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In this study gives the characteristic of Salvia officinalis L. genotypes (Lamiaceae)grown in the Southern Steppe 
of Ukraine. S. officinalis one of the most well-known plants from Salvia L. genus that is used as an aromatic, medicinal, 
and culinary herb. The plant raw material of this plant is characterized by numerous biological activities that 
allow use in the pharmacological industry. This plant is characterized by morphological polymorphism and the 
selection of new genotypes within S. officinalis has a polyfunctional meaning. The plant material of this study was 
the genotypes of S. officinalis (108-14, 109-14, 108-14-1, 108-14-2, and 113-16). It investigated 3d years of living 
plants at the flowering stage from the experimental collections of aromatic and medicinal plants in the Kherson 
region, v. Plodove (Institute of Climate Smart Agriculture of the National Academy of Agrarian Sciences of Ukraine). 
The height of plants of investigated genotypes was 65.02–86.37 cm, the diameter of the plant was 89.37–117.03 cm, 
the leaf length was 8.20–11.06 cm, the leaf width was 2.95–3.79 cm, the inflorescence length was 14.52–26.01 cm, the 
inflorescence diameter was 4.07–5.57 cm, the number of whorls in inflorescences was 8.12–10.55, and the number of 
flowers in the whorl was 10.02–12.14. The color of the leaf surface, the character of the leaf surface (wrinkles), and 
colour of the flowers depended on genotype. The mass of raw from the shrub was determined from 350.11 to 560.27 g 
and the average mass of essential oil of one plant was from 1.37 to 2.01 g depending on genotype. The essential 
oil content in the herb, leaves, and inflorescences on dry mass was 1.0–1.5%, 1.09–1.79%, and 0.98–1.28%, 
respectively. In the herbs and leaves, minimal and maximal content of oil were found in genotypes 113–16 and 
109–14, respectively. These results can be useful for further selective work within S. officinalis species and including 
other species of this genus.
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Introduction
The study of plants of the Salvia L. genus is still actual 
due to polyfunctional use in human life. Salvia species 
are widely diverse and used as a culinary herb, spice, 
medicinal, cosmetic, and ornamental plants in many 
countries in the world (Hamidpour et al., 2014; Grdiša 
et al., 2015; Sharopov et al., 2018). 

Salvia genus is one of the most groups of Lamiaceae 
Martinov and includes approximately 1000 species 
which are distributed in Eurasia, Africa, and America 
(González-Gallegos et al., 2020). Some species are 
cultivated widely and among them, Salvia officinalis 
L. (dalmatian sage) is the most well-known and used 
(Hassiotis, 2018). The ancient Romans cultivated this 
popular culture as an ornamental and honey-bearing 
plant. Its homeland is considered to be Asia Minor, 
from where it spread across the Balkan Peninsula and 
the Mediterranean (El Euch et al., 2019).

The essential oil of sage leaves contains tannins, ursulic 
and oleic acids, alkaloids, and flavonoids. The main 
action of clary sage is antiseptic and anti-inflammatory 
(Sharopov et al., 2018). The plant also has astringent, 
emollient, and hemostatic properties, and also reduces 
sweating. It promotes the secretion of gastric juice and 
has mild antispasmodic properties (Vosoughi et al., 
2018; Hudz et al., 2020). In this regard, the infusion 
of leaves is used to treat such diseases of the digestive 
system as gastritis, peptic ulcer disease of the stomach 
and duodenum with reduced acidity of gastric juice, 
and spastic colitis. Infusion of leaves is also used 
for catarrh of the upper respiratory tract, chronic 
bronchitis, angina, and inflammatory processes of the 
oral cavity and pharynx (El Eough et al., 2019). Some 
foreign scientists emphasize the positive effect of sage 
extracts on human cognitive activity (Wightman et al., 
2021). The essential oil demonstrated antibacterial, 
antifungal (Agrawal et al., 2021), and antiviral 
(Rashidipour et al., 2022) activities. Due to this 
fact, sage is suitable for the biological protection of 
agricultural plants from fungal pathogens, and is also 
a good repellent (Vosoughi et al., 2018; Harizia et al., 
2021; Khaled-Gasmi et al., 2021; Morkeliūnė et al., 
2021). The chemical composition of the essential oil 
of S. officinalis can explain the allelopathic potential of 
this plant (Bouajaj et al., 2013).

