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Abstract. The study of plant under environmental conditions leads to an appreciation of
their physical and chemical requirements for growth and reproduction. It contributes to
increase the knowledge of where the plants grow. This study was conducted to determine
the main autecological characteristics of Salvia hydrangea L. which is an endemic plant
distributed in Mazanadarn province, Iran. The habitats of this species (altitude of 1100, 1700
and 2000m) were identified (2014) and then, the climatic and edaphic characteristics of
habitats were determined. Surveys of the plant in the habitats were done along the transect
(100m) within quadrant (4m?) with a systematically randomized method during major
phenological stages of the plant. Phenological stages and some plant characteristics such as
density, canopy cover, plant height and root system were studied. Results showed that in
lower altitudes, vegetative growth starts in the middle of February and follows the flowering
at the end of May whereas in higher altitudes, the plant starts vegetative growth in the early
March and reaches fully flowered at the end of June. The mean annual rainfall and
temperature of the habitats ranged from 383-540 mm and 21-24°C, respectively. Results
showed that the plant density and canopy cover decreased slowly with increasing altitude
while reaching the minimum value in the altitude of 2000m. The root depth of plant in the
loamy sand soils was deeper than the clay loamy soils. Density and other measured vegetal
factors of plant decreased with decreasing the nutrient content of soil. Loamy sand and clay
loamy soils of the habitat had pH near neutral and EC varying from 0.43 to 0.90 dS m™. It
was concluded that the plant generally prefers the climate conditions with high temperature
and high rainfall. In lower altitudes with more soil nutrients, there are more optimal
conditions for the domestication and harvesting of S. hydrangea L. as a medicinal plant.
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Introduction

Knowledge of ecological factors such as
properties of soil, topography, climate,
and disturbance influencing the plant
species distribution is essential for the
conservation, management, and recovery
of rangeland ecosystems (Ajeer and
Shahmoradi, 2007; Nautiyal et al., 2009;
Fakhireh et al., 2012). Autecological
studies are essential for the determination
of ecological requirements of plant species
and provide basic knowledge for relevant
authorities such as range managers
(Abarseji et al., 2007) in identifying
suitable plant species for the rehabilitation
of degraded rangeland (Fakhireh et al.,
2012).

The genus Salvia which includes over
900 morphological species is one of the
largest members of the Lamiaceae family.
It is widely distributed from the coastal
region of Mediterranean to Asia (Rajabi et
al., 2014). The plant species belongs to
Irano-Touranian region (Zohary, 1963).
Many species of this genus are found in
Iran. S. hydrangea L. (Lamiaceae) is a
perennial and erect shrub plant with 20-60
cm height. The leaves are pinnatisect with
oblong elliptic terminal segment. The
petiole is 5-10 mm. The flowers are
zygomorphic symmetric and arranged
verticillately on the plant and 4-12 flowers
are present at verticillasters. Flowers are
2-lipped pink-red in whorls forming
panicles. The color of calyx is violet-pink.
The fruit type is nutlet (Rechinger et al.,
1982).

According to Rechinger et al. (1982),
the plant species grows wildly in many
regions of Iran such as Azerbaijan,
Kurdistan, Gilan, Qazvin, Tehran,
Kerman, Markazi, Mazandaran, Esfahan,
Lorestan, Fars, Sistan and Baluchestan
provinces. The essential oils of S.
hydrangea L. are commonly used in the
food, drug and perfumery industries
(Jenks and Kim, 2013; Rajabi et al., 2014).
It is well known among people and widely
used for medicinal purposes in several
regions of the world (Ozcan et al., 2003).
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Although the growth and increase in
the quantity and quality of substance in
medicinal plants take place mainly due to
genetic processes, ecological factors also
play an important role in this regard. Such
factors help to bring about certain changes
in the growth and yield of medicinal plant
(Omidbeigi, 2005; Mahdavi et al., 2013).
Beside climatic conditions at the growing
site, other factors are the edaphic ones
(Manukyan, 2011). Voirin et al. (1990)
reported that photoperiod affected the
plant growth. Other studies have also
reported the influences of mineral
nutrients (Graven et al., 1991; Pluhar et
al., 2007; Ardakani and Mafakheri, 2011;
Moradi et al., 2014), drought (Ardakani
and Mafakheri, 2011), and light intensity
and altitude (Ebrahimi-Kebria, 2002;
Jaakola et al., 2004; Alonso-Amelot et al.,
2007; Haider et al., 2009; Mahdavi et al.,
2013) on the plant growth.

