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ABSTRACT
Background and Aims: Consolida orientalis (J.Gay.) Schrödinger belonging to the Ranunculaceae family, which is called 
“morçiçek” in Turkey. It can be recognized by its laciniae linear leaves, intense violet flower, and follicle fruit. The aim of the 
present study is to elucidate the anatomical properties of C. orientalis, as one of the medically important plant species of 
Ranunculaceae family.
Methods: Plant material was collected from Kahramankazan (Ankara-Turkey). The samples were protected in 70% alcohol. 
The transverse and surface sections were investigated by light microscope and photographed.
Results: The root is characterized by a periderm, pericyclic sclerenchymatous ring, and vessels embedded in sclerenchyma-
tous pith cells. It was observed that in the anatomical features of the stem, the adaxial walls of epidermis cells curved outward 
and were covered with a thick cuticle layer. Moreover, stomata were observed in the epidermis and the stem had hairs only at 
the above parts, while other parts were bare. These hairs consisted of both glandular (with a long stalk) and non-glandular 
(unicellular, silicified) types. The leaf is broadly v-shaped, monofacial and has a 1-layer epidermis. Ranunculaceous stomata 
and non-glandular (unicellular, silicified and slightly bowed) hairs were observed on both surfaces.
Conclusion: The root, stem, and leaf anatomy of C. orientalis was studied for the first time. The anatomical features described 
in detail with reference reports could be helpful in future taxonomic studies.
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INTRODUCTION

Ranunculaceae is a widely propagated and prolific family, spreading across all continents except Antarctica and includes 52 
accepted genera (Heywood, Brummitt, & Culham, 2007; POWO, 2021). The family usually consists of perennial herbs, and rare 
woody climbers. The flowers are actinomorphic or zygomorphic. Achenes, follicles or baccate are fruit types of the family (Brum-
mitt, 1992; Davis, 1965; Evans, 2002).

The most common chemical substances in this family are alkaloids, flavonoids, phenolic acids, phytosterols, fatty acids, and es-
sential oils and also includes important medicinal plants with insecticidal, antiparasitic, antimicrobial, antiviral, antitumor, and 
antioxidant properties (Evans, 2002; Hao, 2018; Yin, Cai & Ding, 2020).

Consolida (DC.) S.F. Gray members are annual herbs, spread from the West Mediterranean to Central Asia, and Anatolia is accepted 
as the diversity centre of the Consolida genus (Davis, 1965). Consolida orientalis (Gay) Schröd. can be recognized by its laciniae 
linear leaves, intense violet flower, and follicle fruit (Davis, 1965). According to current reports, the plant named Delphinium ajacis 
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L. and C. orientalis are synonymous (IPNI, 2021; POWO, 2021). 
According to Güner, Aslan, Ekim, Vural & Babaç, (2012), C. ori-
entalis is named “morçiçek” in Turkey, and its synonyms are the 
Delphinium orientale Gay, D. bithynicum Griseb., D. hispanicum 
Willk., D. orientale subsp. hispanicum (Willk.) Batt., D. orientale 
var. brevicalcaratum Huth, D. ajacis var. orientale (Gay) Finet & 
Gagnep.

The Consolida and Delphinium species are morphologically 
mixed with each other (Yin et al., 2020). Researching the ana-
tomical features and differences of plant organs is of great im-
portance in distinguishing taxonomically mixed species. There 
have been no comprehensive anatomical studies done on the 
Consolida species until now. With other taxonomic features, 
the anatomical knowledge is required for Consolida taxa. The 
anatomical studies evaluated until now consisted of general-
izations on the Ranunculaceae family by revealing the anatom-
ical features of certain taxa (Maxwell, 1893; Metcalfe & Chalk, 
1965). In this study, the anatomical features of C. orientalis root, 
stem, and leaf were examined in detail.

MATERIALS AND METHODS

The plant material was collected from Kahramankazan (An-
kara/Turkey) and described by Safa Gümüşok. A voucher 
specimen was deposited in the Ankara University Faculty of 
Pharmacy Herbarium (AEF 29964) in Turkey. The samples for 
anatomical studies were protected in 70% alcohol. The trans-
verse and surface sections were cut by hand with a razor blade 
into microscopic preparation form. The Sartur solution (Türk 
Farmakopesi, 2017) was used in microscopic examinations. A 
Leica DM 4000B microscope was used for anatomical analysis 
and micro photographing.

RESULTS AND DISCUSSION

Root anatomy
The transverse section of the root consists of the periderm, 
pericyclic derivatives, and vascular tissues. The root consists of 
phellem layers outward and 1-2 layered phellogen and multi 
layered phelloderm inward. The phellem is composed of 1-5 
layers of cells having an isodiametric or elongated shape. Cor-
tex parenchyma cells are almost absent. Sometimes, under the 
pit walled single-row endodermis, there is a pericycle forming 
a sclerenchyma cap. The vessels of the root are embedded in 
lignified cells. A sclerenchymatous cap are present immediate-
ly on the outside of the phloem. Polyarch xylem is branched 
into 10-12 radial multiples (Figure 1).

