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ABSTRACT 
 

Coridothymus capitatus (L.) Reichenb. fil., is an aromatic plant growing wild in 
Jordan and locally known as Za’tar Farisi. The genetic diversity, conservation, and 
potential cultivation study comprised fifteen wild populations of Coridothymus 
capitatus, one wild population of Thymbra spicata and two Thymbra. spicata landraces.  
 

The investigated wild populations of Coridothymus capitatus showed various 
degrees of phenotypic variation based on the characters under investigation. Significant 
variations were obtained for quantitative characters, the coefficient of variation 
percentage (C.V %) ranged from 12.60 %. to 39.20 %. The average estimate of 
Shannon’s diversity index (H`) was 0.58. The genetic distance among pairs of 
populations was low.  

Essential oils were quantitatively analyzed using gas chromatography and gas 
chromatography-mass spectrometry techniques. Significant diversity was obtained 
among wild Coridothymus capitatus populations. Thymol percentage ranged from 0.03 
to 0.57 %, and carvacrol percentage ranged from 0.10 to 0.90 %. Populations showed 
average dissimilarity of 10.68. The Unweighted Pair Group Method with Arithmatic 
Mean (UPGMA) cluster analysis revealed thymol and carvacrol chemotypes. Monthly 
quantitative changes in thymol and carvacrol were obtained. 

Coridothymus capitatus populations introduced for cultivation showed a good stand 
and potential toward producing dry herbage yield (3046 kg/ha). Cultivated populations 
showed phenotypic variation in the investigated traits, and also variation in relation to 
their essential oil content. Thymol percentage ranged from 0.01 to 0.90 % and carvacrol 
percentage ranged between 0.10 and 0.87 %. The genetic diversity among cultivated 
population was estimated at the molecular level using Amplified Fragment Length 
Polymorphism (AFLP) analysis. A total of 235 bands were scored using ten selective 
primer combinations. Five groups of Coridothymus capitatus were identified by the 
UPGMA clustering indicating genetic variation among populations. 

The results of this study indicate that a broad range of genetic variation exist among 
populations of Coridothymus capitatus collected from wild habitats in Jordan, and  
among Thymbra spicata populations. Seeds of Coridothymus capitatus and Thymbra 
spicata were conserved (ex situ) in seed bank and in the field bank. The results obtained 
pave the road for a potential commercial and large-scale cultivation and essential oil 
production from Coridothymus capitatus species. 
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1. INTRODUCTION  

Jordan is located about 80 km east of the Mediterranean Sea with an area of 

approximately 88,878 km² (DOS, 2003). Altitude ranges from -400 m at the surface of 

the Dead Sea up to the 1750 m at Jebel Rum. The climate varies from semi-humid 

Mediterranean conditions with rainfall more than 500 mm to arid conditions with less 

than 200 mm, this over only 100 km distance. Four main eco-geographical regions have 

been recognized in Jordan (Jordan Meteorological Department, 2008); the highland 

mountains region, the eastern desert, the Jordan valley, and the Aqaba gulf. The 

variations in topography and climate revealed a wide diversity in ecological habitat and 

even in microhabitat, which in turn reflected a tremendous diversity in flora of the 

country. The richness of plant species in Jordan is estimated to be 9.1 species/100 km² 

is considered to be high (Danin, 2001).  

 Approximately 0.01% of total world flora is represented in Jordan, which includes 

important medicinal, herbal and aromatic species. More than 485 species from 330 

genera and 99 families were listed (GCEP, 1998; Oran and Al-Eisawi, 1998; Afifi and 

Abu-Ermaileh, 2000). People of Jordan have been almost entirely dependent on these 

plants and utilized them in folk medicine and also to generate income. In addition, 

people grow some medicinal and aromatic plant species in their home gardens for their 

aroma and medicinal properties. Some of the most popular wild medicinal and aromatic 

plants in Jordan are Achillea fragrantissima (Forssk.) Sch. Bip. (Kaisoum )مXYZ[ ,

Artemisia sieberi Asso. (Sheh \Z]), Teucrium polium L. (Jadeh ^_`a), Salvia fruticusa 

Mill. (Mairameih bZcdZc), Origanum majorana L. (شX[دdc), and Thymus species (Za’tar 

dghز) (Al Khalil, 1995).  

 Medicinal plants in Jordan are subjected to ecosystem and habitat degradation 

caused by many factors including urbanization, over exploitation and over grazing. A 
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number of aromatic plants were extinct like indeginous sage and origano (Haddad and 

Turk, 2002; Khairallah, 2005; NCSA, 2006).  

 In- situ conservation is one approach needed to protect and sustain medicinal plant 

productivity. Ex situ conservation is needed as a back up for the genetic material of 

medicinal and aromatic plant species growing in wild, and also to facilitate a direct 

utilization of these species in different fields. Cultivation is another approach suggested 

as possible mitigation to the unsustainable wild harvest of medicinal plants. This takes 

the pressure off the wild stock while boosting commerce in term of producing regular, 

uniform, and large quantities of medicinal and aromatic plants as raw material and at 

same time generate additional income for local communities. 

 The available information about Jordanian medicinal plants in aspects like 

phenotypic and genotypic diversity, ecology, distribution and usage is fragmentary and 

scattered. Most of the published materials are about listing wild species distributed in 

the country (El-Oqlah and Lahham, 1985; Abu- Irmaileh, 1988; Al-Eisawi and Takrori, 

1989; Al-Khalil, et al., 1990; Oran, 1994) while few studies addressed the 

pharmaceutical properties of some species (Abu-Zarqa, et al., 1987; Alali, et al., 2007).  

 Recognizing the commerce potential of medicinal plant species native to Jordan, 

production of medicinal plants as raw material for export purpose is relatively weak, as 

most of plant species have not been utilized by the national pharmaceutical industry. 

Therefore, investigating the medicinal and economic value of native species is highly 

important. Also comprehensive agricultual and pharmaceutical studies are needed. 

 Among the plant species listed for their pharmaceutical and aromatic value, 

Coridothymus capitatus (L.) Reichenb. fil., is an important member of the family 

Labiatae which originated in Mediterranean region and is growing wild in Jordan. The 

C. capitatus is among the most valuable medicinal, aromatic, and honey bee plant. It is 
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considered one of the best sources for volatile oils, mainly carvacrol and thymol  

(Goren, et al., 2003; Miceli, et al., 2006; Rodrigues, et al., 2006). Globally, C. 

capitatus considered a valuable species for pharmaceutical industry and volatile oil 

extraction as outlined in the World Trade Organization (WTO) agreement. This plant is 

a well known among local population in Jordan and is currently used as culinary herb, 

hot drink, food preservative and additive, aromatizing and medicinal purposes. The 

habitat of C. capitatus in Jordan is highly subjected to degradation mainly caused by 

over exploitation and urbanization.  

 So far, information about C.capitatus in term of distribution, genetic diversity, 

conservation, and production potentiality is limited and almost absent in Jordan. Thus, 

the objectives of the present research are: 

1. To explore and identify sites of distribution of C. capitatus in Jordan. 

2. To collect seeds and herbarium specimens from sites of distribution.  

3. To study the genetic diversity and the variation among C. capitatus populations at 

 morphological and molecular levels. 

4. To quantitatively determine the major essential oils (thymol and carvacrol) in 

 collected populations.  

5. To investigate cultivation potential of C. capitaus populations under field conditions 

 and estimate the biomass yield.   

6. And to conserve (Ex situ) the collected material at the National Centre for 

 Agriculture Research and Extension (NCARE) gene bank and herbarium. 
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2. LITERATURE REVIEW 

2.1. Medicinal and Aromatic Plants 

 Medicinal and aromatic plants represent a substantial part of the natural biodiversity. 

Medicinal plants are plants containing inherent active ingredients tending or used to 

cure or prevent diseases. Aromatic plants on the other hand, are plants which have 

strong characteristic smell or fragrance (King, 1992). Aromatic plants could also be 

medicinal plants. Plants represent a huge reservoir of secondary metabolites as they 

produce more than 100,000 different compounds to protect themselves and serving, at 

the same time, as a potential new drugs (King, 1992; Izuakor, 2005). Newman and 

Cragg, 2007 reported that almost 60% of all small organic drugs introduced into the 

market during 1982-2006 are either a natural product or derived from or inspired by a 

natural product. 

 Historically, plant medicines were discovered by trial and error. Just as people learnt 

to exploit plants for food, they learnt to use plants as medicine (UNESCO, 1994). 

Finding healing powers in plants is an ancient idea and people in all continents have 

long used indigenous plants for treatment of various ailments (Cowan, 1999).  

 The traditional knowledge of using medicinal plants for therapeutic use in many 

countries is acknowledged over the world (Cunningham, 1993). In Asia, India is 

considered the largest producer of medicinal herbs with over 3000 plants were 

recognized for their medicinal value and over 6000 plants are in use in traditional 

medicine (Dubey, et al, 2004). On the other hand, the successful Chinese experience in 

developing cultivated plantations of formerly wild-harvested medicinal plants provides 

a model for other countries and regions (Foster, 1993). In Africa, the socio-cultural 

heritage including traditional medicine has been in existence for hundreds of years 

(Elujoba, et al., 2005), an increasing reliance on the use of medicinal plants in industry 
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has been traced to the extraction and development of several drugs and 

chemotherapeutics from these plants (UNESCO, 1994). In Brazil, high attention was 

given toward conservation of medicinal plants distributed in tropical forest (Luiz, 

2005). 

 The indigenous medicine of the Middle Eastern regions is similar to the traditional 

medicine of several other countries with an adaptation to the locally available medicinal 

species. The results of an ethno-pharmacological survey was conducted by Said et al.

(2002) revealed that there are 129 plant species (including C. capitatus) still in use in 

traditional Arabic medicine for treatment of various diseases like diabetes, liver, 

respiratory, skin, urinary and nervous system. However, more than 30% of these herbs 

are rare or endangered in the region. On the other hand, Azizeh, et al. (2003) studied 

the current status knowledge of traditional Arabic medicine of local Arab practitioners 

in the Middle Eastern region, and found that knowledge in identification of plants was 

good among Bedouins and shepherds who utilize 22 major herbs for treating patients 

and those plants collected only from the wild. This indicates that medicinal plant 

species require preservation as well as ethno-botanical and ethno-pharmacological 

knowledge.  

 In Jordan, ethno-pharmacological survey of traditional drugs consumed showed that 

there are 236 plant species used in traditional drugs for treatment of different diseases 

(Lev and Amar, 2002). Moreover, Many studies investigated the antimicrobial 

(Mahasneh and El-Oqleh, 1999), antidiabetic (Hamdan and Afifi, 2004; Al- Mustafa 

and Al-Thunibat, 2008), anticancer (Abuharfeil, et al., 2000), antioxidant (Alali et al.

2007; Tawaha, et al., 2007) and antiulcer (Alkofahi and Atta, 1999) activities of 

different extracts from local plants.  
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Indigenous medicine is now recognized in the world as a health care resource, the 

World Health Organization (WHO, 1993) pointed out that traditional medicine is an 

important contributor to organization health goals. A bout 75-80% of the world people 

depend on traditional medicine because of better cultural acceptability, lesser cost, 

better compatibility with human body and lesser side effects (Prajapati, et al., 2003). 

2.2. Species Coridothymus capitatus 

2.2.1. Taxonomy and Nomenclature 

Coridothymus capitatus (L.) Reichenb. fil., is an important species of the family 

Lamiacea (alt. Labiatae). A dilemma has been occured in taxonomy of this species 

(Stahl-Biskup and Sáez, 2002). The researchers differ about the scientific name; some 

(Feinbrun, 1978; Greuter et al., 1986) placed it under genera Coridothymus and species 

capitatus in family Labiatae, while others (Al-Eisawi, 1982; Boulos, 1999) placed it in 

family Labiatae under genera Thymus and species capitatus and used the name Thymus 

capitatus (L.) Hoffmanns & Link to describe the plant, and consider Coridothymus 

capitatus as synonym. Other synonym used is Satureja capitata L. (Feinbrun, 1978). 

 This species was recently classified as Thymbra capitata (L) Cav., based on findings 

from investigations made by Stahl-Biskup and Sáez (2002) on Thymus capitatus taxon 

and upon evaluation of the phytochemical studies along with chemotaxonomy. Skoula, 

et al. (2004) mentioned the work of Barberan, et al. (1986) who found that this taxon 

externally accumulated the same unusual 5,6-dihydroxy-7-methoxy-flavonoid 

previously isolated from Thymbra spicata (Miski, et al., 1983) and occasionally 

reported in the genus Thymus. On the other hand, the 6-hydroxyflavone glycosides 

which is universally present in Thymus species was absent from T. capitatus (Tomas-

Barberan, et al., 1988)) and this supports its inclusion in the genus Thymbra. The 

allocation of this species to the genus Thymbra has emphasized the chemotaxonomic 
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value of thyme flavonoids composition (Martínez, et al. 2002; Stahl-Biskup and Sáez, 

2002; Skoula, et al., 2004).  

 There are several common and English names of C. capitatus like: Conehead thyme, 

Persian hyssop, and Headed savory. It is known in trade as “Spanish oregano”. In 

Jordan local people named it Za’tar Farisi ( mnnnnnnoرqr dgnnnnnhز) which means Persian Thyme.  

2.2.2. Botanical Description  

C. capitatus is a compact shrub with grey stems, linear fleshy leaves and pink 

flowers, with red-tinged bracts. It is an evergreen shrub growing to 0.25 m by 0.25 m 

and it is in flower from July to September. The flowers are hermaphrodite and are 

pollinated by Bees, flies, and Lepidoptera (Davis, 1985). 

Polunin (1980) described C. capitatus plant as a dwarf-shrub with 20-40 cm height. 

The branches are woody, growing in high density to form a tangled dome. Leaves are 

narrow, hardened and pointed, growing densely on the branches. The leaf is covered 

with pits, containing glandular hairs giving off a characteristic smell. The pinkish-

purple flowers are arranged in a dense egg like head and the fruit is composed of four 

nutlets. The species name capitata comes from the Latin for 'headed', referring to the 

flowers grouped at the end of the stems. This species is collected throughout the year.  

Feinbrun (1978) described C. capitatus plant growing in Jordan as a perennial shrub 

of 20-40 cm height. Stems are white-tomentose, erect or ascending. Leaves are rigid 

and linear, keeled and boat-shaped. Heads are ovoid. Floral leaves densely imbricate, 

flat and thinner in texture. Corolla purplish-pink and the flowering time from May to 

October. 

2.2.3. Habitat and Geographical Distribution 

 C. capitatus is originally from Mediterranean basin. Danin, 2004 described the 

habitat of C. capitatus as bathas and semisteppe bathas with soils derived from 
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calcareous sandstone. Batha is a technical term derived from the Bible and best 

illustrated by a landscape dominated by Sarcopoterium spinosum semishrub, semi-

steppe batha developed at the margins of the Mediterranean territory (Danin, 2004). 

Zohary and Feinbrun, 1966 defined the habitat batha as “a Mediterranean dwarf-shrub 

formation”, they mentioned that the low arid and often spiny shrub lands in the eastern 

Mediterranean Basin are termed phrygana in Greece and batha in Israel. 

 C. capitatus is native and common in Mediterranean countries like Spain, Portugal, 

Greece, Cyprus and Tunisia (Neffati, et al., 2006). It is one of the phrygana vegetation 

of Cyprus which growing from sea level to 2,900 ft on dry rocky slopes (Della, 1995).  

 In Jordan, Al-Eisawi, (1996) considered Thymus capitatus as one of the leading 

species to the Mediterranean non-forest vegetation. Populations of C. capitatus found 

in Jordan were occupied habitats of Batha on rocky ground, calcareous hills and 

compact soil (Feinbrun, 1978, Boulos, 1999; Fragman, et al., 2001). Feinbrun, 1978 

reported that C. capitatus is distributed in Jordan in Gilead (Salt), Ammon (Amman) 

and Moav (Madaba and Naor). 

2.2.4. Ecological Value 

 The species C. capitatus has an important role in ecological studies particularly 

those related to pollination, palynology, demography and ecosystems. It is one of 

species belonging to family Labiatae, where its members were by far the most nectar 

rewarding species in the phrygana, both in volume and in sugar content (Petanidou, 

1996). At community level, this is very important because Labiatae consist of unique 

group that bees rely on for energy, and most importantly for water supply in an area 

characterized by water shortage. 

 On the other hand, Petanidou (1996) cited that populations of species C. capitatus 

have the ability to support an exceptionally high number of flower visitors (123 
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species) and 50% of monotropous visitors (i.e. those that are exclusive to one plant 

species). Among these 15 species of solitary bees were recognized, the importance of 

C. capitatus for specialist bee was due to the fact that this species was the main host 

plant at the end of the flowering season during the hot and rainless summer. 

 In relation to palynological studies, Tsigouri, et al. (2004) mentioned that C. 

capitatus is considered an important source for production unifloral honeys. The 

physiochemical parameters measurements of C. capitatus honey revealed that it 

contains pollen ranging from 18.3 to 69.3% and more than 30 pollen types.  

 C. capitatus populations are affected by air pollution stress. Studies of plant 

demography in lightly, mildly and highly polluted sites indicated that reproductive 

deficiency in polluted plants is an indirect effect of resources limitation rather than a 

direct effect of air pollutants on the reproductive organs (Troumbis, 1990). 

2.2.5. Economic Value  

 C. capitatus is known in trade as “Spanish origano”. Oregano essential oils obtained 

from the genera Origanum, Thymus, Coridothymus, Thymbra, Satureja and Lippia are 

rich in carvacrol and thymol (Can Baser, 2008). These species have commercial 

importance in Mediterranean countries as well as in the world, the overall production 

reached 8000 ton of fresh herb per year (Goren, et al., 2003). Turkey is the biggest 

exporter of oregano herb and oil to the world markets (Can Baser, 2008). 

 Among the oregano oils, the essential oil obtained from C. capitatus is being one of 

the most expensive. It has been used since ancient times in pharmaceutical, food 

flavoring, cosmetic and perfumery (Rodrigues, et al., 2006). The carvacrol essential oil 

extracted from C. capitatus is considered a general tonic and immune stimulant with 

value of 10 ml reach $11.75 in U.S.A market (Foster, 2006). 
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In Tunisia, the Herbal and Medicinal Plants Project (HMPP, 2003) list C. capitatus 

as one of species of high priority, due to its ability to grow in arid areas, economic 

value and for export. The project economical studies showed that among 72 plant 

species collected and used, the sale of the medicinal plant was limited to 4 main species 

(Rosmarinus officinalis, Thymus capitatus, Juniperis phoenicea, and Artemisia herba-

alba). The disposed mean quantity on the market was 750 kg/year. Selling prices and 

the sold mean quantities of the HMAP were marked by a big variability in relation to 

the species, the period of sale, the climatic conditions of the year and the quality of the 

product. The frequency of sales was more important for Thymus species than others 

(Neffati and Belgacem, 2006). 

 In Jordan, local communities of Ajloun produce “Za’tar Farisi” in their home 

garden. The price for fresh herb is about 2.5 JDkg-1 and for dried leaves is 5-6 JDkg-1.

The price is not fixed as it is mostly depend on season of the year, climatic conditions, 

production quantity and market demand. However, the cost of 250 g of dried leaves is 

about 2.5 JD in local markets where the plant material is mainly imported from abroad.  

2.3. Value of Genetic Diversity of Medicinal and Aromatic Plants  

 Biodiversity is the total variations found within all living organisms along with 

ecological complexis they inhabit (Wilson, 1992). It encompasses diversity at all levels 

of biological organizations: communities, species, individuals, and genes (Wilson, 

1992, Frankel, et al., 1995). Hence, genetic diversity represents the heritable variation 

within and between populations of organisms (WCMC, 1992) and this diversity is 

important to be maintained at all levels (Hawkes, et al., 2000).  

 Since ancient history, diversity among and within plant species have been 

recognized by farmers, herbalists and shepherds as a tangible resource for them, 

nowadays, people expand exploitation of the variation exist in plant as a valuable 
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genetic resources they can use for improving their products (WCMC, 1992). IPGRI 

(1993), define these genetic resources as the “Genetic material of plants which is of 

value as a resource for the present and future generations”.  

 Markets for genetic resources products are large. Tenkate and Laird (1999) reviewed 

the annual global market price for various plant genetic resources products and 

suggested a figure between US $ 500-800 billion. The contribution of pharmaceutical 

and botanical medicine products in this figure was US $ 95-190 billion. Around 119 

pure chemical substances extracted from 90 plant species are used in medicines 

throughout the world (WCMC, 1992). The World Health Organization listed over 

21,000 plant species including C. capitatus with medical uses (WHO, 1993) and about 

5,000 species have been investigated as potential source of new drugs (Farnsworth, 

1988; Farnsworth and Soyjarto, 1991). Based on FAO statistics, the average value of 

world trade in medicinal plants for the period 1987-1991 was about US$ 853 million 

for imports and about US $ 591 million for export (Iqbal, 1993). Essential oils of 

thyme, mint, eucalyptus, cinnamon leaf, and camphor considered medicines which 

contribute in the world trade (Lewington, 1993). China is the biggest producer of 

medicinal plants as it accounts for 30% of total world trade. Singapore and Hong Kong 

are the main re-exporters while Japan, USA, Germany, France, Italy, Malaysia, Spain 

and USA are the major markets for medicinal and herbal plants.  