Totally, these factors can also trigger
the abrupt activation of qualitative
changes in  secondary  metabolite
production (Lommen et al., 2008;
Mahdavi et al., 2013). Since plants cannot
escape from the environmental extremes
of light, temperature, and drought and
move to the regions with better nutritional
conditions; thus, they have evolved highly
complex mechanisms to integrate
physiology and metabolism in order to
adapt the conditions to which they are
exposed (Ncube et al., 2012).

The present study attempts to
investigate some autecological
characteristics of S. hydrangea L. to reveal
its ecological requirements in
Mazandaran, Iran.

Materials and Methods

The study area

The study areas are located in Mazandaran
province (36°13'34” N, 52°31'54" E,
North of Iran). The regional climate is
classified as cold and semiarid. According
to data available for the period of 2006—
2013 from National Meteorological
Information Center of Iran, the mean
annual rainfall is 483 mm with the mean
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annual  maximum and  minimum
temperature of 385 and 12.8°C,
respectively. Mean relative humidity and
annual evaporation were 70% and 900 mm
over previous 20 years, respectively. Only
three habitats of S. hydrangea L. were
identified in Mazandaran province (Fig 1).
The collection habitats were near Chaloos
village (loamy sand soil) and Langar
village (loamy sand soil) in Kiasar region
and Sorkh-Geryeh village (clay loamy
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soil) in Hezarjarib Behshahr region (Table
1). The climatic (temperature, rainfall),
topographic (slope, altitude), and edaphic
(physical and chemical) properties of the
habitats were determined in the key areas.
Meteorological data including rainfall,
temperature, evaporation, and relative
humidity were obtained from Airport
Meteorological Station of Mazandaran.
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Fig. 1. Map of Habitats of S. hydrangea L. in Mazandaran province, Iran

Table 1. Geographical position and meteorological data of sampling sites of S. hydrangea L. in this study

Sites Elevation Rainfall Geographical Position  Annual Temperature Evaporation  Relative
°C
(m) (mm) Longitude Latitude Max Min  Mean  (mm) Humidity
(%)
Chaloo 1100 540 53°32'11" 35°14'12" 37 13 24 973 69
Langar 1700 500 53°37'03" 36°12'13” 35 11 23 970 69
Sorkh- 2000 383 54°37'03" 36°26'36"” 32 10 21 892 68
Geryeh

*Temperatures are yearly maximum, minimum and average as measured during 2007, 2009, 2014

M R H: Mean relative humidity, E: Evaporation

Sampling Method

The distribution areas of S. hydrangea L.
were delineated through searching the
literature involving the published reports,
land use maps, and vegetation type maps
as well as field inspection. Three key areas
(500 m x 2200 m) with five replications
were selected in the wild habitats of S.
hydrangea L. with respect to its
distribution pattern. The measurements
were performed only in the selected key
areas. Surveys of plant species in wild
habitats were done along transects (100 m)
within quadrants (4 m? each) with a
systematically randomized method during

major phenological stages of the plant
species by weekly field inspections and
interviews with rural villagers. In each key
area, five transects were established in two
directions of general slope. In total, 15
transects (75 plots) were sampled in the
sites.

Data on the plant height, canopy cover,
frequency and density of S. hydrangea L.
were directly obtained in the field using
transect and quadrate method (Hanley,

1978).  Species identification and
nomenclature were carried out in the
laboratory of Zabol University, Iran

according to Rechinger et al. (1982). In
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each key area, soil samples from the root
zone were collected from each surveyed
quadrate. The soils were put in plastic
bags with a label; thereafter, they were air
dried, ground to pass through a 2 mm
sieve, and taken to the laboratory of
Agriculture and Natural Resources
Research Center, Mazandaran, Iran for the
analysis of soil physical and chemical
properties. The soil texture was
determined using a laser diffractometry
(Wang et al., 2012); then, 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) (Thomas, 1996).
Electrical conductivity of saturated soil
paste extract (EC) was computed using an
EC-meter (Rhoades, 1996). Organic
matter content was determined using the
methods described by Lo et al. (2011).
Available phosphorus was determined by
the method of Bray and Kurtz (1954).
Potassium was measured by flame
photometry method (Knudsen et al.,,
1982). Saturation percent (SP) was
determined by the weighing method
(Wilcox, 1951). Mg, Fe, Cu, Zn and Mn
were determined by the atomic absorption
method using ICP/OES (GBC Avanta,
Australia)  (Allan, 1958). Calcium
carbonate was determined volumetrically
by a calcimeter (Allison and Moodie,
1965).

