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Background & Aim: Satureja Isophylla L. is a medicinal herb which
Type: Original Research belongs to the family Lamiacease. Salinity affects the growth, the quality
Topic: Medicinal Plants and quantity of essential oils of medicinal plants. Chitosan is also
Received July 24" 2016 considered as a biological elicitor which plays a role in improving

production of secondary metabolites of medicinal herbs. The current project
was conducted to evaluate the effect of different concentrations of chitosan
on growth indices and the quality and quantity of essential oil under salt
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v Chitosan Experimental: In this study, savory was treated by cr_mosan at three

v Salt stress levels (0, 0.2 and 0.4 g/l) and NaCl with three concentrations (0, 50, and
100mM). After a two-week treatment, the dry weight of the root and the

v Satureja Isophylla L. stem, the herb height, and the number of leaves and lateral branches were
measured. In addition, the composition of the herb's essential oil was
analyzed and identified by GC/MS.
Results: The results showed that salt stress decreased the dry weight of the
root and stem, the herb height, and its number of leaves and lateral stems.
Chitosan treatment could amend this reduction. Sodium chloride mutual
treatment with the concentration of 50 mM as well as that of chitosan with
the concentration of 0.2 g/l had a significant effect on the increase of the
yield and quality of the essential oil. The results of the GC/MS analysis
showed that 14 main compositions were detected in the essential oil, in
which the major amount belonged to P-Cymene (3.13%), Y-Terpinene
(28.97%) and Caryacrol ( 59.64%). The findings indicated that the utmost
amount of Carvacrol was obtained by the increment of salt stress at the salt
concentration of 100 mM and with chitosan concentration of 0.4 g/l;
moreover, the greatest amount of P-Cymene and Y-Terpinene was obtained
by the increment of salt stress with salt concentration of 50 mM and
chitosan concentration of 0.4 g/l.
Recommended applications/industries: Chitosan is recommended to
be exploited in industry as it has moderating effects against salt stress in
addition of the increment influence on the certain secondary metabolites of

savory.
1. Introduction
Savory is an annual herb in the family Lamiaceae thin branches willing to burgundy and green and
(Azami- Ghadikolaei and Jafari., 2012) that has leaves mixed with the red cross, square stem,
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irregularpink to blue and white bisexual flowers
whit capsules containing fruit has dark brown seeds
(Mahdavi et al., 2011). Distance of leaves is
exclusively as a nervure andcan be seen as tiny dots
containing aromatic tuber in their level and
frequency.

Researchers claimed that major compounds of
savory species are comprised of phenolic
monoterpenes such as thymol and carvacrol and
often exist with y-terpinene, linalool, and p-
cymene; furthermore, this group of phenolic
compounds has antioxidant and antimicrobial
properties (Kamkar et al., 2013). Plants produce a
large and diverse group of organic compounds
called secondary metabolites. Multiple properties
of secondary metabolites, as drugs, herbicides,

biological, flavoring agents, colors, poisons,
hallucinogenic  substances  and perfumes,
considered them for using in biotechnology

(Esma’ilzadeh Behabadi and Sharifi, 2013).This
accumulation of metabolites in plants often occurs
when the plant is exposed to various stresses
(Larcher et al., 2001). After drought, salinity is the
most important and most common environmental
stress throughout the world, including Iran. Salt
stress is regarded as a limiting factor in
performance of the plants. Now many compounds
are used in order to reduce the damaging effects of
stress on plants. The use of biological elicitorin
many plants is one of the ways to reduce the
harmful effects of abiotic stresses (Goriketal.,
2008). Biological elicitors include polysaccharides,
proteins, glycoproteins or parts of the cell wall of
fungi, plants (cellulose and pectin) and micro-
organisms (chitin and glucan) is (Esma'ilzadeh
Behabadi and Sharifi, 2013). Chitosan is one of the
incentives including incentives that stimulate plant
defense mechanisms in response to stress
(Kowalski et al., 2006). It can also greatly affect
the reduction of salinity and increased plant growth
(Esma'ilzadeh Behabadi and Sharifi,
2013).Chitosan works as a bio-stimulant that came
through the induction of plant defense systems and
alters and enhances the production of secondary
metabolites in medicinal plants (Cheng et al.,
2006). In Artemisia (Artemisia annua) the use of
chitosan increases the Artemisiain plant (Kaya.,
2008). It also increases the production of Silymarin
with the use of chitosan has been reported in cell
suspension culture of Silybummarianum (Sanches-
Sampedroet al., 2005). To the best of our
knowledge there is no report on the mutual effect of
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chitosan and salt stress on the savory's growth and
performance as well as the content of its essential
oil. Therefore, the current project was conducted to
evaluate the effect of different concentrations of
chitosan on growth indices and the quality and
quantity of essential oil under salt stress (salinity).

