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Obijective: “Alcea species are valuable medicinal plants used in traditional medicine for a
long time. The similarity between species and the diversity of traits have led scientists to
use various biosystematics methods to identify species. In this study, the anatomical
characteristics of the stem in 1Y species of Alcea were examined.”

Method: In this study, 50 samples belonging to 12 species and 4 varieties of the genus
Alcea were examined (Table 1). For descriptive studies, hand-made cross-sections were
prepared from herbarium specimens. At least three populations were investigated for each
species. The samples were double-stained, mounted, and then photographed using an
Olympus light microscope. Statistical analysis was performed by Ward method with SPSS
software.

Results: The most important traits analyzed in this study were the number of layers of
collenchyma cells in the cortex, the thickness and number of layers of sclerenchyma fibers
of the phloem, the number of vascular bundles, the ray parenchyma, the thickness of
phloem and xylem vessels, and the structure of the pith. Then, cluster analysis using the
Ward method was performed based on 12 anatomical traits.

Conclusions: The results of this study indicated that some descriptive stem traits observed
among closely related species can only be used for species identification and are not
sufficiently informative for species grouping.
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The genus Alcea (hollyhocks), belonging to the family Malvaceae, includes about 70-75
species worldwide, with around 34 species found in Iran. Due to high morphological
variability and lack of stable diagnostic traits across populations, traditional taxonomy of
Alcea has faced challenges. Therefore, biosystematics approaches such as seed coat
morphology, pollen analysis, protein electrophoresis, and anatomical studies have been used
to improve classification within the genus.

Anatomical features, especially those of stems, leaves, and petioles, have proven useful for
taxonomic purposes. Metcalf & Chalk (1979) emphasized the importance of stem anatomy in
plant systematics. Recently, Mohammadi (2018) conducted a cladistic analysis on several
genera of Malvaceae and showed that anatomical characters of stems and petioles are
particularly informative for phylogenetic analysis. But many of Iranian species had not
investigated in this study.

Given the significance of petiole anatomy in determining generic and species boundaries
among angiosperms and the lack of comprehensive anatomical studies on Alcea, this research
aimed to investigate anatomical characteristics of selected Alcea species to assist in their
taxonomic classification.

Fifty specimens representing 12 species and 4 varieties of Alcea were studied. At least three
populations per species were analyzed. Hand-made cross-sections were prepared from
herbarium specimens, focusing on the stem below the inflorescence. The samples were
preserved in 70% ethanol for one week before sectioning. Sections were stained with Methyl
Green and Carmine and examined under an Olympus light microscope. All specimens are
deposited at Alzahra University Herbarium (ALUH).

Statistical analyses were performed using 12 anatomical traits (4 qualitative and 8
quantitative) via Ward’s clustering method in SPSS software.

Key Anatomical Findings

All species showed a circular stem cross-section. The main layers observed from outer to
inner included:

Epidermis: One layer of rectangular cells in most species, except two layers which found in A.
hyrcana and A. kurdica var. leiocarpa. Covered with a thin cuticle and various trichomes
(e.g., stellate, glandular, or absent).

Cortex: Divided into: three zones:

Chlorenchyma: One to two layers of cells, rarely three (A. rechingeri), sometimes containing

mucilage cells. Highest number was found in A. wilhelminae var. lineariloba and the lowest

in A. kurdica var. laxiflora.

Collenchyma: Angular type, ranging from 3 to 11 layers. The highest number was found in A.

hohenackeri and A. hyrcana, while the lowest was in A. sulphure, A. glabrata and urdica var.

leiocarpa.

Parenchyma: Several layers beneath the collenchyma; thickest in A. sulphurea and thinnest in
A. hohenackeri. Secretory cavities were also observed in this region.
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Vascular Cylinder: Composed of sclerenchymatous Tibers, phloem, cambium, Xylem,

and pith.

Sclerenchymatous Fibers: Arranged in elliptical to rectangular bundles surrounding the
phloem, interrupted by cortical parenchyma. Most rows were seen in A. hyrcana, while fewest
in A. wilhelminae var. wilhelminae and A. kurdica var. laxiflora.

Primary Vascular Bundles: Formed a complete ring except in A. schirazana, which showed
annual growth rings.

Phloem: Irregular cells interspersed with radial parenchyma rays, calcium oxalate crystals
present in most species except A. glabrata var. glabrata. Thickest in A. wilhelminae var.
wilhelminae, and thinnest in A. glabrata var. glabrata was found.

