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Abstract
The focus of the present study was to investigate the chemical composition of essential oil of Salvia hydrangea
DC. ex Benth. growing wild in Kiasar-Hezarjrib, Iran. In addition, effects of altitude and some soil properties on
the essential oil quality and quantity of S. hydrangea was identified. The samples collected from two altitudes
(1100 and 2000 m) in blossoming period, were analyzed by hydrodistillation method using a clevenger-type
apparatus by GC and GC/MS. Ninety-one compounds were identified, representing 99.79% and 99.95% of the
oils from the altitudes of 1100 and 2000 m respectively. The main constituents of the oils in altitude 1100 were
1,8-cineole (12.70%), camphor (12.06%), β-pinen (11.62%), naphthalene (10.83%), α-amorphene (9.30%),
bicycleheptan (9.18%) and δ-cadinene (8.25%). In contrast, in altitude of 2000 m the oil of plant species was
rich in naphthalene (19.94%), 1,8-cineole (9.45%), camphor (5.71%), α-terpineol (5.11%) and ylangene
(4.94%). In both altitudes naphthalene, 1,8-cineole and camphor being the major compounds respectively.
Results indicated that the altitude of 2000 m revealed greater quantity. The essential oil compositions showed
the highest percentage in the altitude of 1100 m and amount of main and common essential oil compositions
was more in the altitude of 1100 m. A high positive correlation was found between the essential oil efficiency
and the soil factors of pH, S.P, EC, Mn and Mg in both altitudes while, the common essential oil composition
showed negative correlation with these factors. In general, the higher essential oil efficiency and compositions
were found in the higher altitude, but percentage of the essential oil compounds was more in the lower altitude
therefore, at lower altitudes there are more optimal conditions for taking the S. hydrangea essential oil.
Keywords: Salvia hydrangea DC. ex Benth., Essential oil composition, 1,8-cineole, Camphor;, Naphthalene

Introduction
Fifty-eight species of the genus Salvia (Lamiaceae)
are found in Iran, seventeen of which are endemic.
Due to the use of this genus or their essential oils in
the food, drug and perfumery industries [1-3] we
are investigating the oil of Salvia hydrangea DC.
ex Benth. which grows wild in Iran. The plant
species grows in many regions of Iran such as
Azerbaijan, Kurdistan, Guilan, Qazvin, Tehran,
Kerman, Markazi, Mazandaran, Esfahan, Lorestan,
Fars, Sistan and Baluchestan provinces [4].
*

Despite the great developments in modern
pharmaceutical drugs that have saved human
beings from different kinds of illnesses, it is
impossible to overlook the role of the plants and
their positive effects. The active agents present in
the plants have always been, and will continue to
be, used as irreplaceable substances [5]. Although
the growth and the increase in the quantity and
quality of the substance in medicinal plants takes
place mainly due to genetic processes,
environmental factors also play a major role in this
regard. Such factors help to bring about certain
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changes in the growth of medicinal plants, as well
as changes in the quantity and quality of the active
substances [5,6]. Some studies have reported the
influence of mineral nutrients [7,8], drought [9],
light intensity and altitude [10,11] on the plant
growth and essential oil content. These factors can
also trigger abrupt activation of qualitative changes
in secondary metabolite production [5,12,13]. Since
plants cannot escape from the environmental
extremes of light, temperature, and drought, nor
move to regions with better nutritional conditions,
they have thus evolved highly complex
mechanisms to integrate physiology and
metabolism in order to adapt to the conditions to
which they are exposed [14].
Since the amount and quality of a medicinal plant’s
ingredients in various habitats and areas change
due to fluctuations in the plant metabolic activities
under different environmental factors, so the
quantitative and qualitative of medicinal plants’
compounds are different in various countries of the
world [6]. Marked variations in the chemical
composition of S. hydrangea oil from various areas
have been reported [15-18].
Nevertheless, ecological factors undoubtedly
influence the essential oil content of S. hydrangea
The present study attempts to investigate the
chemical composition of S. hydrangea from
Mazandaran province, Iran and identify the altitude
and edaphic factors that influence the quantity and
quality of the essential oil of this plant species as
well as the optimal altitude to produce the greatest
amount of active substances.

