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ABSTRACT: Thymus transcaspicus Klokov is a member of the genus Thymus. It is native to Iran with 
limited distribution in the Northeast. Thymus is a traditional medicinal plant which is also used as a spice 
and aromatic plant in different industries. In this investigation, genetic diversity of some Thymus 
transcaspicus populations were evaluated by using morphological traits and essential oil content. In the 
first trial, in order to determine diversity of this species for using in future breeding programs and also 
medicinal purposes, 25 genotypes related to five populations were evaluated using 32 quantitative and 
qualitative parameters. In based on cluster analysis, five populations separated into three groups. The 
most similar populations were between Hiqu and Pakotal, while most dissimilar populations were among 
Hiqu and Reiin . In the second experiment, oil content and composition of T. transcaspicus was 
determined. In general, 34 components were identified comprising 97.32% of total components in the oils. 
Thymol (35.71%), ρ- Cymene (19.14%), Carvacrol (9.22%), Borneol (8.23%), 1,8 cineol (3.83%) were the 
dominant compounds of essential oil. Yield percentage of essential oil was 1.2% (v/m) of plant dry matter. 
 
Keywords: Genetic resources, Quantitative and qualitative characters, Cluster analysis, Essential oil, 
Thymol 
 

INTRODUCTION 
 

 Thymus transcaspicus Klokov is a member of genus Thymus. It is native in Iran (Mozaffarian, 1998) 
with limited distribution in the Northeast and Turkmenistan and also this species is a restricted distribution 
in the Northeast of Iran, in addition grows in high altitudes almost from 1700 to 2800 m  (Rechinger, 1982; 
Borisova, 1977). The genus Thymus L. (Lamiaceae), is an aromatic and medicinal plant, includes numerous 
species with quite different botanical characteristics. Thyme oil is used for the treatment of bacterial and 
fungal infections, in mouthwash as an expectorant (Tabrizi, 2010). The essential oil of T. vulgaris is used 
as antibacterial, antifungal, antioxidant, antiseptic in acne and skin problems, carminative, diuretic, 
expectorant and mental stimulant in aromatherapy (Price and Price, 1999) Thymol is the main component 
of many Thymus spp, which is known as an antiseptic agent and used for hookworm treatment (Evans, 

1998; Stahl-Biskup, 1991).  

 Traditional methods for characterization and identification of species and genotypes are based on 
phenotypic observations. Morphological traits are useful for preliminary evaluation, because they greatly 
facilitate and also simple evaluation can be used as a general approach for assessing genetic diversity 
among morphologically distinguishable individuals. Morphological characterization combined with 
multivariate methods, such as principal component analysis (PCA), the most commonly applied, and cluster 
analysis, are useful tools for screening individuals for many plants such as almond (Chalak, 2007), 
Leonurus cardiac (Soorni, 2013) and Origanum vulgare (Andi, 2011). Multivariate techniques can help to 



Intl J Farm & Alli Sci. Vol., 3 (10): 1109-1116, 2014 

 

1110 

 

evaluate large data sets and resolve several phenotypic and genotypic measurements into fewer more 
interpretable and more easily visualized groups.  
 Phytochemical markers like essential oil composition have  used to characterize the level of variation 
in several medicinal plant species, for instance Ocimum basilicum (Labra, 2004), Thymus casepititius 
(Trindade, 2008), Zataria multiflora (Hadian, 2011), Satureja khuzistanica (Hadian, 2011) and Ziziphora 
clinopodioides ssp. rigida (Sonboli, 2010). Although this species is native in Iran, there are not much 
information on the chemical composition, particularly its essential oil constituents. Miri, (2002)  reported that 
there are 56.4% thymol, 7.7% -terpinene, 7.6% carvacrol, and 6.3% p-cymene in this species. Tabrizi, ., 
(2010) informed that, the essential oils of T. transcaspicus from different habitats were varied (1.3–2.3%), 
it could be because of different environmental conditions, and also two distinct chemotypes which is have 
identified. Thymol and carvacrol were the main constituents; in addition plants which grow in natural habitats 
have the highest amount of essential oil. 
 

