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Abstract       To evaluate both among and within populations morphological 
variation and difference in essential oil content of Satureja mutica Fisch. & 
C.A. Mey. an experiment was undertaken on 60 individual plants collected 
from seven populations grown in the northeast and northern regions of Iran. In 
this study, 40 quantitative and qualitative traits were assayed. Analysis of 
variance showed significant differences for almost all quantitative characters 
studied. PCA analysis showed that the first five coponents explained more 
than 55.0% of the total variance that embraced different  morphological 
characters such as verticillasters length, corolla length, length and width of 
the upper lip corolla, calyx length, length and width of bract and width of 
bracteole. Cluster analysis divided 60 individual plants into three  groups 
which was in agreement with geographical origin of the populations. 
correlation coefficients showed that plant height, leaf length and inflorescence 
length are positively correlated with the oil content. The oil content varied from 
0.17 and 5.0% among different populations, and the highest oil content was 
obtained in Keshanak and Darkesh, with driest climate.   
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The genus Satureja, with the common persian name of 

“Marzeh”, belongs to the Lamiaceae family and the 

Nepetoideae subfamily. This genus has over 30 species 

that some of them are annual and most of species are 

perennial. These species are mostly native to the 

eastern Mediterranean region and western Asia, and 

generally grow in different climates from humid areas 

with deep soil to areas with dry, sunny and rocky soils 

(Silic 1979; Cantino et al. 1992). This genus has 

around 16- annual and perennial species in Iran, of 

which more than nine species are endemic, while the 

other species are widespread in Turkmenistan, Turkey, 

Iraq, Caucasus and Transcaucasia. Satureja species 

distributed in the north-west, north-east, central and 

southern parts of Iran and mainly grow on calcareous 

cliffs and rocky slopes (Rechinger 1982; Jamzad 

2009). Different Satureja  species are widely used in 

food processing, pharmaceutical and cosmetic industry 

mainly due to the strong scent and presence of phenolic 

compounds such as carvacrol and thymol which 

possess antifungal, anti-bacterial, anti-viral, 

antioxidant, and analgesic properties (Momtaz & 

Abdolahi 2010).  

Satureja mutica Fisch. & C.A. Mey. is one of the 

native species in Iran, which grow on the calcareous 

rocks in the north and north-east of the country 

(Jamzad 2009). It has been reported that thymol and 

carvacrol are the main component of the essential oil of 

S.mutica (Sefidkon & Jamzad 2005). Literature 

searches indicated that morphological and chemical 

diversity of populations of this species in Iran has not 

been previously studied. Studies on other species of 

savory have shown considerable variation in the 

morphological characteristics and essential oil among 

populations (Hadian et al. 2010 & Hadian et al. 2011).  

Identification of genetic variation and morphological 

characteristics of medicinal and aromatic plants make 

an important contribution to their breeding. Available 

diversity among plants, make it possible to improve 

morphological, biological and phytochemical 

characteristics for breeding programs and medicinal 

purposes (Pank 2007). Plant diversity and selection are 

two main factors of the breeding program (Walton 

1971). There are several methods for evaluation of 

diversity among plants that the most common ways is 

survey of morphological variation. The objective of 

this study was to evaluate morphological variation and 

essential oil yield among and within Satureja mutica 

populations from different habitates of Iran in order to 

identify populations with appropriate growth 
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performances and pharmaceutical characteristics. Such 

informations will be usfull for domestication and 

development of varieties according to the needs of 

different industries. 

 

Materials and Methods 

 
Plant materials  

After literature and herbarium specimens-survay, 

localities of-natural populations of Satureja mutica 

were identified and seven different populations namly 

Namnik and Pono in Semnan province,Tangegol in 

Golestan province, Darkesh and Keshanak in Northern 

Khorasan and Garmabdasht and Manjil in Gilan 

porovince were selected for this study (Fig.1). From 

each site 7-10 individual plants, depending on the size 

of population, with a minimum distance of 100 m were 

selected and sampled at full flowering stage. 

Geographical characteristics of each populations were 

recorded by the global positioning system (GPS). 