Xylem: Continuous cylinder mostly composed of small tracheids and vessel elements
radiating toward the pith. Thickest in A. wilhelminae var. wilhelminae, and thinnest in A.
rechingeri was found.

Pith: Heterogeneous in most species; homogeneous only in A. rosea. Crystals scattered along
margins.

Cluster Analysis Results

Using 18 anatomical traits, cluster analysis grouped the 16 taxa into two main clusters (A and

B) at a taxonomic distance level of 25. Cluster A was further divided into subclusters C and

D, while cluster B included species like A. glabrata, A. tarica, A. rechingeri, A. hoheneckeri
and A. hyrcana. Subcluster C split into E and F.

E: Included A. kurdica var. laxiflora, A. wilhelminae, and A. sachsachanica.

F: Included A. angulata and A. sulphurea.

Subcluster D included A. schiraziana, A. wilhelminae var. lineariloba, and A. rosa. Some

groupings aligned with previous morphological classifications (e.g., A. sulphurea and A.

angulata), but others did not, suggesting new phylogenetic insights through anatomical data.

Conclusion

This study highlights the value of anatomical traits, especially stem structure for the
taxonomy of Alcea. While some species relationships matched earlier classifications, others
revealed novel groupings. Therfore anatomical traits can only be used for species
identification and are not sufficiently informative for species grouping. Integrating anatomical
findings with molecular and morphological data will provide a more robust framework for
understanding the evolutionary relationships within the genus.
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Table 2. Anatomical features of stem in Alcea species
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A. angulata 132.95- 8-10 19.6- 7-11  66.43- 357.97- 46.4- 1-5 Abun Phlo-
138.64 23.2 7442  668.68/ 57.2 Parenc
h
A. glabrata var. 68.33 3-5 20.17 45 38.62  309.79 36.41 1-2 Little - +
glabrata
A. glabrata var. 112.98 6-7 17 5-6 52.49  507.02 40.37 1-4  Abun Phlo +
microcarpa
A. hohenackeri 45.88 10- 11.72 45 4432  303.79 29.94 1-2 Little Phlo- +
11 Pith
A. hyrcana 112.08 9-11 153 8-16 7197  299.89 2270 1-3  Abun Phlo
A. kurdica var. 54.18- 7-8 19.17- 3-6 59.67- 544.36- 24.37- 1-3 Abun - Phlo +
kurdi 59.18 20.3 8349 -761.81 30.70 Pith
urdica
A. kurdica var. 59.73- 6-7 19.03- 5-6 79.56- 614.37- 14.29- 1-4  Abun - Phlo +
. 64.75 19.57 80.96  780.20 20.07 cortex
laxiflora
A. kurdica var. 54.28 4-5 17.96 6-8 72.87  437.13 28.26 1-4  Abun  Phlo- -
leiocarpa Cortex
A. rechingeri 65.70 3-5 15.58 5-6 53.81  288.99 47.12 1-5 Abun -Phlo +
Pith-
Cortex
A. rosea 157.03 8-9 21.48 7-12 6945  553.21 26.71 2-4  Abun Phlo -
A. schirazana 179.78 7-8 17.3 6-8 69.18  537.35 39.72 1-3  Abun Phlo -
A. sachsachanica 130.32 6-8 19.6 5-9 95.10 841.25 29.16 1-5 Abun Phlo +
A. sulphurea 154.35- 2-4 20.15. 6-7 80.53- 503.7- 26.46- 1-3 Little Phlo +
157.75 2271 88.08 711.11 27.53
A. tarica 98.86 3-5 16.52 5-6 5479  349.17 AYAR) 2-4  Abun Phlo -
A. wilhelminae var. | 134.68- 7-8 22.21- 34 56.16- 468.34- 66.12- 2-4  Abun Phlo -
. . 134.79 24.07 59.38  569.14 66.87-
lineariloba
A. wilhelminae var. | 134.77- 4-5 31.77- 6-8 85.14- 854.14-  40.64- 2-5  Abun Phlo -
135.92 33.21 88.63  867.79 40.87

wilhelminae

Paren thick: Parenchyma thickness, No. Chloren: Layer number of Chlorenchyma, Epiderm thihck : Epidermal thickness, No. fib

scleren: Numbers of sclerenchyma fiber, Phlo thick: Phloem thickness, Xylem thick: Xylem thickness, Parench thick- epi: Thickness of
under the epidermis, parenchyma,

abundance, Phlo

No. Ray: Number of ray parenchyma, No. Ray: number of the ray parenchyma layers, Abun:
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Table 1. Studied taxa with voucher number and collection information.