MATERIALS AND METHODS 
 

Plants Materials  

 A total of 50 individuals of Thymus were studied in their natural habitats from five regions of three 
provinces in Iran. Ten plants were sampled randomly from each population. Sampling locations and their 
geographic coordinates are shown in Table 1. The interval between samples was 300–500 m, whereas the 
pairwise distance between main regions was 300–600 km. The sampled stands were chosen in order to 
provide maximum representation of the ecological conditions of the area.  
 
Morphological Analysis 
 Morphological study was conducted during full flowering stage in spring and summer of 2012 and 2013. 
Thirty-three morphological traits and the important attributes influencing the amount and type of active 
compounds were evaluated in natural ecosystems (Table 3). Flower and aerial parts of plants were 
collected from Semnan region and dried in shade for essential oils isolation. The essential oil of each 
accession (50 g in three replications) was isolated by hydrodistillation for 3 h, using a Clevenger-type 
apparatus according to the method recommended in British Pharmacopoeia, (1993). The isolated oils were 
dried over anhydrous sodium sulfate and stored in tightly closed dark vials at 4 ºC until analysis. 
 
Essential Oil Analysis Procedure 
 GC analysis was performed using a Thermoquest gas chromatograph with a flame ionization detector 
(FID). The analysis was carried out on fused silica capillary DB-5 column (30 m × 0.25 mm i.d.; film 
thickness 0.25 µm). The injector and detector temperatures were kept at 250 ºC and 300 ºC, respectively. 
Nitrogen was used as the carrier gas at a flow rate of 1.1 ml/min; oven temperature program was 60–250 
ºC at the rate of 4 ºC /min and finally held isothermally for 10 min; split ratio was 1:50. GC–MS analysis 
was carried out by use of Thermoquest-Finnigan gas chromatograph equipped with fused silica capillary 
DB-5 column (60 m × 0.25 mm i.d.; film thickness 0.25µm) coupled with a TRACE mass (Manchester, UK). 
Helium was used as carrier gas with ionization voltage of 70 eV. Ion source and interface temperatures 
were 200 ºC and 250 ºC, respectively. Mass range was from 35 to 456 amu. Oven temperature program 
was the same given above for the GC.  
 
Identification and Quantification of the Oil Components 
 The constituents of the essential oils were identified by calculation of their retention indices under 
temperature-programmed conditions for n-alkanes (C6–C24) and the oil on a DB-5 column under the same 
chromatographic conditions. Identification of individual compounds was made by comparison of their mass 
spectra with those of the internal reference mass spectra library (Adams and Wiley 7.0) or with authentic 
compounds and confirmed by comparison of their retention indices with authentic compounds or with those 
of reported in the literature (Adams, 2007) For quantification purposes, relative area percentages obtained 
by FID were used without the use of correction factors. 
 
Statistical Analysis 
 All traits measured were grouped using SPSS v.19 software and Ward method. Correlation coefficients 
between morphological traits in the population studied by the Pearson method performed using SPSS v.19. 
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Comparison of quantitative data using SAS software using multiple examination of Duncan 5% (0/05>P) 
was performed 
 

 
 

