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Abstract

Native plant species or clones are an important source of new products for the floricultural
industry. Greek flora is a bank of genetic material due to its biodiversity and includes Salvia spp.
of high potential value, which have not been exploited like other commercial species. The present
study aims to reveal the morphology of two new interspecific hybrids, between S. officinalis and
S. pomifera ssp. pomifera or S. tomentosa, i.e S. officinalis x S. pomifera ssp. pomifera (OP) and
S. officinalis x S. tomentosa (OT). A total of eight quantitative and 14 qualitative characters were
selected and used based on descriptors for other plant species. The first group of characters
involved leaf and flower morphometrics and the second characters of vegetation, flowers and
fragrance. One way ANOVA was used for determination of the differences between the mean
values of leaf and flower traits and a dendrogram was generated based on the genetic distance
matrix. OP and OT hybrids found to be closer to S. officinalis. Both S. officinalis and S. pomifera
ssp. pomifera are strongly aromatic plants and their hybrid has a pleasant distinctive aroma,
which is slightly closer to the aroma of S. pomifera. OT is a compact plant with numerous lateral
shoots and a lighter aroma than that of S. officinalis. The present study revealed morphological
characteristics to differentiate the new hybrids.

Keywords: Dendrogram, descriptors, flower morphometrics, Mediterranean sage, leaf
morphometrics, qualitative and quantitative characters.

Introduction

Salvia is one the largest genera of flowering plants and includes 2.100 scientific plant names,
1042 being accepted species names (WFO, 2022). There are three distinct regions of its
diversity, i.e., Central and South America, Eastern Asia and Central Asia and the Mediterranean
(Walker et al., 2004). Greek flora is a bank of genetic material and Salvia species native in
Greece have a high potential value for floriculture industry; 30 taxa (species and subspecies) of
the genus Salvia can be found in Greece, (Karousou et al., 2000). S. officinalis is one of the most
widely used species in traditional medicine (Llurba-Montesino and Schmidt, 2018) being with S.
fruticosa one of the most researched European species (Karalija et al, 2022). S. officinalis is a
perennial subshrub, native to the coastal regions of the southern Europe with a habitat reaching
south into northwest Greece (di Pietro, 2011). S. pomifera spp. pomifera is endemic in dry, rocky
places in Peloponnese and Crete being unexploited (Strid, 2016). S. tomentosa resembles to S.
officinalis and can be found in areas of macchia vegetation and on limestone slopes in the North-



Eastern and Central Greece and the North-Eastern and Eastern Aegean Islands (Dimopoulos et
al., 2013).

Considering that the floriculture industry is seeking the introduction of new native plant species,
hybrids or clones for use either as pot or landscape plants, the introduction of artificial hybrids
between Salvia species found in Greece is a challenge. It must be emphasized that few instances
of natural hybridization have been documanted between native Salvia species (Celep et al.,
2020).

Morphological analysis is an effective tool for both characterizing and distinguishing hybrids and
studying their relationships (Santos et al., 2011). Morphological traits are widely used for studies
in hybrids and assessing variability in plant species (Khurshid et al., 2004; Arabaci et al., 2021);
leaf size and flower characters have been used as descriptors of a number of Salvia species
(Celep et al., 2011; Leontaritou et al., 2020; Bertsouklis et al., 2021). In the present study, we
aim to test quantitative and qualitative morphological traits that could be the base of the
development of suitable descriptors for exploring the phylogenetic relations between new
artificial Salvia hybrids and their parental species aiming to facilitate their use by the floricultural
industry.

Materials and Methods

Two Salvia species S. officinalis (O) and S. tomentosa (T), one subspecies, S. pomifera ssp.
pomifera (P) and two new hybrids S. officinalis x S. tomentosa (OP) and S. officinalis x S.
pomifera ssp pomifera (PT) were sampled for identification in 2022, at Agricultural University of
Athens (37°58'58.051"'N and 23°42°17.499°'E). The hybrids were products of the SALVIA-
BREED-GR research project and both had S. officinalis as seed parent. A total of eight
quantitative (leaf and flower/inflorescence morphometrics) and 14 qualitative characters
(characters of vegetation, flowers and fragrance) were selected and used based on descriptors for
other plant species (Table 1, Figure 1). Some of these descriptors had been used in a previous
study of morphometrics of S. fruticosa in Greece (Bertsouklis et al., 2021). One-way ANOVA
was used for determination of the differences between the mean values of leaf and flower traits
and a dendrogram was generated based on the genetic distance matrix. Cluster analysis was
conducted on the taxonomic distance matrix with the Unweighted Pair Group Method based on
Arithmetic Average (UPGMA) and the dendrograms were generated based on Euclidean
distance-squared of morphological character analysis (Greenacre and Underhill, 1982). Principal
coordinate analysis (PCA) was used in order to verify cluster analysis and to assist in visualizing
the data, and statistical analysis of morphological markers was conducted by the software
NTSYS-pc version 2.11f (Rohlf, 1992).