Table 2. Phenological stages of S. hydrangea L.
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Statistical analysis

The statistical processing was mainly
conducted by the analysis of variance.
Before performing the analysis, data were
first checked for their normality with the
Kolmogorov—Smirnov test and for the
homogeneity of variance with the
Levene's test (p<0.05) and if necessary,
data were log-transformed. All the
reported results are the means of five
replicates and deviations were calculated
as the standard errors of mean (SEM).
Duncan test analysis was performed to
define which specific mean pairs were
significantly different. A probability of
0.05 or a lower one was considered
significant. All the statistical calculations
were performed using SPSS release 18.0.

Results

Phenological stags and vegetation
characteristics

At lower altitudes (1100 m), S. hydrangea
L. started the vegetative growth in the
middle of February, reached a peak
growth at the end of April, and fully
flowered at the end of May. In the middle
of June, seeds appeared (Table 2) whereas
in higher altitude (1700 m and 2000 m),
the plant species started vegetative growth
in the early March, reached a peak growth
at the end of May, and fully flowered at
the end of June. Seed production started in
the early of July (Table 2).

May Jun Jul Aug Sep Oct Nov Dec Jan

Altitude Vegetative stage  Feb Mar Apr
Chaloo Initial growth
(1100 m) Vegetative

growth

Flowering

Seed production
Seed maturity

Dormancy
Langar and Initial growth
Sorkh- Vegetative
Geryeh growth

(1700-2000 m)  Flowering
Seed production
Seed maturity
Dormancy

!-—

Results showed that the plant density of S.
hydrangea L. decreased slowly with

increasing the altitude, reaching the
minimum value in the area with the
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altitude of 2000 m and the maximum
density of plant species was observed in
Chaloo village (altitude of 1100 m) (Table
3). The same trend was also observed for
the other measured vegetal factors of plant
species. This indicated that the plant
generally prefers the climate conditions
with high temperature and high rainfall.
Rooting depth was up to 50 cm in the soil.
A lot of lateral roots occurred from the
main root. The results showed that rooting
depth of S. hydrangea L. in the loamy sand
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soils (Chaloo village, altitude of 1100 m
and Langar village, altitude of 1700 m)
was deeper than in the clay loamy soils
(Sorkh-Geryeh village, altitude of 2000
m) (Table 3). Density and other measured
vegetal factors of S. hydrangea L.
decreased with decreasing the nutrient
(OM, CaCOs, P, K, Fe, Zn, Cu) content of
the soil. The morphological characteristics
of S. hydrangea L. (height and root depth)
in the loamy sandy soils were greater than
the clay loamy soils.

Table 3. Some vegetation characteristics of S. hydrangea L. in the study areas

Habitat
Characteristics Chaloo Langar Sorkh-Geryeh Sig
(altitude 1100 m) (altitude 1700 m) (altitude 2000 m)
Density (No. ha™? 27.00x10%+0.462 20.00x10%+0.422 10.11x10%+0.33° 0.00™
Frequency 96.60? 93.33» 90.00° 0.05"
Canopy cover (%) 27.00+0.312 18.73+0.24° 16.30+0.22° 0.05"
Height (cm) 50+ 0.41° 40+0.22% 33+0.18° 0.03"
Rooting depth (cm) 52+0.40% 41+0.202 33+0.17° 0.00™

Values (+SE) within a row followed by the different letter are significantly difference (p<0.05)
*and ""=significant at the 0.05 and 0.01 probability level, respectively

Soil properties of habitats

General properties of soil samples
collected from the natural habitats are
given in Table 4. The habitats differed
considerably in terms of chemistry (Table
4). The soil of habitats at the altitudes of
1100 m (Chaloo) and 1700 m (Langar)
was characterized as loamy sand whereas
in the altitude of 2000 m (Sorkh-Geryeh),
the soil texture was clay loamy. The soil
acidity in the habitats was near neutral
(pH=7.86-7.87). The EC varied from 0.43
to 0.90 dS m in the habitats indicating
that S. hydrangea L. grows in the non-
saline soils (Table 4).

The organic matter of soil of habitats
varied from 1.01 - 3.00%. These soils are
rich in terms of the organic matter. The
calcium carbonate content of soils of S.
hydrangea L. varied from 19-49%. It can
be seen that this plant generally prefers the
calcareous soils (Table 4). The soil of S.
hydrangea L. was rich in terms of
potassium. The soil was very poor in terms
of micro-elements; however, in lower
altitude (1100 m), the soil amount of
micro and macro elements was more than
higher altitudes.
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Table 4. Characteristics of soil in the habitats of S. hydrangea L.
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Soil properties Habitat