Stem anatomy
The epidermis is covered with a very thick cuticle layer in the 
transverse section of the stem. Its cells are single-layered, 
rounded, the adaxial and abaxial wall is thick, side walls are 
thin, the adaxial walls are curved outward, and the intracellu-
lar space is large. Stomata is observed. The cortex parenchyma 
cells, except cells in the oval shaped last layer, are longitudi-
nally elongated, thin-walled, dense starchy, and consist of 2-4 
rows of cells. Collateral type vascular bundles are arranged in 
a circle. The xylem are indistinctly concave where adjoining 
the phloem. Phloem are bounded externally by the pericyclic 

sclerenchymatous cap. The rays as 10-12 arms extend between 
vascular bundles, consist of 2-5 rows of cells laterally and con-
tain very dense starch. Pith cells are thick-walled, sometimes 
with pitted walls, rounded, dense starchy, lignified cells, and 
intracellular spaces are large (Figure 2a, b, c, d). The above parts 
of the stem differ from the other parts in terms of hairs. The 
above parts of the stem covered by densely glandular (with a 
long stalk) and non-glandular (unicellular, silicified) types hairs, 
and other parts are bare (Figure 3a, b).

Leaf anatomy
The transverse section of leaf was observed as being broadly v-
shaped and monofacial. The epidermis is composed of single-
layer cells surrounded by a very thin cuticle layer. The shape of 
cells is ovoid and the outer walls are thick. The upper epider-
mis cells are larger than lower epidermis cells. There are non-
glandular hairs (unicellular, silicified) and stomata on both the 
upper and lower epidermis. The mesophyll consists of tightly 
arranged parenchymatous cells. The palisade parenchyma 
consists of single-layer, long-cylindrical, thin-walled cells. The 
cells of the spongy parenchyma between the palisade layers 
are isodiametric, thin-walled, 2-6 rows and fills between the 
vascular bundles. Both palisade and spongy parenchyma cells 

Figure 1. Transverse section of root in C. orientalis.
pd: phelloderm, pg: phellogen, ph: phloem, pm: phellem, s: scleren-
chyma, xy: xylem
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contain abundant starch. The vascular bundles are surrounded 
by a compactly arranged bundle sheath (Figure 4a, b, c, d).

Both epidermal structures of the leaf were observed as simi-
lar in surface sections. The cells of epidermis with sinuous 
anticlinal walls contains ranunculaceous stomata and non-

glandular hairs. The hairs are unicellular, silicified and slightly 
bowed (Figure 5a, b, c, d).

According to Metcalfe & Chalk (1965); the root of Ranunculace-
ae has a sclerenchymatous pith region in anatomical structure, 
a sclerenchymatous cap located on the adaxial side of vascular 

Figure 3. Surface sections of stem in C. orientalis.
e: epidermis, gh: glandular hair, ngh: non-glandular hair, st: stomata

Figure 2. Transverse section of stem in C. orientalis.
c: cuticle, e: epidermis, p: pith, pa: cortex parenchyma, ph: phloem, pw: pitted walls of pith cells, r: ray, s: sclerenchyma, st: stomata, vb: vascular 
bundle, xy: xylem
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bundles. The C. orientalis root, as characterized by the periderm 
layer, pericyclic sclerenchymatous cap and vessels embed-
ded in the sclerenchymatous pith according to the results, is 
branched into 10-12 radial multiples polyarch xylem. Generally 
the Ranunculaceae family root is known as tetrarch (Maxwell, 
1893; Yentür, 1995). However, the number of xylem arms also 
correlates with the viability and size of the root (Yentür, 1995). 
Periderm layers can be clearly distinguished from each other, 
as phellem, phellogen, and phelloderm. Additionally, cortex 
parenchyma cells are absent in anatomical features of the C. 
orientalis root.

The results show that the stem of C. orientalis is characterized 
by a monolayer epidermis with stomata and thick cuticle layer. 
The epidermis layer has glandular and non-glandular hairs, but 
only on above parts of the stem, other parts are bare. The cor-
tex parenchyma and sclerenchymatous clusters are in a regular 
ring form. Vascular bundles in the stem are a collateral type, ad-
axial side of phloem enclosed by a sclerenchymatous cap. The 
concave xylem is found in abaxial side of the phloem. Lignified 
pith cells have large intercellular space and sometimes pitted 
walls were observed. According to Metcalfe & Chalk (1965), the 
stem of the Ranunculaceae family has a collateral-type vascu-
lar bundle with concave xylem and pericyclic sclerenchyma 

Figure 4. Transverse section of leaf in C. orientalis.
bs: bundle sheath, le: lower epidermis, ngh: non-glandular hair, pp: palisade parenchyma, ph: phloem, sp: spongy parenchyma, st: stomata,
ue: upper epidermis, vb: vascular bundle, xy: xylem

Figure 5. Surface sections of leaf in C. orientalis.
le: lower epidermis, ngh: non-glandular hair, st: stomata, ue: upper epidermis
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ring, with additional non-glandular hairs on the stem. Pith cells 
are also lignified. What makes this report different is that glan-
dular hairs were observed on above parts of the stem.

According to Metcalfe & Chalk (1965), the Ranunculaceae fam-
ily has the characteristics of a monofacial or centric leaf. The 
epidermis has ranunculaceous stomata with glandular and 
non-glandular hairs. In addition, the lower epidermal cell an-
ticlinal walls are sinuous. Except for the presence of glandu-
lar hair, the data of Metcalfe & Chalk (1965) agrees with the 
findings in this report. In addition, the report results showed 
that the upper epidermis of monofacial leaf was also sinuous. 
The non-glandular hairs of the leaf are unicellular, silicified and 
slightly bowed.

In conclusion, the root, stem and leaf anatomy of C. orienta-
lis was studied for the first time. The anatomical features de-
scribed in detail with reference reports could be helpful in fu-
ture taxonomic studies.
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