 Geographic, geologic, and soil characteristics 

Mean annual precipitation and temperature obtained 

based on 10 years meteorological data (Table 1). To 

study the physicochemical characteristics of the soils, 

sampling were done from 0 to 30 cm depth in each 

natural habitat and soil samples were sent to the 

laboratory for analysis. 

 

 
Table 1  

 

Geographic, geologic, and soil characteristics of the collection sites in Satureja mutica populations 

 

Habitat Conditions Darkesh Pono Keshanak Garmabdasht Tangegol Namnik Manjil 

Climatic 

conditions 
       

Latitude (N) 56°.43´.243״023.´28.49° 397.´40.55° ״176.´58.55° ״38.´13.50° ״573.´50.56° ״487.´42.55° ״ 

Longitude (E) 37°.27´.006״570.´45.36° ״248.´70.37° ״290.´22.37° ״48.´51.36° ״576.´28.37° ״610.´12.37° ״ 

Altitude [m] 870 1297 1080 561 800 1648 1100 

Exposure N S N S N S N 

Rainfall [mm/year] 278.1 - 382.0 312.4 - 525.4 278.1 - 382.0 
953.6 - 

1190.1 
306.0 - 971.0 312.4 - 525.4 

159.8-273.2 

Mean annual 

temperature 
14.2o - 15.9 o 

10.78o – 

11.43o 
14.2o - 15.9 o 16.0o - 17.2o 16.9o - 19.2o 

10.78o – 

11.43o 
17.1o - 18.7o 

Soil conditions        

Soil texture clay loam clay loam clay loam silty loam clay loam clay loam silty loam 

Saturation 

percentage 
55 58 46 30 74 62 37 

Electrical 

conductivity 
1.33 0.63 0.65 0.38 0.75 0.54 0.83 

pH 7.7 7.8 7.9 7.9 7.8 7.9 8 

Total neutralizing 

value[%] 
31 2.5 16 9 7 9.5 10.5 

Organic carbon 

[%] 
3.91 4.24 2.20 1.05 6.41 6.80 2.54 

Total nitrogen [%] 0.33 0.36 0.18 0.09 0.55 0.56 0.21 

Available 

phosphorus 
24.8 23.6 19.2 4.8 23.2 18.4 9.4 

Available 

potassium [ppm] 
270 410 400 90 360 400 130 

sand 42 42 43 56 40 41 59 

loam 26 30 27 26 30 27 23 

clay (me/100) 32 28 30 18 30 32 18 

 

 

Measurement of quantitative and qualitative 

morphological characteristics 

In terms of measuring morphological traits, 40 

qualitative and quantitative traits, each with five 

replicates were evaluated on each individual plant 

(Table 2). From each population a herbarium specimen 

was delivered to the Herbarium of Medicinal Plants 

and Drugs Research Institute, Shahid Beheshti 

University.  

Essential oil content extraction 

To assess essential oil yield, aerial part from each 

sample was dried in the shade and then were stored in 

plastic bags in a cool and dry place. The samples were 

then grossly pulverized and submitted to 

hydrodistillation for 3 h using a Clevenger-type 

apparatus and essential oil were dehydrated by sodium 

sulfate. Essential oils content was determined based on 

the dry weight (%). 
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Table 2  