 In Jordan, high diversity of medicinal and aromatic plants are recognized, and some 

hot spots for medicinal species (e.g. Ornethogalum sp., Crocus sp., Colchicum sp, 

Biarum sp, Origanum sp., Thymus sp., Salvia sp.) have been identified (Haddad and 

Turk, 2002; Khairallah, 2005). However, exploiting this diversity and utilizing these 

species is still limited in traditional medicine and only common among local peoples 

and Bedouins (Haddad and Turk, 2002). Some research studies were conducted on 
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some Jordanian species, most of them concerned with investigation for the major active 

component (Mahasneh and El-Oqleh, 1999; Hamdan and Afifi, 2004; Alali, et al.,

2005; Alali, et al., 2008; Al-Mustafa and Al-Thunibat, 2008). Thus, production of 

herbal drugs at commercial level is still under development. 

2.4. Conservation of Medicinal and Aromatic Plants 

2.4.1. The Needs for Conservation  

Preservation of medicinal plants in the wild and their cultivation outside their 

natural habitat has assumed significance. Diversity of medicinal and aromatic species is 

mainly threatend by over exploitation, which decline the genetic variation and lead to 

genetic erosion (WCMC, 1992; Walter and Gillett, 1998). Other factors also lead to loss 

of genetic diversity of medicinal and aromatic plants including destruction and 

fragmentation of natural ecosystem, human socio-economic changes, overgrazing, and 

environmental degradation (Diamond, 1989; WCMC, 1992; WRI et al., 1992; Bhadula 

et al., 1996). 

 In Jordan, medicinal, aromatic and herbal plants are endangered and some are 

threatened with extinction. The continuous and accelerating over-exploitation of these 

plants in their natural habitats, combined with the increasing demands for their use, 

have led to destruction of the natural stocks in the wild (Haddad and Turk, 2002). The 

inventory study conducted by RSCN in 2002 listed around 28 medicinal and herbal 

plant species that are under threats and required immediate action for their 

conservation. Among the listed species, 6 taxa like Artimisia sieberi and Teucrium 

polium were found in high demand, and 9 taxa like Artimisia judaica and Majorana 

syriaca were found at risk because of limited abundance or limited distribution. The 

study indicated that it is important to focus on those of high demand for their medicinal 

and aromatic properties but at the same time all plant species whether rare or 
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endangered should be considered in a national effort for conservation. Therefore, 

sustainable management and conservation of these endangered species are important 

not only because of their value as potential therapeutics, but also due to their value in 

preserving ecological systems. 

2.4.2. Conservation Techniques  

Article 2 of the Convention of Biological Diversity (CBD) defined both ex situ and 

in situ conservation as follows: “ex situ conservation means the conservation of 

components of biological diversity outside their natural habitats”, and “in situ 

conservation means the conservation of ecosystems and natural habitats and 

maintenance and recovery of viable populations of species in their natural 

surroundings”.  

Genetic conservation focuses explicitly on conserving the full range of genetic 

(allelic) variation within taxa (Hawkes, et al., 2000). Conservation acts as a link 

between the genetic diversity of a species and its utilization, this was illustrated in a 

model developed by Maxted et al. (1997). Within this model, two basic conservation 

strategies are recommended; in situ and ex situ, each composed of various techniques.  

 Over continents, serious efforts afforded to protect medicinal plants facing threat. 

Africa experience in saving medicinal and aromatic plant resources from extinction 

showed that effective conservation strategies should take place within four main areas: 

in-situ conservation, ex-situ conservation, education and research (Okigbo, et al.,

2008). In Egypt, a national strategy on conservation of medicinal and aromatic plants 

(MAP) was adopted to eliminate the continuous threats of medicinal plant growing in 

wild habitat (MPCP, 2006). Five main activities were integrated to preserve and sustain 

the natural heritage of the Egyptian wild flora: conservation in-situ and ex-situ,

strengthen and sustain markets of MAP products, reduce pressure on wild genetic 
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resources of MAP, increase awareness and evaluate value of MAP, and develop 

legislation concerned with MAP protection.  

 Jordan ratified the CBD and was committed to achieve targets of the Global Strategy 

for Plant Conservation (GSPC) which aims to halt the current and continuing decline of 

world plant diversity by 2010. The target 8 of GSPC states that 60% of threatened plant 

species should be held in accessible ex situ collection, as well as in situ, preferably in 

their country of origin. In an attempt to match CBD objectives and GSPC targets with 

the national strategy for plant diversity conservation in Jordan, the NCARE, through its 

gene bank, contributed effectively in conservation of medicinal and aromatic plant 

species as well as other Jordanian species.  

 One of the mega project implemented in Jordan is the “Conservation of Medicinal 

and Herbal Plants of Jordan” which was emerged out of the crucial needs to conserve 

local medicinal and herbal plant resources (MoPIC, 2005). The project aiming to design 

and test models to promote the conservation (in situ and ex situ) of medicinal and 

herbal plants, and to improve the livelihood of rural communities through the 

management and sustainable use of medicinal and herbal plants for human and 

livestock needs in specific areas of Jordan (the central upper slopes of the rift valley 

and the Mujib nature reserve) while ensuring effective in-situ protection of threatened 

habitats and ecosystems in these areas. The project consisted of four components: 

public awareness and education, income generation activities, institutional 

strengthening, in-situ conservation and sustainable use of medicinal and herbal plants in 

cooperation with local communities, and ex-situ conservation through cultivation. 

(MoPIC, 2005). The project also, offered grants for graduate students to conduct 

applied research on some of the national wild medicinal, aromatic and herbal species 

like Achillea fragrantissima, Hypericum triquetrifolium and Mintha aquatica.
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2.4.3. Conservation Approaches of C. capitatus 

The wild populations of C. capitatus are in regression in Jordan as well as in most of 

Mediterranean countries such as Portugal, Italy, Greece, Cyprus and Tunisia (GCEP, 

1998; Rodrigues, et al., 2006). This is due to various types of threat like urbanization, 

over exploitation, and pollution. 

 In Jordan, studies on this important species are scarse. The plant name appears in 

checklists and in reports of medicinal and aromatic plants. For example, Jordan’s 

Country Study on Biodiversity (GCEP, 1998) listed names and status (common, not 

common, decreasing, endangered, and rare) of more than 45 plant species labeled as 

important medicinal plants. C. capitatus was included in the list and it described as 

decreasing species because of over exploitation and habitat destruction. On the other 

hand, Qasem (2006) cited that populations of T. capitatus growing wild in the 

Mediterranean biogeographic region of Jordan were attacked by Osyris alba L., a 

parasitic weed that form a thick and massive vegetation with long branches, which may 

lead to death of the host plant. T. capitatus populations which affected by the parasitic 

weed were found in Amman, Na’ur, and Zay. 

 Conservation of C. capitatus as a valuable medicinal and aromatic plant is 

important. Knowledge of genetic diversity among populations of C. capitatus is 

expected to have a significant impact on conservation and exploitation of its genetic 

resources. For the ex situ conservation strategy, both morphological characterization 

and molecular markers should contribute to the sampling, development and use of 

collections (Hawkes, et al. 2000), whereas for either on farm or in situ conservation 

strategies, molecular markers should help in the recognition of the most representative 

populations within the ‘gene pool’ of a given landrace. In Tunisia, C. capitatus 

classified as a target species for extensive conservation process because it presents 
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ecological, social and economical value, hence, the conservation process focused on 

utilization and awareness (Neffati, et al., 2006). In Jordan, NCARE gene bank host one 

population of C. capitatus collected in 2004 from Amman (Khalda) from elevation of 

1010 masl. 

2.5. Diversity Parameters 

 Thymus is taxonomically a very complex genus with a high frequency of 

hybridization and introgression among sympatric species and it does not seem to have 

genetic incompatibility between species (Morales, 1986; Horwath, et al., 2008). 

 The genus Thymus comprises about 150 species (Jalas & Kaleva, 1970), those are 

distributed throughout the arid, temperate and cold regions of the old world and on the 

coasts of Greenland (Morales, 1989). In Jordan, two species of the genus Thymus were 

listed by Al Eisawi (1982), those are: Thymus bovie Bentham (Syn: T. musilii Velen, T. 

serpyllum auct) and T. capitatus (L.) [Syn: Satureja capitata L., Coridothymus 

capitatus (L.)]. The known chromosome numbers are 2n=24, 26, 28, 30, 32, 42, 48, 50, 

52, 54, 56, 58, 60, 84 and 90, this corresponded to the diploid, tetraploid, and hexaploid 

levels. Probably, from a basic number X=7, the secondary basic numbers X=14 and 

X=15 originate. The most frequent numbers are 2n= 28, 30, 56 and 60. Aneuploidy 

occupies an important place in the evolution of this genus and is responsible for the 

other numbers (Morales, 1996). Tsigouri et al., 2004 cited that thyme honey named T. 

capitatus has n=61. The pollen of the genus Thymus is very homogeneous. 

2.5.1. Phenotypic Diversity 

 Knowledge about species diversity and genetic relationships among species 

populations could be a valuable aid in species development strategies and for 

domestication of wild species. Underwood, (1981) mentioned that 71% of studies are 

using the common statistical test ANOVA for estimation of genetic variation which 
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based on the contribution of genotype effect among other effects (eg. Environment) 

influence the phenotype of an individual. Mohammadi and Prasanna, (2003) cited that 

the analysis of genetic diversity in germplasm accessions and populations could be 

relied on morphological data, agronomic performance data, biochemical data, and more 

recently molecular data. 

 Regarding the biochemical data, the intraspecific diversity of Lamiacae and evident 

in the heterogeneous composition of the essential oils produced from the various 

species, is well known (Morales, 1996). Intraspecific diversity is highly influenced by 

environmental conditions but it based on genetic polymorphism. For instance, within 

the genus Thymus many species present intraspecific chemotypes (Senatore, 1996). 

Essential oils of Thymbra capitata collected from Italy were analyzed to check for 

chemical variability. The study showed that among the 75 components of the oils the 

most recurrent ones were thymol and carvacrol, which constituted more than 50% of 

the oils. Cluster analysis led to the identification of three chemotypes: thymol, 

carvacrol and thymol/carvacrol; this was presumably a crossbreed between the other 

two chemotypes. Results of this study agreed with results obtained by Fleisher et al.,

1984 who studied chemovarieties of C. capitatus growing in Israel. They found that 

wild populations of C. capitatus growing in Israel and West Bank of Jordan river were 

consisted of at least three chemically distinct varieties, differing in the composition of 

the phenol fraction of essential oil, those were thymol containing, carvacrol containing 

and contain thymol and carvacrol with 1:2 ratio.  

2.5.2. Molecular Diversity 

 Classical methods of estimating genetic diversity among groups of plants have relied 

upon morphological or chemical characters, but these characters can be influenced by 

environmental factors. By looking directly at the genetic material itself, molecular 
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markers represent a powerful and potentially rapid method for the characterization of 

diversity per se within the in situ and ex situ conservation of population (Ford-Lloyd 

2001). In the case of medicinal and aromatic plants, the deeper insight into the genetic 

diversity and genetics of the formation of plant secondary metabolites will lead to 

efficient breeding strategies assisted by molecular markers and allow the indirect 

selection of traits difficult to observe morphologically (Franz and Novak, 2006). 

 According to Stansfield (1986), the term marker is used for “locus marker”. Each 

gene has a particular place along the chromosome called locus. Due to mutations, genes 

can be modified in several forms mutually exclusives called alleles (or allelic forms). 

All allelic forms of a gene occur at the same locus on homologous chromosomes. When 

allelic forms of one locus are identical, the genotype is called homozygote (at this 

locus), whereas different allelic forms constitute a heterozygote. In diploid organisms, 

the genotype is constituted by the two allelic forms of the homologous chromosomes. 

Thus, molecular markers are all of loci markers related to DNA (markers can also be 

biochemical, or morphological).  

 The most frequent used markers in population genetics are allozymes (biochemical); 

Restriction Fragment Length Polymorphism (RFLP) (Botstein et al., 1980); Single 

Sequence Repeats (SSR) (Tautz and Renz, 1989); Random Amplified Polymorphic 

DNA (RAPD) (Williams, et al., 1990); Amplified Fragment Length Polymophism 

(AFLP) (Zabeau and Vos, 1993), Single Nucleotide Polymorphism (SNPs) (Wang, et 

al., 1998), and Diversity Arrays Technology (DArT) (Jaccoud, et al., 2001). AFLP is a 

recent DNA fingerprinting technique which based on PCR amplification of selected 

restriction fragments of a total digested genomic DNA. Once labeled, amplified 

products are separated by electrophoresis and the obtained DNA fragments range from 

60-5000 base pair. 
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Molecular studies dealing with medicinal and aromatic plants are rare in comparison 

with cultivated plants. This probably due to the presence of large amounts of secondary 

metabolites and essential oils in medicinal and aromatic plants tissues, which may 

inhibit DNA amplification in PCR reaction (Khanuja, et al., 1999; Mizukami and 

Okabe, 1999). 

 Few studies concerned with diversity of Origanum species (a member of the family 

Labiatae) were carried out. Ricciardi, et al. (2002) cited the usefulness of AFLP 

technique to evaluate DNA polymorphism and estimate the genetic distances among 23 

Origanum accessions collected from different areas in Italy. The choice of AFLPs was 

due to the potential capability of this technique to detect a large level of polymorphism. 

Another study has been conducted by Ayanoglu, et al. (2006) to estimate genetic 

diversity of Oreganum germplasm collected from different areas in Turkey using AFLP 

analysis. Forty-four Origanum accessions were analyzed with 10 EcoRI-MseI primer 

combinations. About 294 polymorphic bands were scored for analysis. Seven main 

groups were identified by the Unweighted Pair Group Method with Arithmetic Mean 

(UPGMA) clustering using Jaccard's pairwise similarity coefficient. Results showed 

low genetic similarity (0.396 - 0.725%) between accessions indicated that the rate of 

gene flow between Origanum species was high as a result of cross-pollination.  

 So far, no molecular studies have been reported for estimating the genetic diversity 

between populations of C. capitatus at the molecular level. Most of available studies 

are concerned with chemodiversity. 

2.6. Medicinal and Aromatic Properties of C. capitatus 

2.6.1. Constituents and their Properties 

 C. capitatus is a well known edible and medicinal plant. It is widely used in 

pharmaceutical, cosmetic and perfume industry (Morales, 1996). The essential oil 
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extracted from the whole plant is used as antiseptic, in aromatherapy like bronchial 

infections, and as food flavoring (Bown, 1995; Morales, 1996). 

Leaves are the edible part of C. capitatus. They are used raw (fresh or dry) in salads, 

cooked foods, and aromatic teas. If the leaves are to be dried, the plant should be 

harvested in early summer just before flowers opening and the leaves should be dried 

quickly (Hedrick, 1972; Huxley 1992). 

Leaves infusion are used as a pectoral, stomachic, and to treat urinary tract 

infections (Karim and Quraan, 1986; Al-Khalil, 1995). The essential oil contained in 

the leaves is a strong antiseptic and disinfectant (Huxley 1992; Bown, 1995). 

Al Mustafa and Al-Thunibat (2008) reported the moderate antioxidant and free 

radical scavenging activity for C. capitatus which could explain the traditional use of 

C. capitatus by Jordanians for diabetes treatment. 

Studies reported more than 45 constituents extracted from C. capitatus, among these 

are: carvacrol, thymol, α-pinene, β-myrcene, p-cymene, γ-terpinene, caryophyllene, 

linalool, borneol, camphene, sabinene, and acetyl-thymol, (Arras and Grella, 1992; 

Hedhili, et al., 2005; Miceli, et al., 2006). 

2.6.2. Essential Oil Parameters 

C. capitatus essential oil has been used since ancient times and it is one of the most 

expensive among the origanum oils (Rodrigues, et al., 2006). C. capitatus is considered 

one of the best sources of essential oil in term of its quality and quantity. This is due to 

the high density of peltate and capitate glandular trichomes present in vegetative organs 

which their main function is to produce phenolic rich extracts and essential oils 

(Rodrigues, et al., 2006; Sárosi and Bernáth, 2006). 

C. capitatus essential oils are industrially extracted by distillation (Morales, 1996). 

Analysis of the essential oil is very important for the identification of volatile 
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components. Gas chromatography mass spectrometry (GC/MS) is a practical and 

reliable method for qualitative and quantitative essential oil analysis (Arras and Grella, 

1992; Goren, et al., 2003; Hedhili, et al., 2005; Miceli, et al., 2006). GC/MS analysis of 

C. capitatus essential oil indicated that carvacrol present at 81 to 83%, p-cymene at 4.5 

to 5%, γ-terpinene at 2.6 to 3.3%, caryophyllene at 1.5 to 1.6%, β-myrcene at 1.6%, 

and linalool at 1.1 to 1.2%. Carvacrol was found to be the most important fungitoxic 

compound among the thyme essential oil constituents (Arras and Usai, 2001). Goren et 

al. (2003) analyzed the essential oil components of C. capitatus which was obtained by 

hydrodistillation using a GC/MS method. Carvacrol (35.6%) and thymol (18.6%) were 

found to be the major components. Using GC and GC/MS method, carvacrol (51-77%) 

and thymol (9-21%) were identified as the main constituents of the essential oil of 

Thymbra capitata populations which were collected from various sites of Portugal 

(Rodrigues, et al.2006).  

 Of all identified constituents of the essential oil of C. capitatus, thymol and 

carvacrol were reported as being the principal components and the most bioactive ones 

(Arras and Grella, 1992; Goren, et al., 2003; Hedhili, et al., 2005; Miceli, et al., 2006). 

Thymol is a monoterpene phenol derivative of cymene, C10H14O, and it is an isomeric 

with carvacrol, C10H14O (SDBS, 2009), (Table 1). 

 Table (1): Chemical structures and molecular formulas of thymol and carvacrol. 

Compound Name Molecular Formula Chemical Structure 

Thymol C10H14O H3C
CH3

CH3

OH

Carvacrol C10H14O H3C
CH3

CH3

HO
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Thymol is an antiseptic and disinfectant. It has been employed in inhalations for 

treatment of bronchial infections of the respiratory organs. By destroying the vitality of 

organized and living ferments, it prevents the occurrence of putrefaction and arrests it 

when it has commenced (Felter and Lloyd, 1998). Carvacrol is a powerful antiseptic, an 

iodide of carvacrol in the form of a light yellow or brownish powder has been used as a 

substitute for iodoform (De Vincenzi, et al., 2004). The investigation study which was 

conducted by Can Baser (2008) on biological and pharmacological activities of C. 

capitatus essential oils showed that it is rich in carvacrol. The study illustrated that 

carvacrol is responsible for many biological activities such as antimicrobial, antitumor, 

antimutagenic, antigenotoxic, analgesic, antispasmodic, antiinflammatory, angiogenic, 

antiparasitic, antiplatelet, ache inhibitory, antielastase, insecticidal, antihepatotoxic and 

hepatoprotective activities and for gastrointestinal ailments. 

 Many studies (Cosentino, et al., 1999; Miguel, et al., 2003; Can Baser, 2008) 

reported the use of C. capitatus essential oil carvacrol in food systems to prevent 

bacterial food spoilage and extend the shelf-life of processed foods as it considered a 

powerful tool in controling species L. monocytogenes. Faleiro et al. (2005) tested the 

antilisterial activities of Thymbra capitata and Origanum vulgare essential oils against 

41 strains of Listeria monocytogenes. The oil of Thy. capitata was constituted mainly 

by one component, carvacrol (79%), whereas for O. vulgare three components 

constituted 70% of the oil, namely, thymol (33%), γ-terpinene (26%), and p-cymene 

(11%). Thy. capitata essential oil had a significantly higher antilisterial activity in 

comparison to O. vulgare oil. The minimum inhibitory concentration values of T. 

capitata essential oil and of carvacrol were ranging between 0.05 and 0.2 µL/mL. In 

addition the essential oil of T. capitata showed significantly higher antioxidant activity 

than that of O. vulgare.
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C. capitatus essential oil has important applications in agriculture. A trial was 

carried out to compare the effectiveness of T. capitatus essential oil and thiabendazole 

(TBZ) on postharvest disease (Green mold) control of mandarin fruit (Arras, et al.,

1994). While TBZ was used at a concentration of 1000 ppm as water suspension, T.

capitatus essential oil was fumigated as an ethanolic solution (20 ppm). Fruits treated 

with T. capitatus vapour showed a 30.1% reduction in green mold, while TBZ 

application gave a 39.1% reduction. T. capitatus essential oil caused no injury in 

flavedo of ripe fruits. 