RESULTS AND DISCUSSION 
 

Result  

 The variance analysis on 33 morphological characters showed that the differences between 
populations were statistically significant, Due to high diversity in the measure traits (Table 2). It is more 
probable that we can use those for the future breeding programs in order to obtaining superior genotype. 
 Descriptive statistics for each of characters were presented in Table 3 (minimum, maximum, mean and 
coefficient of variation). Mean values of the morphological characteristics showed that there were 
considerable variations among individuals for all of the characters. In overall, variability of the morphological 
characters in examined populations was summarized as follows:  
 The highest mean of plant height was observed in Reiin genotypes sites (121.84 mm) and then the 
genotypes of Tiwan areas (109.72 mm) and Golmakharan (103.46 mm). Hiqu population was the lowest 
mean plant in genotypes (about 94.4 mm), in addition there was a significant difference in the height 
between this genotype and Paktl genotypes (98.8 mm). The most length of sheet was belonged to Reiin 
sites genotypes (8.46 mm), also  the highest average leaf length was recognized in the population of Tiwan, 
although there were not meaningful differences among other genotypes in leaf length. The most and the 
least leaf width was belonged to Reiin population (6.26 mm) and Hiqu population (4.06 mm) respectively. 
Maximum length of flowering stem length was distinguished in Reiin and Tiwan genotypes (89.16 and 79.06 
mm relatively), while there were not significant differences in length of flowering stem length among the 
populations of Golmakharan, Paktl and Hiqu population which at least had average (49.86 mm). In based 
on cluster analysis, five populations separated into three groups. The most similar populations were 
between Hiqu and Pakotal, while most dissimilar populations were among Hiqu and Reiin (figure 1). 
 Average results of the qualitative data in the populations of Khorasan thyme showed that leaves  have 
a variable shape, for instance egg-shaped, broad and elliptic to slightly stretched, which  were corresponded 
with the results of data character length to width ratio of leaves, so the average number of leaf length to 
width ratio in the population was the lowest (1.35), because of this reason that most of the leaves are 
proportionately egg-shaped, The genotypes of  this population had the least leaf length to width ratio among 
other populations, it might be because of high leaves width in Reiin populations, in addition the genotypes 
of this population in the outcomes of  average comparison had the greatest amount of leaf width, but the 
population of Hiqu genotypes leaves were fairly drawn, it could be  they had the highest numerical average 
leaf length to width ratio (1.81), however in other populations leaves model often observed elliptical egg-
shaped. 
 The density of colored bulbs was varied from low to high. Thus, Tiwan and Golmakharan  (Razavi 
khorasan) populations in the most genotypes compactness of colored bulbs were moderately high  and 
also were separately analyzed from other populations. In the populations of Reiin , Paktl and Hiqu the 
density of colored bulbs  was relatively modest and also observed no significant changes, The upper 
surface color was divrse from light to dark green. The dominant color in the genotypes of Hiqu population 
was dark-green but in the population of Paktl genotypes the color of upper surface was lighter than other 
populations. Condition of stem and leaf cork was ranged from low to high crock. The population of Tiwan 
genotypes had the greatest cork on the stem and leaf, also closeness of stem and leaf cork in the population 
of Golmakharan  genotypes was clearly high. In other populations, there were not meaningful differences 
in stem and leaf cork, although the density of leaf and stem cork was medium. The form of bracts was 
unusual, from wide-egg to slightly elongated-egg. Therefore, the shape of bracts in the most of the 
genotypes of Reiin  population was wide-egg but in the genotypes of Golmakharan, Tiwan was oval and in  
the Pakotal and Hiqu genotypes was slightly elongated –egg. Tiwan and Golmakharan  populations had 
the biggest cork calyx respectively, despite other populations did not have significant differences in the cork 
calyx. The color of Corolla in the genotypes was observed in three modes, pale pink, white and pink tend 
to light -violet. The influential color in the majority of genotypes of Pakotal, Hiqu and Golmakharan was 
white tend to pink but in the Reiin  and Tiwan was pink tend to light–violet. In addition, there were not a 
significant differences in the cork of opening corolla among the populations. Characteristics that have the 
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highest coefficients, have the widest range of quantitative traits which are wider choice for that character. 
Among them we can note an important breeding traits such as flowering stem length, second internode 
length, number of flowers in per inflorescence, leaf length and width and length of inflorescence. A closer 
look at the data, it is understandable that corrective and functional traits are the highest variations, for 
instance the height of plant is one of the most morphological traits for breeding varieties that are suitable 
for mechanized harvesting should be considered, then for this purpose height genotypes are appropriate. 
Therefore, due to the high coefficient of variation in height plant compared with other important performance 
characters, that are available for a wide range of choice, furthermore other attributes like; length of 
inflorescence, number of flowers in per inflorescence which are desirable properties in the execution of 
essential oil, also these traits had shown high diversity in the plant. 
 Determination of content and components of essential oil in the T. transcaspicus that were collected 
from the area of  Hiqu (Semnan) the essential oil contents were 1.2 per cent (V/W). Overall, 34 compositions 
were identified which oil component was about 97.32 per cent. Examination of compounds essential oil 
showed that the dominate composition of the essential oil are Thymol  (34.61%) and p-Cymene (19.14%) 
respectively. In addition, the most important constituents of Thymus transcaspicus Klokov essential oil 
including; Carvacrol (9.22 %), Borneol (8.23 %), 1- 8 Cineole (3.83%), γ-Terpinene (2.92%), Thymoquinon 
(2.62%), Trans-Sabinene hydrate (1.76%), Camphene (1.43%), Camphor (1.04%), Thymol methyl ether 
(1.41%) and Caryophtllene oxide (1.03%) relatively. The dominate compositions were shown in Figure 2, 
which were 88.34 % in total, and other compounds were the smallest portion of this population. Oxygenated 
monoterpenes are the largest compounds of essential oil which are including; 1-8 Cineole, Trans-Sabinene 
hydrate, Bornyl acetate, Carvacrol methyl ether, 4-Terpineol, Trans- Pinocarveol, γ- Terpinene, Borneol, 
Carvone, P-Cymene-8-ol. P-Cymene and γ- Terpinene are the most monoterpene hydrocarbons in 
essential oil of this plant. Caryophyllene, Spathulenol and Bisabolene were  the most important of 
oxygenated sesquiterpenes. In general, the outcomes showed that essential oil and predominant 
component in this population compared with other populations of this plant were almost as same as other 
researches (Tabrizi, 2010; Miri, 2002), but the percentage of compositions are different, for instance the 
percentage of Thymol in the populations of Hiqu is less than Khorasan populations, however the percentage 
of P-Cymene in Hiqu population is greater than other populations in Khorasan. There is also a considerable 
difference in the amount of Carvacrol. The percentage of P-Cymene (19.14 %), which is a monoterpene 
hydrocarbons, in the essential oil of this population compare to other populations of this species was 
relatively high. The results give preliminary information about location and circumstance of this plant, that 
could be used in plant breeding programs, plant domestication and productions of industry. There are 
different wild populations of this plant that grow in many areas, they can used as a genetic resources for 
the production of chemicals such as Thymol, Carvacrol, P-Cymene and other important compounds. In 
general, these genetic differences might be as a result of various factors like ecological, geographical, 
climatic and soil on the composition of different populations of species. 
 