Number & Vocher Collector Location Species
ALUH- 26379 Pakravan & Tehran: Firuzkuh A. angulata
Darreh shury
ALUH-26391 Pakravan & Robat-karim Tehran: A. angulata
Darreh shury
ALUH-26393 Pakravan & Tehran: Qom Road A. angulata
Darreh shury
ALUH-26436 Pakravan & H. Tehran: 50 km from Bueen A. glabrata var.
Moghadam Zahra to Eshtehard glabrata
ALUH-26372 Pakravan & Tehran: 30 Km from Karai to A. glabrata var.
Darreh shury Challus microcarpa
ALUH-26411 Pakravan & Azarbaijan: 10 Km from A. hohenackeri
Darreh shury Oshnavieh to Urmia
ALUH-26390 Pakravan & H. Azarbaijan: Ghushchi pass. A. sachsachanica
Moghadam
ALUH-26410 Pakravan & H. Kurdestan: 13 Km from A. kurdica var.
Moghadam Kamyaran to Sanandaj kurdica
ALUH-26426 Pakravan & H. 1Azarbaijan: Tabriz, Bostan- A. kurdica var.
Moghadam abad to Mianeh kurdica
ALUH-26428 Pakravan & Fars: Estahban to Shiraz, Mian A. kurdica var.
Darreh shury Kotal kurdica
ALUH-26395 Pakravan & H. Hamedan: 3 Km from Avaj to A. kurdica var.
Moghadam Razan kurdica
ALUH-26434 Pakravan & H. Tehran: 50 km from Bueen A. kurdica var.
Moghadam Zahra to Eshtehard laxiflora
ALUH-26443 Pakravan & H. Kermanshah: Between A. kurdica var.
Moghadam Khamseh ane Bisotun laxiflora
ALUH-26400- Pakravan & H. Hamedan: Lalehjin A. kurdica var.
Moghadam leiocarpa
ALUH-26430 Pakravan & Fars: Estahban to Shiraz A. rechingeri
Darreh shury
ALUH-13570 Javanbakht Tehran: Vanak A. rosea
ALUH-26394 Pakravan & Fars: Betweeen Ardakan and A. schirazana

Darreh shury

Komehr
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ALUH-12440 Pakravan Gilan: Talesh to Kallkhal A. hyrcana
ALUH-26378 Pakravan & Tehran: 3 Km from Darbandsar A. sulphurea
Darreh shury to Fasham
ALUH-14645 Darzi Tehran: Shemiran A. sulphurea
ALUH-26380 Pakravan Tehran: Damavand, Tar Lake. A. tarica
ALUH-26437 Pakravan & H. Azarbaijan:15 Km from A. wilhelminae var.
Moghadam Mianeh to Bostan-abad lineariloba
ALUH-26419 Pakravan & H. Azarbaijan: Ghushchi pass. A. wilhelminae var.
Moghadam lineariloba
ALUH-26416 Pakravan & H. Azarbaijan: Ghotur valley A. wilhelminae var.
Moghadam wilhelminae
ALUH-12435 Pakravan Azarbaijan: Ardebil to A. wilhelminae var.

Khalkhal wilhelminae

Alzahra University Herbarium: ALUH
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Table 2. Anatomical features of stem in Alcea species

