells. The leaf'is amphistomatic in type.

Leaf base. In the basal region of the leaf, inter-bundle areas are
filled with large, chloroplast-free parenchyma cells (Fig. 7, Table 7).
Aerenchyma formation was prominent in the parenchymatous layer
toward the adaxial side. Vascular bundles appeared compact and col-
laterally arranged. Sclerenchyma tissue was located adjacent to the xy-
lem, while laticifer cells developed prominently around the phloem.
Schizogenous secretory canals were observed above the central and
lateral large vascular bundles. Subepidermal collenchyma tissue deve-

loped on the abaxial side of these regions. The accumulation of con-
stitutional substances was also recorded in collenchyma and both ada-
xial and abaxial epidermal layers.

Table 6
Quantitative characteristic of the leaf blade of T pratensis (n=15)

Indicators Mean + SE

Dorsoventral diameter of aerenchyma space in the midrib region  351.63 £7.96
Diameter of parenchyma cells in the midrib region 66.09+ 1421
Thickness of collenchyma tissue on the abaxial side in the 116.19+7.96

midrib region

Thickness of the leaf lamina 174.05+9.98
Height of adaxial epidermal cells 21.69+1.76
Height of abaxial epidermal cells 22.75+1.70
Diameter of chlorenchyma cells 19.25+3.79
Height of the central vascular bundle 225.75+9.04
Diameter of xylem vessels 29.68 +5.74

Note: see Table 1.

Table 7
Quantitative characteristic of the leaf base of 7. pratensis (n = 15)
Indicators Mean + SE
Height of adaxial epidermal cells 2574 +1.89
Width of adaxial epidermal cells 32.89+3.68
Height of abaxial epidermal cells 19.91+3.03
Width of abaxial epidermal cells 21.77+9.39
Diameter of parenchyma cells 51.81+17.75
Height of large vascular bundles 351.34+9.28
Diameter of xylem vessels 26.94+5.80

Note: see Table 1.

Stem. Microscopic observations of the stem revealed the presence
of a large central aerenchyma cavity. Schizogenous-type secretory ca-
nals were present near the perimedullary region, adjacent to large vas-
cular bundles (Fig. 8, Table 8). Sclerenchyma tissue development aro-
und the xylem was observed, and the accumulation of ergastic sub-
stances in some cells was noted. Laticifer cells were located on the
cortical side of the vascular bundles. The subepidermal cortex was
composed of alternating layers of chloroplast-rich parenchyma and
collenchyma tissues. Deeper into the cortex, larger parenchyma cells
devoid of chloroplasts were present. Stomata were observed on the
stem epidermis, whose outer periclinal walls were thickened and co-
vered by a cuticle layer.
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Fig. 6. Transverse section of leaf blade (section thickness: 8 pm): a — general view of the leaf blade, » — midrib region, ¢ — lateral part,
d —marginal part, e — small vascular bundle in the midrib, f, g — large central and lateral bundles, / — pseudoisolateral leaf mesophyll,
i— epidermal regions containing stoma, j — adaxial side of the midrib, &, / — developed collenchyma tissue on the abaxial side; / — air cavity,
2 — parenchyma, 3 — chlorenchyma, 4 — xylem, 5 — phloem, 6 — protosclerenchyma, 7 — laticifers, 8 — collenchyma, 9 — subdifferentiated palisade
cells, /10— cuticle, 11 — sub-stomatal cavity, /2 — guard cells, /3 — adaxial epidermis, /4 — abaxial epidermis, /5 — constitutional substances

a b c d e

Fig. 7. Transverse section of leaf base (section thickness: 8 um): @, b — general view of the leaf base, ¢ — central part, d — lateral part, e — marginal
part, f, g — central vascular bundle and its elements, %, i — lateral vascular bundles in the parenchyma, j — margin of the leaf base, &, / — collenchy-
ma tissue in the abaxial side, m — laticifer cells around the phloema, n — adaxial side of the leaf base, o — constitutional substances in the epidermis
cells; 7 — parenchyma, 2 — aerenchyma, 3 — xylem, 4 — phloem, 5 — protosclerenchyma, 6 — laticifers, 7 — sclerenchyma, § — schizogenous
secretory canal, 9 — abaxial epidermis, /0 — adaxial epidermis, // — collenchyma, /2 — constitutional substances, /3 — cuticle
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Table 8
Quantitative characteristic of the stem of T pratensis (n = 15)
Indicators Mean + SE
Thickness of the cortex 193.73 £33.48
Height of epidermal cells 16.58+2.11
Width of epidermal cells 23.05+9.52
Diameter of chlorenchyma cells 21.88+6.86
Diameter of cortex parenchyma cells 30.74+6.58
Height of large vascular bundles 269.81+19.18
Diameter of xylem vessels 26.88+3.18
Diameter of schizogenous secretory canal 82.34+10.02
Diameter of pith parenchyma cells 50.35+14.74

Note: see Table 1.