Material and Methods
Plant and Soil Sampling
In this study, the aerial parts of S. hydrangea were
collected during the blossoming period from two
natural areas (Kiasar and Hezarjarib) located in
Mazadaran Province (36° 13 34 N, 52° 31 54 E)
at two altitudes of 1100 and 2000 m, in May 2014.
Surveys of the plant associations in wild habitats
were done along transects (100 m) within quadrants
(4 m2 each) with systematically-randomized
method. In each altitude, five transects were
established in two directions of the general slope.
Small
quantities
(~100-200
g
fresh
weight/quadrant) of flowering shoots were
collected from each surveyed quadrant. The aerial
parts of the plant species were dried in the shade (at
room temperature).

Soil samples from the root zone were collected
from each surveyed quadrat. The soils were put in
plastic bags with label; they were thereafter air
dried, ground to pass through a 2 mm sieve and
taken to the laboratory at the Department of Range
and Watershed management, University of Zabol,
for analysis of soil physical and chemical
properties. The soil’s texture was determined using
laser diffractometry; [19] pH was determined in a
1:5 soil to distilled water slurry after one hour of
agitation using a digital pH-meter (Model 691,
Metrohm AG Herisau Switzerland); [20] electrical
conductivity (ECe) using an EC-meter (DDS-307,
Shanghai, China); [21] organic matter content were
determined using the methods described by Lo et
al. [22] Available phosphorus was determined by
the method of Bray and Kurtz [23]. Potassium was
measured by flame photometry method; [24]
saturation percentage (SP) determined by weighing
method [25]. Mg, Fe, Cu, Zn and Mn determined
by atomic absorption method using ICP/OES (GBC
Avanta, Australia); [26] Calcium carbonate was
determined volumetrically by a calcimeter [27].
Essential Oil Analysis
Dried aerial parts of the plants (70 g) were chopped
in small pieces and submitted to hydrodistillation
for 2h using a clevenger-type apparatus with a
water-cooled receiver, to reduce hydrodistillationoverheating artifacts. The oils were obtained using
n-pentane as a collecting solvent and subsequently
they were dried over anhydrous sodium sulphate
and stored under N2 atmosphere in amber vials at 4
°C until they were analyzed. All oils were analyzed
within 24 h of their production. Considering the
moisture percentage, the essential oil efficiency
was measured in dry weight (w/w).
Gas Chromatography (GC)
Gas chromatographic analysis was carried out on a
Perkin-Elmer 8500 gas chromatograph with FID
detector and a DB-5 capillary column (30 m × 0.25
mm i.d., film thickness 0.25 μm). The operating
conditions were as follows: carrier gas, helium at a
flow rate of 2 ml/min; the oven temperature was
programmed to 60 °C for 4 min, then 60–220 °C at
4 °C/min; injector and detector temperatures, 240
°C. The percentage composition of the oils was
computed in each case from GC peak areas without
the use of correction factors.
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Identification
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A Hewlett-Packard series 6890 instrument was
used, with a DB-5 capillary column (30 m × 0.25
mm i.d., film thickness 0.25 μm), programmed as
follows: 60 °C for 5 min, then 60–220 °C at 4
°C/min. The carrier gas was helium at a flow rate
of 2 ml/min. The components of the oils were
identified by their retention time relative to C9–
C28 n-alkanes, computer matching with the Wiley
275.L library and as well as by comparison of their
mass spectra with those of authentic samples or
with data already available in the literature [28].
Statistical analysis
The statistical processing was mainly conducted by
T-test. Before performing analysis, data were
checked for their normality with the Kolmogorov–
Smirnov test and for homogeneity of variance with
the Levene's test (p<0.05), and where necessary,
data were log-transformed. A probability of 0.05 or
lower was considered significant. Correlation
coefficients between the essential oil efficiency and
composition with the soil properties were also
calculated through the Pearson’s r coefficient. All
statistical calculations were performed using SPSS
release 18.0.

