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Lippia citriodora is a member of the genus Lippia. The species
is endemic to South America, while it is cultivated in the world
for the lemon-like aroma emitted by its leaves. In the present
study the effects of different NaCl as well as 24-epibrassi-
nolide concentrations in the essential oil composition were
investigated. In total, eleven treatments were studied. The ma-
jor essential oil components in control plants were: Geranial
(22.52%), Citral (15.88%) Germacrene D (7.42%), Caryophyl-
lene (7.11%), Benzenamine (6.30%), Spathulenol (6.00%) and
Curcumene (5.44%). Significant positive/negative correlations
occurred between some components with salt concentration.
Paired sample tests showed significant differences between
major components of an essential oil with salt as well as with
24-epibrassinolide concentrations.
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INTRODUCTION

Britton. This plant is a species endemic to South
America and has been introduced into other parts
of the world. The Lemon verbena is cultivated

The genus Lippia of family Verbenaceae has ap-
proximately 200 species in the forms of herbs,
shrubs and small trees. Different studies showed
that this genus has a rich genetic diversity, and
for this reason it can synthesize different types
of components in its essential oil in different
ecological conditions (Catalan, De Lampasona,
2002; Santos-Gomes et al., 2005). Lippia citrio-
dora (Ortega ex Pers.) Humb., Bonpl. et Kunth
(Lemon verbena) is a member of this genus, and
has different synonyms such as Lippia triphylla
(CHer.) Kuntze and Aloysia triphylla (LUHer.)

* Corresponding author. Email: seyedmehdi_talebi@yahoo.com.

mainly for the lemon-like aroma it emits. Leaves
of this species are utilized for the preparation of
herbal teas and have different medical properties
such as antispasmodic, antipyretic, sedative, and
digestive. L. citriodora is used in folk medicine
in treating different disorders such as asthma,
spasms, anxiety, cold, fever, flatulence, colic, diar-
rhea, indigestion, and insomnia (Valentdo et al.,
1999; Pascual et al., 2001; Santos-Gomes et al.,
2005). Studies have proven that the essential oil
from the leaves of this plant has an antimicrobial
effect (Duarte et al., 2005). The essential oil from
the leaves of the Lemon verbena contains various
components the major of them being geranial,
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neral, and limonene (Terblanche, Kornelius,
1996; Sartoratto et al., 2004; Argyropoulou et al.,
2007).

Grattan and Grieve (1992) suggested that an
increment of salinity in arable land is a major
difficulty to crop manufacture in the irrigated
fields in arid and semi-arid regions. In the men-
tioned regions little rainfall, high temperature
and evapotranspiration associated with short-
age of water and land handling contribute to
the salinity knot and pose a threat to agronomy
yield (Eraslan et al., 2008).

Brassinosteroids are a type of phyto-com-
ponents, which can act as hormones in plants
(Bishop et al., 2006). Sasse (2003) believed that
the mentioned components played key roles in
different physiologic processes such as elonga-
tion of stem, growth of the pollen tube, vascu-
lar differentiation, epinasty of leaves, induction
of ethylene biosynthesis, activators of pro-
ton pump, regulation of gene expression and
the photosynthesis process.

Previous studies showed that Brassinoster-
oids protect plants from different abiotic stress-
es such as drought (Behnamnia et al., 2009),
temperature (Ogweno et al., 2008), heavy met-
als (Ali et al., 2008), and salt (Hayat et al., 2010)
or biotic stresses such as infection by pathogens
(Nakashita et al., 2003).

Because of high importance of L. citriodora
essential oil, in the present study the effects
of different concentrations of salt (NaCl) and
24-epibrassinolide on the essential oil com-
positions were investigated and its main com-
ponents in treated samples and the control
plant were compared. As far as we were able to
search, the effects of these factors (as a combi-
nation) on the composition of the essential oil
of the species have not been investigated.