The results of these studies suggest the use of the 
essential oil of both species as an effective natural 
anti-inflammatory and antiviral agent (Abou Baker 
et al., 2021). The study of the antioxidant properties, 
including medicinal sage, grown in the South of Italy, 
concluded the possibility of using them in functional 

food products, herbal medicines, or as a source of active 
biomolecules (Vergine et al., 2019). The well-deserved 
attention to clary sage is justified by the use of its 
essential oil as a food preservative and auxiliary agent 
in bacterial food toxic infections (Selim et al., 2022).

According to literature data, the species Salvia 
officinalis is characterized by a great polymorphism 
of some morphological and biochemical parameters, 
which allows carry out the individual selection (Jug-
Dujaković et al., 2012; Shakoor et al., 2021). Considering 
the significance of useful properties of S. officinalis raw 
in human life, it‘s important to find and select new 
features of plants during the period of vegetation. 

Our work aimed to study some morphological and 
economically valuable features such as the yield and 
mass fraction of essential oil in the hybrid forms of 
Salvia officinalis in the conditions of the Steppe zone of 
Southern Ukraine for further selective work. 

Material and methodology

Biological material
The research material was the genotypes of Salvia 
officinalis L. (108-14, 109-14, 108-14-1, 108-14-2, and 
113-16) (Figure 1a, b). The research was conducted 
in the Institute of Climate Smart Agriculture of the 
National Academy of Agrarian Sciences of Ukraine 
(experimental collections of aromatic and medicinal 
plants in the Kherson region, v. Plodove). It investigated 
3-year-old plants at the flowering stage during 
2020–2021. 

Morphometric parameter study 
and morphological describing
The morphometric parameters of plants were used 
in this study: height of the plant (in cm), the diameter 
of the plant (in cm), length and width of leaves (cm), 
length and diameter of inflorescence (in cm), the 
number of whorls in the inflorescences, the number of 
flowers in the whorls. Also, were described leaf surface 
(colour and wrinkle), and inflorescences (colour). 

The essential oil content determination
The essential oil was obtained from the herb (aerial 
mass of plants), leaves, and inflorescences at the 
flowering stage; the mass fraction of the essential 
oil was determined by the hydrodistillation method 
(Ginsberg’s method) on the Clevenger apparatus, 
based on the absolutely dry mass of the plant material 
(Elyemni et al., 2019).
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Figure 1a Selected genotypes of Salvia officinalis L. at the flowering stage with inflorescences
А – 108-14; B – 108-14-1
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Statistical analysis
The results are expressed as mean values of three 
replications ± standard deviation (SD); hierarchical 
cluster analyses of similarity between samples were 
computed based on the Euclidean similarity index. Data 
were analyzed with the ANOVA test and differences 
between means were compared through the Tukey-
Kramer test (p <0.05).

Results and discussion
The conditions of the Kherson region promote the 
cultivation of promising aromatic plants. Especially 
those species that can be grown in conditions of 
insufficient soil and air moisture in the South of Ukraine 
(Svydenko and Yezhov, 2014; Dudchenko et al., 2020). 

The most common among them are lavender, lavandin 
(Fernández-Sestelo and Carriello, 2020; Pokajewicz et 
al., 2021), lemon wormwood (Korablova et al., 2020), 
medicinal hyssop, peppermint (Yezerska et al., 2021), 
thyme (Vergun et al., 2022), monarda (Dudchenko 
et al., 2020), sage (Korablova et al., 2019), the raw 
materials of which are used in the pharmaceutical, 
perfumery and cosmetic, food industry, and medicine 
(Mňahončaková et al., 2019; Hudz et al., 2020; Frolova 
et al, 2021; Коrablova et al., 2021).

In the first year of life, all S. officinalis plants vegetated 
and no special differences were observed between 
them except for the color and size of the leaf blade. 
The vegetation of plants in the second year was noted 
in April, the budding stage occurred in May, and the 

Figure 1b Selected genotypes of Salvia officinalis L. at the flowering stage with inflorescences
C – 108-14-2; D – 109 -14; E – 113-16
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beginning of flowering registered in the third decade 
of May. The period of mass flowering was observed 
in June and the fruiting period in July (Lichinkina and 
Svydenko, 2006). 

Plants of investigated genotypes at the flowering period 
occur almost at the same time with a difference of 
1–2 days. Genotype 113-16 was flowered first (18.05), 
and genotype 109-14 was flowered last (21.05). 
Genotypes 109-14 and 108-14 stood out among the 
samples of medicinal sage according to the height of 
the shrub. Genotype 113-16, which differs from others 
in the white color of the flower, had the lowest shrub 
height.

