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Abstract

DUSEK, K., DUSKOVA, E., SMEKALOVA, K. Salvia verticillata L. in the Czech Republic - variability of mor-
phological characteristics, seed quality and essential oil content. Acta univ. agric. et silvic. Mendel. Brun., 2010,

LVIIL, No. 2, pp. 61-68

Lilac sage (Whorled sage), as one of the medicinal plants chosen as perspective for the recultivation
of flowering meadows in the Czech Republic, was studied for the variability of its morphological cha-
racters, seed quality and content of essential oil. Seven particular populations of this genus were stu-
died in the Czech Republic and there were found statistically significant differences in morphologi-
cal characters (height and width of plants, length and width of leaves and length of inflorescences) but
not in the content of the essential oil. Studied populations reached only between 0.028 and 0.072%
of essential oil in dry mass and also the quality of seeds was found very low (germination between
0-52%) in the seeds from natural localities but this fact could be influenced by testing method.

Lilac sage, Whorled clary, content of essential oil, germination, variability, biodiversity

Medicinal plants are important components of
flowering meadows. They help to create the cha-
racter of a landscape, make an aesthetic impression
and they are also important nutrition components
for pasture animals. For the recultivation of natural
flowering meadows, it is necessary to use complete
mixtures of grass and dicotyledonous plants. Of
course there are some specific requests for the spe-
cies used: they should be relatively easily reprodu-
cible (low cost seeds), not too aggressive (oppressing
other species), they should have a good germina-
tion and/or emergence rate, they should not be toxic
for animals and they should be reasonable to main-
tain (not too exacting in their care). Together with
these necessary requirements, a flowering meadow
that has been successfully revitalised should pre-
clude a risk of decreasing the natural biodiversity
of such meadow phytocenoses. Therefore espe-
cially autochthonous (it means material originating
on site) plants should be used (SRAMEK et al., 2001)
but usually it is difficult to manage or it is very ex-
pensive. On the other hand only detail knowledge of
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variability and biodiversity of plants native in large
area can enable its using in allochthonous localities.

Salvia verticillata (Lilac sage, Whorled clary) was
chosen by the employers of Czech protected land-
scape areas as one of the perspective medicinal
plants for the recultivation of natural meadows.
The evaluation of plants from different population
and study of the morphological characters variabi-
lity, pharmaceutically active substances content and
the seed quality was the main goal of the project.
The selection of the genotypes perspective usable in
the pharmaceutical industry was the accessory goal.

Salvia verticillata L. is a perennial growing in grass-
lands, on sunny slopes, in fallow areas and railway
stations in south and south-east Europe, Caucasus,
west Siberia, north Iran, Syria and Asia Minor but
it is also naturalized in Central Europe. It has stems
up to 80 cm high, erect and often hairy. Leaves are
simple or lyrate, petiolate, ovate-triangular. Verti-
cillasters are with 8-30 flowers, calyx is with glan-
dular hairs and corolla has a lilac-blue colour (TU-
TIN etal, 1972; STEPANKOVA, 2000; HANELT et al.,
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2001). The drug contains especially essential oils,
flavonoids and tannins but it is not used in official
medicine (it is not mentioned in the Czech phar-
macopeia) or in traditional medicine. Nevertheless,
a pharmaceutical use of the flowering tops is possi-
ble and its medicinal effect is expected to be similar
to Salvia officinalis L. - to treat the symptoms of gas-
trointestinal disturbance, in mouthwashes for oral
hygiene (ULUBELEN, TOPCU; 1989; BRUNETON,
1995; KRSTIC et al., 2007). Tt is richly melliferous
(PURGAR, HULINA; 2007) and it is one of the per-
spective species for the founding of flowering mea-
dows (BABA, 2004).

MATERIALS AND METHODS

Plant populations from 7 natural sites in 4 pro-
tected landscape areas (PLA) in the Czech Republic
(Tab. I) were chosen for experiments and collecting
missions of the plant material were realised in 2004
and 2005. Mother plants (at least 10 plants per lo-
cality) were used for the founding of a field nursery
in Olomouc in 2004. All plants were organized to
50 m long double-rows with 2 m spacing and 40 cm
between the plants. The plants were grown under
the same field and climatic conditions in the field
nursery and nursed (watering, weeding, harvesting
etc.) in the same way.