MATERIALS AND METHODS

Plant material

Samples of L. citriodora were identified on
the basis of descriptions provided in valu-
able references. Plantlets were grown in pots
(10 x 10 x 10 cm) containing sand, clay and
peat (in proportion of 1:1:1). The samples were

grown in a growth chamber at the cycle of 16
and 8 h light and dark, respectively. The tem-
perature was 24 + 2 °C during the day and
16 + 2 °C at night. In total, eleven treatments
were used which were classified into three
main groups (Table 1). 24-epibrassinolide at 0,
1, 2 pm concentration containing 0.1% Tween

Table 1. Concentration of Epibrassinolide (um) and
NaCl (mM) used for treatments
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20 were used for spray at intervals of 60, 62,
and 64 days after planting. The control plants
were sprayed with 0.1% Tween 20 solution. Salt
treatment was applied 70 days after planting by
0, 50, 100, 150 mM NaCl for three times every
3 days. The intensity of light above the sur-
face of the plants was 15000 Lux. At the age of
3 months, the leaves were used for extraction of
essential oil.

ESSENTIAL OIL ANALYSES

For identification of essential oil components,
dried samples of each treated plant were used.
Plant material was hydro-distilled for two hours
by Clevenger type apparatus on the basis of
the European Pharmacopoeia approach (Anon-
ymous, 1997). The components of the obtained
essential oil were determined by GC and GC-
MS analysis. The GC-Mass apparatus used for
the identification of essential oil compounds
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was Agilent 6890; it was equipped with an
HP-5MS fused silica column (30 x 0.25 mm?).
Film was 0.25 um thick. The apparatus inter-
faced with an Agilent 5975 mass selective de-
tector. The temperature of the oven was pro-
grammed from 60 to 280 °C at the rate of 4 °C/
min. The used carrier gas was Helium at a flow
rate of 2 ml/min. The voltage of ionization was
70 eV, the temperature of injector 280 °C, and
the temperature of ion source 200 °C. The oil
parts were determined by mass spectra col-
lation of compounds with computer library
mass spectra, or with credible components, and
proved by comparison of their retention indi-
ces (RI) either with valid components retention
indices, or with published data in various refer-
ences (Davies, 1990; Shibamoto, 1987).

RESULTS

Twenty components were present in the es-
sential oil of control samples, which consti-
tuted 99.99%. The major parts were: Gera-
nial (22.52%), Citral (15.88%) Germacrene D
(7.42%), Caryophyllene (7.11%), Benzenamine
(6.30%), Spathulenol (6.00%) and Curcumene
(5.44%). The components of the essential oil
were classified into five main groups: oxygenat-
ed monoterpenes, monoterpene hydrocarbons,
oxygenated sesquiterpenes, sesquiterpenes hy-
drocarbons, and other compounds such as fatty
acids and hydrocarbons. The highest (58.74%)
and smallest (31.5%) values of total monoter-
pene (oxygenated and hydrocarbons) were re-
corded in treatments No. 2 and 8, respectively.
Control plants had the largest amount of total
sesquiterpenes (oxygenated and hydrocar-
bons), while its lowest amount was seen in
treatment No. 7.

In total, eleven treatments were carried out
in this study. The types as well as the amounts
of major oil components varied between treat-
ed plants (Table 2). The control samples had
the highest amounts of Citral (15.88%) and
Caryophyllene (7.11%), while their lowest con-
centrations were in treatments No. 8 (6.06%)
and No. 11 (0%), respectively. Maximum val-
ues of Germacrene D (18.33%) and Spathule-

nol (9.35%) were found in treatment No. 11,
and minimum values of these components
were seen, respectively, in treatments Nos. 4, 5,
6, 8, and 9 (0%) and No. 7 (4.25%). The larg-
est quantities of Geranial was found in treat-
ment No. 2 (24.89%); however, treatment No. 8
comprised the smallest amount (9.38%) of it.
Treatment No. 7 contained the highest per-
centage (13.29%) of 9, 12, 15-Octadecatrineo-
ic, although this compound existed in a trace
amount in treatment No. 11 and also in control
samples.

A significant positive correlation (r = 57,
p < 0.05) was observed between Germac-
rene D and salt concentrations. Further-
more, Curcumene had a significant negative
correlation(r = -0.67, p < 0.05) with salt con-
centration. Paired sample tests showed sig-
nificant differences (p < 0.05) between major
components of the essential oil with salt con-
centrations. It means that variations in salt
concentrations lead to significant differences
in the amount of parts of the essential oil. This
condition holds true for 24-epibrassinolide
concentration with major components of
the essential oil.

