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Abstract

The anatomy of the root, stem and leaf of Salvia offi  cinalis L. were studied by light microscopy.
The micromorphological structure of the root, stem and leaf was identifi ed. The leaf contains
trichomes in both epidermis. The spongy parenchyma of the leaf is compact. The stem has a
square shape and in its epidermis there are trichomes. Collenchyma is angular and there is 
a large cavity in the pith of the stem. The root has 7 layers of bark and broad pith formed by
the parenchymal cell. Other anatomical features are also discussed. Given that there is no data
on the micromorphology of vegetative organs of this species in Albania, the present study
was undertaken in order to use these characteristics to characterize the species and to assess
interspecifi c diversity. These are preliminary results in the doctoral research framework.
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Introduction
Salvia is the largest genus of the Lamiaceae family, comprising about 1,000 species 
(Walker & Sytsma, 2007; Sáez-Goñalons et al., 1974). It is spread in diff erent regions 
around the world from the Mediterranean area, South Africa, Central and South 
America as well as Asia (Walker & Sytsma, 2007; Topçu, 2006) and some of its 
representatives are also cultivated and exported to other regions around the world. In 
Albania this genus is represented by 16 species (Qosja et al., 1996). Metcalfe and Chalk 
(1957) mentioned that the stem of Lamiaceae species are very oft en rectangular in 
cross-section, and there is usually considerable development of colencyma at angles, 
and in some species, they develop in the primary cortex. The order of collenchyma on 
the stem has diagnostic value. In the young stem, xilem and phloem, in some species, 
are confi ned to collateral bundles, which are particularly well developed at the 
corners of the stem axis. In other species, contiguous bundles are separated by fi ber,
while in a third category, persistent xylem is permeated by narrow medullary rays. 
Conductive bundles are usually small in diameter. Salimpour et al. (2012) studied 
the anatomy of the stalk of eight Salvia L. species and found that the cross-section 
of the stalk in all species is regular or irregular quadrangular. The epidermis is a 
single layer with ellipsoidal, elongated, ovate or circular cells. Collenchyma is made 
from three to ten layers below the epidermis, protruding at the corners of the stalk, 
becoming thinner towards its edges. The cortical parenchyma below the epidermis is 
composed of three to six layers with elongated, hexagonal or ellipsoidal cells. Thick 
clusters of sclerenchyma with three to six layers appear over the vascular bundles at 
the corners. Phloem is located under the sclerenchyma. The vascular bundles in the 
corners are large and sometimes with lobes and at the edge are very small. The rays 
in the marrow are seven to nineteen in a row.
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Cronquist (1981) indicated that the leaves of Lamiaceae are opposite or sometimes 
whorled (alternate in Icomum), simple or occasionally pinnately compound. Stomata
commonly diacytic, less oft en some or all of them anomocytic. Petiole commonly
with a more or less arcuate vascular strand or with a ring of vascular bundles.
Marin et al. (1996) studied the nutlet surface characters for 13 species of Salvia and
found that nutlet surface of Salvia coccinea consists of hexangular or pentangular cells
(papillae) with clear furrow between them. Nutlet of Salvia offi  cinalis consistes of 
isodiametric hexangular or pentangular cells but the center of which is sunken.
For the morphological diversity they represent, glandular trichomes are widely used
in taxonomy to make comparisons between species within the same genus (Stuessy
2009). Albania is one of the leading exporters of S. offi  cinalis L. (Schmiderer et al.,
2013). The micromorphological study in relation to trichomes and gills is being carried
out and the data in relation to these indicators will be presented in the next edition.

Materials and Methods

Study area – The plants studied in Salvia offi  cinalis L. are collected in Diber, in
geographical coordinates N 41.766285, E 20.286680. Fresh and conserved organs in
70% alcohol of roots, stalks and leaves were used for the study.
Materials - Optic microscope, Olympus microscope connected to C200 camera,
camera, lugol, blumethylene, transparent nail polish, fresh and conserved organs of 
roots, stalk and leaves, scotch tape, razor.
Study technique for root, stalk and leaf- In terms of anatomical analysis, roots,
stem and leaves of plants of these species were stored in bott les with 70% alcohol.
Cross sections are done manually. The treatment techniques of the implants for their
anatomical study are:
1. Cutt ing technique. The study of tissues and the construction of the canned leaf is
carried out by making transverse (transverse) incisions, with sharp blades and with
the help of the appendix marrow. The material is placed between the two pieces of 
the  pith elder plant, which helps to make thin incisions (Topuzi, 2004). The prepared
preparations were observed under an Olympus microscope with a 40x lens.
Photographs were realised with a photocamera (Samsung A71) directly in the
eyepiece and they were processed in Microgliciel and Photoshop soft ware.

