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Anatomical studies of the taxa within the Apiaceae family revealed a set
of common features of taxonomic importance. These included variations in
hairs and stomata within the genus, and stem cross-sections showed
variations in the shape of the outer margin, ranging from wavy to ribbed to
star-shaped, with distinct ribs and grooves present in most genera.

A key anatomical feature of the family is the presence of secretory ducts that
often contain volatile essential oils, distributed in the cortex or near the
vascular bundles, which are important diagnostic characteristics, as well as
variations in the pith, complete or hollow.

These results confirm that the anatomical features of stems and leaf
epidermis, stomatal type, supporting tissue type, and the presence of
secretory ducts are effective taxonomic tools that can be relied upon to
distinguish among genera in the Apiaceae family and to clarify their
taxonomic relationships.

Keywords: Umbelliferae family, Genus, stomata type, Secretory cells.
Introduction

The Apiaceae family, or the old name Umbelliferae family, is one of the

most important and widespread flowering plant families in the world,
comprising approximately 434 genera and more than 3,700 species
(Heywood et al., 2007). Members of this family are characterized by their
umbel-like inflorescences, which are their primary morphological feature
(Stace, 2010). They also contain volatile oils and active compounds that
have given many species significant nutritional, medicinal, and economic
importance. Some of the most well-known plants in this family include
carrots, celery, parsley, dill, coriander, cumin, and fennel.
The Apiaceae family is found in most parts of the world, but its greatest
diversity is found in the temperate and sub-temperate regions of the Northern
Hemisphere. Numerous species are also found in Europe, Asia, Western
Asia, the Mediterranean basin, and North America. These species are
adapted to diverse environments, including grasslands, plains, mountains,
and semi-arid regions (Taylor, 1994).

In Iraq, the Apiaceae family is a significant plant family within the country's
natural vegetation, comprising_approximately 155 species recorded in the
oY



\

' ,
- e - Print -ISSN 2306-5249
J O B S ). Ay o glad) Alaa Online-ISSN 2791-3279
~ Journal of Basic Science  csils puldd u)

LAYV EEA/ AT YN

o

@ )

\

_/

Iragi flora, making it one of the largest plant families in the country (Guest,
1966). Its species are distributed across various ecological zones, particularly
in the mountainous and semi-mountainous regions of northern Irag, as well
as in plains, valleys, and desert and semi-desert areas. This diversity is
attributed to Iraqg's geographical location and the variation in its climatic and
topographical conditions, which provide suitable environments for the
growth of numerous genera and species within this family (Davis, 1975).
Given its economic, medicinal, and environmental importance, the Apiaceae
family has garnered considerable attention from researchers in the fields of
plant taxonomy, anatomy, and phytochemistry, as it is a vital source of
active ingredients and essential oils used in the food and pharmaceutical
industries (Clarkson et al., 2021).
The research aims to reveal the taxonomic importance of anatomical and
morphological characteristics in members of the Apiaceae family, and to
determine their efficiency in separating different species and genera, as well
as to build a diagnostic database that contributes to supporting taxonomic
and floristic studies of Iragi plants, and to highlight the role of plant anatomy
as a tool to support traditional classification in clarifying taxonomic
relationships within the family.
Materials and methods
e Plant collected

The current study depended on soft samples, which were gathered on
26/4/2026-8/5/2026, from Sulaymaniyah district (MSU) and Arbil district
(FAR) in the north of Iraq Table 1.
The mentioned type was diagnosed using classification keys of Apiaceae in
Flora of Iraq (Guest, 1966), as well as internet sources. Samples of the leaves
and stems were taken from specific areas of the plant (Al-Shami et al.,
2024). Then, fixation was performed with F.F.A. solution for 24-48 hours
according to Johansen (1940); it was also washed with 70% alcohol and kept
in the same solution at the same concentration until use.
e Epidermis preparation
To prepare the epidermis of the leaves, the epidermis of the leaf was rubbed
off to reveal the stomata, and then the sample was immersed in distilled
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water and treated with a 5% sodium hypochlorite solution for 10 minutes. It
was later washed with distilled water and transferred to another Petri dish
containing 10% KOH for 5 minutes. Then, the solution was replaced with
ethyl alcohol 70% for 10 minutes. At the end, the sections were washed with
distilled water and placed under a slide microscope examination.
Examination was done with a KRUSS compound microscope, and a
photograph was taken with an AmScope (Model MU 1000) microscope-
mounted camera. The method followed Al-Khazraji & Aziz (1989), with
some modifications according to Al-Taie et al. (2025).
The stomata index, a measure of stomatal density and its relationship to
normal epidermal cells, was calculated based on Stace (1965).
Stomata Index = Amount of Stomata / Number of Normal Epidermal Cells x
100
e Cross-section preparation
Samples were intended manually by following Hutchinson (1954) with some
modification according to Al-Rawi et al., (2025)
The leaves were cut into very small pieces and immersed in a 5% AL-
Sodium hypochlorite solution for 10/minutes to femove chlorophyll. Later,
the parts were stained with 5%gsafranin for 2 hours and then washed with
70% ethyl alcohol to remove excess dye. Then, the parts were put into 90%
ethyl alcohol for 6 min., and 95% alcohol and absolute alcohol, respectively,
for 2 min for each solution. At the end, the samples were examined with a
KRUSS compound microscope and photographed with an AmScope Model
MU 1000 camera.
Results and Discussion