Discussion  
 The results showed that T. transcaspicus is growing in Razavi Khorasan, North Khorasan and Semnan, 
from altitudes 2.000 to 2.500 meters above sea level. In the study areas, rainfall average was varied from 
253 to 310 mm and average annual temperature was different between 11.2 and 13.9 ° C. Examining plants 
of this species in the habitats studied showed that most of the perennial species such as Acantholimon 
festucaceum, Astragalus and Verbascum were with this habitats of plants, In addition in the Hiqu habitats, 
juniper trees are the dominant vegetation of this area. Vegetative growth of the plant starts in mid-April and 
also flowering is May and June and also seeding starts from late June to mid-August. Because of high 
average annual temperature in Tiwan area, leaf appearance was perfect flowers and seed set in this region 
are soon compared to other areas, It might be as a result of providing necessary temperature to complete 
phenological stages of the plants. For Hiqu and Golmakharan habitats, this was different because of the 
lower average temperature during the vegetative organs, the perfect flowers and seed set in these areas 
were later. According to the fact that this plant’s pollination is done by insects, in the habitat of Paktl near 
which were beehives (Figure 1), not only the number of seeds for each plant was more but they were also 
relatively coarser compared with other habitats, in addition in other areas without beehives, there were a 
considerable number of empty seeds. This species  can grow in the northern slopes. In the growth of the 
plant, optimal temperature or other factors may be involved.  
 In accordance with adjusting to climate, Thymus transcaspicus Klokov is a valuable plant in these areas 
which also grows well in these areas properly. These species can be one of the best species in breeding 
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in these areas. Also according to assessment of crop plants (Tabrizi, 2010) and low input characteristic of 
this species, needing fertilizer of the plant could be recommended as a suitable plant in the agricultural 
systems. 
 Moreover, since these species are grown in steep areas, because of being perennial species and 
having deep roots, they can be used to protect the soil, and even used as an ornamental-medicinal plant 
in these areas.  
 Overall, the results of our studies showed that T. transcaspicus has a limited distribution in our country 
and within and between other populations has a remarkable variation in reform traits. Therefore it might be 
somewhat possible to identify populations with desirable properties of plants in herb breeding programs by 
using morphological characters. Since the branches of flowering plants in the genus Thyme is used for 
medicinal purposes (Santos, 2005), In this study it was found that the population of Reiin  has the highest 
average length of flowering branches, length and width of bigger leaf, and the greatest number of flowers 
in inflorescence length, which these traits are important in breeding the species of T. transcaspicus.  
However, the location of the plant, essential oil in the glands that present on the shoot of the plant and also 
leaves and flowering branches used as a medicinal plant  in traditional medicine by native people. 
Therefore, a plant that growth in this types of habitats have more oil and also they can produce the highest 
medicinal value. The culture of this species in Reiin 's habitats or in climate similar to these areas (nature 
as a template) can help in breeding and also diversity is necessary for breeding, therefore, this research 
can be an introduction for future breeding. However, genotypes grouping and populations by using 
morphological characters in natural habitats is partly useful for breeding, in addition molecular and 
cytogenetic studies will be more accurate participant in morphological decisions.  
 The yield of essential oil in T. transcaspicus (%1.2) is more than other species which are grow in Iran 
such as Thymus kotschyanus (%0.39), Thymus eriocalyx (0.30%), Thymus carmanicus (0.34% ), T. 
carnosus (0.66%) (Rustaiyan, 2000), Although in other studies, thyme essential oil have been reported 
about (%1.2) by Sefidkon, (1999). this results indicate that high levels of phenolic compounds in this species 
(Thymol and Carvacrol 71/35% and %22.9 respectively) with other species that are found in Iran, like T. 
carnosus (Thymol and Carvacrol, %1.36 and %5.2 relatively) and wild thyme (Thymol and Carvacrol, 0.38% 
2.14% separately) is almost the same (Rustaiyan, 2000; Sefidkon, 1999).  Overall, the results which 
obtained from this plant exhibit this species can be used as a disinfectant in various industries, also due to 
climate adaptation and production of plant oils this species can be used in breeding programs. 