Results
Essential Oil Composition
The percentage composition of the oils is reported
in Table 1 in order of their elution from the DB5MS column. Twenty-four components were
identified for S. hydrangea in altitude of 1100 m
constituting 99.97% of the total oil while in altitude
of 2000 m, 90 components were identified in the oil
of the plant species representing 99.95% of the
total oil. In particular, the oil of S. hydrangea in
altitude of 1100 m was dominated by 1,8-cineole
(12.70%), camphor (12.06%), β-pinen (11.62%),
naphthalene (10.83%), α-amorphene (9.30%),
bicycleheptan (9.18%) and δ-cadinene (8.25%). In
contrast, in altitude of 2000 m the oil of S.
hydrangea was rich in naphthalene (19.94%), 1,8cineole (9.45%), camphor (5.71%), α-terpineol
(5.11%) and ylangene (4.94%). Totally 91
compositions were found in both altitudes, but in
different percentages. Some components of S.
hydrangea exist in just one of the altitude, which
can be seen in the table. In both altitude

naphthalene, 1,8-cineole and camphor being the
major compounds respectively.
Comparison of the Extraction Efficiency and the
Essential Oil Composition
The essential oil efficiencies of S. hydrangea
collected from two altitudes are shown in Table 2.
It was found that the altitude factor had
considerable influence on the essential oil
efficiency (p<0.01). Significant difference in
amount of common and main essential oil
compositions of S. hydrangea occurred in the
natural habitats (Table 2). Although the amount
naphthalene (14.44%) was more in habitat of 2000
m, the highest content of 1,8-cineole (12.66%), βpinen (11.40%), camphor (11.20%), bicycloheptan
(8.75%) and δ-cadinene (8.04%) was found in the
habitat of 1100 m. In general, in higher altitude the
efficiency of essential oil was more but the
percentage of the essential oil composition varied
in the opposite direction.
Soil Properties and Correlations
General properties of the soil samples were
collected from the natural habitats are given in
Table 3. The habitats differed considerably in
chemistry. The soil of the habitat in altitude of
1100 m characterized as loamy sand while, in the
altitude of 2000 m the soil texture was loamy clay.
Soil acidity in both habitats was near neutral
(pH=7.86-7.87). Two habitats differed significantly
in EC (p=0.05), organic matter (p=0.05), CaCO3
(p=0.00), P (p=0.01), Fe (p=0.01) and K (p=0.00),
so that these factors decreased with altitude, while
S.P (p=0.00), Mg (p=0.00) and Mn (p=0.00) varied
in the opposite direction. However, there was no
significant difference between content of Zn and
Cu in two habitats; these factors were more in the
altitude of 1100 m.
Results of Table 4 indicted that in the altitude of
1100 m, there was a strong positive relationship
between the essential oil efficiency and the soil
factors of pH, S.P, EC, Mn and Mg. It was found
that essential oil efficiency increased with these
factors. While, the common essential oil
compositions showed strong negative relationship
with the soil factors of pH, S.P, EC, Mn and Mg.
Bicycloheptan, naphthalene, ylangene and 1,8cineole were positively related to the content
CaCO3, OM, P and K. β-pinen showed the highest
positive relationship with CaCO3, OM, P, K, Zn, Fe
and Cu. Camphor and δ-cadinene had the highest
positive correlation with Zn (Table 4).
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Table 1 The percentage composition of the essential oils of Salvia hydrangea DC. ex Benth.at two altitudes of Mazandaran.
Compound
2-hexenal
Tricyclene
α -pinene
β -pinene
β –myrcene
(+)-2-carene
1,8-cineole
1,3,6-octatriene, 3,7-dimethyl
γ –terpinene
α- terpinolene
Camphor
Borneoll
α-terpineol
Myrtenol
1-cyclohexene-1-carboxaldehyde, ...
Benzene, 1-ethyl-3-(1-methylethy...
2-cyclohexen-1-one, 2-methyl-5-(...
Bicyclo[2.2.1]heptan-2-ol, 1,7,7...
δ- 3-carene
Tricyclo[2.2.1.0(2,6)]heptane-3-...
Phenol, 2-methyl-5-(1-methylethy...
Myrtenyl acetate
Azulene, 1,2,3,5,6,7,8,8a-octahy...
3-allyl-6-methoxypheno
Ylangene
α-cubebene
Cis-jasmone
1h-cycloprop[e]azulene, 1a,2,3,4...
Naphthalene, 1,2,3,4,4a,5,6,8a-o...
α-caryophyllene
1h-cycloprop[e]azulene, 1a,2,3,4...
δ-cadinene
Naphthalene, 1,2,3,4,4a,7-hexahy...
Neoalloocimene
α-calacorene
δ-selinene
γ-crene b
+ calarene
β-selinene
(+) -β -guaiene
1(5),3-aromadenedradiene
Fonenol
Naphthalene, 1,2,3,5,6,8a-hexahy...
Tau.-cadinol
β -eudesmol
Naphthalene, 1,6-dimethyl-4-(1-m...
O-menth-8-ene
(3S,4R,5S,6R,7S)-aristol-9-en-3-...
1h-cycloprop[e]azulene, decahydr...
Junipercamphor
Hexadecanoic acid, methyl ester ...
Bicyclo[3.1.1]hept-3-ene-2-spiro...