2. Materials and Methods

2.1 Seed selection and planting

The seeds of Satureja Isophylla L. were
provided by Pakan Bazr Company, Isfahan, Iran.
They were identified in Islamic Azad University —
Falavarjan Branch Herbarium and were coded as
114/010/001. 27 pots with 25cm diameter were
selected and filled with appropriate sandy soil, and
the seeds were sown in the soil equally. Planting
Environment was in greenhouse conditions and the
temperature was 22+4centigradedegree.

2.2. Measurement of growth parameters (initial)

Before the treatment and when the herb height
reached as far as 8-10 cm, 4 plants were randomly
selected from each pot. Then, the number of leaves,
the stem length and the number of lateral branches
were investigated.

2.3. The treatment plants with a solution of
sodium chloride and chitosan

After initial measurement of growth
parameters, treatment was done with sodium
chloride solution with a concentration of salt (0, 50
and 100 mM) over a week with four replications.
On the weekend, chitosan treatment was done by
spraying the solution with concentration of 0, 0.2
and 0.4 g/l to the aerial parts. Two weeks after the
last chitosan treatment, the plants were harvested
and prepared for the process of extraction and
investigation of the essential oil components.

2.4. Measurement of
(secondary)

growth  parameters

Before the second harvest of the plants, those
plants which had been randomly selected were
examined in terms of growth parameters such as
root length, number of leaves and number of lateral
buds. Moreover, to measure the dry weight of the
root and the stem, the plants were dried and
weighed separately.

2.5 Analysis and identification of essential oils
components
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30g of dried shoots were grinding and
extraction was done in device Clevenger (Glass
Factory Model Tears Tehran). Extraction time for
each sample was about 5.3 hours and the volume of
essential oils was individually measured and
recorded.

After sample preparation, the essential oil was
injected into the GC / MS to determine the type of
constituents. Gas chromatography was 7890
Agilent equipped with HP-5column (30 m x 0.25
mm, 0.25 pum film thicknesses). Oven temperature
was set up at 60 °C initially, and then raised at rate
of 4°C/min to 300 °C. Injection chamber
temperature was set at 290 °C, and helium was
used as carrier gas at a flow rate of 8.0 ml/min. The
gas chromatograph was coupled to an Agilent 5975
C (Agilent Technologies, Palo Alto, CA, USA)
mass selective detector (MSD) and quadrupole EI
mass analyzer (Agilent Technologies, Palo Alto,
CA, USA). Operating parameters for the EI-MS
were: ionization voltage, 70 eV and ion source
temperature, 220 °C. Identification of spectrum was
done by calculation of retention indices and
comparison with those of authentic standards and
mass spectra of standard composition (Wiley and
NIST) .Tests were performed with four replications
and were analyzed using SPSS version 19. Mean
comparison was evaluated with Duncan test and
Graphs were plotted using Excel software.