Chaloo Langar Sorkh-Geryeh Sig

(altitude 1100 m) (altitude 1700 m) (altitude 2000 m)
ECe (dSm™) 0.68+0.00° 0.90+0.00? 0.43+0.00° 0.05"
pH 7.86+0.10% 7.70+0.10° 7.87+0.202 0.24"
OM (%) 3.00£0.032 1.20+0.00° 1.01+0.00° 0.05"
CaCOs (%) 49.00+2.50? 42.00+2.07° 19.00+1.13° 0.00™
S.P (%) 42.01+2.00? 48.00+2.40? 60.00+2.532 0.00™
P (mg Kg™?) 11.50+0.73? 4.80+0.12° 7.30+0.24° 0.01™
K (mg Kg*) 509.00+21.60? 224.00+7.44° 278.00+5.78° 0.00™
Mg (mg Kg?) 216.00+6.42° 349.01+8.092 426.00+18.76° 0.00™
Fe (mg Kg?) 7.40£0.112 3.50+0.03° 3.90+0.01° 0.01™
Mn (mg Kg?) 3.70£0.012 3.60+0.042 8.50+0.232 0.00™
Zn (mg Kg?) 1.50+0.01° 1.30+0.00? 1.20+0.01° 0.07"
Cu (mg Kg?) 0.80+0.00% 0.60+0.00? 0.70+0.002 0.60"s
Silt (%) 19.00° 20.00° 39.00° 0.05*
Sand (%) 78.00° 77.00? 28.00° 0.05*
Clay (%) 3.00° 3.00° 32.00° 0.01*
Texture Loamy sand Loamy sand Clay loamy -

Values (+SE) within a row followed by different letters are significantly different (p<0.05)

* Kk

Discussion

Investigating the relationship between
different plants with biotic and abiotic
components which are in an ecosystem is
usually a part of ecological studies. The
results of studies help to improve our
knowledge of each plant species (Jafari et
al., 2013). The distribution, pattern and
abundance of plant species have been
related to three groups of factors: physical
environmental variables, soil chemistry
and anthropogenic disturbance (Enright et

al., 2005).
The most common, unavoidable
interaction occurring in the plant

communities is the plant-environment
interaction. External factors quantitatively
affect the plant metabolic processes
through their effects on plant development
and growth rates. These factors can also
trigger the abrupt activation of qualitative
changes in  secondary  metabolite
production (Lommen et al., 2008;
Mahdavi et al., 2013). Although the
relationships between plant and both soil
properties and environmental factors have
been well developed for some plants, a
comparable understanding of how a
variety of plant species in native
rangelands may respond to soil properties

and ™=significant at 0.05 and 0.01 probability levels and non-significant, respectively

and environmental factors is poorly
developed (Rezaei, 2003; Masoodipour et
al., 2014; Moradi et al., 2014).

The present study investigated some
characteristics and autecological ones of
S. hydrangea L. in Mazandaran province.
It is important to know the factors that
influence the plant characteristics, and
their specific requirements for each
particular case. The factors include: (a)
physiological variations, (b)
environmental conditions, (c) geographic
variations, (d) genetic factors and
evolution, and also (f) the amount of plant
material/space and manual labor needs
(Figueiredo et al., 2008).

In fact, these factors cause the
establishment of different kinds of plant
species in different habitats (Jafari et al.,
2003) and they may be able to distinguish
plant species from each other (Metaji and
Zahedi-Amiri, 2006). It is interesting to
note that all these things mix together
(Mesdaghi, 2003) so that the differences in
the plant species found for the same
geographical origins are due to the
differences in their natural habitats
(Makhdoom, 2002).

Zhang and Dong (2010) in the study of
relationships between environmental factors
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and vegetation diversity in Lesi plateau of
China observed that altitude, soil type, slope
and aspect were important factors in Lesi
zones' recovery and had the determinant
roles in vegetation distribution. Also,
Ebrahimi-Kebria (2002) showed that
topographic factors had a considerable
effect on the plant cover and diversity in
Sefid-Ab of Haraz basin, Iran. Moradi and
Ahmadipour (2006) in the investigation of
morphology and soil roles in the plant
vegetation in Vas sub watershed basin,
Mazandaran, Iran reported that slope, aspect
and altitude provides different conditions
for the plant growth and expansion. Moradi
etal. (2014) in a study in Kakan watershed
located in Kohgelouye and Bouyerahmad
province, Iran indicated that such edaphic
factors as soil texture, organic carbon,
total nitrogen and magnesium and such
topographic features as slope, aspect and
altitude play major roles in the plant
establishment and distribution.