2.7. Cultivation Potential 

Consumption of herbal medicines is widespread. Harvesting from the wild where 

the main source of raw material exists is causing loss of genetic diversity and habitat 

destruction. Domestic cultivation is a viable alternative and offers the opportunity to 

overcome the problems that are inherent in herbal extracts: misidentification, genetic 

and phenotypic variability, extract variability and instability, toxic components and 

contaminants (Canter, et al., 2005). Few medicinal plants are cultivated as crops and 

plant breeding has only taken place with the commercially most important plants such 

as Cinchone sp., Chamomilla recutita and Mentha piperita (Schumacher, 1991). 

Conventional plant-breeding methods can improve both agronomic and medicinal 

traits, and molecular marker assisted selection of desirable traits (Canter, et al., 2005).  

In response to popularity increased and greater demand for medicinal plants, a 

recommendation of bring wild medicinal plants into cultivation system has been 

adopted by farmers communities in cooperation with pharmaceutical companies (Pank, 

1992; WCMC, 1992). In USA, an estimated of 7600 ha was planted by medicinal and 

aromatic herbs during 2001 with 33.3% of this area under organic cultivation (United 

State department of Agriculture/Economic Research Service (USDA/ERS), 2002). 
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Azaizeh, et al. (2005) studied the potentiality of several medicinal herbs (Cichorium 

pumilum, Eryngium creticum, and Teucrium polium) for greenhouse cultivation and 

assessed the effects of different fertilization regimes on their growth. Seedlings were 

fertilized with 100%, 50%, and 20% of Hoagland solution or irrigated with tap water. 

Plant height was measured and the number of green leaves and branches counted and 

the aboveground parts of plants were harvested. It was found that either 20 or 50% 

Hoagland solution produced consistent response of the plant growth parameters.  

 The potentiality of C. capitatus for cultivation is still under study and limited 

scientific studies are available. Hedrick (1972) cited that C. capitatus used to be 

cultivated as a culinary herb in the herb gardens and mentioned that if leaves are to be 

dried, the plants should be harvested just before the flowers open and the leaves should 

be dried quickly. Huxley (1992) stated that C. capitatus is hardy to about -10°C but at 

same time prefers light, well drained calcareous soil and a sunny position. C. capitatus 

could be propagated by seeds, cuttings or layering and the best time for seedlings 

transfer to the field is in late spring or early summer. 

 Among species that are mainly used as officinal plant, T. capitatus show a high 

aesthetic ornamental value, a long and abundant flowering period, and adaptation to 

diverse climatic conditions and therefore might have a potential ornamental value 

(Iapichino, et al., 2006). Iapichino, et al. (2006) evaluated the phenotypic behavior of 

T. capitatus in order to study it’s potentiality for pot cultivation using vegetative 

cuttings for propagation. The results were positive and T.capitatus showed an excellent 

atitude to pot cultivation. 

 The yield of the fresh and dry material is critical in the production process of 

medicinal and herbal plants. The effect of plant density on the yield of Marjoram 

(Origanum syriacum) had been studied (Abu Al Rub, 1996). Results obtained showed 
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that increasing plant density from 1.9 to 5.3 plants/m² resulted in increasing the total 

dry yield to 125 g/m². More over, the results obtained by Iapichino, et al. (2006) 

indicated the potentiality of C. capitatus for cultivation, which encourage the 

introduction, cultivation, and biological evaluation of C. capitatus species in Jordan.  
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3. MATERIALS AND METHODS 

3.1. Geographical Survey and Sites Designation 

 Based on bibliography and flora references, populations of C. capitatus grow 

naturally in different areas in Jordan including: Salt, Amman, Madaba, Hisban, and 

Na’ur, and occupy habitats of non-forest vegetation, batha on rocky ground, calcareous 

hills and compact soil (Feinbrun, 1978; Al-Eisawi, 1996; Danin, 2004).  Areas of 

habitats mentioned above were scouted in north, middle and south of Jordan during 

May-July 2005 for sites designation and collection.  

The geographical survey started in April 2006. The survey covered sixteen sites 

where wild populations of C. capitatus grow. Coordinates and elevation of each site 

were recorded using a hand-held Geographical Positioning System (GPS, 

GARMINOLATHE, KS, USA) and Altimeter (Annex I).  A distribution map was 

developed at the GIS unit- NCARE using Arc GIS; version 9.1 software (Figure 1).  

Soil samples were collected from the upper 30cm from each site and analyzed for 

nitrogen, phosphorus, potash and other elements at NCARE soil analysis laboratories 

(Annex II). 

3.2. Collection of Seeds and Herbarium Specimens 

 A total of sixteen wild populations of C. capitatus from the designated sites were 

collected from districts of Salt, Suwaylih, Abu Nusayer, Amman, Na’ur, Hisban, and 

Ajlun (Table 1). The collection of C. capitatus herbarium specimens and field data 

were conducted from wild populations during the blooming stage in the period from 

May to July 2006. A customized to plant field data registration form for the 

geographical survey and collection was used (Annex III) to describe site, habitat, 

herbarium, and seed production in each population (Maxted and Bisby, 1989; Kew, 

2002). 
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Figure (1): Distribution map of Coridothymus capitatus in Jordan 
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Table (2): Distribution sites of Coridothymus capitatus (L.) Reichenb. fil growing wild in Jordan during 2006.
District Site Coordinates

English
name

Arabic
name

English name Arabic name Longitude
(E)

Latitude
(N)

Altitude
(m)

Rain
fall

(mm)*
Habitat

Qasabat AS Salt z{|}ا ��Y[ 35° 47´ 30.2" 32° 01´ 41.0" 908 502 Batha hill sideSalt z{|}ا
Al Fuhays �Z��ا{ 35° 47´ 43.1" 32° 01´ 40.3" 937 502 Batha and open shrub land
Tla' Kaser Khalda �}_ا dY[ ��ع 35° 50´ 56.3" 32° 00´ 42.3" 1055 423 Batha adjacent Pinus treesSuwaylih \{�X�
Ayn Al Basha q]q�}ا �Zh 35° 50´ 24.6" 32° 00´ 46.0" 1040 423 Batha hill side
Abu Hamid village _cq�Xأ� ��d[ 35° 53´ 15.3" 32° 05´ 03.0" 833 423 BathaAbu

Nusayr dZY� Xأ�
Abu Nusayr village dZY� Xأ� ��d[ 35° 52´ 36.6" 32° 04´ 20.6" 858 423 Batha

Khalda �}_ا 35° 51´ 27.1" 32° 00´ 10.1" 1047 495 Batha hill side with olive trees

Amman (West UOJ) bZا�رد� b`cq�}ا �dب 35° 52´ 24.0" 32° 00´ 32.9" 1043 495 Batha hill sideAmman q�hن

Khalda military station b�d�|`}ا �}_ا ^_hq[ 35° 51´ 38.0" 32° 00´ 43.5" 1062 495 Batha with herbaceous
Wadi Slait zZ{o وادي 35° 48´ 42.8" 31° 53´ 10.6" 547 340 Batha , in steep valley
Bela's village �}`qس ��d[ 35° 50´ 07.1" 31° 52´ 23.0" 925 340 Batha with herbaceous
Edbyan village اد�qZن ��d[ 35° 49´ 52.0" 31° 52´ 13.6" 880 340 Batha with Pinus trees

Na’ūr �Xhqر

Al Bassah village bY�}ا ��d[ 35° 49´ 53.0" 31° 52´ 08.5" 934 340 Batha with herbaceous
Wadi AS Sir dZ|}ا وادي 35° 50´ 16.9" 31° 52´ 36.0" 856 300 Batha in open rocky hillsHisban �|�qن
Um El Gutain village أم ��d[�Z��}ا 35° 48´ 27.0" 31° 51´ 13.0" 877 300 Batha road side

Kufranja b��d�آ 35° 43´ 18.0" 32° 18´ 28.6" 677 576 Herbaceous with olive trees
Anjarah Landrace 1 ^d��h)bZ{�c b}�o( 35° 45´ 16.0" 32° 18´ 33.4" 911 576Ajlūn X{�hن
Anjarah Landrace 2 ^d��h)bZ{�c b}�o( 35° 45´ 16.0" 32° 18´ 33.4" 911 576

* Rainfall long-term average.
Source: Jordan Meteorological Department (1998-2007).
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From each population five herbarium samples were randomly collected for taxonomical 

verification, and also to be used in various measurements needed to estimate 

phenotypic diversity. Verification of the samples was done with the help of Prof. 

Barakat Abu Ermaileh; Faculity of Agriculture, and Prof. Dawood Al Eisawi; Faculty 

of Science, at the University of Jordan. Among the sixteen wild populations represented 

in our collection, one population collected from Kufranja was classified as Thymbra 

spicata.

Mature seeds were collected between September and early November based on 

physiological maturation (Baskin and Baskin, 1998). Seeds were collected as bulk from 

randomly chosen individuals within each population in each site of distribution. Seeds 

were collected also from farmers of the local communities and considered landraces. 

The landraces which are known among local communities as Za’tar Farisi were 

classified as Thy. spicata. At each collecting site, passport data sheet was filled (Annex 

III). 

Collected seeds were deposited at NCARE gene bank for conservation (ex situ) and 

to be used in various experiments. The herbarium specimens for each population were 

deposited at NCARE national herbarium. Plates (1, 2) show examples of C. capitatus 

and Thy. spicata herbarium samples collected from wild Jordan in 2006 compared with 

reference samples as drawn in Flora Palaestina (Feinbrun, 1978).  

3.3. Diversity among Wild Populations 

3.3.1. Morphological Diversity 

 The genetic diversity among wild populations was estimated based on 

morphological characteristics. In each population, five plants were randomly chosen for 

data meaurements. Some characters were recorded directly in wild habitat of the 

distribution sites like growth habit and flowering time (FGDC, 1997). 
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(a)                                                (b) 
 Plate (1): Herbarium sample of wild Coridothymus capitatus (a), and a 
 reference sample of C. capitatus (b) drawn in Flora  
 Palaestina, (Feinbrun, 1978). 
 

(a)                                                      (b) 
 

Plate (2): Herbarium sample of wild Thymbra spicata (a), and a reference 
 sample of Thymbra spicata (b) drawn in Flora Palaestina,  
 (Feinbrun,1978). 
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The plant height, length, and width were also recorded in the field and measured in 

centimeters (Gardner and Danneberger, 2003; Taia and El-Etaby, 2006). Other 

morphological characters were obtained from collected herbarium samples which were 

deposited at NCARE herbarium, those include: leaf morphology (leaf shape, leaf color, 

leaf length, leaf width, leaf length: leaf width ratio, leaf arrangement, leaf margin, leaf 

apices, leaf base, leaf stipules, leaf surface, leaf attachment), stem color, petals color, 

length of inflorescence and spinescence.  

 To the best of our knowledge, no descriptors for C. capitatus were developed to be 

used as a reference guide for data measurements. Hence, a description sheet for C. 

capitatus was developed (Annex IV). Various references concerned with flora and plant 

systematic were used for this purpose (Zohary, 1986; Woodland, 2000). 

3.3.1.1. Diversity Parameters and Phenotypic Diversity Index (H`)

Means, ranges, standard deviations and coefficient of variations for the sixteen 

populations were calculated for the measurable characters of plant height, plant length, 

plant width, leaf length, leaf width, leaf length: width ratio and length of inflorescence 

according to Steel and Torrie (1980). One-way analysis of variance (ANOVA) and the 

mean separation (Student’s LSD) at probability level 0.05 were run on measured 

characters using GenStat 10th edition (GenStat, 2007) (Annex V).   

 Frequency distributions in percentages were calculated for the measuredqualitative 

characters; growth habit, leaf shape, leaf color, leaf arrangement, leaf margin, leaf 

apices, leaf base, leaf stipules, leaf surface, leaf attachment, stem color, petals color, 

and spinescence using SPSS version 13.0 (SPSS, 2004).  

 In order to estimate phenotypic diversity index (H`), continuous data of quantitative 

traits were converted into categorical data for each variable (i) and this was done by 
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dividing individuals of each population into five classes based on their values relative 

to the mean (µ) and the standard deviation (SD) of the population as follows: 

1. Class 1 includes individuals with values xi > µ+2*SD 

2. Class 2 includes individuals with values µ+1*SD < xi < µ+2*SD 

3. Class 3 includes individuals with values µ-1*SD < xi < µ+1*SD    

4. Class 4 includes individuals with values µ-1*SD > xi > µ-2*SD 

5. Class 5 includes individuals with values xi < µ-2*SD 

The Shanon diversity index (H´) was calculated for morphological traits using formula 

developed by Shanon (1948) and following the procedure described by Hutcheson 

(1970) and Tolbert et al. (1979). The following formula was used for calculating hs.j 

(Shanon’s information statistics) for the jth trait with n categories: 

hs.j = - ∑ Pi*lnPi ,        for n= 1, 2, 3 

Where, Pi is the relative frequency in the ith category of the jth trait.  

The average diversity (H´) index over K character was estimated as the following: 

 H´ = -∑ hs.j / k

Calculations are presented in Annexes (VI, VII). 

3.3.1.2. Cluster Analysis  

 The relationship among the sixteen wild populations was studied using cluster 

analysis. A proximity matrix (dissimilarity matrix) was developed based on Euclidean 

distances (genetic distance) then the dendrogram was drawn using UPGMA method of 

association (Santos et al., 2005; Akcin, 2006).  

 To investigate the separability of the sixteen wild populations of C. capitatus based 

on their morphological characters, the canonical discriminant analysis (multivariate 

analysis) was performed (Norusis, 1992; Mati'nez, et al.; 2003, Monokrousos, et al.
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2004). Eigen values, variability percentage, and canonical discriminant function 

coeffients were estimated and a territorial map was developed.  

 The clustering analysis and the canonical discriminant analysis were performed 

using SPSS version 13.0 analysis program. 

3.3.2. Chemical Diversity of Essential Oil among Wild Populations 

3.3.2.1. Plant Materials 

The plant materials of (C. capitatus and Thy. spicata) were collected from sixteen 

wild populations as outlined in Table (2). A representative sample of the aerial parts 

was collected during the flowering stage as recommended by Kizil (2005). Besides, 

from Abu Hamid village site (Table 2) and during the time period from March 2007 to 

February 2008, a monthly collection was carried out to study the yield and the chemical 

variability of the essential oil. Samples were spread out on large sheet of paper for 

dryness under shade at room temperature (22-23 °C) for 24-48 h, then sealed in paper 

bags and stored in a refrigerator (2-7 °C) protected from light until required for analysis 

(Danin, 1997; Tonçer and Kizil, 2005, 2005; Miceli, 2006). All plant materials were 

transported to Jordan University of Science and Technology (JUST) where the 

biochemical analysis was carried out at the Faculty of Pharmacy laboratories. 

3.3.2.2. Essential Oil Extraction 

Essential oil was extracted from each air dried plant sample by steam distillation at 

atmospheric pressure using closed distillation apparatus. Distillation was performed 

using 10 g of air dried plant material in 2.5 L distilled water for 3 h at 50 °C. The 

distillate was collected on a flask surrounded by ice to aid for cooling. The essential oil 

was recovered from the distillate by triple extraction with a mixture of hexane (C6H14)

and dichloromethane (CH2Cl2) in a ratio of 75:25 using a separatory funnel. The 

organic layers were then combined and evaporated using rotary evaporator (35 °C) 
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leaving the essential oil. The essential oil obtained was dried over anhydrous sodium 

sulfate (Na2SO4), then weighed accurately using analytical balance and stored in amber 

glass vials at 4 °C until required for GC-MS analysis. The percentage yield of the 

obtained oil from each site of collection was calculated as weight (mg) of essential oil 

per 1.00 g of plant dry material (Alali, et al., 2004; Lee et al., 2005). 

3.3.2.3. Determination of Thymol and Carvacrol Content in the Essential Oils  

GC-MS method was used for the identification and quantification of the marker 

compounds: thymol and carvacrol in the essential oil of the plant samples using 

external reference standards. Thymol and carvacrol were identified by matching their 

recorded spectra with the database NIST library of mass spectra provided by the 

instrument software and by comparing their retention indices values with standards 

measured using the same experimental conditions. 

3.3.2.4. Standards Preparation 

In separate, two stock solutions of 1000 ppm of thymol and carvacrol (Sigma-

Aldrich) were prepared by accurately weighing 100 mg of thymol/carvacrol reference 

standards into 100 mL volumetric flasks and then diluted to volume using n-hexane (n-

hexane 96% for pesticides residue analysis). The stock solutions were then diluted 

using n-hexane to construct two calibration curves of four points, namely (2, 5, 10, and 

15 ppm). Two quality control (QC) points (7 and 17 ppm) for the two calibration curve 

were also prepared. 

3.3.2.5. Chromatographic Conditions and Diversity Estimation 

 GC (Varian Chrompack CP-3800) equipped with MS detector (Varian Saturn 2000) 

and DB-5 low bleed GC-MS capillary column (Zebron ZB-5, 30 m length x 0.25 mm 

ID x 0.25 µm df, Phenomenex, USA) was used for the identification and quantification 

of thymol and carvacrol. Oven temperature was increased from 40 to 250 °C with a 2 
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°C/min slope while the temperature of the injector and the detector was fixed at 250 °C. 

Extra pure Helium was used as a gas carrier, at a flow rate of 1 ml/min, and the total 

run time was 22 min. MS detector specifications were as follow: emission current was 

70 eV and in full scan mode from 40 m/z to 400 m/z.

Aliquots (1.00 µL) of thymol and carvacrol calibration points and the QC samples 

were injected into the gas chromatography and two standard calibration curves were 

obtained for thymol and carvacrol. 

From the essential oil of each sample, three sub-samples of 50 ppm were prepared 

using n-hexane as diluent following the procedures recommended by Lee et al. (2005) 

and Hedhili et al. (2005). Aliquots (1.00 µL) were injected into the GC. The 

concentration of thymol and carvacrol were calculated by interpolation using the 

constructed external standard calibration curves. 

Thymol and carvacrol content in each wild population was expressed as percentage 

(mg/g) using the following equation: 

% Thymol = Total thymol (mg) /Dry weight (1.0 g) × 100 

% Carvacrol = Total carvacrol (mg) /Dry weight (1.0 g) × 100 

The chemical diversity among wild populations in relation to thymol and carvacrol 

contents was estimated according to Miceli et al., 2006. Experimental design was one 

factor (population) complete randomized design (CRD) with three replicates. Statistical 

analysis and ANOVA (Annex V) conducted using Genstat 10th edition (Genstat, 2007). 

3.3.2.6. Cluster Analysis 

 The relationship between the sixteen wild populations based on their essential oil 

contents was studied using cluster analysis. A proximity matrix (dissimilarity matrix) 

was developed based on Euclidean distances (genetic distance) then the dendrogram 

was drawn using UPGMA method of association (Santos et al., 2005; Akcin, 2006, 
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Miceli et al., 2006). The cluster analysis was performed using SPSS analysis program, 

version 13.0. 

3.3.2.7. Correlation with Ecogeographical Data 

 Correlation analysis was performed for thymol and carvacrol contents and the 

collected ecogeographical data of altitude, rainfall and soil properties using SPSS 

analysis program, version 13.0. 

3.3.3. Essential Oil Seasonal Variation 

 The essential oil of the twelve samples of C. capitatus which were collected on 

monthly basis from Abu Hamid village site during the time period from March 2007 to 

February 2008 were studied in terms of yield and composition (thymol and carvacrol 

content). The same procedures of extraction, GC-MS analysis and quantification were 

followed as mentioned previously. 

Variation in thymol and carvacrol contents was statistically analyzed among months. 

Experimental design was one factor (month) complete randomized design (CRD) with 

three replicates. ANOVA analysis (Annex V) and mean separation LSD0.05 were carried 

out using Genstat 10th edition (Genstat, 2007).      

3.4. Cultivation of Collected Populations  

3.4.1. Plant Material 

 Cultivation is an important process for studying farming potential, estimating 

genetic variations and identifying promising populations. A total of 21 populations of 

Jordan’s Za’tar Farisi were introduced for cultivation as follows: 15 wild populations of 

C. capitatus, 1 wild population of Thy. spicata, 2 landraces of Thy. spicata. In addition, 

3 commericial cultivars of Thymus vulgaris were introduced to cultivation, those 

obtained from seed stores of Nabat (Commercial cultivar 1),Taha and Qasho’ 

(Commercial cultivar 2), and Al Hadidi (Commercial cultivar 3) in 2007 (Table 3). 
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Table (3): Populations of Coridothymus capitatus introduced for cultivation. 