 
Table 1. Geographic location and climatic conditions of studied Thymus transcaspicus Klokov populations 

Province Location Altitude (m) Longitude (E) Latitude (N) Average 
annual 

temperature 

Average 
annual 
rainfall 

Land use 

Razavi 
khorasan 

Tiwan 2300 E58º 35´ 18"  N37º 27´ 
13"  

13.9 310 Grassland 

Razavi 
khorasan 

Golmakharan 2454 E58º 23´ 14"  N36º 57´ 
17"  

11.9 337.9 Farming 

North 
khorasan 

Reiin  2150 E57º 03´ 10"  N37º 23´ 
53"  

13.5 270 Pasture 

North 
khorasan 

Paktl 2049 E57º 27´ 47"  N37º 16´ 
18"  

12.7 253 Farming 

Semnan  Hiqu 2026 E53º 27´ 48"  N36º 01´ 5"  11.2 267.9 Pasture 
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Table 2. Analysis of variance for morphological traits of Thymus transcaspicus 

 
Table 2. (continued) 

Mean Square 

Source DF PH NCBB SD CD SCoH CoCo CoL SCH SeD CL CC LB/WB WB LB BS BL/BW BW 
population 4 518.98** 381.45** 0.12** 0.98ns 0.11ns 1.74** 0.34* 9.8** 0.004ns 0.8** 11.54** 0.3ns 0.002** 0.14* 6.56** 0.05ns 1.08** 

Error 19 76.16 37.42 0.004 0.39 0.56 0.29 0.12 0.63 0.003 0.1 0.58 0.27 0.0005 0.04 0.33 0.05 0.05 

 
 

Table 3. Descriptive statistics for 33 morphological traits among studied Thymus transcaspicus Klokov  populations 
 Variable Abbreviation Unit Mean Min Max CV 