In the present study with respect to
different  topographic and climatic
conditions across the study habitats, it can
be concluded that altitude and soil
properties were major determinants in the
establishment and distribution of S.
hydrangea L. Altitude has a vital role in
the growth and production of plants in a
variety of natural ecosystems and areas
(Habibi et al., 2006; Haider et al., 2009;
Mahdavi et al., 2013). It is one of the
indirect environmental gradients which
may have direct effects on environmental
gradients such as climate and soil and
directly affect the other factors including
temperature through which plant species
distribution will be also changed and the
rangeland ecosystem structure will be
revolutionized (Ebrahimi et al., 2015). So,
increasing and decreasing the altitude
level can change the temperature, relative
humidity, wind speed, available water to
the plant root and sunlight rates; hence,
regarding the altitude level changes,
ecophysiological reactions of plant will
also change (Mahzooni-Kachapi et al.,
2014).
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The morphological characteristics of S.
hydrangea L. were significantly different
in the habitats with different conditions.
As shown in the results of this study, the
soils on which S. hydrangea L. grows have
a pH value near neutral and these soils are
non-saline and calcareous. A comparison
of our data with those of other researchers
reveals that other species of Salvia (e.g., S.
wiedemannii  Boiss., S. kronenburgii
Rech. Fil. and S. rosifolia Sm.) distributed
in the near region occupy the calcareous
and non-saline soils (Kaya and Aksakal,
2007).

It is interesting to note that in
comparison of three habitats, density,
canopy cover, height and rooting depth of
S. hydrangea L. were more in Chaloo
habitat (lower altitude) where the nutrient
(OM, CaCOs, P, K, Fe, Zn, Cu) content of
soil was higher. Generally, it can be
concluded that in addition to altitude, the
soil influences the growth of S. hydrangea
L. Marked variations in the growth of S.
hydrangea L. from various areas have
been reported. In an investigation of the
effects of environmental factors on the
distribution of S. hydrangea L. in Kerman
province (Iran), Saber-Amoli et al. (2008)
reported that the plant generally prefers
the clay sandy soils and was dominant in
the altitude of 1850 m with the mean
annual precipitation of 250 mm and mean
temperature of 15°C. Also, S. hydrangea
L. growing in Yazd province, Iran has
been reported to prefer the sandy clay soils
and was more abundant in the altitude of
2147 m with the mean annual precipitation
of 308 mm and mean temperature of 16 °C
(Zarezadeh et al., 2007).

Conclusion

Very few ecological studies have been
conducted on S. hydrangea L. in Iran used
in pharmaceutical, ornamental, and tea
industries. Results showed that all the
measured vegetal factors of S. hydrangea
L. decreased slowly with increasing the
altitude, reaching the minimum value in
the area with higher altitude. Results
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indicated that S. hydrangea L. generally
prefers the climate conditions with high
temperature and high rainfall. Rooting
depth of S. hydrangea L. in the loamy sand
soils was deeper than the clay loamy soils.
The morphological characteristics of S.
hydrangea L. in the loamy sand soils were
greater than the clay loamy soils. General
properties of soil showed that the habitats
of S. hydrangea L. differed considerably
in terms of chemistry. S. hydrangea L.
grows in the non-saline soils and prefers
the calcareous soils. Hence, we can
conclude that at lower altitudes, there are
more optimal conditions for this plant
domestication and harvest. Considering
the effect of wvarious environmental
factors, further studies of S. hydrangea L.
from different locations in Iran are
necessary to ascertain its environmental
requirements.

Acknowledgements

The work was conducted as part of
scientific research. The assistance of the
laboratory of University of Zabol,
Department of Range and Watershed
Management for analysis of soil is
gratefully acknowledged.

Literature Cited

Abarseji, G.H., Shahmoradim, I., Zarekia, S.,
2007. Investigation of autecology of Hedysarum
kopetdaghi in rangelands in Golestan Province,
Iran. Jour. Range Desert Research. 14: 421-431.
(In Persian).

Ajeer, F. and Shahmoradi, A., 2007. Autecology of
range plants species of Ferula ovina in Tehran
Province. Jour. Range Desert Research. 14: 367—
359. (In Persian).

Allan, J.E., 1958. Atomic-absorption
spectrophotometry with special reference to the
determination of magnesium. Analyst. 83: 466—
471.

Allison, L.E. and Moodie, C.D., 1965. Carbonates.
In: Black, C.A, ed. Methods of Soil Analysis,
American Society of Agronomy, Soil Science
Society of America. Madison, WI. p. 1379-1400.

Alonso-Amelot, M.E., Oliveros-Bastidas, A.,
Calcagno-Pisarelli, M.P., 2007. Phenolics and
condensed tannins of high altitude Pteridium

Some Autecological .../ 260

arachnoideum in relation to sunlight exposure,
elevation, and rain regime. Biochem. Syst. Ecol.
35: 1-10.

Ardakani, M.R. and Mafakheri, S. 2011. Designing
a sustainable agro ecosystem for wheat (Triticum
aestivum L.) production. Jour. Appl Environ Biol
Sci. 1 (10): 401-413. (In Persian).