Site No. 
English name Arabic name 

1 Qasabat AS Salt  z{|}ا ��Y[ 
2 Al Fuhays �Z�� ا{
3 Tla' Kaser Khalda ا_{� dY[ ع�� 
4 Ayn Al Basha q]q�}ا �Zh 
5 Abu Hamid village _cq�Xأ� ��d[ 
6 Abu Nusayr village dZY� Xأ� ��d[ 
7 Khalda ا_{� 
8 Amman (West UOJ) نq�h)bZا�رد� b`cq�}ب اd�(

9 Khalda military station q[b�d�|`}ا ا_{� ^_h 
10 Wadi Slait zZ{o وادي 
11 Bela's village سq`{� ��d[ 
12 Edbyan village نqZاد� ��d[ 
13 Al Bassah village bY�}ا ��d[ 
14 Wadi AS Sir dZ|}وادي ا 
15 Um El Gutain village �Z��}أم ا ��d[ 
16 Kufranja b��d� آ
17 Anjarah (Landrace 1)   ^d��h)bZ{�c b}�o (
18 Anjarah (Landrace 2)   ^d��h)bZ{�c b}�o(
19 Commercial cultivar 1  ريq�� ¥�� 
20 Commercial cultivar 2  ريq�� ¥�� 
21 Commercial cultivar 3  ريq�� ¥�� 

3.4.2. Seed Processing and Seedling Establishment 

 The seeds collected from populations mentioned in table (3) were extracted from 

fruit capsules (nutlet) using rubber pads and sieves of 1.4 and 0.6 mm apertures, then 

seed lot of each population (around 100-150 seed) kept in a paper bag and maintained 

in refrigerator (4°C) for 2 weeks until sowing. On December 1st , 2006, seeds were 

planted in the green house of the University of Jordan.  
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Seeds were sown in nursery beds using polystryene trays containing mixture of 

peatmoss and perlite (3:1) to a depth of 5 mm then they were covered by a thin layer of 

peatmoss and irrigated daily, the germination was started after 20 days of sowing.  

 Seedlings were maintained in moist conditions under temperature of 15-25 °C for 

about 2 months until the seedlings height reached around 10-15 cm (Estrelles et al.

2004; Toncer and Kizil, 2005). Thinning process was conducted to only one seedling 

per cell before transplanting in permanent field.  

3.4.3. Field Cultivation 

 The developed seedlings were transferred to Mushager Agricultural Research 

Station where the field conservation (ex situ) was established. The station is located in 

Madaba district, far 28 km at south east of capital Amman with coordinates of 31°42`N 

latitude, 35°48`E longitude and altitude of 800 masl. The site of the station has 

Mediterranean semi-arid climate with average annual rainfall of 316 mm. The soil 

physical and chemical properties of Mushager station are presented in Annex (VIII). 

 For preparing seedbed, regular plowing was conducted using Disc plow followed by 

Duck’s foot plow. On April 9th ,2007, seedlings of about 120 days old were 

transplanted to the open field. After a week, a replanting of the missing plants was 

done.  

 A randomized complete block design RCBD with one factor and three replicates 

was used. Each plot consisted of single row 1.5 m long with 5 plants per plot and with a 

spacing of 1.4 m between rows and 30 cm within a row (Annex IX). Drip irrigation 

system was used and the irrigation was applied at time of planting and continued with a 

rate of once per week and as needed. The total amount of water applied to the 

experiment during first growing season was 190 L/m2 and the irrigation was terminated 

on October 2007. In the second growing season (2008), supplementary irrigation was 
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applied only as needed during the period of June–October. The total amount of water 

applied during second growing season was 64 L/m2.

The field was fertilized with an organic fertilizer before planting. Urea and 

phosphate were applied to 15days old seedlings at a rate of 20 Kg/hectare. A rate of 20 

Kg/hectare of the water soluble fertilizer (20N:20P:20K) was applied weekly in the first 

2 months through drip irrigation system. During the first (2007) and second (2008) 

growing seasons, no fungicides or insecticides were applied and the weeds were 

removed by hand picking whenever needed.     

3.4.4. Morphological Characterization of Cultivated Populations 

 All populations planted in the field were subjected to morphological 

characterization. Toward blooming, the following characters were recorded following 

modified procedures mentioned in various publications (Simon et al. 1984; FGDC, 

1997; Muller et al. 1997; Gardner and Danneberger, 2003; Toncer and Kizil, 2005 and; 

Taia and El-Etaby, 2006): 

- Days to flowering: number of days from sowing of the seedling till the first flower 

opening.  

- Plant height (cm): the height of the plant was measured from the ground level to the 

 top of flowers. 

- Plant width (cm): plant width was measured from the most far plant edges across the 

planting row.  

- Plant length (cm): plant length was measured from the most far plant edges along with 

planting row.  

- Leaf length (mm): leaf length was measured from leaf base to leaf apices under 

microscope using an engineering ruler with accuracy of 0.1 mm.  
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- Leaf width (mm): leaf width was measured from the most far leaf edges across the 

leaf under microscope using an engineering ruler with accuracy of 0.1 mm.  

- Length of inflorescence (mm): the inflorescence (cluster of flowers) length was 

measured under microscope using an engineering ruler with accuracy of 0.1 mm. 

- Number of inflorescence: the number of flower clusters was counted for each plant 

sampled in the field. 

- Fresh weight (g): fresh herbage yield was measured when plant blooming percentage 

came to about 10% (Toncer and Kizil, 2005), a bulk of each sampled plant including 

stem, leaves, and flowers was harvested using handheld cutter and the plant material 

immediately weighed using analytical balance.  

- Dry weight (g): the harvested plant material was dried under shade at room 

temperature (25°C± 5°C) for a week then the dry herbage yield was weighed using the 

same balance used for fresh weight measurement. 

 Data were obtained from 3 plant individuals located in the middle of each plot and 

the collection of data was conducted for all characters during the first and the second 

growing seasons except for the character days to flowering which was recorded only in 

the first growing season. 

3.4.4.1. Estimation of Variations among Cultivated Populations 

 Variations among the 21 cultivated populations were estimated based on 

morphological characteristics. Means, ranges, and standard deviations and coefficient 

of variations were calculated for each character according to Steel and Torrie formulas 

(1980). 
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3.4.4.2. Statistical Analysis 

 All data were subjected to analysis of variance according to RCBD design and the 

comparison between means was conducted using least significant differences (LSD 

0.05). Statistical analysis was run using the GenStat 10th edition system. 

3.4.3. Chemical Variations of Essential Oil among Cultivated Populations 

 All cultivated populations mentioned in Table (3) were investigated for their 

essential oil productivity. During the first growing season (2007) and at the full 

blooming stage, a representative sample consisted of aerial parts of three random plants 

from each population was collected. Plant materials were dried following procedure 

mentioned previously. The same methodology for essential oils extraction, 

identification and quantification of thymol and carvacrol was applied. 

 The chemical variation among cultivated populations was estimated based on the 

output released from data analysis. Means and standard deviations for each population 

were calculated and the coefficients of variation and mean separation LSD0.05 were 

estimated.  

 Experimental design was one factor (population) complete randomized design 

(CRD) with three replicates. ANOVA analysis was carried out using GenStat 10th 

edition.  

3.4.3.1. Thymol and Carvacrol in Relation to Biomass 

 The content of essential oil, thymol and carvacrol obtained from cultivated the C. 

capitatus populations was studied in relation to the dry herbage yield produced in the 

field. 

3.5. Genetic Diversity among Populations Including AFLP Markers 

 Variation among C. capitatus populations was estimated at the DNA level using 

AFLP markers. The analysis was conducted in molecular biology laboratories of the 
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Biodiversity and Integrated Gene Management program at the International Center for 

Agricultural Research in Dry Areas (ICARDA) headquarters, Tel Hadya, Syria, during 

the year 2008.  

3.5.1. Plant Material 

 The plant material consisted of the 21 cultivated populations mentioned in Table (3). 

Young fresh leaves free of apparent pest or diseases were collected randomly from five 

plants of each population for DNA extraction. Leaves were gently cut using sterilized 

cutter and sealed in a labeled plastic bag then transferred immediately to ICARDA 

laboratory in an icebox (0°C). Ice was added frequently to maintain samples 

temperature at 0°C. At ICARDA, all samples were freeze dried and kept at -80°C until 

using. 

3.5.2. DNA Extraction  

 The total cellular DNA was extracted from the collected leaves according to Doyle 

and Doyle method (Doyle and Doyle, 1988) which is based on the CTAB procedure. 

The protocol used to extract DNA was as follows: from each plant sample, about 200 

mg of leaf tissue was first frozen in liquid nitrogen and grounded in mortar and pestle 

to the fine powder. 700 µL of hot (60°C) 2x CTAB extraction buffer (2% CTAB, 1.4M 

NaCl, 0.1M Tris-HCl pH 8, 20 mM EDTA, and 0.2% ß-mercaptoethanol) were added, 

mixed well, and incubated at 60°C in a water bath for  45 min. During incubation, a 

gentle swirling was made to get homogeneous solution free of clumps which may cause 

DNA degradation. After incubation, the resulting cell lysate was extracted with an 

equal volume of chloroform/isoamylacohol (24:1, v/v). The cell lysate was then 

centrifuged (at 10000gn and 20°C for 10 min). The aqueous phase was transferred into 

another tube and the DNA then precipitated by addition of 0.7 volume of cold 

isopropanol (-20°C). The precipitate was collected by centrifugation (at 10000gn and 
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20°C for 5 min). The obtained DNA pellets were washed with 70% ethanol for 15 min, 

dried at room temperature, and then dissolved in 1 ml of TE buffer (10mM Tris-HCl, 

pH 8.0, 1mM EDTA) overnight at 4°C.  

3.5.3. Quantification of Genomic DNA Concentration 

 A preliminary test on the quality and quantity of the extracted DNA was carried out 

by loading in each well 2 µl of DNA solution and 6 µl of loading dye (0.25% 

bromophenol blue, 40% (w/v) glycerol in water) and run in gel electrophoresis (using 

1% agarose in 1xTE buffer). The concentration of genomic DNA was estimated using 

100 bp DNA ladder (GeneRuler™, Fermentas) of concentrations 25 and 50 ng/µL and 

it was confirmed by using Gene Quant (Pharmacia Biotech) spectrophotometer. 

3.5.4. AFLP Analysis 

 The AFLP analysis was carried out following the method described by Vos, et al.

(1995) with few modifications suggested by Jubrael et al. (2005). Working solutions of 

40 ng/ µL were prepared for each sample and these were considered as stocks for 

conducting AFLP reactions.  

3.5.4.1. DNA Digestion  

 A sample of 250 ng (6.25 µL) of genomic DNA from each population was digested 

for 4 hrs at 37 °C (in incubator) with 10 U each of two restriction enzymes, MseI

(recognition site: 5´ T↓TAA 3´) and PstI (recognition site: 5´ CTGCA↓G 3´), in 20 µL

final volume of  reaction mix containing 10x one-phor-all (OPA) buffer (Pharmacia 

Biotech, Uppsala, Sweden) and 1µg/µL BSA. The master mixtures for digestion, 

ligation, pre-amplification and selective amplification are presented in Annex XII.  

3.5.4.2. Ligation of Oligonucleotide Adaptors 

After digestion, the specific double- stranded adaptors were ligated to the ends of 

restricted DNA fragments, generating template DNA for subsequent PCR 
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amplifications (pre-selective followed by selective). Ligation was carried out by adding 

20 µL of a solution containing; 50 pmol of MseI-adaptor and 5- pmol PstI adaptor, 3 U 

of T4 DNA ligase (Promega), 10 mM rATP in 10X OPA Buffer. The incubation 

continue at 37 °C overnight.  The sequence of oligonucleotides adapters and primers 

used in this study are presented in Table (4). 

 
Table (4): Sequences of oligonucleotide adaptors and primers used in the pre-   
amplification step and the selective AFLP primer combinations. 

Name Reaction Code Sequence 

Pst I adaptor 
5`- CTCGTAGACTGCGTACATGCA-3` 

3`- CATCTGACGCATGT-5` 
 

MseI adaptor 

Ligation  
5`-TACTCAGGACTCAT-3` 

3`-GAGTCCTGAGTAGCAG-5` 
 

Pst I primer P 00 5`-GACTGCGTACATGCAG-3` 
 

MseI primer 
Pre-amplification 

M 00 5`-GATGAGTCCTGAGTAA-3` 

Pst I+ AA  P- AA 5`-GACTGCGTACATGCAGAA -3` 
Pst I+ CC P- CC  5`-GACTGCGTACATGCAGCC -3` 
Pst I+ GC P- GC 5`-GACTGCGTACATGCAGGC -3` 
Pst I+ ACA P- ACA  5`-GACTGCGTACATGCAGACA -3` 
Pst I+ ACG P- ACG 5`-GACTGCGTACATGCAGACG -3` 
Pst I+ AGG P- AGG  5`-GACTGCGTACATGCAGAGG -3` 
Pst I+ GGT P- GGT 5`-GACTGCGTACATGCAGGGT -3` 
Pst I+ AACC P- AACC 5`-GACTGCGTACATGCAGAACC-3` 
Pst I+ AACG P- AACG 5`-GACTGCGTACATGCAGAACG-3` 

MseI+ AGT M-AGT 5`-GATGAGTCCTGAGTAAAGT -3` 

MseI+ CAA M-CAA 5`-GATGAGTCCTGAGTAACAA -3` 
MseI+ CAC M-CAC 5`-GATGAGTCCTGAGTAACAC -3` 
MseI+ CTA M-CTA 5`-GATGAGTCCTGAGTAACTA -3` 
MseI+ CTT M-CTT 5`-GATGAGTCCTGAGTAACTT -3` 
MseI+ CCCT 

Selective amplification

M-CCCT 5`-GATGAGTCCTGAGTAACCCT-3` 

3.5.4.3. Pre-Amplification 

 After the ligation, the reaction mixture was diluted to 1:10 using sterilized distilled 

water and then digested and ligated DNAs were tested on 1% agarose gel. Preselective 
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PCR amplification was performed in a reaction volume of 20 µL containing; 50 ng of 

each of two oligonucleotide primers (P00 and M00) corresponding to the PstI and MseI

adaptors, 4 µL template-DNA, 2 mM dNTPs, 5 U Taq DNA polymerase and 10 X PCR 

buffer (Roche, Mannheim, Germany). Amplifications were conducted in a 

ThermoCycler (PE 9600) using PCR program for 30 cycles, each cycle comprising 30 

sec. at 94ºC, 30 sec. at 56ºC and 30 sec. at 72ºC. 

3.5.4.4. Selective-Amplification 

 The pre-amplified DNA was diluted to 1:10 times using sterilized distilled water and 

4 µL was used as a template for the selective amplification. The selective amplification 

was carried out using PstI and MseI primer combinations. Ten combinations were 

developed for polymorphism assessment and the same master mixture reagents of pre-

amplification were used. Amplifications were performed in PE 9600 Thermo Cycler 

programmed for 36 cycles with the following cycling profile: 30 sec. at 94ºC 

(denaturation step), 30 sec. at 65ºC (annealing step) and a 1 min. at 72ºC (extension 

step). The touchdown PCR  had varying annealing temperatures: in the first cycle it 

was 65ºC; in the second subsequent cycle for the next 12 cycles it was reduced by 0.7 

ºC per cycle (touchdown PCR), and for the remaining 23 cycles, it was 56 ºC. The 

selective amplified products were stored at temperature of -20 ºC until electrophoresis.   

3.5.4.5. Polyacrylamide Gel and Electrophoresis  

 The selective amplified products (AFLP fragments) were separated on 6% 

polyacrylamide gels (Maxam and Gilbert, 1980). Each gel was prepared using 6% 

acrylamide, 0.25% methylene bisacryl and 7 M Urea in 0.5x TBE (50 mM Tris, 50 mM 

Boric acid, 1mM EDTA pH 8.0). To 75 mL of filtered gel solution 335 µL of 10% APS 

and 50 µL TEMED were added then the gel solution was poured between two pre-

prepared glass plates of 30 x 40 and 38 x 50 cm dimensions. To create wells, a tooth 
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comb was placed inside gel to about 0.5 cm, the gel dried for 2 h at room temperature 

and used directly or stored at 4 ºC until use. Prepared gels were protected from the over 

drying by putting moist tissue and aluminum foil around the two edges of the glasses 

before storage.  

 The gel plates were fixed on a Sequi-Gen 0.04 x 38 x 50 cm apparatus (Bio Rad 

Laboratories Inc., Hercules, CA, USA) in 0.5x TBE running buffer solution which was 

poured into the apparatus till half up of gel and remaining in the bottom. Before loading 

samples, the gel was warmed to about 60°C using power supply 1800 V for 30 min. 

The tooth comb was removed and the formed spaces were washed well with the inside 

TBE buffer using a syringe, then comb was placed again on a linear polyacrylamide 

edge in inverted position to prepare for easy loading.     

 The selective amplified products (3 µL) were mixed with an equal volume (3 µL) of 

6x loading buffer (95% formamide, 10 mM EDTA, 0.09% bromophenol blue and 

0.09% xylene cyanol as tracking dye), denatured for 3 min at 95 ºC and immediately 

placed on ice, then samples were loaded on the gel in an ordering system. 

Electrophoresis was performed at constant current 1800 V for 1.5 hr.  

3.5.4.6. Polyacrylamide Gel Silver Staining 

After completion of electrophoresis, the DNA fragments were produced by silver 

staining as described by Promega DNA silver staining system technical manual. Gels 

were washed 3 times by distilled water and then fixed with gentle agitation in 10% 

acetic acid (200 mL Acetic Acid, 1800 mL dH2O) for 25 min followed by three 2 min 

water rinses. Silver staining was performed in a solution containing 2 g of silver nitrate 

and 3 mL of 37% formaldehyde in 2 L of water, for 30 min. Gels were then rinsed in 

water for 10 s and developed in a solution containing 60 g of sodium carbonate (Fisher 

Chemical); 3 mL formaldehyde; and 400 µL of sodium thiosulfate (Fisher Chemical). 
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Once bands were visible, the developing process was stopped by adding 10% acetic 

acid solution. The silver-stained gels were scanned to capture digital images of the gels 

after air drying.  

3.5.4.7. Data Analysis                        

 The banding patterns were analyzed directly on the enlarged scanned image by eye. 

AFLP bands were scored for absence (0) or presence (1) across 21 Thyme populations 

presented in Table (3) for each selective primer combination. The level of 

polymorphism was described for each primer combination as a percentage of variable 

loci among all analyzed loci. The genetic diversity analysis among 21 populations was 

performed using the data analysis software, NTSYS- version 2.02 (Numerical 

Taxonomy and Multivariate Analysis System, Rohlf, 1992). The genetic distance 

matrix was obtained using ‘Nei72’ algorithm according to standard genetic distance 

formula (Nei, 1972);  

Dp = ln [� Xi Yj] / √ � Xi Yj

Where D = Nei’s standard genetic distance, Xi and Yj are frequencies of the ith and jth 

allele respectively drawn in populations X and Y.  

A dendrogram based on genetic distance was generated using unweighted pair group 

method arithmatic average (UPGMA) clustering. 
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4. RESULTS AND DISCUSSION 

4.1. Collection and Conservation of Wild Populations 

 Fifteen populations of Coridothymus capitatus were collected in a region extended 

from Abu Hamid village (32°05´03.0" N), district of Abu Nusayr to Um El Gutain 

village (31° 51´13.0" N), district of Hisban (Figure 1). Populations were distributed in 

altitudes varying between 547 to 1062 m and precipitation ranged between 300-502 

mm (Table 2). In addition, three populations of Thymbra spicata were collected, one 

from wild habitat of Kufranja (32°18´28.6" N) and two landraces from Anjara 

(32°18´33.4" N) located in Ajlūn district in north Jordan. These are also named Za’tar 

Farisi, indicating that one common name is used for multiple species in Jordan.  

 C. capitatus and Thy. spicata, representative herbarium specimens were collected 

from wild populations in each designated site and prepared to be an ideal specimens for 

conservation at NCARE herbarium (Plates 1, 2). Each voucher plant specimen 

contained the following information: common name, scientific name, coordinates and 

altitude, habitat, date of collection, and name of collector. Seeds were collected from 

wild populations in each distribution site and were conserved at NCARE genebank (ex 

situ). A passport data joint with each seed samples were provided to be included in 

genebank data base system. 

 Populations of C. capitatus were found in hillsides, where they occupied Batha 

habitat in a semi–humid Mediterranean climate. According to Feinbrun, (1978), C. 

capitatus is distributed in Jordan in Gilead (Salt), Ammon (Amman) and Moav 

(Madaba and Na’ūr). Boulos, (1999) and Fragman, et al. (2001) reported that the C. 

capitatus grow in Jordan occupy habitats of Batha on rocky ground, calcareous hills 

and compact soil. Al-Eisawi, (1996) considered C. capitatus as one of the leading 

species in the Mediterranean non-forest vegetation. Information revealed by the 
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geographical survey conducted in this study, indicate that populations of C. capitatus 

species growing wild in Jordan are fragmentary distributed in a limited region in the 

middle of Jordan and relatively close to Amman, where urbanization is accelerating. 