% in sample
Hezarjarib (2000 m)
0.11
0.79
3.89
3.04
1.54
0.08
9.45
0.08
3.38
1.51
5.71
3.43
5.11
0.07
0.27
0.64
0.06
3.75
0.18
0.04
0.67
0.11
0.17
0.37
4.94
1.02
0.92
0.22
14.88
1.91
1.08
2.65
1.09
1.34
4.45
1.06
0.09
0.19
0.55
0.19
0.43
1.50
3.58
1.03
3.08
0.24
2.46
0.17
0.04
0.15
0.06
0.05

Retention time
Kiasar (1100 m)
Tr
1.50
6.20
11.62
Tr
Tr
12.70
Tr
5.55
3.21
12.06
5.14
Tr
Tr
0.56
Tr
0.90
9.18
Tr
Tr
1.17
Tr
Tr
Tr
6.99
3.53
1.90
Tr
10.83
2.16
Tr
8.25
Tr
Tr
3.56
1.88
Tr
Tr
Tr
Tr
Tr
2.56
Tr
1.40
5.22
Tr
Tr
Tr
Tr
Tr
Tr
Tr

5.31
7.24
7.74
9.34
9.69
10.49
11.14
11.91
12.29
13.11
15.34
16.51
17.45
17.60
17.99
18.37
19.65
20.09
20.68
20.75
20.88
21.28
21.53
22.38
22.87
23.21
23.65
23.91
24.31
25.41
26.47
27.06
27.82
27.93
28.10
28.35
28.41
28.92
29.53
29.64
30.03
30.15
30.34
30.72
31.11
31.60
29.92
31.71
32.02
32.14
37.77
37.95
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Dibutyl phthalate
Cis - α -bisabolene
Nona-2,3-dienoic acid, ethyl ester
Cembrene
Phenanthrene, 1,2,3,4,4a,9,10,10...
2-methyl-7-exo-vinylbicyclo[4.2....
9,12,15-octadecatrienoic acid, m...
Phytol
Tricyclo[7.9.0.0(10,18)]octadec-...
(Z)6,(Z)9-pentadecadien-1-ol
2-ethylhexyl trans-4-methoxycinn...
Pimara-8(9),15-diene
5,5'-bis(acetyl)-3,3'-biisoxazol...
Longifolen-v2
Ferruginol
5,7-dimethoxy-1-naphthol
α-amorphene
1,2-benzenedicarboxylic acid, 3-...
Nonadecane
Total

0.20
0.07
0.03
0.13
0.20
0.05
0.08
0.45
0.08
0.10
0.03
0.08
0.04
0.04
0.08
0.14
Tr
0.05
0.05
99.95

Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
9.30
Tr
Tr
99.79

38.67
38.94
39.39
39.88
40.89
41.15
41.82
42.13
42.43
42.78
43.30
44.34
44.79
44.79
46.74
47.97
48.66
51.12
55.13
-

*Tr: trace
Table 2 Comparison of the essential oil efficiency and common and main components in the habitat sites.
Altitude
(m)
1100
2000
Sig

Essential oil
efficiency
0.62±0.01b
1.01± 0.01a
0.00**

Camphor

β-pinen

Naphthalene

Bicycloheptan

δ-cadinene

1,8-cineole

ylangene

11.92±0.17a
5.53±0.12b
0.00**

11.40±0.16a
2.28±0.71b
0.00**

10.58±0.12b
14.44±0.26a
0.05*

8.75±0.10a
3.54±0.18b
0.00**

8.04±0.10a
2.53±0.18b
0.00**

12.66±0.13a
9.40±0.22b
0.05*

6.99±0.10a
4.74±0.12b
0.05*

Values (±SE) within a row followed by the different letter are significantly different according to the T-test (p < 0.05). * and
**significant at the 0.05 and 0.01 probability level respectively.
Table 3 Characteristics of soil in the habitats of Salvia hydrangea DC. ex Benth.
Soil properties
Altitude (m)
1100
2000
EC (dS/m)
0.68±0.00a
0.43±0.00b