Results and Discussion

Regarding the quantitative characteristics, analysis revealed that were differences in all
morphological traits (Table 2). T had the longest and widest leaves, as well as the longest
inflorescences (Table 2). The quantitative characteristics of the hybrids, revealed that OP had
intermediate leaf length, width, length/width, while the inflorescence and flower length had no
difference to that one of O and internode length had no difference to that one of P. OT had the
smallest flower and calyx length compared to its parents with the smallest internode length of all
species and hybrids analyzed being a compact plant with numerous lateral shoots. Cluster
analysis separated the species and their hybrids according to their morphological characteristics



in three main branches (Figure 2). Both hybrids, OP and OT, were found to be closer to O
(Figure 2). T and P were found to be distinct from the hybrids. O and P are strongly aromatic
plants and their hybrid has a pleasant distinctive aroma, which is slightly closer to the aroma of P,
while OT has a lighter aroma than that of O.

Table 1. Morphological traits measured in two Salvia species (O, T), one subspecies (P) and two
interspecific hybrids (OP, OT) were used as descriptors. There is a scoring code for each one
depending on its status among different individuals tested.

Code  Descriptor Score code - descriptor state
1 Leaf pubescent  1: Low 2: Medium  3: High
2 Leaf texture 1. Leathery-  2: 3: Membranaceous-tough
elastic Membranac
eous-
smooth
3 Leaf shape 1: Elliptical 2: Elliptical
to lanceolate
4 Leaf colour of 1: Light 2: Green
upper side green
5 Leaf simple 1: Yes 2: No
6 Leaf lobes 1: Yes 2: No
7 Existence of 1: Yes 2: No
dark/linear zone
on stems
8 Colour of petals  1: Pink 2: Light 3: Light 3: 5: 6:
pink pink- Light  Purpl Dark
purple purple e purple
9 Inflorescence 1: Low 2: Medium  3: High
density
10 Existence of 1: Yes 2: No
dark/linear zone
on calyx
11 Intensity of 1: Low 2: Medium  3: High
dark/linear zone
on calyx
12 Calyx pubescent 1: Yes 2: Medium  3: High
13 Colour of calyx  1: Light 2: Green 3: Dark green
green
14 Strength of leaf  1: Low 2: Medium  3: High
and flower
fragrance

Cluster analysis was confirmed by PCA analysis and five components have been arranged in
decline order according to their importance, explaining the 95.2% of the total variability among
the different individuals. The suggested descriptors grouped in the same principal component
have strong correlation and each component is strongly correlated with a group of the used
descriptors so it could be estimated their contribution to variability (Table 3, Figure 3).



Morphological traits have been used to study the variability of S. fruticosa in a previous work
(Bertsouklis et al., 2021). The applied morphological characteristics could be a basis for the
development of a complete list of discriminating characteristics for new Salvia hybrids serving
the aim to distinguishing plants with special ornamental characteristics, which could be the initial
plant material for breeding programs and clonal propagation of plants to be introduced to the
floricultural industry.

Figure 1. Leaves and inflorescences of Salvia spp and interspecific hybrids used in analysis

Table 2. Leaf, stem and inflorescence traits of two Salvia spp. (O, T), one subspecies (P) and two
interspecific hybrids (OP, OT)

Leaf Inflorescence Stem

Code Length Width Length/ Thickness Length Flower  Calyx Internode
(cm) (cm)  Width (mm) (cm) length Length length

(cm) (cm) (cm)

@) 44bc 14d 32a 0.7c 323b  23c 12¢c 10b

P 44bc 24b 18c 0.7c 248¢c 3.7a 16a 12a

T 7.1a 29a 25b 0.7c 374a 30D 14b 10b

OP 49b 20c 26b 09b 304b 23c 1.0d 12a

OT 39c 14d 28b 18a 138d 2.1d 1.0d 10b

F *k*k *k*k *k*k *k*k *k*k *k*k *k*k *k*k

Mean separation in columns by Student’s t test at P<0.05, ***significant at P<0.001, Values followed by different lowercase
letter within each trait are significantly different
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Figure 2. UPGMA dendrogram of two new interspecific hybrids (OP, OT) originated from two
Salvia spp (O, T) and one subspecies (P) based on Euclidean distance-squared of morphological