Range and coefficient of variation (CV) of measured morphological  

characteristics and yield of Satureja mutica 
 

CV min max mean unit Abb. Characteristics 

0.54 1 13.1 4.45 cm IL Inflorescence length  

0.51 1 25 10.55 - NIPP Number of inflorescences per plant 

0.37 8 51 26.8 - NFPI Number of flower per inflorescence 

0.34 5 24 13.13 - NV Number of verticillasters 

0.17 3.8 12.5 9.43 mm VI Verticillasters length  

0.23 1.5 4 2.45 - NFPV Number of flower per verticillasters 

0.44 0.2 5.2 2.37 mm IIL Inflorescence internode length 

0.32 2 18 8.81 mm BL Bract length 

0.29 0.7 3.5 1.75 mm BW Bract width 

0.25 0.8 2.2 1.46 mm BrL Bracteole length 

0.8 0.2 2.2 0.78 mm BrW Bracteole width 

0.39 0.4 2.9 1.42 mm IPL Inflorescence peduncle length 

0.34 0.3 1.9 0.99 mm PL Peduncle length 

0.28 1 2 1.11 code CC Corolla color 

0.28 1 2 1.11 code SC Stigma color 

0.48 1 3 1.92 code StC Stamen color 

0.29 0.8 5.4 3.34 mm StL Stamen length 

0.22 3.1 11.5 7.01 mm SL Stigma length 

0.14 4 0.9 7.001 mm CL Corolla length 

0.18 1.4 3.5 2.05 mm CD Corolla diameter 

0.14 1.2 2.5 2.09 mm LULC Length of the upper lip corolla 

0.14 1 2.4 1.9 mm WULC Width of the upper lip corolla 

0.23 0.9 3.5 2.22 mm LCLT Length of calyx longest teeth 

0.25 0.6 1.6 0.89 mm LCLoT Length of calyx lowest teeth 

0.16 2.3 6.4 4.62 mm CaL Calyx length 

0.09 1.3 2.1 1.81 mm CaD Calyx diameter 

0.49 1 3 1.92 code CaC Calyx color 

0.18 1 3 1.91 code SCH State of calyx hairs 

0.26 2.5 8.7 5.13 mm BaL Bracte length  

0.21 0.7 1.8 1.07 mm BaW Bracte width  

0.2 7 18.5 11.18 mm LI Leaf length 

0.18 1.3 3.1 2 mm LW Leaf width 

0.37 1 2 1.2 code HULS Hairs of the upper leaf surface 

0.38 1 3 1.31 code HULS Hairs of the under leaf surface 

0.6 1 4 1.74 code LC Leaf color 

0.43 1 3 1.65 code SteC Stem color  

0.2 1 2.5 1.77 mm SD Stem diameter 

0.35 1.8 8.6 4.18 mm SIL Stem internode length 

0.55 0.7 23.5 8.79 cm LLB Length of lateral branches 

0.36 9 70 34.81 cm PH Plant height 

0.51 0.17 5 2.44 % EO Essential oil yield 

0.99 1 28.4 578 gr.plant DW Dry weight 
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Fig. 1. Distribution map of studied Satureja mutica populations in Iran 

 

Statistical analyses 

ANOVA analysis and mean comparison of the 

morphological characteristics and essential oil yields 

were done by using Duncan multiple range tests by 

SPSS software version 16 (2006). Cluster analysis of 

studied individual plants was based on the Euclidean 

distances of morphological traits using Ward method 

(Norusis 1998), Pearson correlation coefficients and 

principal components analysis (PCA) using varimax 

rotation technique were also performed. 

 

Results and Discussions 

 
Habitat conditions 

Survey on the climatic conditions and soil 

characteristics of natural habitats show significant 

variation among populations (Table 1). Among all 

populations, Darkesh and Keshanak in the northern 

Khorasan province had most arid climate while 

Garmabdasht population in the Gilan province had the 

highest rainfall. Also, populations of Namnik and Pono 

in Semnan province were the coldest regions.  In the 

point of soil texture, Manjil and Garmabdasht have 

silty loam texture  while, the soil texture of the other 

habitat was clay loam. In addition, soil of Tangegol 

contains higher level of soil nutrient than the other 

regions. 

 

Populations diversity 

Coefficient of variation is flactuable base on the triat 

diversity. Traits that have a high coefficient of 

variation show broader range of quantitative 

characteristics, which can be considered as a wider 

range of selection for the trait. Variation ranges of 

different measured traits are given in Table 2. 