This subjected C. capitatus populations to high degradation threat mainly caused by 

urbanization, over-exploitation, and by air pollution. Rodrigues, (2006), reported that 

habitat destruction and excessive harvest of C. capitatus growing wild in Portuguese 

are the major factors that lead to disappearing of this species from nature. Troumbis, 

(1990) reported a direct effect of air pollutants on the reproductive organs of 

C.capitatus. In addition, C. capitatus was classified in Jordan Country Study on 

Biodiversity as a decreasing species threat by over-exploitation (GCEP, 1998). Thus, an 

efficient conservation strategy based on understanding of the genetic diversity of this 

species needs to be adopted. 

 The collected and conserved plant materials of C. capitatus are considered a 

valuable genetic resource. Herbarium specimens are very important references for 

taxonomical, botanical, and biodiversity studies (Polunin, 1980; Rodrigues, 2006). 

Seeds are critical source of genetic material conserved (ex situ) under controlled 

conditions and considered a backup of C. capitatus populations distributed in wild 

habitat. The conserved seeds are also available as an identified plant material ready for 

direct utilization. The conservation process followed in this study could mimic the ex 

situ conservation model developed by Maxted et al. (1997) which proposed steps for 

conservation of a particular species, among these steps, the geographical survey and 

conservation (ex situ) are considered major steps.  

4.2. Diversity among Wild Populations 

 C. capitatus has been reported for its medicinal and ecological value (Morales, 

1996; Petanidou, 1996). Attention has been mainly directed toward the composition of 
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its essential oil and medicinal properties (Hedhili et al., 2005; Miceli et al., 2006). 

However, no previous study was conducted on C. capitatus phenotypic diversity in 

Jordan. Estimation of environmental variability and better understanding of diversity 

among C. capitatus populations growing under natural conditions will be very helpful 

in valorizing and promoting this species as a crop plant, and in developing biodiversity 

preservation strategies and minimizing genetic erosion. 

4.2.1. Phenotypic Variation among Wild Population 

The investigated wild populations of C. capitatus showed various degrees of 

variation based on the location and the characters under investigation (Tables 5, 6) 

which are discussed in the following sections:  

Plant height 

 The coefficient of variation (C.V.) for plant height was high (26.8%), populations 

showed wide range of plant height (17.3-46.0 cm), indicating high variation among 

populations. Population of Tla’ Kaser Khalda recorded the highest average plant height 

(46.0 cm) and Al Fuhays population recorded the lowest (17.3 cm). The recorded 

overall mean was 30.7 cm and it is in agreement with Feinbrun, (1978) and Polunin, 

(1980) description that C. capitatus height ranged between 20-40 cm under natural 

condition in batha habitat. 

Plant length and width 

 The plant dimensions, both width and length varied among populations as shown in 

Table (5). Coefficients of variations (C.V.) are 35.4 %, and 39.2 %, with ranges 

between (25.8-79.8 cm) and (29.0-74.2 cm) respectively, indicating high variation 

among populations. Among sixteen populations, Um El Gutain population recorded the 

highest plant width (79.8 cm) exceeding the overall mean by 25.7%, with ranges 

varying between 30.0 and 130.0 cm. Also this population recorded high plant length 
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(68.4 cm) exceeding the overall mean by 14.8%, and with ranges varied between 44.0 

and 100.0 cm, indicating large dimensions of plant individuals (79.8 cm by 68.4 cm) . 

Davis, (1985) reported that C. capitatus inhabit wild habitat are occupying canopy of 

about 0.25 m by 0.25 m in dimensions. It is worth to mention that dry rocky slopes are 

characterizing Um El Gutain site, where population individuals are fragmented due to 

extensive urbanization and over collection. Hence, the dimentions of individual plant 

(width, length) could increase due to limited competition among individuals, and in the 

same time the expanded of plant individuals over rocks searching for water. The long 

and far-reaching roots and the woody branches growing in high density forming a 

tangled dome help plant to make a good stand with ideal size (Polunin, 1980). Studying 

variations of the vegetation morphological characters especially length and width is 

critical to develop preservation strategy (in situ) particularly in restoration technology. 

According to Taia and El-Etaby, (2006), the most vegetative characters affected by 

different regions are plant length and width, and color of flowers.  

Leaf length and width 

Leaves are the edible part of C. capitatus and considered the main source of essential 

oil because they are covered with pits, containing glandular hairs emanating a 

characteristic smell (Morales, 1996; Polunin, 1980; Hedhili et al., 2005). However, as 

other vegetative morphological characters, they exhibit variations among locations. Our 

results showed various degrees of variations among population, the recorded C.V.’s for 

leaf length and width were 24.6 % and 12.6 %, respectively. The highest leaf length 

was recorded by Kufranja population (11.4 mm), followed by Edbyan population (5.0 

mm) and were significantly different. For leaf width, significant difference was 

recorded between Kufranja population (mean=2.4 mm) and all rest populations 

(average mean= 1.0 mm), while no significant difference was found among the fifteen 
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populations. The results obtained for traits of leaf length and leaf width indicated that 

the wild population growing in Kufranja and named Za’tar Farisi is a different species 

with different genetic base from other C. capitatus populations growing wild in Jordan, 

and this needs to be confirmed by extra morphological, biochemical and molecular 

analysis. 

Leaf length: width ratio 

 Information about leaf length: width ratio is important to describe leaf shape and to 

understand vegetation cover and photosynthesis potential of any species (Taia and El-

Etaby, 2006). The coefficient of variation (C.V.) related to this character was (26.3%), 

indicating high variation among population, this variation could be exploited in 

developing this species as a crop plant for oil and herb production. Kufranja population 

recoded the highest leaf length: width ratio (5.02), followed by Edbyan population (5.0) 

with no significant difference between them. The ratio varied among C. capitatus 

populations between 3.0 and 4.6, indicating narrow leaf shape for all populations and 

this agreed with C. capitatus leaf description cited by Polunin, (1980). 

Length of inflorescence  

 High coefficient of variation (C.V.= 29.30 %) among populations was recorded with 

average mean of 9.16 mm and range between 6.63 and 12.13 mm. Kufranja population 

recorded the highest average Length of inflorescence (28.0 mm), followed by Edbyan 

population (11.8 mm) with highly significant difference. The rest of the populations of 

C. capitatus showed average inflorescence length varying between 4.20 to 10 mm 

indicating high variations among them. 

 Flowers of C.capitatus are arranged in a dense egg like head and the species name 

capitata comes from the Latin for 'headed', referring to the flowers grouped at the end 

of the stems (Feinbrun, 1978; Polunin, 1980). Flowers are hermaphrodite and pollinated 
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by bees, flies, and Lepidoptera (Davis, 1985). Information about inflorescence length is 

limited although they are very helpful in biodiversity preservation strategies and 

ecosystem restoration of dry hill slopes and transitional district called Batha (Margaris, 

1976). This character is also important in studies of pollination, palynology, and insect 

taxonomy (Petanidou, 1996; Tsigouri et al. 2004). Petanidou, 1996 cited that 

C.capitatus inhabit wild habitat of east Mediterranean supported an exceptionally high 

number of flower visitors (123 species) and 50% of the monotropus visitors like large 

size, and long tongued bees, which may explain the high variation obtained in our study 

for this character. 

Qualitative traits 

 Variations among sixteen wild populations of C. capitatus for qualitative traits 

varied according to investigated trait (Table 7). Among thirteen studied traits, only five: 

leaf shape, leaf color, leaf apices, stem color, and petal color, exhibited polymorphism 

(traits recorded distinct classes). The highest polymorphism referred to petal color (4 

distinct classes) followed by stem color (3 distinct classes). It is worth to mention that 

polymorphism obtained for leaf shape and leaf apices was referred Kufranja population 

as no variation for these traits found among rest populations. This indicate that 

Kufranja population is genetically different from other C. capitatus populations, also 

this indicate that trait related to colors is less stable than other descriptive characters 

and affected by different locations. Taia and El-Etaby, (2006) pointed that floral 

morphological characters are more stable except traits of flower and fruit color, this 

may due to number and interaction of genes responsible for expression of flower and 

fruit color. 

 The rest eight traits studied showed no variation among population neither between 

individuals in each population. All population exhibited dwarf shrub growth habit 
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where all plants showed low-growing not exceeding 1.0 m tall at maturity (FGDC, 

1997). Leaves in all populations showed ciliate margin, opposite arrangement, sessile 

attachment, acute base, absent stipules, and glandular surface. No spinescences were 

observed in all plants. Most of the obtained results agreed with taxonomical description 

of C. capitatus species reported in various plant systematic references (Feinbrun, 1978; 

Polunin, 1980; Greuter et al., 1986) indicating that these characters are genetically 

stable and can use for identification of C. capitatus taxon. 

 As it evident from the above discussion, wide interpopulation variability among 16 

wild populations of C. capitatus in Jordan recorded for most of the characters observed. 

Significant variations were recorded for quantitative characters, the highest C.V. 

recorded for plant length character (39.20 %) and the lowest recorded for leaf width 

character (12.6%) indicating that variation degrees are affected by location where 

populations are distributed as well as characters under investigation. On the other hand, 

low allelic frequencies were obtained for a limited number (leaf shape, leaf color, leaf 

apices, stem color, and petal color) of descriptive traits while other descriptive traits 

presented monomorphism, indicating strong genetic base associated with qualitative 

traits. Hence, molecular investigation is needed for better understanding of genetic 

variation.  

4.2.2. Estimates of Diversity Indices (H`)

The variation degrees related to characters under investigation could be estimated 

using Shannon’s diversity index (H`). Among twenty characters investigated, variation 

or polymorphism was common in varying degrees for twelve characters. Thus, 

indicating a wide variability among C. capitatus populations growing wild in Jordan. 

Estimates of (H`) for individual trait are presented in Table (8).  
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Table (5): Phenotypic variation for plant height (cm), plant width (cm), and plant length (cm) of Coridothymus capitatus populations growing
wild in Jordan during 2006.

Plant height (cm) Plant width (cm) Plant length (cm)Population
Mean ± SD Range Mean ± SD Range Mean± SD Range

Qasabat AS Salt 28.00 ± 7.12 22.00 - 38.00 38.20 ± 14.39 20.00 - 58.00 32.40 ± 12.58 18.00 - 50.00
Al Fuhays 17.25 ± 7.59 11.00 - 28.00 39.20 ± 10.18 24.00 - 52.00 38.80 ± 13.48 26.00 - 58.00
Tla' Kaser Khalda 46.00 ± 7.87 37.00 - 56.00 53.20 ± 9.42 40.00 - 63.00 51.60 ± 18.57 35.00 - 83.00
Ayn Al Basha 19.75 ± 9.74 10.00 - 30.00 61.40 ± 27.37 32.00 - 97.00 55.60 ± 29.22 21.00 - 93.00
Abu Hamid 21.75 ± 2.06 19.00 - 24.00 25.80 ± 3.90 19.00 - 28.00 31.60 ± 8.62 27.00 - 47.00
Abu Nusayr 20.75 ± 1.50 19.00 - 22.00 26.80 ± 1.79 24.00 - 28.00 31.60 ± 8.62 27.00 - 47.00
Khalda 37.75 ± 9.84 29.00 - 49.00 70.00 ± 30.32 40.00 - 120.00 66.80 ± 27.06 41.00 - 110.00
Amman (West UOJ) 30.50 ± 10.50 24.00 - 46.00 63.00 ± 15.80 37.00 - 80.00 62.00 ± 20.00 28.00 - 80.00
Khalda (military St.) 41.50 ± 10.97 30.00 - 54.00 58.60 ± 23.92 37.00 - 97.00 64.00 ± 18.01 42.00 - 90.00
Wadi Slait 30.25 ± 5.12 23.00 - 35.00 67.40 ± 8.02 55.00 - 76.00 70.20 ± 23.00 36.00 - 100.00
Bela's 36.00 ± 5.94 28.00 - 41.00 69.40 ± 18.23 55.00 - 100.00 74.20 ± 38.64 44.00 - 140.00
Edbyan 40.00 ± 6.88 30.00 - 45.00 59.00 ± 16.34 40.00 - 82.00 51.60 ± 21.38 23.00 - 82.00
Al Bassah 30.50 ± 5.92 24.00 - 36.00 66.20 ± 13.63 52.00 - 86.00 62.80 ± 24.53 41.00 - 100.00
Wadi AS Sir 37.25 ± 6.70 32.00 - 47.00 59.60 ± 20.13 27.00 - 80.00 66.40 ± 16.46 38.00 - 79.00
Um El Gutain 38.00 ± 14.49 27.00 - 59.00 79.80 ± 39.05 30.00 - 130.00 68.40 ± 23.55 44.00 - 100.00
Kufranja 29.25 ± 2.63 27.00 - 33.00 27.40 ± 2.88 23.00 - 30.00 29.00 ± 4.30 23.00 - 35.00
Mean 31.53 ± 7.18 24.50 - 40.19 54.06 ± 15.96 34.69 – 75.44 53.56 ± 19.25 32.13 – 80.88
% C.V.* 26.8

0
35.40 39.20

LSD0.05
** 10.4 24.24 26.54

*C.V. = Coefficient of variation, **LSD = Least significant difference.
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Table (6): Phenotypic variation for leaf length (mm), leaf width (mm), leaf length:width ratio, and inflorescence length (mm) of Coridothymus
capitatus populations growing wild in Jordan during 2006.

Leaf length (mm) Leaf width (mm) leaf length : width ratio Inflorescence length (mm)
Population Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Qasabat AS Salt 3.40 ± 0.55 3.00 - 4.00 1.00 ± 0.00 0.00 3.40 ± 0.55 3.00 - 4.00 7.00 ± 3.67 1.00 - 10.00
Al Fuhays 3.40 ± 0.55 3.00 - 4.00 1.00 ± 0.00 0.00 3.40 ± 0.55 3.00 - 4.00 8.80 ± 1.30 7.00 - 10.00
Tla' Kaser Khalda 4.00 ± 1.00 3.00 - 5.00 1.00 ± 0.00 0.00 4.00 ± 1.00 3.00 - 5.00 7.80 ± 1.30 7.00 - 10.00
Ayn Al Basha 3.60 ± 1.34 2.00 - 5.00 1.00 ± 0.00 0.00 3.60 ± 1.34 2.00 - 5.00 4.20 ± 0.84 3.00 - 5.00
Abu Hamid 4.00 ± 0.71 3.00 - 5.00 1.00 ± 0.00 0.00 4.00 ± 0.71 3.00 - 5.00 7.20 ± 1.30 6.00 - 9.00
Abu Nusayr 4.00 ± 0.71 3.00 - 5.00 1.00 ± 0.00 0.00 4.00 ± 0.71 3.00 - 5.00 7.20 ± 1.64 6.00 - 10.00
Khalda 4.20 ± 1.64 3.00 - 7.00 1.00 ± 0.00 0.00 4.20 ± 1.64 3.00 - 7.00 6.40 ± 2.07 5.00 - 10.00
Amman (West UOJ) 4.60 ± 1.14 3.00 - 6.00 1.00 ± 0.00 0.00 4.60 ± 1.14 3.00 - 6.00 8.00 ± 2.92 5.00 - 12.00
Khalda military st. 4.00 ± 1.22 3.00 - 6.00 1.00 ± 0.00 0.00 4.00 ± 1.22 3.00 - 6.00 7.80 ± 3.11 5.00 - 13.00
Wadi Slait 3.60 ± 1.34 3.00 - 6.00 1.00 ± 0.00 0.00 3.60 ± 1.34 3.00 - 6.00 9.40 ± 2.30 6.00 - 12.00
Bela's 3.80 ± 0.84 3.00 - 5.00 1.00 ± 0.00 0.00 3.80 ± 0.84 3.00 - 5.00 7.40 ± 1.95 6.00 - 10.00
Edbyan 5.00 ± 0.71 4.00 - 6.00 1.00 ± 0.00 0.00 5.00 ± 0.71 4.00 - 6.00 11.80 ± 2.05 10.00 - 15.00
Al Bassah 4.00 ± 0.71 3.00 - 5.00 1.00 ± 0.00 0.00 4.00 ± 0.71 3.00 - 5.00 6.80 ± 1.92 5.00 - 10.00
Wadi AS Sir 3.00 ± 0.71 2.00 - 4.00 1.00 ± 0.00 0.00 3.00 ± 0.71 2.00 - 4.00 8.80 ± 1.10 7.00 - 10.00
Um El Gutain 3.20 ± 0.45 3.00 - 4.00 1.00 ± 0.00 0.00 3.20 ± 0.45 3.00 - 4.00 10.00 ± 2.55 7.00 - 13.00
Kufranja 11.40 ± 2.19 10.00 - 15.00 2.40 ± 0.55 2-3 5.02 ± 1.80 3.30 - 7.50 28.00 ± 6.71 20.00 - 35.00
Mean 4.33 ± 0.99 3.38 – 5.75 1.09 ± 0.03 1.06 -1.13 3.93 ± 0.96 2.96 – 5.28 9.16 ± .30 6.63 -12.13
% C.V.* 24.60 12.60 26.30 29.30
LSD 0.05

** 1.35 0.17 1.30 3.39
*C.V. = Coefficient of variation, **LSD = Least significant difference.
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Table (7): Phenotypic diversity for thirteen descriptive characters of Coridothymus capitatus populations growing wild in Jordan in 2006.

Trait Leaf
shape Leaf color Leaf

apices Stem color Petal color

Po
pu

la
tio

n*

O
bl

on
g 

La
nc

eo
la

te
 

D
ar

k 
gr

ee
n 

Li
gh

t g
re

en
  

A
cu

te
 

A
cu

m
in

at
e 

 G
ra

y 

 W
hi

tis
h 

 L
ig

ht
 re

d 

 D
ar

k 
vi

ol
et

 

Li
gh

t v
io

le
t 

 P
in

k 
 

W
hi

te
   

 

G
ro

w
th

 h
ab

it 

Le
af

 m
ar

gi
n 

Le
af

 su
rf

ac
e 

Le
af

 a
tta

ch
m

en
t 

Le
af

 a
rr

an
ge

m
en

t 

Le
af

 b
as

e 

Le
af

 st
ip

ul
es

 

Sp
in

es
ce

nc
e 

1 100 40 60 100 100 20 60 20
2 100 100 100 100 80 20
3 100 20 80 100 100 20 80
4 100 20 80 100 100 40 60
5 100 100 100 100 100
6 100 100 100 100 80 20
7 100 20 80 100 80 20 40 60
8 100 20 80 100 80 20 20 80
9 100 20 80 100 80 20 100
10 100 20 80 100 100 20 80
11 100 20 80 100 100 40 60
12 100 40 60 100 100 80 20
13 100 60 40 100 100 40 60
14 100 20 80 100 100 60 40
15 100 20 80 100 100 40 60
16 100 100 100 100 100

D
w

ar
f s

hr
ub

 

C
ili

at
e 

G
la

nd
ul

ar
 

Se
ss

ile
 

O
pp

os
ite

 

A
cu

te
 

A
bs

en
t 

A
bs

en
t 

Frequency
%

6.3 93.8 20.0 80.0 93.8 6.3 90.0 3.8 6.3 20.0 58.8 15.0 6.3 100 100 100 100 100 100 100 100

* Numbers 1-16 are populations of sites: Qasabat AS Salt, Al Fuhays, Tla' Kaser Khalda, Ayn Al Basha, Abu Hamid, Abu Nusayr, Khalda, Amman (West UOJ),
Khalda military station, Wadi Slait, Bela's, Edbyan, Al Bassah, Wadi AS Sir, Um El Gutain, and Kufranja, respectively.
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These estimates ranged from 0.0 (monomorphic) for traits of growth habit, spinescence, 

and leaf characters (arrangement, attachment, margin, base, surface, stipules) to 1.09 

(polymorphic) for petal color. The higher level of polymorphism was obtained by the 

traits petal color (H`=1.09), plant height (H`=1.06), plant width (H`= 0.99), and plant 

length (H`= 0.98). The traits leaf (width, shape, and apices) showed the lower level of 

polymorphism (H`=0.23), which may reflect unequal frequencies of different classes. 

An intermediate level of diversity was obtained by leaf color (H`=0.50).  

 

Table (8): Phenotypic diversity index (H`) of 20 characters for 
 sixteen wild opulations of  Coridothymus capitatus 

from Jordan. 

Character Diversity index (H`)

Leaf length (mm) 0.42 
Leaf width (mm) 0.23 
leaf length : width ratio  0.38 
Plant height (cm) 1.06 
Plant width  (cm) 0.99 
Plant length (cm) 0.98 
Inflorescence length (mm) 0.43 

Average quantitative 0.64 
Leaf shape 0.23 
Leaf color 0.50 
Leaf apices 0.23 
Stem color 0.39 
Petal color 1.09 

Average qualitative 0.49 
Growth habit 0.00 
Leaf margin 0.00 
Leaf arrangement 0.00 
Leaf base 0.00 
Leaf stipules 0.00 
Leaf surface 0.00 
Leaf attachment 0.00 
Spinescence 0.00 

Average diversity index* 0.58 
* Based on 12 polymorphic traits  
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Other traits (leaf length, leaf length: width ratio, Inflorescence length, stem color) 

showed relatively low polymorphism (0.23 < H` < 0.50) in comparison to the average 

diversity index (H`=0.58).  