3. Results and discussion

The effects of various chitosan concentrations
on certain growth parameters of the savory as well
as that effect on its essential oil which was under
salt stress have been explored. The ANOVA, as the
statistical procedure, was run on the data related to
the savory's shoot dry weight under salt stress and
various chitosan concentrations. The results
indicated that the shoot dry weight reduced with
increase in salinity. In addition, increasing chitosan
at different concentrations, compared to the control
group, led to decrease in the dry weight. Further, a
significant difference was observed compared to
absence of chitosan in treatments with different
concentrations of chitosan and sodium chloride, in
concentrations of 0.2 and 0.4 g/l chitosan and 100
mm sodium chloride, chitosan control (Figure 1).
According to Figure 2, it can be seen that the root
dry weight decreased with increasing in salinity.
Root dry weight increased in different
concentrations of chitosan, but the difference in
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concentration of 0.4 g/l chitosan was statistically
significant compared to the control group. In
treatments with different concentrations of chitosan
and sodium chloride, it was observed that the root
dry weight increased at concentrations of 50 and
100 mM of Sodium chloride. However, this
increase showed a statistical significance,
compared to the control group, at -chitosan

0.18
2 016
§ 0.14

2on

concentration of 0.2 g/I.
a
-
$ 01 ‘
&

a
a I
L b
e b b o
[
2o ;1
2 006
8004
%00
0
S T S T AR ST S,
A A

¢
g & o"é\ g P £
Y
\
9 9 O ) © \
o vV @ ¢ ¥ &@

NaCl(mmol)-Chitosan(gr/l)

Fig. 1. Effect of salinity and chitosan on the shoots
dry weight in the savory. Dissimilar letters indicate
significant differences as per the Duncan test
(p<0.05).
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Fig. 2. Effect of salinity and chitosan on the roots
dry weight in the savory. Dissimilar letters indicate
significant differences as per the Duncan test
(p<0.05).

The other reports indicated that slow growth,
reduction of dry matter production and also
reduction of the ultimate performance is due to salt
stress in most plants, such as wheat, barley, beans
and cotton (Parida and Das, 2005). Increase in salt
concentration reduced wet and dry weight of root
of Nigella Sativa (Husseini et al., 2006).
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Also the reduction of the salt-affected shoot dry
weight in Seville (Rostami Hir et al., 2004),
subterranean clover (Galshi, and Soltan, 2002) and
fennel (Safarnejad et al., 2003) have been reported.
Plant dry weight reduced because of the toxicity of
ionic and osmotic adjustment and the reduction of
nutrient uptake and photosynthesis disruption
during salinity stress. Applying different chitosan
concentrations in bean led to increase in the dry
weight of stems and roots (Singla and Gary, 2005).
A test was run to evaluate the pea seedling growth
under different levels of chitosan salinity.The
results demonstrated that with increasing salinity
levels, dry weight of shoot and roots significantly
decreased (Mahdavi et al., 2013). Chitosan
increased the chlorophyll and carotenoids of plant
by activating the expression of genes in the
biosynthesis of photosynthetic pigments (Naderi
and Khajeh., 2015). Therefore, as a result of
increasing the photosynthesis of the plant, chitosan
caused to rise the dry weight of the plant (Heng et
al., 2012).

Figure 3 shows that the plant height reduced
through increasing in salinity. Likewise, the plant
height increased in treatments at different chitosan
concentrations and the height reached its maximum
level at concentration of 0.2 g/l. Also, in a
treatment with different concentrations of chitosan
and sodium chloride, a significant difference was
observed in all concentrations, compared to the
control group.
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Fig. 3. Effect of salinity and chitosan on the height
of Satureja Isophylla L. Dissimilar letters indicate
significant differences as per the Duncan test
(p<0.05).

Figure 4 shows that the number of leaves
reduced through increasing in salinity; while the
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number of leaves increased at chitosan
concentration of 0.2 g/l and no significant
difference was observed in chitosan treatment with
0.4 g/l, compared to the control group. The number
of leaves reached its maximum level when there
was a treatment containing different chitosan and
sodium chloride concentrations (sodium chloride
concentration 0 and 50 mM as well as chitosan
concentration 0.2 g/l). Furthermore, the number of
leaves reduced at chitosan concentration 0.2 g/l and
sodium chloride concentration 100 mM.