1 Flowering stem length FSL mm 67.53 43.2 95.4 25.14 

2 Internode length InL mm 11.56 7.9 15.4 18.96 

3 Leaf length LL mm 8.11 6.75 9.3 8.57 

4 
Leaf width 

 
LW mm 5.22 3.87 6.54 16.77 

5 Leaf length/width ratio LL/WR - 1.55 1.2 1.97 13.12 

6 Leaf shape LS Code 3.49 1 5 33.72 

7 Color gland density CGD Code 2.66 1 5 56.3 

8 Upper surface color of leaf USCL Code 2.78 1 5 48.68 

9 State of stem hairs SSH Code 2.79 1 6.7 60.5 

10 state of leaf hairs SLH Code 3.66 1.3 6.8 44.26 

11 Flowering shoot color FSC Code 3.74 1.2 7 45.52 

12 Color of last year shoot CLYS Code 3.39 1.3 5 36.38 

13 
Number of flowers per 

inflorescence 
NFI - 34.98 18 57 30.03 

14 Inflorescence length IL mm 11.36 8.2 14.1 15.03 

15 Number of bracts NB - 9.07 6.1 12.3 16.91 

16 Stem diameter SD mm 0.8 0.56 1.14 19.75 

17 Bract length BL mm 6.64 5.7 8.5 12 

18 Bracts width BW mm 3.58 2.9 4.5 13.39 

19 Bract length/width ratio BL/WR - 1.87 1.47 2.36 12 

20 Bract Shape BS Code 3.35 1 5 35.97 

21 Length of bracteole LB mm 1.62 1.2 2.2 15.44 

22 Width of bracteole WB mm 0.44 0.4 0.5 7.01 

23 
Bracteole length/width 

ratio 
LB/WR - 3.62 2.61 4.78 14.53 

24 Color of calyx CC Code 3.36 1 6 49.18 

25 Calyx Length CL mm 4.59 3.9 5.54 10.17 

26 State of calyx hairs SCH Code 3.22 1.4 6.7 45.22 

27 Corolla length CoL mm 5.46 4.1 5.9 7.36 

28 State of corolla hairs SCoH Code 3.66 2.4 5 18.95 

29 Corolla color CoCo Code 4.07 2.8 5 18.19 

30 Seed diameter SD mm 0.76 0.65 0.94 8.05 

31 Crown diameter CD mm 6.53 5 7.5 10.77 

32 Plant height PH mm 106.4 87.4 125.3 11.56 

33 
Number of stem branches 

from the base 
NSBB - 48.96 33 67 20.01 

 
 
 
 
 
 
 
 
 
 

Mean Square 

Source DF BL NB IL NFI CLYS FSC SLH SSH USCL CGD LS LL/WR LW LL 
InL 

 
FSL 

 

population 4 2.3** 5.29* 8.78** 315.16** 6.15** 14.99** 12.05** 13.77** 8.56** 11.65** 5.43** 0.16** 3.52** 1.68** 16.99** 1310.21** 

Error 19 0.28 1.76 1.68 73.55 0.53 0.44 0.73 0.67 0.3 0.22 0.57 0.01 0.21 0.24 2.45 83.74 
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Table 4. Essential Oil Composition (%) of Thymus transcaspicus Klokov from Iran 

 
 
 
 

 
Fig 1. Dendrogram of population analysis for Thymus transcaspicus Klokov using Ward method. 

 

 
 

RIa Percent  Composition No. RIa Percent  Composition No. 

1159 8.23 Borneol 
18 

856 0.07 Tricyclene 
1 

1173 0.67 4-terpineol 19 927 0.45 α- Thujene 2 

1181 0.59 p-Cymene-8-ol 20 936 0.75 α- Pinene 3 

1227 0.44 (+)-4- Carene 21 947 1.43 Camphene 4 

1239 0.25 Carvone 22 963 0.9 3- Octanone 5 

1242 1.41 Thymol methyl ether 23 975 0.4 β- Pinene 6 

1245 0.27 Carvacrol methyl ether 24 989 0.22 3- Octanol 7 

1258 2.62 Thymoquinon 25 996 0.25 β- Myrcene 8 

1274 0.72 Bornyl acetate 26 1008 0.51 α- Terpinene 9 

1285 35.71 Thymol 27 1018 19.14 p-Cymene 10 

1294 9.22 Carvacrol 28 1027 0.32 Limonene 11 

1324 0.12 Thymyl acetate 29 1028 3.83 1,8- Cineole 12 

1399 0.33 Caryophyllene 30 1056 2.29 γ- Terpinene 13 

1432 0.12 Cis- Calamenene 31 1061 1.76 trans-Sabinene hydrate 14 

1504 0.22 Cis-α- bisabolene 32 1082 0.75 Terpineole 15 

1571 0.41 Spathulenol 33 1115 0.22 Trans- Pinocarveol 16 

1577 1.03 Caryophtllene oxide 34 1138 1.04 Camphor 17 
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Fig 2. Essential Oil Most Composition (%) of Thymus transcaspicus Klokov 

REFERENCES 
 
Adams RP. 2007. In ‘Identification of Essential Oil Components by Gas Chromatography/Quadrupole Mass Spectroscopy’. 4th edn., Allured 

Publishing, Carol Stream, IL. 
Andi SA, Nazeri V, Zamani Z and Hadian J. 2011. Morphological diversity of wild Origanum vulgare (Lamiaceae) in Iran. Iran J Bot 17, 211–221. 
Borisova AG, Volkova EV, Gorshkova SG, Klokov MV, Knorring OE, Kupriyanova LA, Pobedimova EG, Poyarkova AI and Yuzepchuk SV. 1997. 