Since in this plant the quality of the essen-
tial oil depends on the percentages of two iso-
mers of Citral (Neral and Geranial) and also
Limonene, we reviewed the amounts of these
components between treatments. The ap-
plied treatments on the basis of 24-epibrassi-
nolide concentration were classified into three
groups; there was no concentration of 24-epi-
brassinolide in one group (A), while in the oth-
ers, (B) and (C), 1 and 2 um of it were used,
respectively. In group A, the Limonene amount
was decreased in comparison to control plants
and the largest amount of Limonene were seen
in the plants treated with 150 my of salt. In
group B, the percentage of Limonene increased
in concentrations of 0 and 50 my of salt, but
by increasing the concentration of salt its per-
centages decreased. In comparison to control
plants, Limonene amounts were decreased in
group C. In this group, the highest value of Li-
monene was recorded in treated samples with
50 my of salt and 2 mp of 24-epibrassinolide.
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The concentrations of Geranial in group A, with
the exception of treatment No. 2 (50 my of salt
and 0 my 24-epibrassinolide), decreased in com-
parison to control samples. This case was seen in
the treatments of group B and the highest per-
centage of Geranial was found in treatment No. 5,
which had 50 my of salt and 1 my of 24-epibrassi-
nolide. In the first three treatments of group C,
the amounts of Geranial decreased in comparison
to control samples, while in treatment No. 4 its
highest value was observed.

DISCUSSION

In the present study, the composition of es-
sential oil of eleven treated samples of L. citrio-
dora were compared with control samples. Es-
sential oils are also known as plant secondary
metabolites and consist of a mixture of differ-
ent components. It has uses in different indus-
tries, including the pharmaceutical, tobacco,
and food industries (Aflatuni, 2005). Earlier
literature sources show that the essential oil of
this species is very useful. In addition to me-
dicinal and culinary uses, it has different indus-
trial applications. For example, studies proved
that the main parts of the essential oil such
as Citral (Jeon et al.,, 2009), Limonene (Trip-
athi et al., 2003), Caryophyllene oxide and Neral
(Cheng et al., 2009) have an insecticidal effect,
although two last components were absent or
present in low concentrations in the samples we
examined. Although very different components
are present in the essential oil of L. citriodora,
its quality mainly depends on the presence of
the two isomers of Citral — Neral and Gerani-
al, and Limonene. The components of the es-
sential oil depend on different factors such as
the origin source, parts of the plant sampled
(Gil et al., 2007), the stage of plant development
(Argyropoulou et al., 2007) and also physiolog-
ical stresses (Askari et al., 2016). Rodrigo et al.
(2009) stated that for the production of high
quality aromatic oils, excellent raw materials
are required. For these, appropriate agricultural
methods, correct date of collection, suitable in-
dustrial processing and storage conditions, and
all measures that can affect the sensory state of

the ultimate product must be borne in mind.
Among the above mentioned agents, the source
of origin and physiological stresses are very
crucial factors for L. citriodora. Studies have
shown that in this species, the composition of
essential oil mainly depends on the habitat and
the kind of the plant, on the percentage of main
components, and on the base of origin source.
For example, Hudaib et al. (2013) examined the
essential oil of the Jordanian cultivated plant
of this species. They found that 1, 8-Cineole
(11.7%), y-terpineol (3.4%), p-Caryophyllene
(2.6%), a-Curcumene (6.3%), Spathulenol
(4.6%), and Caryophyllene oxide (3.1%) were
the prominent parts. While in the Moroccan
population of it 1, 8-Cineole (12.4%), Gera-
nial (9.9%), 6-methyl-5-hepten-2-one (7.4%)
and Neral (6.9%) were the main components
(Bellakhdar et al., 1994). In addition, our find-
ings were in agreement with the above results.
The kinds and the percentages of the main
components in our control and treated plants
varied in comparison to the Moroccan and Jor-
danian samples.