Also the seed samples were collected in origi-
nal localities in the periods 10.-23. 10. 2004 and
30. 9.-27. 10. 2005 but with the view of keeping
the original population undamaged and guarantee
the natural plant recovery, only small seed samples
could be collected. Collected seeds were dried in
the chamber with controlled air circulation, crum-
bled and cleaned by hand and until the germination
tests it were kept in room temperature condition.

Variability of morphological characters was eva-
luated according to the Minimal set of descriptors
(internal document of CRI) and plant height and
width, length and width of leaves and length of in-

L: Origin of evaluated plants

florescences were measured in the field nursery in
2006 and 2007. Each character was evaluated in all
surviving individual plants separately and leaves
characters were measured in 10 leaves per plant.

The seed quality was evaluated by germination
tests in Jacobsen’s germinator. The germination con-
dition (filter paper damped by distil water, 25 °C, 8 h
light / 16 h dark) based on method for Salvia officinalis
(CSN 46 0610). No any disinfection of seeds was re-
alised and due to limited amount of available seeds
only 1 x 50 seeds were tested for each sample. Labo-
ratory germination tests were started 4. 2. 2005 and
12.5.2006 and maintained for 22 (2005), respectively
26 (2006) days. During the germination experiments
so called maximal germination was determined - it
means the ,maximal germination® capacity reached
by individual sample in every experimental year
(BLAHA, POKOVA; 2009).

The content of essential oil was analysed in
amixed sample from each group of plants and each
group was analysed separately. All the plant samples
from the field nursery were prepared in the same
way: the stems, in full flowering stage, were har-
vested by hand, dried in a temperature lower than
35 °C (drying house with controlled air circulation)
and ground by a laboratory homogenizer. Each sam-
ple representing the locality was a mixture of all
the plants of the group. The content of essential oil
was then measured gravimetrically by hydrodistil-
lation (Composite authors 1987). Two repetitions of
measurement were used in each sample.

Statistical evaluation of the obtained data was
done by ANOVA, one-factor analysis of variance
with level of importance o = 0.05, resp. 0.01.

RESULTS

Variability of morphological characters in Salvia
verticillata plants grown in the field nursery in Olo-
mouc is presented in Tab. II. Only 22 plants survived
to 2007 from 70 plants which were introduced from

Protected landscape area

Locality

BK - Bilé Karpaty Mts

CS - Ceské stredohoii Mts
JH - Jizerské hory Mts
MK - Moravsky kras

Suchovské mlyny, Bfezova, Brumov-Bylnice
Radobyl
Rydvaltice

Brezina lom, Maco3ska stran

11: Variability of morphological characters

Characteristics Evaluation in 2006 and 2007
No. of plants 22
Min-Max Average + Standard deviation
Height of plants (cm) 31-114 83.6+17.2
Width of plants (cm) 40-186 122.7+32.9
Leaf length (cm) 8-33.5 19.6 +4.3
Leaf width (cm) 4-18 9.2+2.0
Length of inflorescences (cm) 16-81 41.9+12.4
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original localities. Field cultivation deleted differen-  tween samples from individual localities (Tab. ITI-
ces between the natural conditions of the original V) as well as between samples from particular pro-
sites, but nevertheless, statistically highly significant  tected landscape areas (Tab. VI-VIII).

differences in both evaluated years were found be-

I11: Statistical differences in height and width of plants between plants from original localities

PLAljf;idt}ﬁe;%nggggézoo7 (2) G) 4) (5) ©) BK BrunEer-Bylnice
CS Radobyl 1) n n n n n n

JH Rydvaltice 2) n -[+//+/+ -[++]/-/++ -/-//-I+ -/-1/-/- -/+//-/-

MK Macos$ska stran 3) n -/-//-/- +/-/[++/- ot/ +] [+ - /4] [++]-

MK Bi‘ezina lom 4 n R e e s e A +/++] [+ ++

BK Suchovské mlyny (50 n -/+/[+]- [+ [++]-

BK Bi'ezova 6) n -/-1/-/-

n = not evaluated; - = no statistical differences; + = statistically significant differences (o = 0.05); ++ = statistically high sig-
nificant differences (o = 0.01)