Bray, R.H. and Kurtz, L.T., 1954. Determination
of total, organic and available forms of
phosphorus in soils. Jour. Soil Sci. 39-45.

Ebrahimi, M., Masoodipour, A.R., Rigi, M., 2015.
Role of soil and topographic features in
distribution of plant species (Case study: Sanib
Taftan watershed). Ecopersia. 3(1): 917-932. (In
Persian).

Ebrahimi-Kebria, K. 2002. Investigation of
topographic factors effects and grazing on plant
cover percentage and diversity in Sefid-Ab of
Haraz basin rangeland. M.Sc. thesis of
Mazandaran University 90 p. (In Persian).

Enright, N.J., Miller, B.P., Akhter, R., 2005.
Desert vegetation and vegetation-environment
relationships in Kirthar National Park, Sindh,
Pakistan. Jour. Arid Environ. 61: 397-418.

Fakhireh, A., Ajorlo, M., Shahryari, A., Mansouri,
S.H., Nouri, S., Pahlavanravi, A., 2012. The
autecological characteristics of Desmostachya
bipinnata in hyper-arid regions. Turk Jour. Bot.
36: 690-696. (In Persian).

Figueiredo, A.C., Barroso, J.G., Pedro, L.G,,
Scheffer, JJ.C., 2008. Factors effecting
secondary metabolite production in plant:
volatile. components and essential oils. Flavour
Fragr Jour. 23: 213-226.

Graven, E.H., Webber, L., Benians, G., Venter, M.,
Gardner, J.B., 1991. Effect of soil type and
nutrient status on the yield and composition of
Tagetes Oil (Tagetes minuta L.). Jour. Ess. Qil
Res. 3: 303-307.

Habibi, H., Mazaheri, D., Majnoon-Hassani, N.,
Chaeechi, M.R., Fakhr-Tabatabaee, M., Bigdeli,
M., 2006. Investigating the effects of altitudes on
the essential oil and herbal compositions of
Thymus kotschyanus in Taleghan. Jour. Res
Construct. 19(4): 2-10. (In Persian).

Haider, F., Kumar, N., Banerjee, S., Nagvi, A.A.,
Bagchi, G.D., 2009. Effect of altitude on the
essential  oil  constituents of  Artemisia
roxburghiana Besser var. purpurascens (Jacg.)
Hook. Jour. Essent. Oil Res. 21: 302-303.

Hanley, T.A., 1978. A comparison of the line-
interception and quadrate estimation methods of
determining shrub canopy coverage. Jour. Range
Manage. 31:60-62.



Journal of Rangeland Science, 2016, Vol. 6, No. 3

Jaakola, L., Maatta-Riihinen, K., Karenlampi, S.,
Hohtola, A., 2004. Activation of flavonoid
biosynthesis by solar radiation in bilberry
(Vaccinium myrtillus L.) leaves. Planta. 218:
721-728.

Jafari, M., Biniaz, M., Janfaza, E., Nematolahi,
M.J., Karimpour Reyhan, M., 2013. Relationship
between soil characteristics and vegetation types
in Damghan. Int. Jour. Desert. 17: 129-135(In
Persian).

Jafari, M., Zare Chahouki, M.A., Tavili, A,
Azarnivand, H., 2003. Soil- Vegetation
relationship in hoz-esoltan region of Qom
province, Iran. Jour. Nutr. 2(6): 329-334. (In
Persian).

Jenks, A.A. and Kim, S.C., 2013. Medicinal plant
complexes of Salvia subgenus Calosphace: an
ethnobotanical study of new world sages. Jour.
Ethnopharmacol. 146: 214-224.

Kaya, Y. and Aksakal, O., 2007. The
morphological and autecological properties of
Salvia rosifolia Sm. (Lamiaceae) grown in
Erzurum and its Environs in Turkey. Pak Jour.
Bio Sci. 10: 2178-2184.

Knudsen, D., Peterson, G.A., Pratt, P., 1982.
Lithium, sodium and potassium. In; Page, A.L.,
ed. Methods of Soil Analysis. American Society
of Agronomy, Soil Science Society of America.
Madison, WI. p. 225-246.

Lo, I., Tsang, D., Yip, T., Wang, F., Zhang, W.H.,
2011. Influence of injection conditions on
EDDS-flushing of metal-contaminated soil. Jour.
Hazard. Mater.192: 667—675.

Lommen, W.J.M., Bouwmeester, H.J., Schenk, E.,
Verstappen, F.W.A., Elzinga, S., Struik, P.C,,
2008. Modeling processes determining and
limiting the production of secondary metabolites
during crop growth: the example of antimalarial
artemisinin produced in Artemisia annua. Acta
Hortic. 765: 87-94.