Sig
*
0.05

pH

7.86±0.20a

7.87±0.20a

0.24

ns

OM (%)

3.00±0.01a

1.01±0.00b

0.05

*

CaCO3 (%)

49.00±2.60a

19.00±1.13b

0.00

**

S.P (%)

42.01±1.60b

60.00±2.53a

0.00

**

P (ppm)

11.50±0.60a

7.30±0.24b

0.01

**

K (ppm)

509.00±22.00a

278.00±5.78b

0.00

**

Mg (ppm)

216.00±5.03b

426.00±18.76a

0.00

**

Fe (ppm)

7.40±0.22a

3.90±0.01b

0.01

**

Mn (ppm)

3.70±0.01b

8.50±0.23a

0.00

**

Zn (ppm)

1.50±0.02a

1.20±0.01a

0.07

ns

Cu (ppm)

0.80±0.00a

0.70±0.00a

ns

Texture

Loamy sand

Loamy clay

0.60
-

Values (±SE) within a row followed by the different letter are significantly different according to the T-test (p < 0.05).
*
significant at the 0.05 probability level, **significant at the 0.01 probability level, n.s means non-significant
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Table 4 Pearson’s correlation coefficients between soil properties, common essential oil composition, and essential oil
efficiency in the habitat of 1100 m.
Soil
properties

Ylangene

1,8cineole

δ-Cadinene

Bicycloheptan

Naphthalene

β-pinen

Camphor

S.P (%)
EC(dS/m)
pH
CaC03 (%)
OM (%)
P (ppm)
K (ppm)
Mg (ppm)
Fe (ppm)
Mn (ppm)
Zn (ppm)
Cu (ppm)

-0.98**
-0.99**
-0.98**
0.98**
0.98**
0.98**
0.98**
-0.98**
0.81*
-0.98**
0.98**
0.98**

-0.97**
-0.99**
-0.97**
0.97**
0.97**
0.97**
0.97**
-0.97**
0.95*
-0.97**
0.80*
0.80*

-0.94*
-0.93*
-0.94*
0.90*
0.93*
0.93*
0.94*
-0.94*
0.90*
-0.94*
0.99**
0.80*

-0.98**
-0.99**
-0.98**
0.98**
0.98**
0.98**
0.98**
-0.98**
0.81*
-0.98**
0.98**
0.98**

-0.97**
-0.99**
-0.97**
0.97**
0.97**
0.97**
0.97**
-0.97**
0.95*
-0.97**
0.80*
0.80*

-0.99**
-0.98**
-0.99**
0.99**
0.99**
0.99**
0.99**
-0.99**
0.99**
-0.99**
0.99**
0.99**

-0.95*
-0.94*
-0.95*
0.95*
0.95*
0.95*
0.95*
-0.95*
0.93*
*
-0.95
**
0.97
0.95*

Essential
oil
efficiency
0.99**
0.99**
0.99**
-0.99**
-0.99**
-0.99**
-0.99**
0.99**
-0.99**
0.99**
-0.99**
-0.99**

*

significant at the 0.05 probability level, **significant at the 0.01 probability level

Table 5 Pearson’s correlation coefficients between soil properties, common essential oil composition, and the essential oil
efficiency in the habitat of 2000 m.
Soil properties