1V: Statistical differences in leaf length and width between plants from original localities
LEAVES - length 2006/2007

(7)

//width 2006/2007 (2) G) ) (5) 6) BK Brumov-Bylnice
CS Radobyl (I) n n n n n n
JH Rydvaltice (2)  n A [ A ] ++/-//-]++ /][] ++
MK Macos$ska stran 3) n [+ ][] /] ++/- /-] [++/-
MK Bi‘ezina lom 4 n [+ [++]++ -[++][++/- <[+ [+ ++
BK Suchovské mlyny (5) n -/-//-/- -/-]/+/-
BK Biezova (6) n -[++]]-]+

n = not evaluated; - = no statistical differences; + = statistically significant differences (o = 0.05); ++ = statistically high sig-
nificant differences (o = 0.01)

V: Statistical differences in length of inflovescences between plants from original localities

INFLORESCENCES - 7

length 2006/2007 2) (3) ) (5) (6 BK Brumov-Bylnice
CS Radobyl 1) n n n n n n
JH Rydvaltice (2) n ++/++ ++/++ 4 /++ ++/- -/-
MK Macos$ska stran (3) n n/++ n/- n/++ n/++
MK Brezinalom 4 n Y - -
BK Suchovské mlyny (5) n -/++ ]+
BK Bfezova (6) n /-

n = not evaluated; - = no statistical differences; + = statistically significant differences (o = 0.05); ++ = statistically high sig-
nificant differences (o = 0.01)

VI: Statistical differences in height and width of plants between plants from different protected landscape areas

PLANTS - height 2006/2007//width 2006/2007 Moravsky kras Bilé Karpaty Mts
Jizerské hory Mts [ [+ -/-1/-1-
Moravsky kras /] [+ ++

- = no statistical differences; + = statistically significant differences (o = 0.05); ++ = statistically high significant differences
(a=0.01)

VII: Statistical differences in leaf length and width between plants from different protected landscape areas

LEAVES - length 2006/2007//width 2006/2007 Moravsky kras Bilé Karpaty Mts
Jizerské hory Mts /-] [+ ]+ /4] ]-]++
Moravsky kras -J+])++]+

- = no statistical differences; + = statistically significant differences (o = 0.05); ++ = statistically high significant differences
(0=0.01)
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VIIL: Statistical differences in length of inflorescences between plants from different protected landscape areas

INFLORESCENCES - length 2006/2007 Moravsky kras Bilé Karpaty Mts
Jizerské hory Mts 4/ ++ ++/-
Moravsky kras -

- =no statistical differences; + = statistically significant differences (o = 0.05); ++ = statistically high significant differences

(a=0.01)

Testing of seed quality did not bring satisfactory
results. Especially in 2004 the results were very bad
— three of six tested seed samples did not germinate
at all and other three achieved only 4-16% germi-
nable seeds (Fig. 1). In 2005, when at least one seed
had germinated in each sample, the seeds from lo-
cality Bilé Karpaty Mts. — Bfezova achieve the germi-
nation 52% which was the best obtained score at all.
The most intensive grow of seedlings was found in
5th-7t day of test.

The content of essential oil was found only be-
tween 0.028 and 0.072% of dry mass (0.063% in ave-
rage) in our plants. All these results (Tab. IX) are so
equal that no statistically significant differences
were proved between samples from individual lo-
calities in the Czech Republic (significance level a. =
0.05: F critical value = 2.70; F value = 0.97) and also

no statistically significant differences were found
between results in years 2006 and 2007 (significance
level o= 0.05: F critical value = 4.30; F value = 1.79) in
our experiment.