The study of complex features of plants among which 
morphometrical and morphological peculiarities are 
an important aspect of the assessment of selective 
work to highlight new genotypes (Çamlica and Yaldiz, 
2019; Vergun et al., 2021).

The morphological and morphometrical characteristics 
of selected genotypes are represented in Table 1. The 
height of selected S. officinalis genotypes varied from 
66.94 to 86.37 cm. The diameter of investigated 
plants achieved 89.37–117.03 cm. The length and 

width of leaves were 8.20–11.06 and 2.95–3.79 cm, 
respectively. We also found differences in the colour 
of the leaf surface and inflorescences for all genotypes 
and the character of the leaf wrinkle for 108-14-2 
and 109-14 genotypes where this parameter was 
highlighted stronger. The length and diameter of 
inflorescences were 14.52–26.01 and 4.07–5.57 cm, 
respectively. 

According to Mossi et al. (2011), S.officinalis plants 
from different origins and propagation forms had 
a height of plants 30.5–55.3 cm, a width of leaves 
of 1–3 cm, a length of leaves 2.5–9.0 cm, a length of 
inflorescences 11.0–20.5 cm. 

It is generally known that the raw material of sage is the 
entire above-ground mass of plants. The yield of above-
ground mass in plants in the third year of vegetation 
varied from 350 to 560 g. The highest productivity was 
genotype 109-14, and the smallest was genotype 113-
16 (Table 2).

The essential oil in sage is accumulated in glandular 
scales, glandular hairs, and unicellular and multicellular 
essential oil glands (Kutko et al., 2002). The mass of 
essential oil from one plant was from 1.37 to 2.01 g.

Table 1 Characteristics of genotypes of Salvia officinalis L. according to morphometric indicators and signs at the 
flowering stage

Parameter Genotype 
108-14 108-14-1 108-14-2 109-14 113-16

Height of plant, cm 72.21 ±4.02ab 67.19 ±2.61b 66.94 ±3.21b 86.37 ±3.41a 65.02 ±2.90b

Diameter of plant, cm 115.94 ±6.01a 103.04 ±4.81b 100.18 ±5.11b 117.03 ±5.12a 89.37 ±6.71c

Length of leaf, cm 11.06 ±1.56a 9.96 ±0.14b 9.51 ±0.81b 10.09 ±1.10a 8.20 ±2.11b

Width of leaf, cm 3.79 ±0.22a 2.95 ±0.18b 3.51 ±0.30a 3.56 ±0.21a 3.22 ±0.31a

Colour of the leaf surface green with grey light-green with grey light green dark green grey
The character of leaf wrinkle moderate moderate strong strong moderate
Length of inflorescence, cm 22.02 ±1.15b 21.02 ±1.54b 26.01 ±1.54a 17.35 ±1.51c 14.52 ±0.51d

Diameter of inflorescence, cm 4.07 ±0.34c 5.54 ±0.31a 5.57 ±0.50a 4.53 ±0.31c 5.08 ±0.41b

The number of whorls in the 
inflorescences 10.55 ±0.23a 8.12 ±0.18c 9.03 ±0.11b 8.45 ±0.16c 8.23 ±0.52c

The number of flowers in the whorls 11.23 ±0.42ab 12.14 ±0.63a 10.02 ±0.08b 10.28 ±0.21b 10.66 ±0.87b

Color of inflorescence light purple rose light blue purple white
Note: within a row, means without a common superscript differ (p <0.05)

Table 2 The yield of selected genotypes of Salvia officinalis L. at the end of flowering 
Parameters Genotype 

108-14 108-14-1 108-14-2 109-14 113-16
The mass of raw from shrub, g 500.13 ±20.1ab 420.09 ±19.2b 480.45 ±23.3b 560.27 ±30.1a 350.11 ±16.7c

The mass of essential oil from one plant, g 2.01 ±0.33a 1.37 ±0.09c 1.54 ±0.11b 1.62 ±0.12b 1.67 ±0.08b

Note: within a row, means without a common superscript differ (p <0.05)
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According to Lichinkina and Svydenko (2006), the yield 
of leaves from one plant of S. officinalis in the Kherson 
region was 240 g, and the mass of the shrub was 430 g. 
The fresh weight of conventionally grown plants was 
271 g and hydroponically grown 321 g (Traykova et al., 
2019).