Mahdavi, M., Jouri, M.H., Mahmoudi, J.,
Rezazadeh, F., Mahzooni-Kachapi, S.S., 2013.
Investigating the altitude effect on the quantity
and quality of the essential oil in Tanacetum
polycephalum Sch.-Bip. polycephalum in the
Baladeh region of Nour, Iran. Chin J Nat Med.
11(5): 553-559. (In Persian).

Mahzenoozi-Kachpi, S.S., Mahdavi, M., Jouri,
M.H., Akbarzadeh, L., 2014. The effects of
altitude on chemical compositions and function
of essential oils in Stachys lavadulifolia Vahl.
(Iran). Int. Jour. Med. Arom. Plants. 4 (2): 107—
116. (In Persian).

Ebrahimi and Ranjbar/ 261

Makhdoom, V., 2002. The land logistics model.
University of Tehran press, Iran. 289 p. (In
Persian).

Manukyan, A., 2011. Effect of growing factors on
productivity and quality of lemon catmint, lemon
balm and sage under soilless greenhouse
production: Il. Nitrogen stress. Medicinal and
aromatic plant science and biotechnology. 5(2):
126-132.

Masoodipour, A.R., Ebrahimi, M., Rigi, M., 2014.
Effect of edaphic, geologic and topographic
characteristics in the distribution of plant species
in the Sanib Taftan watershed. Range
Management M.Sc. Thesis. University of Zabol.
116 p. (In Persian).

Metaji, A. and Zahedi-Amiri, G.H., 2006. The
relationship between plant ecologic groups and
edaphic conditions of the habitat (Case study:
Khiroud kenar forest of Noshahr). Nat. Resour.
Jour. 59(4): 453-863. (In Persian).

Mesdaghi, M., 2003. Range management in Iran.
Astan Ghods Razavi press, Mashhad, Iran. 252 p.
(In Persian).

Moradi, H. and Ahmadipour, S., 2006.
Investigation the role of morphology and soil on
plant vegetation using GIS in Vas sub watershed
basin, North of Iran. Geogr. Res. Jour. 58: 17-32.
(In Persian).

Moradi, M., Ebrahimi, M., Armin, M., 2014. The
role of edaphic and topographic factors in plant
species distribution of geological formations in
Kakan  watersheds of Kohgelouye-and-
Boyerahmad province, Iran. Range Management
M.Sc. Thesis. University of Zabol. 116 p. (In
Persian). (In Persian).

Nautiyal, B.P., Nautiyal, M.C., Khanduri, V.P.,
Rawat, N., 2009. Floral biology of Aconitum
heterophyllum Wall.: A critically endangered
alpine medicinal plant of Himalaya, India. Turk
Jour. Bot. 33: 13-20.

Ncube, B., Finnie, J.F., Van Staden, J., 2012.
Quality from the field: The impact of
environmental factors as quality determinants in
medicinal plants. Afr. Jour. Bot. 82: 11-20.

Omidbeigi, R., 2005. Production and
manufacturing the herbs. Mashhad, Beh-nashr
press, 37 p. (In Persian).

Ozcan, M., Tzakou, O., Couladis, M., 2003.
Essential oil composition of Turkish herbal tea
(Salvia aucheri Bentham var. canescens Boiss.
and Heldr.). Flavour Fragr Jour. 18: 325-327.

Pluhér. Z., Héthelyi. E., Kutta. G., Kamondy. L.,
2007. Evaluation of environmental factors
influencing essential oil quality of Thymus
pannonicus All and Thymus praecox opiz. Jour.



J. of Range. Sci., 2016, Vol. 6, No. 3

Herbs, Spices and Medicinal Plants. 13 (1): 23—
43.

Rajabi, Z., Ebrahimi, M., Farajpoura, M., Mirza,
M., Ramshini, H., 2014. Compositions and yield
variation of essential oils among and within nine
Salvia species from various areas of Iran. Ind.
Crops Prod. 61: 233-239. (In Persian).

Rechinger, K.H., Seybold, S., Mennema, J.,
Hedge, 1.C., 1982. Labiatae. In: Rechinger, K.H
ed, Flora Iranica. Akademisch Druck-u.
Verlagsanstalt. Graz-Austria, 417 p.

Rezaei, S.A., 2003. The use of a soil quality index
in site capability assessment for extensive
grazing. PhD Dissertation, University of Western
Australia, Perth, Australia. 93 p. (In Persian).

Rhoades, J.D., 1996. Salinity: Electrical
conductivity and total dissolved solids. In: Page,
A.L., ed. Methods of soil analysis. American
Society of Agronomy. Madison, WI. pp. 417-
435.