Rosette. In transverse sections of the rosette, a multi-layered peri-
derm was observed surrounding the cortex. The cortex was relatively
thick and exhibited numerous leaf traces extending outward from the
central region. Internally, the phloem appeared in radial rows, con-
taining abundant laticifer cells. The phloem was bordered inwardly by
a distinct cambial ring, followed by xylem tissue (Fig. 9, Table 9).
The xylem vessels were compactly arranged, partially forming rays.
Xylem elements also developed within the central pith region of the
rosette. Longitudinal sections revealed their lignified walls and dis-
tinct perforation plates.

Fig. 8. Transverse section of stem (section thickness: 7 um): a — general view of the stem, b, ¢ — parts of the stem, d — structure of vascular
bundle, e, f— collenchyma and chlorenchyma tissue areas in the peripheral part of the cortex, g — stomata on the epidermis, /2 — ergastic
substances around the xylem, i — pith parenchyma, j, k, / — schizogenous secretory canals in the pith; / — pith cavity, 2 — pith, 3 — cortex,

4 —xylem, 5 — sclerenchyma, 6 — phloem, 7 — collenchyma, 8 — chlorenchyma, 9 — epidermis, /0 — cuticle, /1 — sub-stomatal cavity,
12 — guard cell, /3 — ergastic substrances, /4 — schizogenous secretory canal

Table 9 Table 10

Quantitative characteristic of the rosette of 7. pratensis (n = 15) Quantitative characteristic of the primary root of 7. pratensis (n = 15)
Indicators Mean + SE Indicators Mean + SE

Thickness of the periderm 156.88 +12.63 Thickness of the periderm 89.30+9.19

Diameter of cortex parenchyma cells 64.33+11.80 Diameter of parenchyma cells in the phloem region 42,05+ 14.00

Diameter of xylem vessels 37.26+7.21 Diameter of parenchyma cells in the xylem region 27.07+7.04

Diameter of pith parenchyma cells 46.52+£10.02 Diameter of xylem vessels 48.93 + 16.68

Note: see Table 1.

Primary Root. The primary root was externally enclosed by a pe-
riderm layer. Xylem and phloem tissues were arranged in radial rays.
Numerous parenchyma cells were distributed within the cortex, pith,
and among the vascular elements (Fig. 10, Table 10). Some paren-
chyma cells between xylem rays showed evidence of ergastic sub-
stance accumulation under microscopic examination. Laticifer cells
were located predominantly within the phloem regions.

Note: see Table 1.

Lateral root. The lateral root retains a primary structure and is
surrounded externally by an epiblema, upon which root hairs are dis-
tinctly observed. Surrounding the central cylinder, large-sized cells
exhibit active development and give rise to a well-defined mesoder-
mal layer. The mesoderm internally abuts the endodermis layer
(Fig. 11, Table 11). Microscopic examination revealed brown pig-
mentation within the joined sheaths of endodermal cells, which may
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be associated with the accumulation of biologically active compounds
in the medicinally significant species 7. pratensis. The endodermis
encloses a radially organized central cylinder, within which the peri-
cycle is located on the inner side. In the vascular system of the central
cylinder, the protoxylem elements are positioned laterally, while
metaxylem elements are formed centrally. Phloem tissues were ob-
served grouped around the xylem elements.

Table 11
Quantitative characteristic of the lateral root of 7 pratensis (n = 15)
Indicators Mean + SE
Height of epiblema cells 32.02+10.01
Width of epiblema cells 2390+8.38
Diameter of mesodermal cells 4424+ 12.07
Height of endodermis cells 22.06+3.47
Diameter of metaxylem vessels 30.26+8.23

Note: see Table 1.