Ylangene

1,8δBicycloheptan Naphthalene β-pinen
Camphor
cineole
cadinene
S.P (%)
-0.84*
-0.84*
-0.85*
-0.97**
-0.84*
-0.99**
-0.97**
*
*
*
*
*
**
EC(ds/m)
-0.83
-0.83
-0.85
-0.91
-0.74
-0.95
-0.91*
pH
-0.84*
-0.84*
-0.85*
-0.97**
-0.84*
-0.99**
-0.97**
ns
ns
*
**
ns
**
CaC03 (%)
0.63
0.63
0.85
0.97
0.63
0.98
0.97**
ns
ns
*
**
ns
**
OM (%)
0.60
0.60
0.87
0.96
0.70
0.97
0.97**
ns
ns
ns
**
ns
**
P (ppm)
0.62
0.62
0.80
0.96
0.71
0.98
0.95**
ns
ns
ns
**
ns
**
K (ppm)
0.70
0.70
0.80
0.97
0.63
0.98
0.97**
*
*
*
**
ns
**
Mg (ppm)
-0.85
-0.85
0.80
-0.97
0.60
-0.99
-0.98**
**
**
*
**
**
**
Fe (ppm)
0.92
0.92
0.88
0.99
0.95
0.98
0.96**
*
*
*
**
*
**
Mn (ppm)
-0.85
-0.85
-0.85
-0.97
-0.85
-0.98
-0.97**
ns
ns
ns
**
ns
**
Zn (ppm)
0.64
0.64
0.72
0.96
0.80
0.98
0.95**
ns
ns
ns
*
ns
*
Cu (ppm)
0.60
0.60
0.73
0.91
0.74
0.95
0.91*
*
significant at the 0.05 probability level, **significant at the 0.01 probability level, n.s means non-significant

The results of soil properties’ correlation associated
with the essential oil efficiency in the altitude of
2000 are presented in Table 5. Result showed that
there was a strong positive relationship between the
essential oil efficiency and the soil factors of pH,
S.P, EC, Mn and Mg while, the common essential
oil composition showed negative correlation with
these factors. Although essential oil efficiency had
the highest negative correlation (-0.98) with Fe, δcadinene, 1,8-cineole, ylangene, bicycloheptan and
naphthalene had the maximum positive correlation
with Fe. Camphor had the highest positive
correlation (97%) with the factors of CaCO3, OM
and K. β-pinen related positively to CaCO3, P, K,
Fe and Zn (Table 5).

Discussion

Essential oil
efficiency
0.97**
0.92*
0.97**
-0.97**
-0.97**
-0.97**
-0.97**
0.97**
-0.98**
0.97**
-0.97**
-0.92**