characters

~ S X X S —
58 5 |E2|ag|® b= 5¢ > | B
E2 |2 |E=|E8|Eg S |2€0d7 | |8 |
QL = < = o | ¥ = O x 3 . > <
Se |©O |ag|Sgle*|&8* |27 |& |£ <
Species a2 S W'z 7l g < a5 | 2 ©
A. angulata 132.95- 8-10 19.6- 7-11  66.43- 357.97-  46.4- 1-5 Abun  Phlo-
138.64 23.2 7442  668.68/ 57.2 Parenc
h
A. glabrata var. 68.33 3-5 20.17 45 38.62  309.79 36.41 1-2 Little - +
glabrata
A. glabrata var. 112.98 6-7 17 5-6 52.49  507.02 40.37 1-4  Abun  Phlo +
microcarpa
A. hohenackeri 45.88 10- 11.72 4-5 44.32 303.79 29.94 1-2 Little Phlo- +
11 Pith
A. hyrcana 112.08 9-11 153 8-16 7197  299.89 2270 1-3  Abun  Phlo +
A. kurdica var. 54.18- 7-8 19.17- 3-6 59.67- 544.36- 24.37- 1-3  Abun - Phlo +
. 59.18 20.3 8349 -761.81  30.70 Pith
kurdica
A. kurdica var. 59.73- 6-7 19.03- 56 79.56- 614.37- 14.29- 1-4  Abun - Phlo +
. 64.75 19.57 80.96  780.20 20.07 cortex
laxiflora
A. kurdica var. 54.28 4-5 17.96  6-8 7287  437.13 28.26 1-4  Abun  Phlo- -
. Cortex
leiocarpa
A. rechingeri 65.70 3-5 15.58 5-6 53.81 288.99 47.12 1-5 Abun - Phlo +
Pith-
Cortex
A. rosea 157.03 8-9 2148 7-12 69.45 55321 26.71 2-4  Abun  Phlo -
A. schirazana 179.78 7-8 17.3 6-8 69.18  537.35 39.72 1-3  Abun  Phlo -
A. sachsachanica 130.32 6-8 19.6 5-9 95.10 841.25 29.16 1-5 Abun  Phlo +
A. sulphurea 154.35- 2-4 20.15. 6-7 80.53- 503.7- 26.46- 1-3 Little  Phlo +
157.75 2271 88.08 711.11 27.53
A. tarica 98.86 3-5 1652 5-6 5479  349.17 Yo/fa 2-4  Abun  Phlo -
A. wilhelminae var. | 134.68- 7-8 22.21- 34 56.16- 468.34- 66.12- 2-4  Abun  Phlo -
. . 134.79 24.07 59.38 569.14 66.87-
lineariloba
A. wilhelminae var. | 134.77- 4-5 31.77- 6-8 85.14- 854.14-  40.64- 2-5  Abun  Phlo -
135.92 33.21 88.63  867.79 40.87

wilhelminae

Paren thick: Parenchyma thickness, No. Chloren: Layer number of Chlorenchyma, Epiderm thihck : Epidermal thickness, No. fib
scleren: Numbers of sclerenchyma fiber, Phlo thick: Phloem thickness, Xylem thick: Xylem thickness, Parench thick- epi: Thickness of
under the epidermis, parenchyma,

abundance, Phlo

No. Ray: Number of ray parenchyma, No. Ray: number of the ray parenchyma layers, Abun:
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A. wilhelminae var. :F- E. A. wilhelminae var. wilhelminae .D-C A. angulata :B-A sl s, 5y bl - JSi
ST sl Ph sl ISl 8 F.SCl il )b Par: oozodls :Col - il 5 :Chl - s Lazst ole A. sulphurea :H-G . lineariloba
s SICIY 50 Pz gl Xyl

Figure 1. Stem transvers section: A-B: A. angulata, C-D: A. wilhelminae var. wilhelminae, E-F: A. wilhelminae

var. lineariloba, G-H: A. sulphurea. Epi: Epidermis, Chl.: Chlorenchyma, Col. Colenchyma, Par.: Parenchyma,
En.: Endodermis, F. Scl.: Ph.: Phloem, Xyl.: Xylem, P.: Pith, cry.: crystal.
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A. schirazana:H-G <A. tarica :F
Figure 2. Stem transvers section in Alcea species: A-B: A. glabrata var. glabrata , C-D: . glabrata var.
microcarpa, E-F: A. tarica, G-H: A. schirazana
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var. kurdica
Figure 3. Stem transvers section in Alcea species: A-B: A. rosea, C-D: A. hyrcana, E-F: A. hohenackeri, G-H::

A. kurdica var. kurdica.
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A. sacsachanica:H-G A. rechingeri
-B: A. kurdica var. laxiflora, C-D: A. kurdica var. leiocarpa,

:F-E A. kurdica var. leiocarpa :D-C A. kurdica var. laxiflora :B

Figure 4. Stem transvers section in Alcea species: A

E-F: A. rechingeri, G-H: A. sacsachanica
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Figure 5. Dendrogram based on quantitative stem anatomical characters of Alcea species.
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