DISCUSSION

According to the literature, the height of stems
should be up to 80 cm (TUTIN et al., 1972); another
source shows height as (20-)30-90(-100) cm (STE-
PANKOVA, 2000). Our plants, in field conditions,
nevertheless got plant heights between 31-114 cm
which makes good the hypothesis that field condi-
tions support the spreading of plants. Leaf length in
botanical literature is described as (4-)6-9(-12) cm
long leaf blade and (3-)6-10(-~15) cm long leaf pe-
tiole (STEPANKOVA, 2000) and these data are in

60
W 2004 52
20 2005
40
40 34
30
20 16
10 10
& —
0 0 0
0 T T T T T - 1
€S Radobyl JH MK MK BK BK BK Brumov
Rydvaltice Macosska Brezina Suchovské Biezovd*®  -Bylnice
stran lom mlyny
1: Germination of Salvia verticillata seeds (%)
*seeds from locality BK Bfezova were not tested in 2004
IX: Content of essential oils
Locality Average (%)* Standard deviation
BK - Suchovské mlyny 0.050 0.022
BK - Biezova 0.072 0.074
BK - Brumov-Bylnice 0.068 0.024
¢S - Radobyl 0.028 0.000
JH - Rydvaltice 0.069 0.027
MK - Bfezinalom 0.048 0.006
MK - Maco§$ska stran 0.071 0.063
Total 0.063 0.043

* two repetitions of measurement of mixed sample from each group of plants in the years

2004, 2006 and 2007
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accordance with our measurements where leaves
were 8-33.5 cm long. Big differences were however
found in leaf width. According to STEPANKOVA
(2000) the leaf blade is (3-)5-7(-9) cm wide but our
plants in the field had significantly wider leaves — up
to 18 cm. Big differences in the length of inflores-
cences (16-81 cm), which were always measured as
a length of primary inflorescence from first branch-
ing to the top, are probably connected with common
growing potency of studied plants. Unfortunately, it
was not possible to compare this characteristic with
literature data.

Our laboratory results of seed germination, which
were set between 0-52% depending on locality of
origin and harvesting year, are not very satisfactory
with a view to using for flowering meadows recul-
tivation. On the other hand there are some possi-
ble explanations for such low score. First of all it is
necessary to stress the wild character of Salvia ver-
ticillata species. It was frequently proved that wild
forms of cultivated crops as well as wild species in
itself have a lower germination capacity compare to
crop plants because the genetically controlled dor-
mancy of seeds (HITCHMOUGH et al., 2000, HO-
ROVITZ et al., 1975, LADIZINSKY, 1998). From this
point of view it is not surprising that Salvia pratensis
as a comparable species (no any information about
germination of Salvia verticillata was found in litera-
ture) show maximal germination only 3% (MAGYAR
et al.,, 2004), 18% (BLAHA, POKOVA; 2009) or 37%

(STAMPFLI, ZEITER; 1999) even in using of diffe-
rent seed pre-treatments and/or germination condi-
tions. The best germination ability of Salvia pratensis -
77% — was gained on non-stratified seeds in darkness
and temperature fluctuation 15/22 °C (ZHANG ¢t al.,
2000). Our results of course could be influenced by
only small number of seeds in the samples and bet-
ter results should be expected also with stratification
treatment (3-7 days are seeds placed on wet filter pa-
per in the temperature 6-8 °C and darkness) which
is recommended in the newest ISTA handbook (DU-
COURNAU et al., 2008). The study of Salvia verticillata
germination ability is planned for following experi-
ments with the plants coming from original locali-
ties.

KRSTIC et al. (2006) present that the essential oil
content ranged from 0.40% to 0.42% of dry mass
in Salvia verticillata in Serbia. Our plants, however,
reached only between 0.028 and 0.072% of dry
mass which is extremely low compared to samples
from Serbia. Of course this situation is strongly in-
fluenced by different climatic and soil conditions
in both countries but the differences are too large
for such an explanation on its own and we have to
reason also about extremely different genotypes.
The content of essential oil is quite low compared to
other sage species but its composition could be in-
teresting for example for the production of herbal
pesticides (PAVELA, NEUGEBAUEROVA; 2008).

SUMMARY

Salvia verticillata L. is a surprisingly poorly studied species in the Czech Republic as well as abroad -
only a few publications can be found about its variability. Thanks to its positive properties it is recom-
mended as a perspective genus for the recultivation of regional flowering meadows and further study
of this genus is advisable.