 The higher level of polymorphism mainly obtained for quantitative traits (plant 

height, plant width, and plant length) confirm high level of diversity. Our results agreed 

with those of Al Nashash et al. (2007) that quantitative traits like plant height showed 

the higher level of polymorphism in comparison to qualitative traits. In this study, the 

average diversity index (H`) recorded for quantitative traits based on seven 

morphometric traits was 0.64 while the average diversity index (H`) based on five 

qualitative traits was 0.49. On the other hand, the average estimate of diversity in this 

study (H`=0.58) was higher than that reported by Jaradat (1989) for barely landraces 

(H`= 0.55), which was also based on seven quantitative and thirteen qualitative traits. 

 Excluding petal color, the low diversity calculated for qualitative traits could be due 

to the fact that these traits are controlled by few genes and consequently the qualitative 

variation is less limited by natural selection than quantitative variation which is highly 

affected by environment and selection, and affects plant demography (Al Nashash et 

al., 2007). However, it argued (Bjornstad et al., 1997) that phenotypic diversity does 

not reflect a random and chromosomally balanced sample of genetic variation. Thus, 

the high phenotypic diversity obtained may not reflect a higher average diversity at 

biochemical or molecular level (Lefebvre et al., 1991). Hence, molecular analysis is 

necessary to confirm diversity level among populations. 

4.2.3. Cluster analysis 

 Cluster analysis performed with quantitative data according to Weltzinen (1989) and 

Akcin (2007). The phenotypic relatedness among 16 wild populations of C. capitatus 

assessed using Euclidean distance (Table 9). The mean dissimilarities indices ranged 

A
ll 

R
ig

ht
s R

es
er

ve
d 

- L
ib

ra
ry

 o
f U

ni
ve

rs
ity

 o
f J

or
da

n 
- C

en
te

r  
of

 T
he

si
s D

ep
os

it



www.manaraa.com

60 
 

from 0.40 to 6.69 (≈ 4 – 67 %), indicating high phenotypic distance among populations. 

When Kufranja population (individuals identified as Thy. spicata) was excluded from 

comparison, the mean dissimilarities indices ranged from 0.40 to 4.02 (≈ 4 – 40 %), 

indicating that phenotypic distance among populations maintain high and confirming 

the high C.V. percentages presented in Tables (5, 6). All populations showed an 

average dissimilarities of 3.2 (≈ 30%), meaning that populations share an average 70 % 

of the phenotypic traits.  

 Figure (2) presents the dendrogram resulting from UPGMA using Euclidean 

distances. The dendrogram resulted in 9 main groups located below the average 

dissimilarities of 3.2, indicating high phenotypic polymorphism among these 

populations although they share morphological traits. The constructed tree also 

revealed 5 separate groups represents populations of: Wadi AS Sir, Edbyan, Abu 

Nusayr, Um El Gutain, and Kufranja. On the otherhand, SPSS program clearly 

suggested that two main clusters were appearant; one comprising Kufranja population 

and other consolidate all other populations in one main cluster. This indicating high 

genetic distance between Kufranja population and others, this mostly referred to 

different taxonomy of this wild population. These results are in agreement with those 

obtained by Akcin (2006) who found that numerical morphological characters were 

useful to distinguish Thymus L. species, and that UPGMA dendrogram used 

quantitative characters to support morphological evidences. 

 However, the results showed that populations collected from same district did not 

tend to group together in the same cluster and this support the need of molecular 

analysis for comprehensive discussion of the obtained results.  
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Table (9): The proximity matrix of Euclidean Distance based on morphological traits of Coridothymus capitatus populations
growing wild in Jordan.

Euclidean Distance
Population* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.00
2 0.58 0.0
3 3.23 2.86 0.00
4 2.59 2.33 0.89 0.00
5 3.46 3.27 2.19 2.08 0.00
6 2.59 2.47 1.44 0.80 2.08 0.00
7 2.33 2.19 2.43 1.79 3.07 2.26 0.00
8 1.13 0.57 2.56 2.19 3.18 2.47 2.19 0.00
9 3.73 3.46 2.04 2.15 0.57 2.30 3.23 3.27 0.00
10 1.79 1.27 2.15 2.04 2.97 2.33 2.59 0.80 2.97 0.00
11 2.08 2.15 2.33 1.44 2.59 1.20 1.65 2.37 2.94 2.62 0.00
12 2.86 2.56 0.57 0.40 2.04 0.89 2.15 2.37 2.04 2.08 1.79 0.00
13 1.65 1.20 2.19 2.00 2.88 2.15 2.68 0.89 2.94 0.40 2.47 2.04 0.00
14 4.02 3.82 2.88 2.86 2.04 2.97 3.56 3.69 2.04 3.51 3.35 2.83 3.49 0.00
15 5.63 5.80 6.44 6.09 5.56 5.66 6.69 6.01 5.87 6.01 5.70 6.13 5.76 6.13 0.00
16 3.49 3.25 2.08 2.04 2.86 2.19 2.94 3.10 2.86 2.88 2.68 2.00 2.86 2.00 6.45 0.00
* Numbers 1-16 are populations of sites: 1Qasabat AS Salt; 2 Al Fuhays, 3 Khalda, 4 Tla' Kaser Khalda, 5 Ayn Al Basha, 6 Amman (West UOJ),
7 Wadi AS Sir, 8 Wadi Slait, 9 Abu Hamid, 10 Bela's, 11 Edbyan, 12 Al Bassah, 13 Khalda military station, 14 Abu Nusayr, 15 Kufranja, and 16
Um El Gutain, respectively.
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Figure (2): Dendrogram of sixteen populations of Coridothymus capitatus growing  
 wild in Jordan based on morphological characters and using Euclidean  
 distances. 
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4.2.4. Canonical analysis 

 The canonical discriminant analysis (multivariate analysis) was conducted to 

investigate the separate ability of the sixteen wild populations of C. capitatus based on 

their morphological traits (Mati'nez et al., 2003; Monokrousos, et al. 2004). Results of 

the analysis showed high separation between populations of C. capitatus and Thy. 

spicata, and moderate separation among C. capitatus populations growing wild in their 

natural habitat (Figure 3). Overlaps between sites of collection noticed, indicating that 

these populations share many phenotypic traits. 

 Canonical discriminant analysis produced three main functions (Table 10). The 

highest variation percentage caused by function 1 (49.4) with Eigen value equal to 0.40. 

 Variation caused by functions 2 and 3 were 35.1 and 15.6, respectively and with 

Eigen values 0.28 and 0.13, respectively. The first two canonical functions explained 

84.5 % of the variability referred to the investigated morphological data. 

The standardized canonical discriminant functions coefficients (Table 11) for all 

morphological traits under investigation revealed that the first function, which 

explained 49.4% of total variability between sites was strongly influenced by stem 

color (0.99) while other morphological characters showed lower separate ability 

between populations. The second canonical discriminant function explained 35.1% of 

total variability between sites was influenced by leaf color followed by petal color and 

with a standardized canonical discriminant function coefficient equal 0.94 and 0.86, 

respectively. Third function, which explained the lowest percentage (15.6%) of total 

variability between population sites, found to be influenced by petal color where the 

standardized canonical discriminant function coefficient was 0.65.     
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Figure (3): The territorial map showing canonical discriminant functions between the 
sixteen wild populations and the two main functions. Numbers 1-16 are populations of 
sites: Qasabat AS Salt, Al Fuhays, Khalda, Tla' Kaser Khalda, Ayn Al Basha, Amman 
(West UOJ), Wadi AS Sir, Wadi Slait, Abu Hamid, Bela's, Edbyan, Al Bassah, Khalda 
military station, Abu Nusayr, Kufranja, and Um El Gutain, respectively. 
 

Table (10): Eigen values and variability percentage of canonical discriminant functions. 

Function Eigen value % of Variance Cumulative % 
1 0.40 49.4 49.4 
2 0.28 35.1 84.5 
3 0.13 15.6 100.0 
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The territorial map (Figure 3) produced was considered as a graphical 

representation of the distribution of sampled populations in the space of two 

discriminant functions. The two canonical functions show a separation between plant 

samples of sixteen populations from each other according to their main population in 

collection site.  Population belonging to district Ajlun, site Kufranja formed one group 

separated from others while other population presented a moderate distribution in the 

space of the two discriminant functions.  

 The first canonical function could successfully and strongly separate Kufranja 

population from other populations and put it at extreme, which corresponds well to its 

geographical distribution in Ajloun district. Also first function could separate the other 

four (1, 6, 5, 11) populations.  

 The second canonical discriminant function mainly separated samples belonging to 

populations of 2, 4, 7, 8, 9, 10, and 14. Second function also showed a contribution in 

separating Ajlun population. 

 Results obtained by canonical analysis shows that among traits studied, only three 

traits contributed to the variation in functions; those are leaf color, stem color and petal 

color. Trait stem color recorded highest contribution to variation in function 1 (0.98) 

Table (11): Standardized canonical discriminant function coefficients for sixteen 
populations of C. capitatus.

Function Trait 1 2 3
Leaf color 0.09 0.94 0.55 
Stem color 0.99 0.17 0.06 
Petal color 0.06 0.86 0.65 
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while it has a low contribution to variation in functions 2 and 3. Petal color trait showed 

high contribution to variation (0.86, 0.65) but the highest contribution was in function 2 

(0.86). Treuren, et al. (1993) reported that petal color trait controlled by few genes, but 

at the same time, colors affected by environmental conditions. Nevertheless, this trait 

still utilize as an important character to distinguish between plant species and species 

populations. C. capitatus populations showed high variation in petal colors which could 

refer to the eco-geographical diversity. Segregation could be another cause of variation, 

where the separation of allelic pairs and their distribution to different cells occurred 

during meiosis (Fehr, 1987).  

4.3. Chemical Diversity of Essential Oil among Wild Population 

4.3.1. Qualitative and quantitative analysis 

 Two main peaks were identified in the volatile components in plant material 

essential oil using GC-MS technology, indicating the presence of two major 

compounds. The GC-MS analysis allowed the identification of thymol and carvacrol in 

the analyzed oil by matching, with high degree of certainty using reverse fit mode, their 

recorded spectra with the data bank mass spectra provided by the instrument software, 

and by comparing their retention indices values with standards measured (Annex X). 

Thymol and carvacrol were reported in literature as being the predominant and the most 

bioactive volatile components in C. capitatus essential oil (Arras and Grella, 1992; 

Goren et al., 2003; Hedhili et al., 2005; Miceli et al., 2006). Thus, thymol and 

carvacrol were approved as chemical markers for C. capitatus. Two calibration curves 

of thymol and carvacrol reference standards were prepared in order to calculate thymol 

and carvacrol contents in each population. Thymol eluted at 8.51 min, while carvacrol 

eluted at 8.34 min. Two four-points linear calibration curves for thymol and carvacrol, 

with R2 values of 0.993 and 0.994 in the range of 2-15 ppm (2, 5, 10, and 15 ppm) were 
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obtained for thymol and carvacrol, respectively. Two quality control (QC) samples at 7 

and 17 ppm were accurate within 3.57, 9.71% and 7.29, and 13.1% (ppm, RSD %) from 

actual concentration based on thymol and carvacrol's calibration curves, respectively 

(Table 12). Thus, these two linear equations were applied confidently to calculate 

thymol and carvacrol concentration (mg/gm) in each sample. 

 

Table 12: Accuracy validation using quality control (QC) points 

Actual concentration 
(ppm) 

Measured 
concentration (ppm) % RSD*

Thymol 

7 7.25 3.57
12 10.89 9.25 

Carvacrol 
7 6.49 7.29
12 10.48 12.92 
* Relative Standard Deviation 
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Figure (4): Standard calibration curve of thymol 

 

Figure (5): Standard calibration curve of carvacrol 
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4.3.2. Essential oil variability among wild population 

 The intraspecific biodiversity of genus Thymus evident of heterogeneous 

composition of the essential oils is well known (Miceli et al., 2006). This is important 

to develop conservation strategies and to initiate breeding programs aiming to develop 

specific essential oil cultivars. Table (13) shows the amounts of total extracted oil 

yields, expressed as a percentage of the biomass dry weight of the essential oils coming 

from the sampled sites hosted C. capitatus populations in the study area. The highest 

yield obtained from populations of Edbyan (2.96 %) while the lowest yield (0.38 %) 

produced by Kufranja population. Almost all the remaining samples had yielded 

percentages ranging between 1.04 - 2.85 %, indicating variation in the amounts of 

aromatic oil obtained from sixteen wild populations. These results are relatively 

concurring with those obtained by Miceli et al. (2006) who reported oil yield 

percentage ranging between 1.8 - 4.2 % of Thymbra capitata growing wild in south 

Italy. However, the low oil yield percentage obtained in our study, may refer to 

differences in micromorphology of the trichomes, the structures responsible for the 

production of the essential oil secreted, which occurred in vegetative organs. Rodrigues 

et al. (2006) cited that most essential oil is believed to be synthesized within the peltate 

glandular trichomes which their density in fully expanded mature leaves is about 2.5 

peltate gland/mm2 in the adaxial surface and 6 glands/ mm2 in the abaxial. In this study, 

the concern was to investigate variation among populations in relation to essential oils, 

therefore, a bulk of areal vegetative parts were subjected to extraction and not only 

leaves. 

 Table (14) shows the essential oil contents of sixteen C. capitatus populations grow 

wild in Jordan including thymol, carvacrol, and their additive percentages. Various 

degrees of variations obtained by the analysis of the essential oil components.  
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Table (13): Localization (sites and coordinates), rainfall and soil properties of Coridothymus capitatus populations growing wild in Jordan during
2006 and percentage yields (%) of the essential oil obtained.

Geographical coordinates (GPS
system) Soil properties

Sites

Altitude
(m) Longitude E Latitude N

Rainfall
(mm)*

N (%) P(ppm) K(ppm)
O.M
(%)

CaCO3
(%)

Soil
Texture

Yield
(%) **

Qasabat AS Salt 908 35° 47´ 30.2" 32° 01´ 41.0" 502 0.34 11.73 324.58 4.80 37.20 Loam 1.67
Al Fuhays 937 35° 47´ 43.1" 32° 01´ 40.3" 502 0.15 6.95 135.37 3.29 59.50 Loam 1.32
Tla' Kaser Khalda 1055 35° 50´ 56.3" 32° 00´ 42.3" 423 0.12 6.33 173.22 2.12 46.50 Clay loam 2.85
Ayn Al Basha 1040 35° 50´ 24.6" 32° 00´ 46.0" 423 0.20 8.93 21.85 2.26 37.20 Loam 1.81
Abu Hamid village 833 35° 53´ 15.3" 32° 05´ 03.0" 423 0.12 8.70 122.76 2.21 55.70 Silt loam 2.45
Abu Nusayr village 858 35° 52´ 36.6" 32° 04´ 20.6" 423 0.17 7.33 135.37 1.83 55.70 Silt clay loam 1.67
Khalda 1047 35° 51´ 27.1" 32° 00´ 10.1" 495 0.17 42.67 160.60 2.54 59.50 Loam 1.93
Amman (West UOJ) 1043 35° 52´ 24.0" 32° 00´ 32.9" 495 0.15 7.55 122.76 2.21 70.60 Loam 1.47
Khalda military station 1062 35° 51´ 38.0" 32° 00´ 43.5" 495 0.22 8.15 135.37 1.06 39.00 Silt loam 2.11
Wadi Slait 547 35° 48´ 42.8" 31° 53´ 10.6" 340 0.04 4.65 59.69 0.81 13.00 Sandy loam 2.53
Bela's village 925 35° 50´ 07.1" 31° 52´ 23.0" 340 0.22 12.35 178.11 3.46 61.30 Silt loam 1.04
Edbyan village 880 35° 49´ 52.0" 31° 52´ 13.6" 340 0.20 6.20 97.53 3.15 63.20 Loam 2.96
Al Bassah village 934 35° 49´ 53.0" 31° 52´ 08.5" 340 0.10 6.50 211.06 4.16 59.50 Clay loam 2.56
Wadi AS Sir 856 35° 50´ 16.9" 31° 52´ 36.0" 300 0.20 9.30 198.44 4.23 44.60 Loam 2.28
Um El Gutain village 877 35° 48´ 27.0" 31° 51´ 13.0" 300 0.17 13.07 72.31 2.15 55.70 Loam 1.94
Kufranja 677 35° 43´ 18.0" 32° 18´ 28.6" 576 0.12 6.75 9.24 2.33 61.30 Loam 0.39
* Average long-term. Source: Jordan Department of meteorology (1998-2007).
** Data are yield (mg/g) percentages of total essential oil obtained from 10.0 g dry weight
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Table (14): Eessential oils, thymol and carvacrol content of Coridothymus capitatus growing wild in Jordan.
Essential oils Thymol Carvacrol

Sites
Yield (mg/g) (%) Yield (mg/g) ± SD (%) Yield (mg/g) ± SD (%)

Thymol
+

carvacrol
(mg/g)

Thymol
+

carvacrol
(%)

Qasabat AS Salt 16.75 1.67 4.39 ± 0.56 0.44 2.08 ± 0.28 0.21 6.47 0.65
Al Fuhays 13.24 1.32 3.38 ± 0.28 0.34 1.50 ± 0.09 0.15 4.88 0.49
Tla' Kaser Khalda 28.52 2.85 5.13 ± 0.48 0.51 5.71 ± 0.39 0.57 10.84 1.08
Ayn Al Basha 18.07 1.81 4.85 ± 0.51 0.48 2.44 ±0.29 0.24 7.29 0.73
Abu Hamid village 24.54 2.45 3.14 ± 0.65 0.31 8.71 ± 0.95 0.87 11.85 1.19
Abu Nusayr village 16.65 1.67 1.34 ± 0.68 0.13 5.30 ± 0.56 0.53 6.64 0.66
Khalda 19.28 1.93 4.69 ± 0.26 0.47 3.01 ± 0.22 0.30 7.70 0.77
Amman (West UOJ) 14.67 1.47 3.20 ± 0.15 0.32 2.07 ±0.10 0.21 5.27 0.53
Khalda military station 21.12 2.11 4.34 ± 0.07 0.43 3.92 ± 0.15 0.39 8.26 0.83
Wadi Slait 25.27 2.53 5.71 ± 0.69 0.57 3.48 ± 0.46 0.35 9.19 0.92
Bela's village 10.39 1.04 2.73 ± 0.17 0.27 0.98 ± 0.12 0.10 3.71 0.37
Edbyan village 29.61 2.96 4.91 ± 0.29 0.49 6.34 ± 0.36 0.63 11.25 1.13
Al Bassah village 25.65 2.56 4.46 ± 0.53 0.45 4.55 ± 0.45 0.45 9.01 0.90
Wadi AS Sir 22.81 2.28 3.39 ± 0.81 0.34 7.23 ± 1.48 0.72 10.62 1.06
Um El Gutain village 19.41 1.94 4.51 ± 0.44 0.45 2.23 ± 0.30 0.22 6.74 0.67
Kufranja 3.89 0.39 0.30 ± 0.04 0.03 1.00 ± 0.12 0.10 1.30 0.13
Over all means 19.37 1.94 3.78 ± 0.41 0.37 3.78 ± 0.4 0.38 7.56 0.76
LSD at 0.05 0.79 0.9
CV% 12.50 14.30
* Data are yields of essential oil composition obtained from 10.0 g dry weight
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Thymol percentage ranging between 0.03 - 0.57 % with C.V. of 12.5 % while carvacrol 

percentage ranging between 0.1 - 0.87 % with C.V. of 14.3 %, indicating high level of 

variation among wild populations. The average percentage of thymol and carvacrol 

together for all populations was 0.76 %, indicating high contribution (39 %) of thymol 

and carvacrol essential oils in the average oil yield (1.94 %) of C. capitatus which 

assemble more than quarter of total oil extracted. These results are in agreement with 

those obtained by Muller et al., 1997; Miceli et al., 2006; and Rodrigues et al., 2006,

who reported that thymol and carvacrol are the dominant volatile components in C. 

capitatus essential oil. The study conducted by Miceli et al. (2006), shows that among 

the 75 components of the oils of Thymbra capitata (C. capitatus) the most recurrent 

ones were thymol and carvacrol which constituted more than 50% of the oils. 

Population of Edbyan showed the highest oil yield percentage (2.96 %) and also high 

percentage of thymol and carvacrol additives (1.13%). It is worth to mention that 

individuals of Edbyan population exhibit the highest leaf length: width ratio (5.0 mm) 

and inflorescence length (11.8 mm), these organs are the main plant parts which 

contributed in oil production (Rodrigues et al., 2006). In addition, the calcarious and 

bedrocky soils characterized Edbyan site may support plant root potential to reach 

water sources which in turn reflect in producing high oil yield. Monokrousos et al.