The leaves of members of the Apiaceae family are characterized by the
presence of stomata scattered across their epidermis. These leaves are often
amphistomatic, meaning that stomata are present on both the Adixial and
Abxial surfaces of the leaf.
The characteristics of the stomatal complex in leaves of Apiaceae taxa are
shown in Table 2.
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In all taxa, the stomata appeared on both the adaxial and abaxial surfaces,
except for the taxon Zosima absinthifolia, where the stomata appeared only
on the abaxial surface.

While stomata vary in type within the Apiaceae family, anomocytic type
stomata (the guard cells are surrounded by several ordinary epidermal cells)
appear in the taxa: Artedia squamata, Prangos ferulacea, Tordylium
aegyptiacum (Abxial service only), Trigonosciadium viscidulum, Zosima
absinthifolia and Cuminum cyminum. So, the taxa: Daucus Carota and
Tordylium aegyptiacum (Adixial service only) were diacytic type (the guard
cells are surrounded by two subsidiary cells that are perpendicular to the
longitudinal axis of the stomata). The guard cells are usually kidney-shaped
and surrounded by epidermal cells with varying degrees of straight or wavy
walls. Anatomical studies have shown that the number of stomata, their
dimensions, stomatal density, and stomatal index are useful diagnostic
characteristics that can be used to differentiate between different species and
genera within the Apiaceae family (Christodoulakis et al., 2002 and Al-Taie
et al., 2022).

Characteristics of the stem cross-section in Apiaceae taxa appear in Table 3.
The stems of taxa in the Apiaceae family are characterized by distinctive
anatomical and morphological features that make them of great taxonomic
importance (Clarkson et al., 2021). In cross-section, the shape of stems
varied in the taxa under study, where it appeared circular in Artedia
squamata, Rhombic in Daucus Carota and Trigonosciadium viscidulum,
Polygonal with prominent ribs in Prangos ferulacea and Tordylium
aegyptiacum, Oval in Zosima absinthifolia, and Stellate in Cuminum
cyminum (Table 3 and Figure 2).
Anatomically, the stem consists of a single-layered epidermis covered by a
thin cuticle layer, which may bear unglandular hairs in the taxa: Daucus
Carota, Trigonosciadium viscidulum, Zosima absinthifolia, and Cuminum
cyminum, the type of which is unicellular, uniseriate.
Beneath the epidermis lies a cortex composed of collenchyma and
parenchyma cells and the secretory canals (specialized intercellular spaces)
distributed throughout the cortex or near the vascular bundles and containing
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volatile oils and resinous substances, and this feature agrees with (Fahn,
1982 and Downie et al., 2010) who state that it is considered among the
most prominent anatomical features of the family.

The vascular bundles are arranged in a single ring near the stem's
circumference and are of the open collateral vascular type, with the phloem
positioned outwards and the xylem inwards, separated by the cambium. The
pith occupies the central part of the stem and consists of large, thin-walled
parenchyma cells; it is often extensive and well-defined in most species, and
in the species Trigonosciadium viscidulum and Zosima absinthifolia, it was
hollow.

The cross-sectional shape, number of ribs, presence of secretory ducts,
vascular bundle distribution pattern, and nature of the supporting tissues are
among the most important anatomical features used in identifying genera and
species within the Apiaceae family and studying their taxonomic
relationships (Esau, 1965; Magee et al., 2010).