Saber Amoli, S., Noroozi, S.H., Shekarchian, A.,
Akbarzadeh, M., Kodoori, M., 2008.
Investigation of ecological factors of essential oil
of Labiatae species in Kerman province. Jour.
Medicinal and Aromatic Plants. 23: 532-543 (In
Persian).

Thomas, G.W., 1996. Soil pH and soil acidity, In:
Sparks, D.L., ed, Methods of soil analysis,
American Society of Agronomy, Soil Science
Society of America. Madison, WI. pp. 475-490.

Voirin, B., Brun, N., Bayet, C., 1990. Effects of
day length on the monoterpene composition of
leaves of Mentha piperita. Phytochemistry. 29
(3): 749-755.

Wang, A, Luo, C,, Yang, R., Chen, Y., Shen, Z.,
Li, X., 2012. Metal leaching along soil profiles
after the EDDS application-A field study.
Environ. Pollut. 164: 204-210.

Wilcox, L.V., 1951. A method for calculating the
saturation percentage from the weight of a known
volume of saturated soil paste. Eur. Jour. Soil
Sci. 73:233-238.

Zarezadeh, A., Rezaee, M.B., Mirhosseini, A.,
Shamszadeh, M., 2007. Ecological investigation
of some aromatic plants from Lamiaceae family
in Yazd province. Jour. Medicinal and Aromatic
Plants. 23: 432-442. (In Persian).

Zhang, J.T., Dong, Y., 2010. Factors affecting
species diversity of plant communities and the
restoration process in the loess area of China.
Ecol. Eng. 36: 345-350.

Zohary, M., 1963. On the geobotanical structure of
Iran. Section D, Botany. Supplement. Bulletin of
the Research Council of Israel. 113 p.

Some Autecological .../ 262



Journal of Rangeland Science, 2016, Vol. 6, No. 3 Ebrahimi and Ranjbar/ 263

obuwl 4o Salvia hydrangea L. og,ls oS 6598951 &l b Sy 5y

RETC TR VOUNI N JU PYRVIN

maebrahimi2007 @UOZ.aC. i1 : S5 g 58Il oy d(Jgimn 005,55) ol olKitsls syl 5umn] 5 a5 0 09,8 ¢ bobiwl &

ol olRisls ¢ g lo susul g @5 50 09,5 (5 yland yo o )| ol 157

VAFNY/Y il o fu )b
VWAB - VIYY iy o

508 sl bl abord 5 (S slails Iyo a4 e e lulyd con (LS adlas oduSey
o 53 52l aalllan 555 o ol iy o 5| St ol el gadgn (ol S5bon Jto a5
bl o9 sladisS 5l S, a5 Salvia hydrangea L. (s5¢)sS1 &l Sloogas sam cwyp jokaieds \YAF
) oM mhaw jo 9 (o Ver) aSly b yo deolSing; 5o olS obj)l ol sl el 55k
nolSityy, danl 3 b plal (Suiglyts Jolpe 5o Sloiam B0l g, 51 o3liial | (azyo e
SB Slasgas S s cordil Glavgas s 5 00,5 Lasde (2o Yore OVer ) ee Slelis)l)
il 5L s s 5 oS Elis o by 2 ST 1 Sy Sl (e 0 (s Lol
gl yo (2AlS Loy U g 00,5 o £, aiawl laulgl jo ol wly ol Olelas ) jo olo ylid mlis .o
L g ogdisoo £955 olo (220,958 shal jo oS ol SYL lelws )l jo oS Jlopo ol oo aslol Caigns)|
YVSYE 5 e oo YAY-OF+ 5l s 5 loolSitg, o dz )0 5 (Sl Laasgio 10,00 aslol ola s g
g cebls el eli)] Gl Bl idey gU g olS o515 a5 sls (las @l . 2lls ot ogeads a0
S 5| SEres b oy GBS j0 ol S Slgsatn; 09 e Vor e el lar by o jladie (n feS
el el Wb olelis ) o S Slié slge zals b olS luogas 530 5 o515 09 oy (o08)
S Calan CllB 5 ingy i L Ayl sl ol ) sng) 5 b sny) SSIS
axlllas 550 oS 355 T 5 (S s IS jebods el o s iancd /EY B o/o A Bl i drels
Oy balypl i e yolie b Siml Sleli)) o 5 e g0 ez 3 YL (5L g Leo b (gardBl Ll

S,l0 3529 9,10 oLS S lgicay S hydrangea L. (sl 4o

Salvia hydrangea L. « 5553 « So5955T (slo, 9256 ¢ 5951 T i guaudS WlodS