The field nursery was found in Olomouc in 2004 using the plants removed from 7 original localities
in four protected landscape areas of the Czech Republic. Selected morphological characters and its
variability were studied at these plants in 2006 and 2007. Also the content of essential oils was simul-
taneously determined in the dry flowering tops and germination of the seeds obtained at the original
localities in 2004 and 2005.

The evaluation of morphological characters proved, that the plants in the field nursery are 31-114 cm
high and 40-186 cm width, leaves are 8-33.5 cm long and 4-18 ¢cm width and terminal inflorescences
16-81 ¢cm long. Even two years of field cultivation in the identical conditions did not overturn plant
natural background and there were found statistically significant differences between plants from dif-
ferent original localities as well as from individual protected landscape areas in all evaluated charac-
ters.

Laboratory tests proved the germination of seeds from original localities only 0-52%. These results
significantly differ with a view to individual seed origin as well as to seed harvesting year. With regard
to capital intensity such a result seems to be not very satisfactory but of course this is just a prelimi-
nary result and quality of Salvia verticillata seeds will be henceforth studied. The positive influence of
previous stratification or other pre-seeding treatment to the seed germination can be expected.
Czech origin populations contain between 0.028-0.072% of essential oil in dry flowering tops. In
comparison with other Salvia species this content is very low and possible pharmaceutical utilization
is possible to recommend only in the view to high efficiency of some essential oil compounds.
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SOUHRN

Salvia verticillata L. v Ceské republice - variabilita morfologickych znakd, kvality osiva
a obsahu silice

Salvéj preslenita (Salvia verticillata L.) je jak v Eeské, tak zahrani¢ni odborné literatute prekvapivé méalo
studovanym druhem - jeji variabilité je v€novino pouze velmi mélo publikaci. Diky svym piizni-
vym vlastnostem je ale doporu¢ovana jako vhodny komponent travnich smé&si pro zaklddani a ob-
novu kv&tnatych luk, a proto je jeji bliz3i studium zddouci.

V roce 2004 byla v Olomouci z rostlin pfenesenych ze sedmi lokalit ve étyfech CHKO CR zaloZena
polni skolka a v letech 2006 a 2007 byly u t&chto rostlin hodnoceny vybrané morfologické znaky a je-
jich variabilita. Sou¢asné byl zjistovan obsah silice v suené kvetouci nati a kli¢ivost semen pfenese-
nych z ptivodnich lokalit v letech 2004 a 2005.

P#i hodnoceni morfologickych znakti bylo zjisténo, ze rostliny v polni skolce dosahovaly vysky
31-114 c¢m a 8itky 40-186 c¢m, u listt byla namé&fena délka 8-33,5 cm a 3ifka 4-18 cm a délka termi-
nalnich kvé&tenstvi se pohybovala mezi 16 a 81 cm. I pies dvouleté p&stovani v identickych podmin-
kéch polni skolky byly u viech morfologickych znakt zjistény statisticky pritkazné rozdily mezi rost-
linami z jednotlivych ptivodnich lokalit i CHKO.

Laboratorni testy prokdzaly u semen z ptivodnich lokalit kli¢ivost pouze 0-52 %. Vysledky jednotli-
vych vzork se vyznamné li3i jak s ohledem na odlidny ptivod osiva, tak vzhledem k roku sklizné se-
men. S ohledem na ekonomickou naro¢nost vyroby osiva se takovy vysledek jevi jako nepfilis uspo-
kojivy, ale jednd se pouze o pFedb&zny test a kvalita osiva 3alv€je preslenité bude ddle studovéna. Lze
piedpokladat, ze pFedchozi stratifikace nebo jiny zptisob o3etfeni osiva pfed vysevem soucasné vy-
sledky pozitivn& ovlivni.

Obsah silice byl u sudené kvetouci naté 3alvéje preslenité zjistén v rozmezi 0,028 a 0,072 %. Ve srov-
nani s ostatnimi druhy 3alvéje je tento obsah velmi nizky a ptipadné farmaceutické vyuziti 1ze dopo-

2 e

rudit pouze za pfedpokladu vysoké a¢innosti nékterych sili¢natych slozek.

3alvej pFeslenitd, obsah silice, kli¢ivost, variabilita, biodiverzita
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