Leaves number

NaCl(mmol) - Chitosan(gr/l)

Fig. 4. Effect of salinity and chitosan on the
number of leaves Satureja Isophylla L. Dissimilar
letters indicate significant differences as per the
Duncan test (p<0.05)
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Fig. 5. Effect of salinity and chitosan on the
number of lateral shoots of Satureja Isophylla L.
Dissimilar letters indicates significant differences
as per the Duncan test (p<0.05).

As shown in Figure 5, the number of lateral
shoots of Satureja Isophylla L. reduced through the
increase in salinity and this difference was
statistically ~ significant at sodium chloride
concentration 100 mM, compared to the control
group. There were no significant differences in
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chitosan treatment and also in treatment with
various chitosan concentrations and sodium
chloride except in chitosan with 0.4 g/l
concentration and sodium chlorid with 50 mM
concentration in which the number of branches has
reached to its maximum level (Figure 4).

Over the osmotic stress resulting from salinity,
production and transformation of hormones
including cytokinin and auxin decreased which
caused division and elongation of cells. Thus,
during salinity plant height and number of branches
will be reduced. The findings of the studies
conducted on basil (Hassani, 2003) and plantajo
(Ashraf and Orooj, 2006) were in line with the
results of the current study concerning the
reduction of the plant height under salt stress.

Chitosan as a biological stimulus may induce
signs for the synthesis of plant hormones such as
auxin and gibberellin and increase plant growth by
some signaling pathways related to auxin
biosynthesis and the dependent pathway of
tryptophan (Uthairatanakij et al., 2007). Soaking
seeds of pearl millet in chitosan, increased seed
yield and plant height, compared to control
(Sarathchandra and Jaj., 2004).
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Fig. 6. The effect of salinity and chitosan on the
essential volume of Satureja Isophylla L. essence.
Dissimilar letters indicate a significant difference
as per the Duncan test (p<0.05).

It was indicated that chitosan had stimulatory
effects on the growth of wheat seedlings (Wei et
al., 2007), corn (Winter et al., 2001) and peanut
(Winter et al.,, 2002). The positive effect of
chitosan on the growth of various plants such as
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cabbage (Hirano, 1988), soybean sprouts (Lee et
al., 2005) basil (Kim, 2005) has also been reported.

Considering the findings of the essence volume
in savory which was under salt stress and different
chitosan concentrations, Figure 6 indicated that the
essential oil volume reduced due to increase in
salinity. In a treatment containing different chitosan
concentrations, it was observed that the amount of
essential oil volume increased in chitosan
concentration of 0.2 g/l and a significant difference,
compared to the control group, was shown. In
treatments with different concentrations of sodium
chloride and chitosan significant difference are also
observed in comparison with control. So that the
minimum volume of essential oil of savory was
observed in concentration of 0.4g/l and 100mM of
chitosan and sodium chloride, respectively. In a
similar study, the effect of salinity on mint and
marjoram species was studied and it was found that
salinity reduced 21 percent of oil yield (CroteauEl-
Keltawi., 1987). According to other study on dill
plant, salinity reduces the total oil concentration
(Udagawa et al., 1995). Ozturkand et al. (2004)
also stated that the increasing in salinity was
associated with a reduction in the amount of
essential oil in Lemon balm.

Other studies which were conducted to explore
the effects of salinity on the amount and yield of oil
essential in other medicinal herbs indicted that salt
stress reduced the yield of dill essential oil (Riaze
et al., 2007), the amount of fennel essential oil
(Ashraf and Akhtar., 2004), and saddle essential oil
(Ashraf and Orooj, 2006). Oil yield loss as a result
of salinity may be due to the detrimental effect on
growth and performance of plant (Dow et al.,
1981).

The results of the composition of the essential
oil of aerial parts in Table 1 indicated that 14 main
compounds were detected in the essential oil, and
the greatest amount of them was reported to be P-
cymene (3.13%), vy-Terpinene (28.97%) and
Carvacrol (59.64%). This findings showed that the
greatest amount of carvacrol obtained by increasing
salt stress in salt concentration 100 mM and
chitosan concentration 0.4 g/l. Moreover, the
greatest amount of P-cymene and y-terpinen
obtained by increasing salt stress in salt
concentration of 50 mM and chitosan concentration
of 0.4g/l.
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Table 1. Effect of chitosan foliar application and salt treatment on concentrations (%) of essential oil

constituents.