Flora of the U.S.S.R. Labiatae. Jerusalem, Israel. Vol. XXI, 397 pp. 
British pharmacopoeia. 1993. HMSO: London. 
Chalak L, Chehade A and Kadri A. 2007. Morphological characterization of cultivated almonds in Lebanon. Fruits 62, 177–186. 
Evans WC. 1998. Trease and Evans Pharmacognosy. Saunders: London, pp. 171-263. 
Hadian J, Nejad Ebrahimi S, Mirjalili MH, Azizi A and Friedt W. 2011. Chemical and genetic diversity of Zataria multiflora Boiss. Growing wild 

accessions in Iran, Chemistry and Biodiversity 8, 176-188  
Hadian J, Mirjalili MH, Kanani MR and Ganjipoor P. 2011. Morphological and phytochemical characterization of Satureja khuzestanica Jamzad 

populations from Iran, Chemistry and Biodiversity 8, 902-915  
Labra M, Miele M, Ledda B, Grassi F, Mazzei M and Sala F. 2004. Morphological characterization, essential oil composition and DNA genotyping 

of Ocimum basilicum L. cultivars Plant Sci 167, 725. 
Miri R, Ramezani M, Javidnia K and Ahmadi L. 2002. Composition of the Volatile oil of Thymus transcaspicus klokov from Iran Flav. Fragr. Journal 

17, 245-247.  
Mozaffarian V. 1996. Lexicon of Iranian plant names. Publishing contemporary vocabulary. Tehran Press, Tehran, pp 234–251 (in Farsi).  
Price S and Price L. 1999. Aromatherapy for Health Professionals. Churchill livingstone: Edinburgh, pp 67–69.  
Rechinger KH. 1982. Labiatae. In: Rechinger KH (ed) Flora Iranica, vol 152. Akademische Druck-und Verlagsanstalt, Graz, pp 544–545.  
Rustaiyan A, Masoudi S, Monfared A, Kamalinejad M, Lajevardi T, Sedaghat S and Yari M. 2000. Volatile constituents of three Thymus species 

grown wild in Iran. Planta Med 66, 197-198. 
Santos PAG, Figueiredo AC, Oliveira MM, Barroso JG, Pedro LG, Deans SG and Scheffer JC. 2005. Growth and essential oil composition of 

hairy root culture of  Levisticum officinale WDJ Koch (lovage). Plant Science 168, 1089-1096. 
Sefidkon F and Dabiri M. 1999. The effect of distillation methods and stage of plant growth on the essential oil content and composition of Thymus 

kotschyanus Boiss et Hohen. Flavour Fragr J14, 405-408. 
Sonboli A, Atri M and Shafiei S. 2010. Intraspecific variability of the essential oil of Ziziphora clinopodioides ssp. rigida from Iran. Chem. Biodivs 

7, 1784. 
Soorni A, Nazeri V, Fatahi R and Khadivi-Khub A. 2013. Multivariate analysis of motherwort germplasm in Iran using morphological variables and 

essential oil content. Plant Syst Evol 300, 925-935.  
Stahl-Biskup EJ. 1991. Essent. Oil Res. 3, 61–68. 
Tabrizi L, Koocheki A, Rezvani Moghaddam P and Nassiri Mahallati M. 2010. Chemical composition of the essential oils from Thymus 

transcaspicus in natural habitats. Chemistry of Natural Compounds, Vol. 46, No. 1. 
Trindade H, Costa MM, Sofia BLA, Pedro LG, Figueiredo AC and Barroso JG. 2008. Genetic diversity and chemical polymorphism of Thymus 

caespititius from Pico, Sao Jorge and Terceira islands (Azores) Biochem. Syst. Ecol 36, 790. 
 
 
 
 