(2004) cited the role of soil properties in the development of C. capitatus life form as 

dimorphic shrub.  

 The highest percentage of thymol recorded by Wadi Slait population (0.57 %) 

followed by Tla' Kaser Khalda (0.51%) with no significant difference between them, 

these two populations exceed the overall mean report by 20 % and 14 %, respectively. 

Abu Hamid population recorded the highest percentage of carvacrol (0.87 %) with 

significant difference with all other populations and exceeding the overall mean by 
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49%. Variation of thymol and carvacrol contents were found among 23 populations of 

Thy. capitata growing wild in Italy, and this variation referred to different climatic 

conditions (Miceli et al., 2006).  

 The lowest percentage of oil yield, thymol, carvacrol and their additives recorded by 

Kufranja population, and this lead to assume that this population is taxonomically 

belonging to different species (individuals identified as Thy. spicata).  

 For instance, within genus Thymus many species present intraspecific chemotypes 

(Senator, 1996). Researchs carried out (Arras and Grella, 1992; Muller et al., 1997;

Miceli et al., 2002) showed that populations of thyme contain carvacrol and small 

quantities of thymol. In this study, the data shows variability in the amounts of both 

thymol and carvacrol, which agreed with new findings by Miceli et al. (2006) about 

high percentages of thymol and carvacrol in species C. capitatus. This indicate the 

presence of various chemotypes of this species which confirmed by cluster analysis. 

4.3.3. Clustering 

 Cluster analysis was performed on data related to essential oils content of C. 

capitatus. The chemotype relatedness among 16 wild population of C. capitatus 

assessed using Euclidean distance (Table 15). The dissimilarities indices ranging 

between 1.26 and 28.47, indicating high chemotype distance among populations and 

confirming the high C.V. percentages presented in Table (14). The highest dissimilarity 

(28.47) occurred between Edbyan and Kufranja populations, indicating a divergent 

genetic base which need to be confirmed by molecular analysis. The lowest 

dissimilarity (1.26) occurred between Khalda and Um El Qutain populations, indicating 

analogous genetic base between these two geographically far populations.  
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Table (15): The proximity matrix of Euclidean Distance based on essential oils content of Coridothymus capitatus populations growing
wild in Jordan

Population 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.00
2 4.03 0.00
3 13.09 17.02 0.00
4 1.66 5.67 11.51 0.00
5 11.63 15.11 5.46 10.24 0.00
6 4.44 5.77 13.16 4.79 10.21 0.00
7 2.98 6.96 10.14 1.41 8.93 4.95 0.00
8 2.68 1.58 15.47 4.30 13.59 4.45 5.50 0.00
9 5.07 8.96 8.08 3.56 7.00 5.79 2.16 7.43 0.00
10 9.15 13.14 4.31 7.57 6.45 10.16 6.27 11.66 4.49 0.00
11 7.21 3.19 20.19 8.86 18.08 8.27 10.15 4.71 12.13 16.33 0.00
12 14.38 18.28 1.34 12.81 5.90 14.25 11.42 16.74 9.34 5.65 21.44 0.00
13 9.58 13.47 3.66 8.06 5.32 9.84 6.69 11.93 4.64 1.70 16.63 4.91 0.00
14 9.03 12.55 6.16 7.66 2.60 7.86 6.36 11.03 4.50 5.25 15.54 7.05 4.36 0.00
15 2.68 6.58 10.58 1.50 9.81 5.21 1.26 5.14 2.85 6.58 9.76 11.89 7.03 7.27 0.00
16 14.49 10.49 27.26 16.15 24.60 14.52 17.35 11.90 19.24 23.55 7.35 28.47 23.72 22.21 17.02 0.00

* Numbers 1-16 are populations of sites: Qasabat AS Salt, Al Fuhays, Tla' Kaser Khalda, Ayn Al Basha, Abu Hamid, Abu Nusayr, Khalda,
Amman (West UOJ), Khalda military station, Wadi Slait, Bela's, Edbyan, Al Bassah, Wadi AS Sir, Um El Gutain, and Kufranja,
respectively.
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Miceli et al., 2006 and Rodrigues et al., 2006 reported that although essential oil 

composition of genus Thymus is highly influenced by environmental conditions, but  it 

is mainly based on genetic make up and on polymorphism among species.  

The high relatedness between populations could exploit in developing conservation 

strategies because these populations could considered as one accession with 

intraspecific variation.  

 Populations of C. capitatus shows average dissimilarities of 10.68, meaning that 

populations could divide into chemotypes clustering based on this average. Figure (6) 

present the dendrogram resulting from UPGMA using Euclidean distances. The 

dendrogram resulted in 3 main groups located below the average dissimilarities (10.68), 

indicating polymorphism among populations. The first group solitaire Kufranja 

population where the lowest percentage of essential oils (thymol and carvacrol) 

recorded and this support the assumption of different species of this population known 

by local people as Za’tar Farisi. The second group consisted of carvacrol chemotype 

which consolidate populations of Abu Hamid, Wadi AS Sir, Tla' Kaser Khalda, 

Edbyan, Wadi Slait, and Al Bassah, those containing carvacrol percentages more than 

thymol. However, the second group separated into two sub-groups based on the oil 

yield extracted beside the high content of carvacrol, which mainly exhibited by the 

population of Wadi Slait. Third group consisted of thymol chemotype which 

consolidate populations (Khalda, Um El Gutain, Ayn Al Basha, Qasabat AS Salt, 

Khalda military station, Abu Nusayr, Al Fuhays, Amman west UOJ, Bela's) containing 

thymol percentages more than carvacrol. Population of Abu Nusayr has higher 

percentage of carvacrol but it clustered within thymol chemotype, this could refer to its 

high oil content.  
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Linkage distance 

0 5 10        15        20        25 
Population* +---------+---------+---------+---------+---------+ 

7 òø 
15   òôòø 
4 ò÷ ùòòòø 
1 òòò÷ ùòòòø 
9 òòòòòòò÷ ùòòòòòø 
6 òòòòòòòòòòò÷ ùòòòòòòòòòòòø 
2 òûòòòòòø ó ó
8 ò÷ ùòòòòòòòòò÷ ùòòòòòòòòòòòòòòòòòòòø 

11   òòòòòòò÷ ó ó
5 òòòûòòòòòòòòòø ó ó

14   òòò÷ ùòòòòòòòòòòòòòòò÷ ó
3 òûòòòòòòòø ó ó

12   ò÷ ùòòò÷ ó
10   òûòòòòòòò÷ ó
13   ò÷ ó
16   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 

Figure (6): Dendrogram of sixteen populations of Coridothymus capitatus growing wild 
in Jordan based on essential oils content and using Euclidean distances. 
* Numbers 1-16 are populations of Qasabat AS Salt, Al Fuhays, Tla' Kaser Khalda, 
Ayn Al Basha, Abu Hamid, Abu Nusayr, Khalda, Amman (West UOJ), Khalda military 
station, Wadi Slait, Bela's, Edbyan, Al Bassah, Wadi AS Sir, Um El Gutain, and 
Kufranja, respectively. 
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The third group separated into two sub groups mostly based on total oil content. The 

clustering figure agreed to a certain degree with Miceli et al., 2006 whose clustering 

analysis led to the identification of thymol and carvacrol chemotypes. 

 The cluster analysis in this study identified two chemotypes depending on the 

content of carvacrol and thymol in C. capitatus populations. The thymol chemotype, 

which is the most widespread, especially in the north and west of the sampled area, and 

carvacrol chemotype which is less represented and mostly spread in south of the 

sampled area where drier conditions are prevailed. This lead to assume a possible 

connection with particular climatic conditions, which needs to be studied thoroughly. 

On the other hand, the constructed dendrogram did not consolidate populations 

collected from same district together in the same cluster supporting the need of 

molecular analysis. 

4.3.4. Correlations with ecogeographical data 

 Table (16) shows Person's coefficient of correlation between pairs of ecogeographic 

and essential oils of C. capitatus populations growing wild in Jordan. Significant 

correlation (0.56) recorded between oil yield and rainfall, the relation seems to be 

negative indicating that potential of C. capitatus for oil production expressed more 

under dry conditions. C. capitatus considered a good indicator of the dry Mediterranean 

area (Fragman, et al., 200; Danin, 2004; Miceli, et al., 2006). Weather parameters such 

as atmospheric temperature and rainfall have been reported to influence oil content and 

and the composition in several aromatic plants (Sangwan, et al., 2001). 

 Results show high significant correlation between oil yield and thymol, carvacrol, 

and thymol plus carvacrol (0.62, 0.74, and 0.96, respectively) indicating that thymol 

and carvacrol constitute the major composition of C. capitatus essential oils. 
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Results of Miceli et al. (2006) showed that thymol and carvacrol constitute more than 

50 % of C. capitatus oils. On the other hand, additive of thymol and carvacrol found to 

be more correlated with carvacrol (0.88) than thymol (0.45), indicating the dominancy 

of carvacrol which reported as the valuable essential oil characterized C. capitatus 

taxon (De Vincenzi et al., 2004; Faleiro et al. 2005; Can Baser, 2008). A negative 

correlation expressed between thymol and carvacrol (- 0.03), which is in agreement 

with Miceli, et al. (2006). Carvacrol is a powerful antiseptic used as a substitute for 

iodoform and thymol, it is a monoterpene phenol derivative and isomeric of cymene, 

C10H14O (De Vincenzi et al., 2004, SDBS, 2009).  

Table (16): Person's coefficient of correlation between pairs of eco-geographic and  
 essential oils of  Coridothymus capitatus populations growing wild in Jordan.

Entry 
El

ev
at

io
n

R
ai

n
fa

ll

N P K

O
.M

.

C
aC

O
3

To
ta

lo
il

Th
ym

ol

C
ar

va
cr

ol

Th
ym

ol
+

ca
rv

ac
ro

l

Elevation 1

Rain fall 0.20  1

N 0.42  0.15 1

P 0.32  0.18 0.18 1

K 0.32  -0.04 0.54* 0.17 1

O. M. 0.15  -0.14 0.52* 0.07 0.69** 1

CaCO3 0.36  0.17 0.04 0.18 0.01 0.29 1

Total oil 0.09  -0.56* -0.20 -0.08 0.18 -0.07 0.32 1

Thymol 0.25  -0.36 0.05 0.15 0.17 -0.01 0.48* 0.62** 1

Carvacrol 0.04 -0.39 -0.18 -0.16 0.14 -0.02 0.07 0.74** -0.03 1

Thymol + 
carvacrol 0.08  -0.50* -0.15 -0.06 0.19 -0.04 0.30 0.96** 0.45* 0.88** 1

* Correlation is significant at the 0.05 level  
**  Correlation is significant at the 0.01 level  
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4.4. Essential Oil Seasonal Variation      

 C. capitatus, the perennial Labiatae aromatic shrub, growing wild in Jordan 

considered a seasonally dimorphic plant, reducing its transpiring surface at the 

beginning of fall by changing their big spring and summer leaves with small winter 

leaves (Muller et al., 1997). 

 Quality and quantity of C. capitatus essential oils in relation to thymol and carvacrol 

reported in the literature as being varied according to corresponding of environmental 

and growth factors (Arras and Grella, 1992; Muller et al., 1997; Tonçer and Kizil, 

2005). Table (17), show the monthly variation of the amounts and the compositions of 

thymol and carvacrol essential oils of C. capitatus growing wild in Abu Hamid village 

during March 2007- February 2008. The site of Abu Hamid was selected because it is 

fenced, so the marked plants undergo analysis conserved for conducting a frequent 

monthly harvest. In addition, among fifteen wild populations of C.capitatus 

investigated for oil production, Abu Hamid population presented the highest percentage 

of oil (2.45 %) and carvacrol (0.87 %), meaning that this site could be ideal to follow 

seasonal variation in relation to essential oil. 

 Despite variation in quantities, a common trend identified toward best period for 

obtaining the highest amount of essential oil (Figure 7). The highest percentages of oil 

yields, thymol, carvacrol, and thymol plus carvacrol phenolic ingredients recorded in 

July (2.45, 0.31, 0.87, and 1.19, respectively), and lowest percentages recorded in 

February followed by March. The full bloom in C. capitatus population of Abu Hamid 

occurred during July where the mean relative humidity was relatively low (42.10 %), 

indicating a close relationship may exists between maturity stages and production of 

essential oil and phenolic compounds, this relationship was previously reported by 

Muller et al. (1997).  
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Table (17): Eessential oil, thymol and carvacrol content of Coridothymus capitatus growing wild in Abu Hamid village during
March 2007- February 2008.

Mean air
temperature (˚C) Thymol Carvacrol

Thymol
plus

CarvacrolMonth
Total

rainfall
(mm)

Mean
relative

humidity
(%) Minimum Maximum

Oil
yield
(%) mg/g SD (%) mg/g SD (%) (%)

March 130.60 74.40 5.70 13.50 0.84 0.25 0.02 0.03 0.91 0.05 0.09 0.12
April 9.70 65.60 9.70 18.70 0.94 0.58 0.08 0.06 1.62 0.40 0.16 0.22
May 9.90 41.10 15.60 26.00 1.12 0.74 0.11 0.07 2.17 0.35 0.22 0.29
June 0.00 43.40 17.20 27.90 2.02 0.70 0.12 0.07 4.15 0.69 0.41 0.49
July 0.00 42.10 18.80 29.00 2.45 3.14 0.65 0.31 8.71 0.95 0.87 1.19
August 0.00 48.60 18.60 29.00 1.95 2.72 0.67 0.27 3.82 0.74 0.38 0.65
September 0.00 58.20 15.90 26.70 1.86 0.25 0.06 0.03 2.75 0.29 0.28 0.30
October 2.80 49.90 14.80 24.90 1.32 0.27 0.07 0.03 2.03 0.50 0.20 0.23
November 72.40 58.00 10.10 17.70 0.95 0.33 0.08 0.03 1.39 0.29 0.14 0.17
December 28.50 62.70 5.30 11.60 0.89 0.60 0.12 0.06 1.56 0.04 0.16 0.22
January 133.60 75.20 0.10 6.20 0.83 0.50 0.04 0.05 1.70 0.28 0.17 0.22
February 88.60 82.30 2.30 10.20 0.80 0.50 0.12 0.05 1.65 0.42 0.17 0.22
C.V. % 28.3 18.2
LSD 0.05 0.42 0.83
Monthly meteorological data obtained from Jordan Department of meteorology (2007-2008).
Data are yield percentages of total essential oil obtained from 10.0 g dry weight.
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Figure (7): Monthly variation of Coridothymus capitatus essential oils, thymol, carvacrol, and thymol plus carvacrol of
Abu Hamid village during March 2007 to February 2008.
(Percentages represent oil obtained from 10.0 g dry weight)
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The production of aromatic essential oil attract insect pollinators to visit C. capitatus 

populations which have the ability to support an exceptionally high number of flower 

visitors (123 species) and 50% of monotropous visitors during the hot and rainless 

summer (Petanidou, 1996). On the other hand, C. capitatus species produce phenolic 

metabolites like carvacrol and thymol (called also phytochemicals), these phenolic 

secondary metabolites are defensive antimicrobials produced against invading 

pathogenes and environmental stress like dry, and therefore the methods for exploiting 

them have to take this into account (Arras, et al, 1994; Miguel et al., 2003; Can Baser, 

2008).  

 Apparently, major changes occurred during February and March during the process 

of maturation of the flowering tops which justify the low oil percentages obtained. 

Furthermore, the air-dried plant material (leaves, top flowers) in June and July had high 

essential oil content (2.02 %, 2.45 %, respectively), suggesting that this is an optimal 

time for harvesting. Hence, we can conservatively conclude that the optimum 

harvesting time for oil production could be during June and July, while the optimum 

harvesting time for the essential oils of thymol and carvacrol production could be 

during July. 

4.5. Cultivation Potential 

 Growing C. capitatus species under field conditions is important for studying 

cultivation potential, estimating genetic variations and identifying promising 

populations (Iapichino et al., 2006). The 21 populations (Table 3) of Jordans Za’tar 

Farisi introduced for cultivation at Mushager research station exhibited a good standing 

in the field, despite variations of investigated traits. These populations considered as 

accessions (wild, landraces) conserved at field gene bank (ex situ) in Mushager station, 
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representing different ecogeographical locations, and offering a workable source of 

characterized plant material ready for different purposes.  

 Populations of C. capitatus distribute in a limited area of Jordan in dry slopes of 

Mediterranean ecosystem. Almost all C. capitatus populations occupying wild habitat 

in Jordan are subjected to a variety of threatening factors (urbanization, over 

harvesting, air pollution, grazing, etc.) causing loss of genetic diversity and habitat 

destruction. Domestic cultivation is a viable alternative and offers the opportunity to 

overcome the problems that are inherent in herbal extracts: misidentification, genetic 

and phenotypic variability, extract variability and instability (Canter, et al., 2005). In 

response to increased popularity and greater demand for medicinal plants, bringing wild 

C. capitatus into cultivation system is important (Azaizeh, et al., 2005). Few scientific 

studies are available on the potentiality of C. capitatus for cultivation, Hedrick (1972) 

cited that C. capitatus used to be cultivated as a culinary herb in herb gardens.  

4.5.1. Phenotypic variation among cultivated populations 

 Tables (18, 19, and 20) show various degrees of variation obtained according to 

investigated measurable morphological traits during two subsequent growing seasons 

(2007, 2008), as follows:  

Days to flowering 

 The number of days from transplanting (9th April 2007) toward blooming recorded 

only during the year 2007, due to the life form of C. capitatus as a perennial shrub. 

Days to flowering for the 21 populations ranging between 50 to 135 day with C.V. of 

0.9 % and over all mean of 108 days. This variation, joint with long period before 

flowering bring opportunity to harvest thyme populations named Za’tar Farisi as fresh 

and dry herb in periods extended from June to August, before the full development of 

flowers. Hedrick (1972) cited that C. capitatus is cultivated as a culinary herb, which if  
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Table (18): Phenotypic variation for days to flowering, number of inflorescence, and length of inflorescence (mm) of Coridothymus capitatus populations
cultivated at Mushager research station in years 2007 and 2008.

Trait Days to flowering No. of inflorescence Length of inflorescene (mm)
Year 2007 2007 2008 2007 2008
Population* Mean SD Range Mean SD Range Mean SD Range Mean SD Range Mean SD Range
1 133.00 2.65 130-135 588.56 386.98 260-1113 593.00 387.31 276-1125 8.78 1.39 7-11 6.33 1.00 5-8
2 135.00 0.00 0.00 232.00 129.34 66-355 236.00 120.01 75-365 12.00 2.74 9-18 5.67 1.12 4-7
3 116.00 0.00 0.00 385.44 194.89 240-652 389.22 194.22 240-655 10.33 2.06 7-14 8.44 2.13 5-12
4 116.00 0.00 0.00 457.33 149.52 255-594 462.67 148.65 255-600 12.56 1.81 10-15 9.89 2.03 7-13
5 106.33 0.58 106-107 668.00 176.07 429-793 672.44 174.24 430-800 13.67 1.00 12-15 12.11 2.80 8-17
6 100.33 2.31 99-103 407.56 157.88 236-649 411.33 154.42 240-605 12.22 3.35 8-20 13.78 5.26 8-22
7 128.00 0.00 0.00 372.22 195.68 110-552 376.44 195.77 113-552 12.33 1.87 10-15 6.22 2.05 4-10
8 127.33 1.15 126-128 589.22 261.53 261-870 592.67 263.50 259-890 10.22 1.86 7-13 9.22 2.73 5-13
9 111.00 0.00 0.00 528.89 92.15 399-619 533.56 91.52 413-620 11.56 2.70 7-15 9.89 3.26 5-15
10 128.00 0.00 0.00 257.11 116.64 98-340 263.44 114.97 105-348 9.78 3.46 6-15 9.33 2.87 6-15
11 108.00 0.00 0.00 428.56 132.41 328-612 433.89 133.25 332-620 12.67 1.87 10-16 11.67 1.50 10-14
12 128.00 0.00 0.00 405.44 395.26 95-940 410.44 395.49 95-945 12.11 1.90 9-15 8.89 3.26 5-14
13 105.00 0.00 0.00 621.67 119.77 482-770 626.00 119.96 485-770 15.00 4.09 10-21 11.78 2.73 8-16
14 107.67 1.15 107-109 357.56 105.15 233-485 361.78 108.20 235-524 9.56 1.81 7-12 9.11 1.62 7-12
15 123.00 1.73 121-124 144.00 75.33 56-235 149.44 74.55 62-238 10.22 2.33 7-15 19.22 14.37 6-42
16 50.00 0.00 0.00 155.11 18.63 130-186 158.33 20.00 125-186 18.56 3.68 14-25 38.11 8.12 29-51
17 87.00 0.00 0.00 122.78 10.06 105-133 129.44 19.76 100-168 22.00 6.12 14-30 46.00 12.16 25-60
18 110.00 0.00 0.00 136.67 21.34 99-162 141.78 20.78 115-170 31.44 11.51 20-55 36.67 8.93 25-50
19 85.00 0.00 0.00 561.11 30.48 513-592 566.89 29.47 525-600 7.11 1.45 5-9 17.00 8.31 10-35
20 85.00 0.00 0.00 555.67 113.06 402-645 559.11 111.81 405-650 14.78 2.68 11-18 20.44 2.79 16-25
21 85.00 0.00 0.00 138.44 7.40 129-150 139.89 8.54 130-155 15.33 4.03 9-21 17.56 2.40 14-22
Overall 108.32 85-135 386.35 56-1113 390.85 62-1125 13.44 5.0-55.0 15.59 5.0-60.0
LSD 0.05 1.575 315.90 315.20 4.43 7.69
% CV 0.90 49.50 48.90 20.0 29.90
* Numbers 1-21 are populations of sites: Qasabat AS Salt, Al Fuhays, Tla' Kaser Khalda, Ayn Al Basha, Abu Hamid, Abu Nusayr, Khalda, Amman (West UOJ), Khalda military
station, Wadi Slait, Bela's, Edbyan, Al Bassah, Wadi AS Sir, Um El Gutain, Kufranja, Anjara landrace 1, Anjara landrace 2, commercial cultivar 1, commercial cultivar 2, and
commercial cultivar 3, respectively.
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Table (19): Phenotypic variation for plant hieght (cm), plant width (cm), and plant length (cm) of Coridothymus capitatus populations
cultivated at Mushager research station in years 2007 and 2008.