RI compound NaCl 0 NaCl 0 NaCl 0 NaCl 50 NacCl 50 NaCl 50 NaCl 100 NaCl 100 NaCl 100
Chitosan Chitosan 0.2 Chitosan Chitosan Chitosan Chitosan Chitosan Chitosan Chitosan
0 0.4 0 0.2 0.4 0 0.2 0.4
5.11 a-Thujene 0.81 0.69 0 0.25 0 0.65 0.38 0.39 0.32
5.27 a-Pipene 0.45 0.38 0 0.13 0 0.4 0.23 0.24 0.21
6.27 B-Pinene 0.22 0.18 0 0 0 0 0 0 0.15
6.54 B-Myrcene 1.09 0.98 0 0.41 0 0.94 0.69 0.66 0.67
6.94 a- 0.28 0.25 0 0.11 0 0 0.17 0.18 0.17
Phellandre
ne
7.26 a- 3.56 3.19 0 14 217 3.14 2.29 2.37 221
Terpinene
7.48 P-Cymene 3.13 2.56 0 1.28 2.8 3.64 2.66 2.34 2.3
7.6 delta-3- 0.36 0.44 0 0.16 0 0.36 0.25 0.32 0.23
Carene
8.5 y- 28.97 25.93 19.99 13.01 25.03 29.03 21.29 2117 19.54
Terpinene
12.14 Terpinene- 0.23 0.25 0 0 0 0 0 0 0.22
4-ol
14.27 Thymol 0 0 0 0.12 0 0 0 0 0.19
16.33 Carvacrol 59.64 63.85 80.01 82.36 69.94 61.36 71.59 71.96 72.02
19.9 B- 0 0.22 0 0 0 0 0 0 0.16
Caryophyll
ene
22.59 - 0.6 0.91 0 0.29 0 0.47 0.44 0.37 0.69
Bisabolene
99.34 99.83 100 99.52 99.94 99.99 99.99 100 99.08

Salinity affected the essence contents of
medicinal herbs by changing their metabolism.
Although the main compositions of chamomile oil
increased under salt stress, certain main
compositions of essential oil of marjoram and
fennel such as carvacrol, p-cymen and y-terpinen
decreased under salt stress (Razmjoo et al., 2008).
Effect of Salinity on the reduction of thymol in
thyme has also been reported (Babaee et al., 2010).

Chitosan can alter the function of genes by
modifying the activity of enzymes that activated
certain biosynthetic pathways in plants (Zhang et
al., 2006). Chitosan is effective in stimulating the
production of secondary metabolites, such as
alkaloids, flavonoids and paranoid (Namdeo., 2007;
lonkova., 2007).

Increasing in the amount of phenolic
compounds and flavonoids in the Pune plant treated
with chitosan has been reported (Heng et al., 2012).
Vasconsuelo et al. (2004) reported that Application
of chitosan in Rubia led to increase in the
production of anthraquinone).

It was also reported that the use of chitosan in
cell suspension cultures resulting from cultivation
of Citrus grandis caused an increase in linalool and
limonene in this plant (Putalum et al., 2006).

The results of the present study revealed that
the salt stress decreased the growth and essential oil
yield in Satureja Isophylla L. Application of
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chitosan as a biological stimulus can adjust such
stress via inducing the herb's defense routes.
Moreover, chitosan treatment caused changes in the
amount of metabolites of Satureja Isophylla L. and
such changes can be affected by chitosan
concentration.

4. Conclusion

The results of the present study revealed that
the salt stress decreased the growth and essential oil
yield in Satureja lsophylla L. Application of
chitosan as a biological stimulus can adjust such
stress via inducing the herb's defense routes.
Moreover, chitosan treatment caused changes in the
amount of metabolites of Satureja Isophylla L. and
such changes can be affected by chitosan
concentration.
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