Among the studied traits, dry weight (99.0%), width of 

Bracteole (80.0%), leaves color (60.0%), length of 

lateral branches (55.0%) and length of inflorescences 

(54.0%) had the highest coefficient of variation. The 

lowest coefficient of variation was belong to calyx 

diameter (9.0%), the length and width of the upper lip 

corolla (14.0%) and the corolla length (14.0%). The 

plant height, with variation coefficient of 36.0% is an 

important trait affecting mechanization of plant 

production. The inflorescence length (CV 54.0%) 

revealed high variation. Coefficient of variation for the 

essential oil yield was 51.0%. Hadian et al. (2011) 

reported that maximum coefficient of variation was 

obseved for leaf surface area and peduncle length in 

Satureja khuzistanica populations. Also, Hadian et al. 

(2010) in a study on 30 populations of summer savory 

reported that the highest coefficient of variation was 

obtained in width of plant.  As it can be observed in 

current study, Satureja mutica had high variation. 

Therefore, this potential can be used for breeding and 

domestication programs. 

 

Principal components analysis (PCA) 
The first five PCs of the populations, that had 

eigenvalues greater than one, showed 55.18% of the 

total variance (Table 3). The eigenvalues of the 

variance were 15.54%, 12.35%, and 10.18% for PC1, 

PC2 and PC3. respectively. In the first PC (PC1) 

morphological characters such as verticillasters length, 

corolla length, length and width of the upper lip 

corolla, the calyx length, the stamen and the stigma 
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length showed the highest variance. Also, in PC2 stem 

color, corolla color, bract width and color of the leaf 

showed the highest variance. While, in PC3 the highest 

variance were observed for inflorescence length, 

number of flowers per inflorescence, number of 

verticillasters and number of flowers in the 

verticillasters. Hadian et al. (2011), reported that the 

main distinguishing characters among Satureja 

khuzistanica populations were leaf surface area, leaf 

length and width, which is the most effective traits on 

the yield of essential oil. Traits such as leaf length and 

width were reported as the most important separator 

traits in Satureja rechingeri (Nadjafi & Hadian 2010). 

According to the principal components analysis results 

of wild savory populations, it can be concluded that the 

highest variances are related to the morphological trait 

of the reproductive organs of flowers.  

 

Cluster analysis 

In order to determine the distance and proximity of 

studied individual plants of different populations, they 

were grouped based on morphological characters. 

Cluster analysis, at similarity coefficient of 15, divided 

populations into three main groups (Fig.  2). The first 

group (A) consisted of individuals from Pono, Namnik, 

Tangegol and Manjil with similar characteristics such 

as shorter plant height, thicker stem diameter, more 

calyx diameter, short internode lenght in the 

inflorescence, shorter inflorescence and longer stigma. 

The second group (B) was comprised of individuals 

from Darkesh and Keshanak populations. The third 

group (C) was comprised of individuals from 

Garmabdasht population. One of the prominent 

characteristics of this population is the corolla color 

(corolla color is milky) which made them distinct 

among the rest of the genotypes. Stem color, leaf color, 

corolla diameter, average length and width of the 

higher bract and mean number of inflorescence per 

plant, can be noted as other different characteristics in 

these genotypes. According to the dendrogram 

obtained from cluster analysis, most of the individuals 

from each population of Satureja mutica were grouped 

together. Our findings show that the variation among 

populations is more than variation within population. 

However, previous researchs showed that diversity 

within populations of Satureja khuzistanica and 

Satureja rechingeri was more than that of among 

populations (Hadian et al. 2011; Nadjafi & Hadian 

2009). 

 

Mean comparisons of traits 

In this study, 40 morphological traits in each sample 

from populations were evaluated. The results of 

morphological variance analysis showed that 

populations had significant variation in most of the 

traits. The most prominent traits that can be noticeable 

were plant height, branch length, leaf length, number 

of flowers per inflorescence, number of inflorescence 

per plant, inflorescence length, bract length and width. 

Among the studied populations, Keshanak and Darkesh 

had the highest average plant height with the rate of 

45.3 and 43.4 cm, respectively. The lowest average 

plant height were observed in Namnik (23.83cm). 