Fig. 9. Transverse section of rosette (section thickness: 8 um): a — part of the rosette, b — cortex region, ¢ — cortical parenchyma,
d —periderm, e, f— pith of the rosette, g, # — xylem vessels in longitudinal view, 7, j — elements of vascular tissue, £ — xylem vessels
in transverse section, / — phloem tissue with laticifers; / — cortex, 2 — leaf trace, 3 — periderm, 4 — pith, 5 — xylem vessel,

6 — lignified cell wall, 7 — perforation plate, 8 — xylem, 9 — phloem, /0 — parenchyma, 1/ — laticifers

Fig. 10. Transverse section of primary root (section thickness: 7 um): a — general view of root, b — cortex, ¢ — central region of the root,
d— vascular tissue, e — cortical parenchyma, f— periderm, g — pith, / — ergastic substances in the parenchyma cells surrounding the xylem, i, j —
laticifer cells in the phloem; / — cortex, 2 — periderm, 3 — pith, 4 — xylem, 5 — phloem, 6 — xylem vessels, 7 — ergastic substances, § — laticifers
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500 um

Fig. 11. Transverse section of lateral root (section thickness: 7 um): a, b — general view of root, ¢ — cortex, d — central cylinder of the root;
1 —root hair, 2 — epiblema, 3 — mesodermis, 4 — endodermis, 5 — pigmentation, 6 — pericycle, 7 — protoxylem, 8 — metaxylem, 9 — phloem

Discussion

Anatomical analyses of Tragopogon pratensis have revealed a
range of stable and diagnostically significant features across its vege-
tative and generative organs. In the involucral bract, tissues exhibit a
compact organization. The pronounced pigmentation of cellular com-
ponents, along with vacuolization, may reflect intensified metabolic
activity. The abundance of laticifer cells adjacent to the vascular bun-
dles and the high accumulation of latex in these regions suggest active
secretory function and a defensive role of specialized metabolites.
The presence of both glandular and non-glandular trichomes on the
abaxial epidermis of the bracts is interpreted as an important adaptive
trait involved in transpiration regulation and protective function
(Wang et al., 2021).

In the peduncle, a prominent central air canal and chloroplast ac-
cumulation in the inter-bundle parenchyma point to a supplementary
photosynthetic function and potential hypoxic activity. The large dia-
meter and thick walls of xylem vessels contribute to enhanced hydra-
ulic conductivity and efficient water transport. The richness of paren-
chymatous cells within the phloem and the accumulation of metabo-
lites further indicate active metabolic exchange in this organ (Elshafie
etal., 2023).

The predominance of the pseudoisolateral structure in the leaf
mesophyll and the weak development of palisade-type cells are consi-
dered important anatomo-functional features that ensure the efficient
organization of the photosynthetic parenchyma. The intense intracel-
lular pigmentation and dense chloroplast distribution are linked to
high osmotic activity and the accumulation of osmotically active
compounds.

In the rosette and root, the presence of large parenchyma cells
and a thick periderm layer are stable traits that contribute to mechani-
cal support and protective function. The differentiation and abundan-
ce of parenchyma cells in both xylem and phloem, as well as the
number and diameter of conducting elements, are primary anatomical
features supporting efficient water and nutrient transport in this spe-
cies. Microscopic investigations confirmed that the localization of
laticifers, dimensions of xylem vessels, pseudoisolateral mesophyll
structure, and the presence of large air canals are consistent and diag-
nostically valuable features of 7. pratensis. These anatomical traits
provide a robust basis for species identification and clarification of its
systematic position.

The accumulation of pigments in the cell walls of the endodermis
in the lateral root, along with the radial organization of the central
cylinder, reflects the typical structure of conductive tissue differentia-
tion and is considered an important anatomical criterion ensuring the
functional efficiency of water and mineral transport in vegetative
organs.

In the generative organs, several significant anatomical markers
were identified. The presence of multicellular trichomes and anomo-
cytic stomata in the ligule suggests stable anatomical adaptations con-
tributing to gas exchange and secretion. In the pistil, specific struc-
tures of the epidermal cells were observed: oval-shaped protrusions
on the style and more pointed projections along the stigma branches
suggest mechanical reinforcement and an adaptive role in pollination.
The accumulation of drop-like biologically active substances in epi-

dermal cells reflects a high level of secretory activity and secondary
metabolite synthesis in the pistil.