Results and Discussions
The leaf
The upper epidermis consists of a layer of quadrangular or irregular, rectangular cells,
which are polygonal in surface appearance, with outer papillary walls and straight
anticline walls. The cuticle is thin and straight; stomata are missing. Numerous
capitate glandular trichomes and short conical non-glandular trichomes are present
in the upper epidermis also reported by Kowalczuk et al., (2013) for the species Salvia
divinorum.
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Mesophyll - is thick, diff erentiated into palisade tissue and sponge tissue relatively 
compact in the lower epidermis, also reported by Corneliu Tanase et al., (2020) for 
this species. The palisade parenchyma is three-layered. The palisade parenchyma 
is interrupted by central and lateral vessels bundles. Sponge tissue consists of 
two to three layers of compact polygonal parenchyma cells. The cells of the lower 
epidermis are smaller, fl at, with curved anticline walls, broad in surface appearance. 
The stomata rise above the surface and form an arch over the stomatal space. Many 
peltate glandular trichomes are present, capitate and various types of non-glandular 
trichomes, especially along the central and lateral vessels bundles. The stomata are 
diacytic (Fig. 1). The anatomy of the lower epidermis, type of stomatas, and trichome 
species have also been reported by Kowalczuk et al., (2013) for the species Salvia
divinorum
Midrib - The upper epidermis consists of polygonal, cylindrical cells followed by 
a collenchyma tissue composed of two layers of cells, the central vessels bundle is 
U-shaped, consisting of radially arranged collateral vascular bundles, with xylem 
directed towards the upper epidermis and phloem like an arch towards the lower 
epidermis, enclosed by several layers of parenchymal cells. The cambium consists of 
two to three layers of short, elongated tangent cells, dividing the xylem and phloem. 
Medullary rays are uni- or bi-serial, composed of parenchymal polygonal cells. Xylem 
vessels show spiral thickening. A similar morphology regarding the placement of 
xylem and phloem has been reported by Kowalczuk et al., (2013) for the species Salvia
divinorum.

Fig. 1. Cross section of the leaf of the species Salvia 
offi  cinalis L. 1. cuticle; 2. upper epidermis; 3. Non-
glandular trichomes; 4. palisade parenchyma; 5.

vascular bundle; 6. spongy parenchyma ; 7. lower
epidermis; 8. stomata; 9. glandular trichomes in 

the lower epidermis.
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Fig.2. Cross section of the midrib in S. offi  cinalis leaf. 1. epidermis; 2. collenchyma; 3, 
4. parenchyma; 5. phloema; 6. cambium; 7. Xylem; 8. trichomes.

The stem
The cross-sectional contours of the stem are quadratic due to the angular collenchym,
present on the four ribs (Fig. 3b). The epidermis has isodiametric cells that have a
very thick and cut outer wall. Cortical tissue is well developed, diff erentiating into
collenchym tissue, multilayered, forming cordons near the ribs. The central part
contains vascular tissue arranged in the shape of rings. In the center of the section,
parenchymal cellulose cells can be seen. This description has also been reported by
Corneliu Tanase et al. (2020) for this species.
In cross section, the stem is quadrangular, square or rectangular (Fig. 3a, b). The
epidermis consists of a single layer of square or cylindrical cells covered in the outer
wall with a thin cuticle and numerous non-glandular and glandular trichomes.
In surface appearance, the epidermal cells are polygonal, with straight or slightly
curved anticline walls. Collenchyma is located below the upper epidermis as a
continuous ring, except for the wings on the old stem, or as isolated pieces alternating
with chlorenchyma on the new stem. Collenchyma occupies four to fi ve layers, and is
visibly thickened in the intercellular spaces (Fig. 3a).
The cortex is narrow, composed of parenchymal polygonal cells, Most cells have 
clusters of aticular crystals of calcium oxalate. Sclerenchymatic tissue is absent in 
the stem. The endoderm is distinct and consists of a layer of tubular cells separating
the cortex from the vascular tissue. The angular structure of the wings consists of 
elongated cortical parenchymal tissue.
Vascular tissue is represented by collateral bundles. These are located as four main
groups at angles while, in the central region, the vascular tissue forms a more or less
continuous ring. Phloema forms a continuous ring in the mature shoots surrounding
the xylem on the outside. Phloem cells are small, more or less polygonal, or slightly
elongated tangential, with thick walls. Xylem vessels are solitary or in groups of three
to fi ve or more and arranged in radial order. The vessels are polygonal or rounded in
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sectorial view, lined and thickened in a spiral or reticle with lumen. Medullary rays 
are broad one, two, three, or several cells with tangentially elongated cells.
The pith is broad, occupying a major part of the stem tissue, composed of thin-
walled, polygonal cells. Most cells contain att icular crystals of calcium oxalate (Fig. 
3). A similar description has been reported for S. divinorum species by Kowalczuk et
al., (2013).

Fig. 3. Cross section of  S. offi  cinalis stem; 1. epidermis; 2. trichomes; 3. collenchyma;
4. cortex; 5. phloem; 6.7. Xylem; 8, 9. pith;

Root
Considering the internal structure of sage root (Fig. 3), the rhizodermis forms layers 
at an early stage of the development process. The origin of the vascular tissue is 
mainly cambial and forms two concentric rings, comprising very narrow phloem and 
very thick xylem with many vascular bundles, described by Corneliu Tanase et al. 
(2020) for this species.
The periderm is thick and its cells are suppressed or broken. This characteristic has 
also been reported for the species Salvia quezelii by Celep et al., (2013). There is a
parenchymal cortex with 7 layers below the periderm. Vessels bundles and tracheids 
are circular or hexagonal. The xylem radius consists of 1–3 (–4) cells in a rectangular 
row. The pith is broad in contrast to S. quezelii reported by Celep et al., (2013), and
includes hexagonal parenchymal cells (Fig. 3)
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Figure 3. Cross section of the root of S. offi  cinalis L. 1. periderm; 2. cortex
(parenchyma); 3. phloem; 4. xylem; 5. pith
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