Also, results showed that inflorescence and leaf length 

had high level of diversity and the highest average of 

these trait were observed in Darkesh population (6.42 

and 12.77 cm, respectively) and Keshanak (6.0 and 

12.63 cm, respectively). The highest and the lowest 

values of mean dry weight were obtained from 

Keshanak population (10.4 gr per plant) and Tangegol 

population (1.94 gr per plant ), respectively (Fig. 3).  

 

Essential oil yield 

Results from ANOVA showed significant difference of 

essential oil yield. The essential oil yield of individuals 

from populations varied among 0.17% to 5.0% (w/w) 

achieved from Manjil and Keshanak populations, 

respectively. The highest average of essential oil yield 

was obtained from Keshanak population (4.22%) and 

the lowest was achieved from Manjil population 

(0.55%w/w) (Fig. 3). Darkesh population had also high 

essential oil yield. Sefidkon & Jamzad (2005) reported 

2.31% essential oil yield from Satureja mutica 

collected from Khorasaan. high diversity has been also 

reportedwe  for essential oil yield of other Iranian 

Satureja species. The variation range of essential oil 

yield in S. sahendica populations was reported between 

1.53% - 2.88% (Sefidkon et al. 2004). Also, diversity 

of essential oil yield in 30 populations of S. hortensis 

was reported between 0.57%-2.9% (Hadian et al. 

2010). The essential oil yield of S. khuzistanica 

populations varied between 0.1-2.9 % (Hadian et al. 

2011). Maximum essential oil yield was observed in 

populations growing at lower altitudes and warmer 

regions. Similar results have been reported for Satureja 

thymbra and Origanum vulgare ssp. hirtum from island 

of Crete (Karousou, et al., 2005; Vokou et al. 1993).  

The density, structure, and size of leaf secretory 

glands, differences in the synthesis of the oil from the 

biosynthetic pathways (Kokkini et al. 1994; Svoboda 

2003). The production of the essential oil in plants is a 

mechanism of adaptation to environmental factors 

(Sangwan et al. 2001). The studies on different plant 

species such as Origanum vulgare (Azizi et al. 2009) 

and S. hortensis (Baher et al. 2002) revealed that the 

essential oil content increase under stress conditions. 

Vokou et al. (1993) studied the essential oils of O. 

vulgare ssp. hirtum from different localities of Greece. 

Their results indicated that the altitude was the most 

important environmental factor influencing the oil 

content, as higher values were recorded at low 

altitudes. We may suggest that, within and among 

populations morphological and oil yield variations, 

observed in Satureja mutica, are contributed to both 

environmental and genetic factors. 
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Table 3 

Principal components analysis and factorial coefficients of morphological traits in Satureja mutica 