A significant variation in yield and composition was 
found among and within Salvia species that depend on 
the origin of raw (Rajabi et al., 2014). Also, some results 
proved that the use of growth regulators significantly 
affects essential oil content and components of Salvia 
raw (Rowsan et al., 2010). The period of growth along 
with other peculiarities is a very important sign, for 
example, after collection of Turkish Salvia aramiensis at 
the pre-flowering stage, flowering, and post-flowering 
stages were determined 2.2, 1.0, and 2.1% of essential 
oil (Demirci et al., 2002). In another study, S. officinalis 

essential oil content was highest during the flowering 
period (Farhat et al., 2016). It is known that the content 
of essential oil in clary sage plants depends on the 
agro-technique of cultivation, season, and the genotype 
(Pitarević et al., 1984; Vosoughi et al., 2018; Hazrati 
et al., 2022). All organs of clary sage (S. sclarea) are 
covered with trichomes, but simple and capitate hairs 
practically do not contain essential oil (Kutko et al., 
2002; Svydenko and Lichinkina, 2005). The glandular 
trichomes of Lamiaceae have important functional 
and taxonomic meanings but their character differs 
significantly (Kahraman et al., 2010; Svydenko et al., 
2018). The main amount of essential oil is concentrated 
in essential oil glands, which we also found on leaves, 
stems, calyxes, and petals. 

According to our research, the mass fraction of essential 
oil in samples in the phase of the end of flowering 

Figure 2 The mass fraction of essential oil of herb of Salvia officinalis L. genotypes at the end of flowering
FM – % of fresh mass; DM – % of dry mass. Different superscripts in each column indicate the significant differences in the mean 
at p <0.05

0
0.2
0.4
0.6
0.8
1

1.2
1.4
1.6
1.8

108-14 108-14-1 108-14-2 109-14 113-16

%

FM DM

a
ab

b bb

ab cc c

Figure 3 The mass fraction of essential oil of Salvia officinalis L. genotypes in the leaves at the end of flowering
FM – % of the fresh mass; DM – % of dry mass. Different superscripts in each column indicate the significant differences 
in the mean at p <0.05
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ranged from 0.29 to 0.45% of the fresh mass of plant 
material or from 1.0 to 1.5% of completely dry (Figure 
2). We recorded the largest mass fraction of essential 
oil in genotype 113-16 and the smallest in genotype 
109-14.

The content of S. officinalis essential oil from Poland was 
in May 1.16% and in August 1.35% (Zawiślak, 2014). 
The essential oil yield of S. officinalis fruits, according 
to Taarit et al. (2009), was 0.39%. As reported Verma et 
al. (2015), the essential oil yield for these plants from 
Southern India was 0.22–0.43% for the whole plant 
and 0.15–0.60% for different parts of the plant. 

The content of essential oil depends on many factors 
among which part of the plant (Sellami et al., 2011). 
In this study, we determined essential oil mass in the 
leaves and inflorescences separately. It was determined 
the content of essential oil of 0.34–0.52% in fresh mass 
and 1.09–1.79% in dried mass (Figure 3). The highest 
content of essential oil is determined in leaf raw of the 
genotype 113-16 and the least in genotype 109-14. 

According to Couladis et al. (2002), the interpopulation 
variation of essential oil content of leaves and 
flowers of S. officinalis from Serbia averaged 1.41 
and 1.13%, respectively. The content of essential oil 
in inflorescences was 0.28–0.36% in fresh mass and 
0.98–1.28% in dried mass (Figure 4). The minimal 
content of essential oil is found in inflorescences raw 
of genotype 109-14 and maximal in genotype 108-14. 

Conclusions
Thus, in conditions of the South Step zone of Ukraine 
were selected five genotypes of S. officinalis and studied 

for selected morphometrical and morphological 
peculiarities. Studying the economically valuable 
features, we established that the mass of the raw per 
plant, the mass fraction of the essential oil, and the 
morphometrical parameters of plants depended on the 
genotypes. All plants differed by inflorescence and leaf 
surface colour, and character of surface (wrinkle). The 
minimal mass of the shrub, and essential oil content 
of the herb and leaves was detected for genotype 
113-16. The maximal mass from the shrub, essential 
oil content of herbs and leaves were determined for 
genotype 109-14. However, the essential oil content 
of inflorescences for genotype 109-14 was minimal 
and for genotype 108-14 maximal. These results can 
be useful for further selective work within S. officinalis 
species and including other species of this genus. 
The creation of new varieties will be very useful for 
pharmaceutical, cosmetic, and food industries and as 
ornamental plants. 
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Figure 4 The mass fraction of essential oil of Salvia officinalis L. genotypes in the inflorescences at the end of flowering
FM – % of the fresh mass; DM – % of dry mass. Different superscripts in each column indicate the significant differences 
in the mean at p <0.05
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