Summary Plots
Eigenvalue 20 40 60 80
7.7465 -
54191
31674 [
141291
06194
03801
0,2012 |
0,164
0,0891
00364
00253
0.0104

character analysis

NAME

®0p
® or
ep
eT

Component 2 (27,1 %)

-6

Component 1 (40,8 %)

hybrids studied

Compaonent 2 (27,1 %)

1.0

05

05

P TE

/" CALDLZ | it /Y LWILFL h
- \l peTcoL
| LEAFCOLUR ™ ANFL LLE \
| EANA
| —
\ P . CALINTOLZ—g |

o e [ \EAPPUB. g/

. /" LEAFLOB| T

W ¥ | CALPUB

\‘\NFLDEN i RAGRSTR /

S _LLE/LWI
—

1.0 05 00 05 1.0

Component 1 (40,8 %)

Figure 3. Evaluation of the descriptors and their contribution to the variability of the species and

Table 3. Results of principal components calculation

Principal Components

1 2 3 4 5

% Contribution of variability
40.77 27.06 16.67 7.43 3.26

Related descriptors

CALINTDLZ LFL CALDLZ CALPUB LLE
LEAFPUB LEAFTEXT FRAGRSTR LD LLE/LWI
LWI LEAFLOB LCA LINT
LINFL INFLDEN

LEAFCOLUP



PETCOL

LEAFSIMPL

Leaf pubescent (LEAFPUB), Leaf texture (LEAFTEXT), Leaf shape (LEAFSHAPE), Leaf colour of upper side (LEAFCOLUP), Colour of petals
(PETCOL), Inflorescence density (INFLDEN), Existence of dark/linear zone on calyx (CALINTTDLZ), Intensity of dark/linear zone on calyx
(CALDLZ), Calyx pubescent (CALPUB) Colour of calyx (CALCOL), Strength of leaf/flower fragrance (FRAGRSTR), Leaf Length (LLE), Leaf
Width (LWI), Leaf Width/Leaf Length (LLE/LWI), Leaf Thickness (LD), Inflorescence Length (LINFL), Flower length (LFL), Calyx Length
(LCA), Internode length (LINT), Leaf simple (LEAFSIMPLE), Leaf lobes (LEAFLOB)

Conclusions

The present experimental procedure leads to the develpoment of suitable descriptors in order to
explore the phylogenetic relations between new artificial sage hybrids and their parental species.
The use of suitable descriptors may facilitate the needs for increased demand that floriculture or
ornamental horticulture face and in producing new hybrids for commercial purposes.
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Introduction

Native plant species or clones are an important source of new products for the floricultural industry. Table 1. Morphological traits were measured in two Salvia species (O, T), one subspecies (P)
and two interspecific hybrids (OP, OT) and used as descriptors. There is a scoring code for each

one depending on its status among different individuals tested.

Greek flora is a bank of genetic material due to its biodiversity and includes Salvia spp. of high potential
value, which have not been exploited like other commercial species. The present study aims to reveal the
morphology of two new interspecific hybrids, between S. officinalis and S. pomifera ssp. pomifera or S.
tomentosa, i.e S. officinalis X S. pomifera ssp. pomifera (OP) and S. officinalis X S. tomentosa (OT).

Materials and Methods

Two Salvia species S. officinalis (O) and S. tomentosa (T), one subspecies, S. pomifera ssp. pomifera (P)
and two new hybrids S. officinalis x S. tomentosa (OT) and S. officinalis x S. pomifera ssp pomifera (OP)
were sampled for identification in 2022, at Agricultural University of Athens. The hybrids were products of
the SALVIA-BREED-GR research project, and both had S. officinalis as seed parent. A total of eight
quantitative (leaf and flower/inflorescence morphometrics) and 14 qualitative characters (characters of
vegetation, flowers and fragrance) were selected and used based on descriptors for other plant species
(Table 1, Figure 1).

One-way ANOVA was used for determination of the differences between the mean values of leaf and
flower traits and a dendrogram was generated based on the genetic distance matrix. Cluster analysis was
conducted on the taxonomic distance matrix with the Unweighted Pair Group Method based on
Arithmetic Average (UPGMA) and the dendrograms were generated based on Euclidean distance-squared
of morphological character analysis (Greenacre and Underhill, 1982). Principal coordinate analysis (PCA)
was used in order to verify cluster analysis and to assist in visualizing the data, and statistical analysis of
morphological markers was conducted by the software NTSYS-pc version 2.11f.