Component Variable 

5 4 3 2 1  

0.30 0.27 0.73 0.03 0.02 Inflorescence length  

0.30 -0.40 0.09 0.41 0.22 Number of inflorescences per plant 

-0.12 -0.01 0.79 0.19 -0.13 Number of flower per inflorescence 

-0.10 0.11 0.74 0.08 -0.02 Number of verticillasters 

0.13 -0.02 0.13 0.03 0.87 Verticillasters length  

-0.07 -0.36 0.61 0.01 0.10 Number of flower per verticillasters 

0.32 0.37 0.59 -0.17 0.08 Inflorescence internode length 

0.17 0.14 0.27 0.66 0.21 Bract length 

0.02 -0.01 0.23 0.72 0.13 Bract width 

0.31 -0.06 0.41 0.46 0.06 Bracteole length 

0.24 0.03 0.44 0.64 -0.18 Bracteole width 

0.36 0.08 0.41 0.05 0.41 Inflorescence peduncle length 

-0.06 -0.21 0.21 0.22 0.43 Peduncle length 

0.25 -0.22 0.04 0.76 -0.03 Corolla color 

-0.51 0.06 0.03 -0.07 -0.03 Stigma color 

-0.39 -0.16 -0.07 0.12 0.05 Stamen color 

-0.11 0.11 -0.04 0.47 0.65 Stamen length 

-0.30 0.03 -0.13 0.20 0.68 Stigma length 

0.16 -0.01 -0.08 0.01 0.86 Corolla length 

0.11 0.03 0.22 0.48 0.45 Corolla diameter 

0.11 -0.11 -0.02 0.14 0.82 Length of the upper lip corolla 

-0.06 0.06 -0.05 0.25 0.74 Width of the upper lip corolla 

0.57 -0.11 0.13 -0.07 0.58 Length of calyx longest teeth 

0.43 -0.13 0.14 0.13 0.50 Length of calyx lowest teeth 

0.28 -0.03 -0.10 -0.12 0.72 Calyx length 

-0.24 0.10 0.02 -0.09 0.51 Calyx diameter 

-0.29 -0.08 -0.23 0.55 0.21 Calyx color 

-0.07 -0.12 0.24 -0.26 0.48 State of calyx hairs 

0.09 0.82 -0.02 -0.17 0.04 Bracte length  

-0.02 0.57 0.02 0.06 0.14 Bracte width  

0.13 0.67 0.23 0.04 0.01 Leaf length 

-0.08 0.48 0.26 0.26 0.15 Leaf width 

0.14 -0.64 0.17 0.22 0.16 Hairs of the upper leaf surface 

-0.01 -0.47 -0.02 0.19 0.21 Hairs of the under leaf surface 

-0.14 -0.11 -0.24 0.71 -0.06 Leaf color 

-0.05 -0.32 -0.13 0.82 0.05 Stem color  

0.55 0.05 -0.02 0.04 0.01 Stem diameter 

0.25 0.55 0.26 -0.16 -0.014 Stem internode length 

0.79 0.06 0.11 0.22 0.02 Length of lateral branches 

0.37 0.29 0.58 -0.12 0.21 Plant height 

3.23 3.61 4.07 4.94 6.22 `Eigenvalue 

8.08 9.02 10.18 12.35 15.54 Total variance [%] 

55.18 47.11 38.08 27.9 15.54 Cumulative variance [%] 
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Fig 2. Cluster analysis of the individual plants of different populations of Satureja mutica based on euclidean distances 

from the morphological data matrix. Population abbreviations: Dar, Darkesh; Kes, Keshanak; Nam, Namnik; Man, 

Manjil; Tan, Tangegol; Pon, Pono; Gar, Garmabdasht. 
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Fig 3. Diagram showing the mean value of essential oil yield and dry weight in Satureja mutica populations.  

(The bar indicates standard deviation) 

 

 

 

Correlations between the characters 

There were positive and negative correlations between 

evaluated traits (Table 4). Essential oil yield had 

positive correlation with plant height (r=0.48 p<0.01), 

stem internodes length (r=0.48 p<0.01), leaf length 

(r=0.43 p<0.01), length of inflorescence (r=0.33 

p<0.01) and length of branches (r=0.27 p<0.05). Width 

of bract (r= -0.27 p<0.05) had negative correlations 

with essential oil yield. Yavari et al. (2010) study in 

Thymus migricus reported that the length of 

inflorescence and stem as well as leaf length and width 

are significantly correlated with essential oil yield. 

Against this result, Zataria multiflora essential oil yield 

had negative correlation with leaf area and height of 

the shrub (Bandegi 2010). Also in S. khuzistanica 

negative correlation was observed between essential oil 

yield and length of internodes, but positive correlation 

was revealed between essential oil yield and calyx 

diameter (Hadian, et al., 2011). The localization of 

essential oil bearing glands showed different 

correlations between traits in different species.  

In conclusion, populations of Keshanak and Darkesh 

had desirable morphological traits such as high plant 

height, higher leaf length and width, higher dry weight 

yield per plant and higher level of essential oil yield. It 

is noticeable that these two populations are growing in 

rangeland areas with drier climate while other studied 

populations are growing in forest areas with higher 

humidity. Moreover, large morphological variations 

among and within S. mutica populations in different 

natural habitats of Iran indicated that these populations 

are important genetic resources and initial breeding 

materials, which could be utilized in future breeding 

programs and domestication.
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Table 4 

Corellations between morphological characteristics and essential oil yield in Satureja mutica 
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