The present study investigated the chemical
composition of the essential oils of S. hydrangea
and the effects of altitude and soil properties on the
essential oil content and composition. Totally,
ninety-one components were identified for S.
hydrangea in the habitat sites. In general, the
altitude of 2000 m showed higher essential oil
composition, while the altitude of 1100 m indicated
lower amount, and as the altitude increased, the
essential oil percentage decreased, but the total
essential oil compositions rose.
Environmental factors quantitatively affect the
plant's metabolic processes through their effects on
the plant development, growth rates and
partitioning of assimilates into vital metabolites.
External factors often have an especially large
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influence on the biosynthetic levels and quality of
secondary metabolites in the plants [29].
It is important to know the factors that influence
the plant production, and to know, for each
particular case, their specific requirements. The
factors include: (a) physiological variations; (b)
environmental
conditions;
(c)
geographic
variations; (d) genetic factors and evolution; (e)
political/social conditions; and also (f) amount of
plant material/space and manual labour needs [30].
Medicinal plants are grown and produced in
different ecosystems and sites under the influence
of different potential factors, including the altitude
as one of the vital determinants in the quantity and
quality of the plants [5]. Altitude strongly
influences the synthesis and accumulation of the
essential oil compositions [11] and it has a vital
role in the growth and production of the medicinal
plants in a variety of natural ecosystems and areas
[31-32, 5]. So that, increasing and decreasing of
altitude level can change the temperature, relative
humidity, wind speed, available water to the plant's
root and sunlight rates, hence, regarding the
altitudinal
level
changes,
ecophysiological
reactions of the plant will also change [33].
According to Senatore et al. [34] various factors,
both endogenous and exogenous, can affect the
composition of the essential oil (S. glutinosa); the
time of flowering, together with geographical and
climatic factors, is important in determining the
composition of the oil.
In an investigation of the effect of environmental
factors on Cymbopogon olivieri (Boiss.) Bor
(Poaceae) in four regions of Iran, Sarbaz, Jiruft,
Dezfool, and Masjid Soleiman, Mirjalili et al. [35]
concluded that the nearby altitudes of 300-600 m in
the regions of Masjid Soleiman and Jiruft had a
greater effect on the function of the essential oil in
the lemongrass. The identification of the chemical
composition of Ziziphora clinopodioides Lam.
(Lamiaceae) in different altitudes in several areas
indicated that there were different composition
percentages at different altitudes and areas, and that
other environmental factors, such as soil, also had a
role in the differences [36].
As shown in the results of this study, the
correlation between the soil properties and the
quantity and quality of the essential oil were
different. It is interesting to note that in comparison
of both habitats, amounts of common essential oil
compositions of S. hydrangea were more in Kiasar
(altitude of 1100 m), where the nutrient (OM,
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CaCO3, P, K, Fe, Zn, Cu) content of the soil was
higher. Generally, it can be concluded that in
addition to altitude, the soil influences the essential
oils content and composition of S. hydrangea
The previously reported S. hydrangea oil from
Fars-Abadeh, Iran was found to be rich in β
caryophyllene (25.2%), 1,8-cineole (15.2%) and
caryophyllene oxide (11.1%) [18]. In the oil from
Esfahan, Iran the major constituent were 1,8cineole (28.4%), caryophyllene oxide (16.4%), αpinene (14.6%) and β-pinene (14.2%) [37],
whereas in the oil from Dehaghan the main
constituents were β–caryophyllene (33.4%) and
caryophyllene oxide (25.4%) [16]. Kotan et al. [17]
identified 54 components in the oil of S. hydrangea
from Turky. Camphor (54.2%), α-humulene
(4.0%), cis-sesquisabinene hydrate (2.8%),
myrtenol (2.6%), β-bisabolol (2.2%) and 1,8cineole (2.1%) were found to be predominant
components. According to the results of GC–MS
analysis of S. hydrangea oil from Fars-Tekab, Iran,
β–caryophyllene (26.2%), 1,8-cineole (14.2%) and
α-pinene (11.2%) represented the major compound
[18].
This prompts speculation as to the role of not only
the genetic composition of the plants and
geographic variation but also the nutrient status of
the substrate in determining the quantity and
quality of S. hydrangea oil.
Several authors considered the type and
composition of the soil as one of the determinant
factors in secondary metabolites composition and
that of volatiles in particular, in addition to other
explanations for the differences found in oils of the
same species [30]. Pluhár et al. [7], through
assessment of environmental factors affecting the
essential oil of T. pannonicus and T. praecox found
that quantity and quality of the essential oil existed
in T. pannonicus depends on pH, K CaCO3, Mn,
Mg, Fe, Co and Cr in the soil while, in T. Praecox,
high levels of thymol depends on the
concentrations of Na, K, Mn and Cd in the soil.
Habibi et al. [31] expressed that there was different
correlation between the elements existed in the soil
and the quality of the essential oil of T.
kotschyanus. In addition, Figueiredo et al. [30]
working on the specie Achillea plarmica concluded
that there was a significant relationship between the
amount of the essential oil compounds and the soil
and bioclimatic factors.
Although different soil properties affect the growth
and the increase in the quantity and quality of the
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substance in medicinal plants, we cannot only rely
on the soil properties. The different essential oil
compositions of a species found for different
origins reflect the different environmental
conditions of each particular location (different
altitudes, different solar exposition, different soil
types, etc.). We cannot forget that all these things
mix together, so the differences in the oil
composition found for different geographical
origins are also due to genetic differences.
Conclusion
In our study, it has been shown that the oils of wild
growing S. hydrangea in Kiarar-Hezarjarib, Iran is
rich in 1,8-cineole, camphor, β-pinen, naphthalene,
bicycleheptan, δ-cadinene, and ylangene. In lower
altitude, 1,8-cineole and camphor were the major
components respectively while, in higher altitude
naphthalene and 1,8-cineole were dominant
components respectively. This study showed that
the altitude and soil properties play a significant
role in the oil yield and constituents in S.
hydrangea However, the higher essential oil
efficiency and compositions were found in the
higher altitude, percentage of the essential oil
compounds was more in the lower altitude where
the nutrient content of the soil was higher. We can
conclude that at lower altitudes there are more
optimal conditions for the plant harvest and taking
essential oil. Moreover, the occurrence of different
oils of a species from different geographical areas
may also be determined by the processing of the
material after harvest.
Knowledge of the compositions of the indigenous
medicinal plants in Iran can assist in employing the
medicinal plant resources. Results obtained from
investigating the essentials oils can assist in
standardizing the medicinal products. In addition,
considering the effect of various environmental
factors, further studies are recommended to
ascertain S. hydrangea chemical profile because of
the geographical variations in Iran, and the vast
distribution of S. hydrangea in Iran.
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