In the stamen, the short filament and elongate anther, along with
the formation of a specialized apical appendage on the connective
tissue, represent reproductive morpho-anatomical features characteris-
tic of the species. Pollen grains display thickened exine forming angu-
lar projections with spine-like ornamentation - morphological traits
that serve as important diagnostic markers.

Overall, the anatomical traits identified in both generative and ve-
getative organs of T pratensis characterize the species' unique struc-
tural organization and provide a reliable diagnostic basis for its identi-
fication and taxonomic positioning.

In a comparative anatomical study of 7ragopogon species in Tur-
key, Kaya (2022) analyzed the leaf, stem, and root structures of
T. pratensis and reported findings that generally correspond with our
observations. Similar anatomical characteristics were identified in our
investigated specimens, particularly regarding the secretory cells, in-
tervascular sclerenchyma, and latex ducts within the stem. Additional-
ly, Kaya documented the presence of a central cavity in the stem,
which was also recorded in our material. However, discrepancies
were noted in the structure of the leaf’s central vascular bundle. In the
micrographs provided by Kaya, the central vein in 7. pratensis did not
exhibit the large aerenchymatous cavity found in our specimens.
Interestingly, this structural feature appeared more similar to those
observed in T pterocarpus and partially in 7. abbreviatus, according
to Kaya’s study. In roots, the periderm layer was reported to be rela-
tively thicker in the Turkish specimens compared to ours, although
the overall tissue organization remained consistent.

Futorna et al. (2017), in their anatomical investigation of leaves
and stems of three Tragopogon species, highlighted the coexistence
of xeromorphic and mesomorphic traits. Their study also confirmed
the presence of both isolateral and pseudoisolateral mesophyll types.
In our research, the presence of a pseudoisolateral mesophyll structure
in T. pratensis was verified through microscopic analysis, aligning
with their observations. Furthermore, Futorna et al. noted the presence
of both chloroplast-bearing and non-chlorophyllous parenchyma cells
in the stem, which we also identified in our specimens. The authors
additionally discussed the localization of schizogenous latex canals
within the perimedullary zone or across the entire medullary region of
the stem. In our examined specimens of 7. pratensis, latex canals
were situated within the perimedullary zone, consistent with this
description, especially considering the formation of a central cavity
within the stem.

The study by Azizi et al. (2021) on the pollen morphology of oth-
er Tragopogon species also supports our palynological findings.
In our light microscopy analysis, pollen grains exhibited an oblate-
spheroidal shape in equatorial view and a hexagonal outline in polar
view — features consistent with the morphological descriptions re-
ported by Azizi et al. (2021).

Conclusion

As a result of the present study, a number of specific anatomical
structures with stable and diagnostic significance were identified for
the first time in various vegetative and generative organs of Tragopo-
gon pratensis. Notable findings include the presence of multicellular
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trichomes and anomocytic stomata in the ligules; papillate epidermal
cells with distinct projections and accumulation of drop-shaped bio-
logically active compounds in the pistil; a short filament and elon-
gated anther in the stamen, as well as thickened, spiny exine oma-
mentation forming angular projections on the pollen surface. These
characteristics represent structurally and functionally relevant diag-
nostic features of the species. Microscopic analyses of pollen mor-
phology provide a fundamental reference point for palynomorpholog-
ical and palynotaxonomic approaches. The pigmentation observed in
the cell walls of the endodermis and the radially organized central
cylinder in the lateral roots have been characterized for the first time
as diagnostic features of the species. Importantly, the pseudoisolateral
type of mesophyll in the leaves of 7. pratensis was recorded for the
first time in the flora of Azerbaijan. The current study constitutes the
first comprehensive anatomical investigation of 7. pratensis within
the Azerbaijani flora and contributes a critical scientific foundation for
clarifying the species’ systematic position and expanding the resource
of diagnostic features. Thus, this research fills a regional gap in plant
anatomical studies and provides baseline reference data for future
floristic and pharmacobotanical research. The diagnostic anatomical
features identified in 7. pratensis form a reliable basis for taxonomic
categorization, the study of morphological variations, and the devel-
opment of regional floristic identification keys. Furthermore, the
findings hold significance for clarifying phylogenetic relationships
and can serve as reference data in comparative anatomo-taxonomic
studies. This research is also recommended as a preliminary source
for applied investigations in pharmacobotany and ethnobotany, as
well as for anatomy-based plant systematics.

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported
in this paper.
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