Results

Regarding the quantitative characteristics, analysis revealed that were differences in all morphological
traits (Table 2). T had the longest and widest leaves, as well as the longest inflorescences (Table 2). The
guantitative characteristics of the hybrids, revealed that OP had intermediate leaf length, width,
length/width, while the inflorescence and flower length had no difference to that one of O and internode
length had no difference to that one of P. OT had the smallest flower and calyx length compared to its
parents with the smallest internode length of all species and hybrids analyzed being a compact plant with
numerous lateral shoots. Cluster analysis separated the species and their hybrids according to their
morphological characteristics in three main branches (Figure 2). Both hybrids, OP and OT, were found to
be closer to O (Figure 2). T and P were found to be distinct from the hybrids. O and P are strongly
aromatic plants and their hybrid has a pleasant distinctive aroma, which is slightly closer to the aroma of
P, while OT has a lighter aroma than that of O.

Cluster analysis was confirmed by PCA analysis, and five components have been arranged in decline order
according to their importance, explaining the 95.2% of the total variability among the different
individuals. The suggested descriptors grouped in the same principal component have strong correlation
and each component is strongly correlated with a group of the used descriptors so it could be estimated
their contribution to variability (Figure 3). The applied morphological characteristics could be a basis for
the development of a complete list of discriminating characteristics for new Salvia hybrids serving the aim
to distinguishing plants with special ornamental characteristics, which could be the initial plant material
for breeding programs and clonal propagation of plants to be introduced to the floricultural industry.
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Figure 2. UPGMA dendrogram of two new interspecific  Figure 3. Evaluation of the descriptors and their
hybrids (OP, OT) originated from three Salvia spp (O, T) contribution to the variability of the species and
and one subspecies (P) based on Euclidean distance- hybrids studied

squared of morphological character analysis

Conclusions

The present experimental procedure leads to the develpoment of suitable descriptors in order to explore
the phylogenetic relations between new artificial sage hybrids and their parental species. The use of
suitable descriptors may facilitate the needs for increased demand that floriculture or ornamental
horticulture face and in producing new hybrids for commercial purposes.
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Leaf texture

Leaf shape

Leaf colour of upper
side
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Existence of
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stems

Colour of petals

Inflorescence
density

Existence of
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calyx
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calyx
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Colour of calyx
Strength of leaf and
flower fragrance
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Figure 1. Leaves and inflorescences of Salvia spp and interspecific hybrids used in analysis

Table 2. Leaf, stem and inflorescence traits of two Salvia spp (O, T), one subspecies (P) and
two interspecific hybrids (OP, OT)

Code

P
T

OO 41 m©O0O

F one-way ANOVA

Length  Width Length/ Thickness Length

Leaf

(cm) (cm)
4.4 bc 1.4d
4.4 bc 2.4 b
/7.1a 2.9a
49Db 2.0c
3.9c 1.4d
k %k k k sk k

Width

3.2a
1.8 ¢
25b
2.6b
2.8b

* %k %k

Inflorescence Stem
Flower Calyx Length Internode
(mm) (cm) length (cm) length (cm)
(cm)

0.7c 323b 23c 1.2 C 1.0b

0.7c 24.8c 3.7a 1.6a 1.2 a

0.7c 37.4a 3.0b 1.4 b 1.0b

09b 304b 2.3c 1.0d 1.2 a

1.8 a 13.8d 2.1d 1.0d 1.0b

% %k %k % %k %k % %k %k % %k %k %k %k %k

Mean separation in columns by Student’s t, P < 0.05. ***: significant at P <0.001, n=20

Acknowledgements
Project: SALVIA-BREED-GR. This research has been co-financed by the European Regional
Development Fund of the European Union and Greek national funds through the Operational
Program Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH — CREATE —
INNOVATE (project code:T1EDK-04923).

* 4 k

https://www.salvia-breed-gr.com/el/

= EXNA

European Union

European Regional
Development Fund

EPANEK 2014-2020

OPERATIONAL PROGRAMME
COMPETITIVENESS-ENTREPRENEURSHIP-INNOVATION

=m 2014-2020

Partnership Agreement
2014 - 2020



mailto:kberf@aua.gr
https://www.salvia-breed-gr.com/el/