Table 1. List of collected Apiaceae genus from North of Irag.

No. [Species County code*
1 Artedia squamata MSU, FAR
2 Daucus Carota MSU, FAR
3 Prangos ferulacea MSU, FAR
4 | Tordylium aegyptiacum MSU
5 Trigonosciadium MSU, FAR

viscidulum

6 Zosima absinthifolia MSU, FAR
7 Cuminum cyminum MSU
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Table 2. Characteristics of stomatal complex in leaves of Apiaceae taxa in
Irag (measurement in um).

No. Species Stomata of Adaxial epidermis Stomata of Abaxial epidermis
length width Stomatal | length width Stomatal
index index
1 Artedia squamata | ¥Y.).Y-YAY | YY eV R ‘1 o | Yq.,0-Y¢ Y VAR
(*+.9) (Y+.9) A (TV.9)
(re.)
2 Daucus Carota 00 ¢V ¢ YANYPYY 1.y 0.0 £0, 0.6 \
.9 (Yo.9) o) (££.Y)
(CARS)
3 Prangos ferulacea VY, E-VY D ¢4, 0.¢0 AR At ov. e.0 "1
(Ve.9) (£AY) AAQ er.v
(*eY)
4 Tordylium | €V.1-£Y,) | ¥¥ ¢ YA (R _ev.) AR NIR 110
aegyptiacum (££.9) \.A) oo (£¢.0)
(GA))
5 Trigonosciadium | Y+ ¥-Y%0 | YA ooV e ‘Y AR YY.0-V A ‘1
viscidulum (YA9) (Ye.9) Yoy QLAY
™)
6 Zosima absinthifolia - - - -6 t4.r.t0.0 A
oA (£%.0)
(°v.°)
7 Cuminum cyminum av.aaary EAY-E0) 1,0 -Vy.,e o4 v.o¢ YvY.¢
(1e.9) (£V.9) AW (°°.9)
(V£.9)

Between brackets = mean of 10 replicates.
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Table 3. Characteristics of stem cross section in Apiaceae taxa in Iragq (measurement

in um).

No. Species Shape of | Thickness | Thickness | Thickness Pith Vascular
section of cuticle of of cortex thickness bundle

epidermis diameter
1 Artedia squamata | Circular 5.5-6 YeVYeo e | AY Yoo 0 SYAYN ey ¢
(5.75) Yy (" .9) YAy ¢ (RN

(YAAY) (Vee.¥)

2 Daucus Carota | Rhombic 5-5.5 Vaytey | av,eAde Yy X
(5.25) (YA.%) AR YA \YY.o

(Y~i.°) (\Y~_/\)
3 Prangos ferulacea | Polygonal 4.25-55 | oAN-E3A | AV YVe N -vany VAN
with (5) (¢2.0) AN Yoot 1Ay ¢

prominent Y rh (V4:.9)

ribs

4 Tordylium aegyptiacum | Polygonal | 3.25-5.25 | TA.V-e4.) | AA Y.V e -Yeve DRER
with (4.5) (QLR)] (M.6) Yoo v Y.ooy

prominent (Yo ) AR

ribs

5 Trigonosciadium | Rhombic 4.5-7 EEY-FEAN | o0 dte) | £o0.¥0 ) “YeA
viscidulum (5.75) (¥e.0) ©N (YY) V10,8

0y

6 Zosima absinthifolia Oval 4.75-5.75 | et -t¢.e -vaa RAA -YAAe
(5.1) (CXRY) ALY YAA ¢ Y4n,¢

(YV.Y) (Y10.4) (V4-.9)

7 Cuminum cyminum Stellate 3.75-5.5 VA YR 4,07V BALR BEAR
4.3) (11.9) ("A.8) YVV.¢ Vye.e

(YV+.9) IR

Between brackets = mean of 10 replicates.
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| Daucus carota

Tordylium aegyptiacum I

Figure 1: Service view showing the shape and type of stomata in the
epidermis of leaves of the genus from the Apiaceae family
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Prangos ferulacea |

=’ 2
- Trigonosciadium viscidulum

Zosima absinthifolia |\ v ‘ Cuminum cyminum
Figure 2: cross-section of the stem of the genus from the Apiaceae family.
Where E: epidermis, Co: collenchyma tissue, Pa: parenchyma cell, VB:
vascular bundles, P: phloem, X: xylem, and SIS: specialized intercellular

space
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