Our findings showed that physiological stress-
es have significant effects on the quality of the es-
sential oil in this plant. The highest value of Ge-
ranial was recorded in the presence of 100 mp of
salt and 0 mp 24-epibrassinolide. It means that
moderate salt treatment maximized the quality
of the essential oil. Furthermore, application of
2 and 1 um of 24-epibrassinolide with 150 and
50 my of salt had similar effects, but percent-
ages of Geranial in these conditions were lower.
Our results confirmed previous studies: for ex-
ample, recently Shahhoseini et al. (2013) have
shown that the maximum amount of Geranial
was found in dried samples in 30 °C oven and an
increment of the oven temperature had negative
effects. In addition, an increase of soil EC slightly
increased its amount.

6, 9, 12-octadecatrienoic acid is a very im-
portant fatty acid. This component has biologi-
cally prominent functions in the human body.
For example, it is a substrate for the synthesis
of eicosanoids, having a hand in the choles-
terol transport and oxidation. Furthermore, 6,
9, 12-octadecatrienoic acid is a component of
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plasma membrane. Studies showed that insuf-
ficient dietary intake or bad organization of
this acid cause many inflammatory and degen-
erative conditions. Recent investigations con-
firmed its health-promoting virtues in the pre-
vention and therapy of some disorders such
as cardiovascular diseases, atopic dermatitis,
diabetes, cancers as well as rheumatoid arthri-
tis (Bialek, Rutkowska, 2015). Although this
fatty acid has very low concentration in control
samples, its percentage was increased by treat-
ments, so that it reached 13.29% in treatment
No. 7. It seems that increment concentrations
of 24-epibrassinolide had a significant effect on
the production of this component, but increas-
ing the concentrations of salt prevented it.

Monoterpenes and Sesquiterpenes were two
main groups of components. In all of the stud-
ied samples, percentages of Monoterpenes were
higher than those of Sesquiterpenes. Studies
have confirmed that Monoterpenes have differ-
ent uses. For example, Isman (2006) stated that
these components act as fumigants, repellents,
or insecticides against insects of stored products.

Our results showed that environmental agents
can change Monoterpene amounts in this
plant. The highest value of Monoterpenes oc-
curred in presence of 50 myu of salt without
any 24-epibrassinolide. It means that mild salt
stress stimulated production of Monoterpe-
nes. While the lowest amount of it was reiter-
ated at the highest values of salt and 24-epi-
brassinolide. Investigations showed that other
factors such as drying temperature can affect
the Monoterpenes percentages in essential oils.
For example, Shahhoseini et al. (2013) suggest-
ed that the highest value of total Monoterpenes
occurred in plant samples that were dried in
the oven cooler than 30 °C.

Our findings confirmed that significant
variations occurred in compositions of essen-
tial oil in treated plants. Some of these varia-
tions are useful for us, because they improve
the essential oil. These results are in agreement
with previous studies (Rudich et al., 1981; Ad-
ams, 1991). They showed that low to moderate
salinity levels reached by increasing NaCl or
other nutrients are use to improve the quality
of crops.
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APLINKOS VEIKSNIU POVEIKIS LIPPIA
CITRIODORA ETERINIO ALIEJAUS
JUNGINIAMS

Santrauka
Lippia citriodora Piety Amerikoje yra endeminé
rasis, o pasaulyje ji buvo auginama dél j citring pa-
nasaus lapy aromato. Siame straipsnyje pateikiami
skirtingy NaCl ir 24-epibrasinolido koncentracijy
poveikio eterinio aliejaus junginiams tyrimy rezul-
tatai. Tyrimo metu naudota vienuolika skirtingy
NaCl ir epibrasinolido koncentracijy. Kontroliniy
augaly eterinio aliejaus sudétyje yra 20 junginiy,
kuriy didzigja dalj sudaré geranialis (22,52 %), ci-
tralis (15,88 %), germakrenas D (7,42 %), kariofile-
nas (7,11 %), benzenaminas (6,30 %), spatulenolis
(6,00 %) ir kurkumenas (5,44 %). Reik§mingos tei-
giamos / neigiamos koreliacijos pastebétos tarp kai
kuriy eteriniy aliejy komponenty su druskos kon-
centracijomis. Gauti rezultatai rodo, kad fiziologi-
nis stresas turi reik$mingg poveikj Lippia citriodora
augalo eterinio aliejaus kokybei.

Raktazodziai: epibrasinolidas, eterinis aliejus,

Lippia citriodora, stresas, druska