Trait Plant height (cm) Plant width (cm) Plant length (cm)
Year 2007 2008 2007 2008 2007 2008
Population* Mean SD Range Mean SD Range Mean SD Range Mean SD Range Mean SD Range Mean SD Range
1 23.33 3.57 19-29 18.89 4.04 15-27 31.33 4.92 21-35 43.44 8.14 30-57 26.67 4.24 19-32 31.89 9.14 22-48
2 20.44 3.21 15-26 15.78 2.64 13-22 29.11 8.18 17-39 38.11 9.02 30-58 30.89 7.01 20-43 31.33 7.63 20-40
3 23.33 3.46 18-30 18.67 3.67 14-24 26.78 4.97 19-32 40.33 6.71 33-52 26.78 4.55 18-32 30.00 5.81 23-39
4 25.56 1.88 24-29 19.56 4.80 15-29 33.44 6.56 29-50 38.78 11.20 25-63 27.33 5.12 21-38 30.00 6.22 22-43
5 24.00 3.54 20-29 17.44 5.17 12-28 28.00 5.61 20-40 34.33 5.32 30-44 25.56 4.59 20-34 27.56 7.37 20-44
6 22.78 5.89 18-34 14.56 5.22 10-26 25.00 3.54 20-31 33.89 8.21 22-50 22.22 3.80 15-27 27.44 4.39 21-36
7 26.33 3.97 20-32 20.22 6.34 12-31 30.33 10.30 14-43 39.11 14.62 23-64 30.00 9.67 15-42 35.67 13.27 20-60
8 22.89 3.52 16-28 18.11 5.46 10-28 29.33 4.97 21-38 36.56 9.90 25-51 25.33 2.50 21-28 29.56 5.55 23-40
9 26.56 4.25 21-33 19.11 7.46 10-33 30.44 3.81 26-37 39.89 13.83 20-67 27.56 2.46 25-32 31.89 13.62 20-62
10 22.56 3.40 15-28 19.78 7.73 10-30 33.33 7.78 18-45 34.33 13.14 17-57 29.89 6.19 20-38 32.89 10.87 16-50
11 27.11 4.94 21-33 24.56 5.92 15-32 34.56 11.10 20-55 38.67 10.69 25-60 32.11 7.52 19-41 34.44 11.42 20-50
12 23.22 4.15 18-31 18.00 7.75 12-32 31.33 5.61 19-38 40.11 12.82 30-62 31.56 6.71 23-42 36.56 12.01 25-56
13 25.78 2.33 22-29 19.78 5.95 15-34 30.56 3.47 26-38 43.44 12.56 22-66 26.44 3.88 19-31 33.33 11.00 22-58
14 26.22 5.36 18-34 17.00 3.77 12-23 27.56 4.03 22-35 40.67 10.48 25-56 23.89 6.07 19-39 33.00 5.92 22-39
15 22.33 1.73 20-25 21.00 5.61 15-30 28.89 4.59 20-35 34.11 9.14 25-51 27.78 4.84 21-33 27.22 7.43 20-41
16 29.78 4.09 21-35 29.00 2.69 23-32 28.11 4.31 21-34 42.67 6.26 31-49 26.56 1.94 23-30 38.67 6.02 30-48
17 26.22 4.02 19-31 25.78 4.32 19-32 19.78 8.12 8-35 43.44 5.75 34-50 21.67 7.48 11-30 41.44 8.73 27-56
18 28.22 3.38 22-32 27.33 3.00 23-33 22.89 5.71 15-30 42.11 4.20 36-50 23.56 3.57 19-28 34.22 3.93 31-43
19 21.22 2.49 15-23 29.11 3.26 25-36 27.78 6.82 18-39 42.78 3.93 36-47 23.33 5.70 15-30 38.44 5.03 34-50
20 23.33 4.58 19-30 26.89 8.37 7-35 26.78 6.83 10-33 44.56 4.13 40-50 24.89 3.95 19-30 34.78 8.86 15-46
21 35.00 9.35 20-50 26.11 9.28 15-40 30.11 6.99 20-40 24.44 6.35 15-35 24.78 2.77 20-28 21.11 3.98 15-25
Overall 25.06 15-50 21.27 10-40 28.83 8-55 38.85 15-67 26.61 11-43 32.45 15-62
LSD 0.05 4.98 5.98 7.47 9.09 7.10 8.82
% CV 12.00 17.00 15.70 14.20 16.20 16.50
*Numbers 1-21 are populations of sites: Qasabat AS Salt, Al Fuhays,Tla' Kaser Khalda, Ayn Al Basha, Abu Hamid, Abu Nusayr, Khalda, Amman (West UOJ), Khalda
military station, Wadi Slait, Bela's, Edbyan, Al Bassah, Wadi AS Sir, Um El Gutain, Kufranja, Anjara landrace 1, Anjara landrace 2, commercial cultivar 1, commercial
cultivar 2, and commercial cultivar 3, respectively.
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Table (20): Phenotypic variation for leaf length (mm), and leaf width (mm) of Coridothymus capitatus populations cultivated at Mushager
research station in years 2007 and 2008.

Trait Leaf length (mm) Leaf width (mm)
Year 2007 2008 2007 2008

Population* Mean SD Range Mean SD Range Mean SD Range Mean SD Range
1 4.44 1.42 3-7 3.22 1.48 1-5 1.11 0.22 1-1.5 2.06 1.07 1-4
2 4.44 0.88 3-6 4.00 1.12 2-6 0.98 0.07 0.8-1 1.28 0.44 1-2
3 4.67 0.71 4-6 4.44 1.13 2-6 0.97 0.10 0.7-1 1.33 0.50 1-2
4 4.33 0.87 3-6 4.67 0.71 4-6 0.97 0.10 0.7-1 1.33 0.50 1.2
5 4.33 0.71 3-5 5.11 1.17 4-7 1.11 0.33 1-2 1.44 0.53 1-2
6 4.44 1.13 3-6 4.56 0.88 3-6 1.17 0.35 1-2 1.22 0.44 1-2
7 4.00 0.71 3-5 4.22 0.67 4-6 1.17 0.35 1-2 1.06 0.17 1-1.5
8 4.67 1.00 3-6 4.44 1.51 2-7 1.22 0.36 1-2 1.28 0.44 1-2
9 4.22 1.09 3-6 4.22 0.97 3-6 1.11 0.33 1-2 1.22 0.36 1-2
10 3.89 1.17 3-6 4.33 0.71 3-5 1.22 0.44 1-2 1.22 0.44 1-2
11 5.22 0.97 4-7 4.00 0.87 3-5 1.17 0.35 1-2 1.33 0.50 1-2
12 4.22 0.67 3-5 4.22 1.20 2-6 1.22 0.44 1-2 1.44 0.42 1-2
13 4.67 1.00 3-6 4.44 1.01 3-6 1.33 0.50 1-2 1.31 0.46 1-2
14 3.89 0.78 3-5 4.33 0.71 3-5 0.99 0.25 0.5-1.5 1.39 0.49 1-2
15 5.78 1.48 4-8 4.22 0.67 3-5 1.44 0.73 1-3 1.17 0.35 1-2
16 10.89 1.45 8-13 11.78 3.03 6-15 2.56 0.53 2-3 2.44 0.73 2-4
17 11.00 1.00 10-12 11.89 2.20 10-17 1.89 0.60 1-3 2.22 0.44 2-3
18 10.44 1.67 8-14 12.33 1.58 10-15 1.83 0.35 1-2 2.33 0.50 2-3
19 6.11 1.36 4-8 4.67 1.12 3-6 2.33 0.50 2-3 1.78 0.44 1-2
20 5.78 0.67 5-7 4.22 0.97 3-6 1.78 0.67 1-3 1.78 0.44 1-2
21 10.89 1.17 9-13 10.22 1.64 8-12 1.83 0.43 1-2.5 1.83 0.71 1-3
Overall 5.83 3-14 5.69 1-17 1.40 0.5-3 1.55 1-4
LSD 0.05 1.34 1.42 0.45 0.57
% C.V. 14.00 15.10 19.70 22.50

*Numbers 1-21 are populations of sites: Qasabat AS Salt, Al Fuhays, Tla' Kaser Khalda, Ayn Al Basha, Abu Hamid, Abu Nusayr, Khalda, Amman (West UOJ), Khalda
military station, Wadi Slait, Bela's, Edbyan, Al Bassah, Wadi AS Sir, Um El Gutain, Kufranja, Anjara landrace 1, Anjara landrace 2, commercial cultivar 1, commercial
cultivar 2, and commercial cultivar 3, respectively.
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its leaves are to be dried, the plants should be harvest just before the flowers open. 

 The first 15 populations of C.capitatus, show variation in days to flowering which 

ranging between 100–135 days. Populations of Qasabat AS Salt and Al Fuhays, exhibit 

the highest number of days to flowering (133 and 135 day, respectively) followed by 

populations of Khalda, Wadi Slait, and Edbyan (128 day), while Khalda military station 

population exhibit the lowest number of days to flowering.  

 The trait number of days to flowering is known to be affected by environmental 

conditions, but it could be also inherited (Feher and Walter, 1987). This could explain 

results obtained in this study because cultivated populations exhibited various numbers 

of days to flowering in the field where environmental conditions were relatively 

controlled. For example, individuals of population Wadi Slait collected from elevation 

of 547 m recorded average number of days to flowering (128) more than Abu Nusayr 

population (100 day) which was collected from different environment from elevation of 

858 m, indicating significant differences among them that could refer to genetic 

difference. This also indicated the possibility to improve particular population for 

particular purpose like exploiting the long period of vegetative growth for production of 

fresh herbs and volatile oil. On the other hand, populations of C.capitatus tend toward 

long time until blooming indicating their ecological value for insect pollinators and 

solitary bees, Petanidou, (1996) and Tsigouri et al. (2004) mentioned that C. capitatus 

is considered an important source for production of unifloral honeys due to late 

flowering. 

Number of inflorescence 

 High coefficient of variation (C.V.) related to number of inflorescence per plant was 

recorded during years 2007 and 2008 (50.05 %, 49.0 %, respectively), indicating wide 

variation among populations. Population of Abu Hamid recorded the highest average 
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number of inflorescence in two subsequent years (2007 and 2008) which was 668.0 and 

672.4, respectively, exceeding the overall mean by 73 % and 72 %, respectively. 

Knowing that site of Abu Hamid is protected by fence, we suggest that additive 

accumulation of genetic base related to this character caused the expression of this high 

number. Hence, we can expect that high oil percentage will be obtained from 

individuals belonging to this population. This trait is also important for seed production 

(Tonçer and Kizil, 2005). 

Length of inflorescence 

 High coefficient of variation (C.V.) obtained under field conditions for length of 

inflorescence during 2007 and 2008 (20.0 %, 29 %, respectively). The highest length 

during 2007 recorded by Anjara landrace 2 (31.4 mm) followed by Anjara landrace 1 

(22.0 mm) and the lowest recorded by the commercial cultivar 1 (7.11). In 2008, the 

highest length of inflorescence recorded by Anjara landrace 1 (46.00 mm), indicating 

an improvement occurred for this trait. The recorded overall mean was 13.44 mm in 

2007 and 15.59 mm in 2008, indicating an improvement from that obtained in wild 

(9.16 mm). This trait is important for oil production and in taxonomical studies 

(Petanidou, 1996; Tsigouri et al. 2004). 

Plant height 

 Table (19) shows high coefficient of variations (C.V.) for plant height in 2007 and 

2008 (12 %, 17 %, respectively), indicating variations among populations. The 

commercial cultivar 3 recorded the largest height during 2007 (35.0 cm) while The 

commercial cultivar 1 recorded the largest height in 2008 (29.1 cm). In comparison 

with wild populations (Annex XIII), the trend is coming toward decreasing of plant 

height, particularly in the absence of particular cultural practices like pruning. For 

example, C. capitatus population of Tla’ Kaser Khalda showed the largest height (46.0 
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cm) among wild populations studied, then height decreased under cultivation in 2007 

and 2008 (33.3 cm, 18.7 cm, respectively), indicating that this species tend to distribute 

horizontally forming dwarf shrub as described by Feinbrun, (1978) and Polunin, 

(1980).  

Plant width and length  

 No significant differences among populations obtained for plant width trait in the 

year 2007, this could be justified when consider year 2007 as the first year of field 

establishment. In 2008, variation among populations for plant width was significant 

(C.V = 14.2 %), indicating variations among populations and presenting the good stand 

of this species in the seconed growing season assuming the potentiality of this species 

to propagate by seeds beside cuttings. Iapichino et al. (2006) reported that C.capitatus 

exhibit good aptitude to pot cultivation when propagated by using vegetative cuttings. 

In 2008, populations of Qasabat AS Salt, Ayn Al Basha, Al Bassah, Edbyan, Wadi AS 

Sir, and Kufranja show plant width more than 40.0 cm, which exceed the overall mean 

(38.85 cm).  

 High coefficient of variation (C.V.) recorded for plant length in 2007 and 2008 

(16.20 %, 16.50 %, respectively), indicating variations among populations. Plant length 

improved in 2008 for all populations. Among C.capitatus populations, Edbyan show 

the highest plant length in 2008 (36.56 cm), while among Thy. spicata populations 

(Kufranja, Anjara landrace 1, Anjara landrace 2), no significant difereces were record. 

 Data shows that almost all population tend to have plant width more than length, this 

attitude did not recognized in wild population, indicating that this difference may be 

due to cultivation process. Monokrousos, et al. (2004), reported that the soil 

biochemical processes are factors affect life form of C. capitatus. Huxley (1992) stated 

that C. capitatus is hardy to about -10°C but at same time prefers light, well drained 
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calcareous soil and a sunny position. Hence, we suggest that plants cultivated in the 

same plot compete for the micronutrients and other environmental growth factors, and 

consequently increase their width where more space available for catching nutrient 

sources. Hence, we suggest increase the distance between plants within same row for 

better expression of plant width and length traits.   

Leaf length and width 

 The coefficient of variation (C.V.) related to leaf length was high during years 2007 

and 2008 (14.0 %, 15.1 %, respectively), indicating high variation among populations 

(Table 20). Relatively, C.capitatus populations show consequent increase for leaf 

length in 2008 (Figure 8). However, C.capitatus populations varied in their 

improvements, for example, Um El Gutain population present the highest average of 

leaf length in year 2007 (5.78 mm), while in 2008 Abu Hamid population present the 

highest value (5.11 mm). On the other hand, populations of Kufranja, Anjara landrace1, 

and Anjara landrace 2, those identified as Thy. spicata, show leaf length more than 10 

mm in 2007 and more than 11 mm in 2008, this due to the genetic base which 

differenciate these populations from the rest. This genetic difference is important to 

confirm at the molecular level. 

 The trait leaf width expressed high variation among 21 thyme populations grow 

under cultivation. The C.V. obtain in 2007 and 2008 was 19.70 % and 22.50 %, 

respectively (Table 19). Toward 2008, all populations growing under field conditions 

show an increase in their leaf width except the populations of Khalda, Um El Gutain, 

and the three commercial cultivars (Figure 8), indicating the ability of thyme species to 

increase their leaf surface area and improve photosynthesis process and sequentially the 

productions of biproducts (Taia and El-Etaby, 2006). Among C.capitatus populations, 

the highest leaf length recorded in 2008 belong to Qasabat AS Salt (2.06 mm), followed  
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Figure (8): Leaf length (mm), and leaf width (mm) of C. capitatus populations 
 cultivated at Mushager research station in years 2007 and 2008.   
 

by Abu Hamid and Edbyan (1.44 mm), indicating that these populations could be a 

promissing populations for production herbal materials and oil.  

 Moreover, the cultivated populations of C.capitatus present leaf length and width 

higher than those grow in wild (Annex XIII), indicating the potential of these 

population to improve for leaf length and width. Leaves (fresh or dried) of thyme 

species considered the main vegetative organs used as a spice add aroma and flavor to 

food, and the essential oils extracted from leaves and flowers can be used as 

pharmaceuticals, and cosmetics (Morales, 1996; Senatore, 1996; Goren, et al. 2003;

Lee, et al. 2005). Thus, variation exists among thyme populations for leaves length and 

width found is important to initiate breeding program. 
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4.5.2. Fresh and dry weight  

 Tables (21, 22) and Figures (9, 10) present variation in productivity expressed by 

fresh and dry weight of all cultivated populations during years 2007 and 2008.  

 In 2007, no significant differences among populations obtained for fresh weight, the  

(C.V. = 20.2 %). However, Bela’s population recorded the highest amount of fresh 

yield (253.22 g/plant), followed by Edbyan population (217.22 g/plant). In 2008, the 

C.V. raised to 21.20 %, indicating high variation among populations. 

 Among C. capitatus populations, Ayn Al Basha present the highest fresh weight 

(209.56 g/plant) followed by Bela’s and Edbyan populations (178.33 g/plant, 163.89 

g/plant, respectively) with no significant difference, indicating the ability of these 

populations to present high fresh herbage yield. In fact, almost all C. capitatus 

populations produced lower fresh yield in 2008 than in 2007 (Figure 9).  

In the contrary, the fresh yield dramatically increased during 2008 for populations of 

Kufranja, Anjara landraces 1, and Anjara landraces 2 (363.33 g/plant, 265.00 g/plant, 

and 251.11 g/plant, respectively), suggesting the ideality of these populations for 

production of fresh herb. All commercial cultivars show higher progress toward fresh 

yield than dry yield production. 

 Regarding dry weight, high C.V. obtained in years 2007 and 2008 (23.2 %, 22.90 

%, respectively) indicating variations among populations. In 2008, all populations show 

an increase in dry weight (Figure 10). Out of expectation, all C. capitatus populations 

show increase of dry yield during the second year (2008) of establishment. This may be 

due to the tendency of species C. capitatus to accumulate secondary metabolites 

(mainly essential oil) in a dry form during plant life.  
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Table (21): Fresh herb production of Coridothymus capitatus populations cultivated at Mushager research station during
2007 and 2008.

Year 2007 2008
Population g plant¯¹ SD Range *** Yield (Kg ha¯¹) g plant¯¹ SD Range Yield (Kg ha¯¹ )

Qasabat AS Salt 173.89 42.02 105-250 4140.2 156.67 29.22 110-205 3730.2
Al Fuhays 205.56 57.31 120-290 4894.2 185.11 50.00 95-250 4407.4
Tla' Kaser Khalda 166.11 45.87 110-245 3955.0 152.11 36.09 110-210 3621.7
Ayn Al Basha 205.00 33.99 155-270 4881.0 209.56 53.60 125-295 4989.4
Abu Hamid village 182.78 47.38 115-270 4351.9 142.78 31.09 110-205 3399.5
Abu Nusayr village 165.56 26.21 125-215 3941.8 154.33 19.70 125-186 3674.6
Khalda 172.78 50.79 110-265 4113.8 130.33 39.80 74-210 3103.2
Amman (West UOJ) 180.00 32.66 130-235 4285.7 137.22 27.82 110-190 3267.2
Khalda military station 140.56 45.64 75-215 3346.6 133.33 54.14 55-230 3174.6
Wadi Slait 160.56 33.86 100-290 3822.8 126.33 18.46 96-160 3007.9
Bela's village 253.22 74.38 135-350 6029.1 178.33 48.33 110-260 4246.0
Edbyan village 217.22 81.66 115-340 5172.0 163.89 45.74 125-255 3902.1
Al Bassah village 202.78 49.50 140-295 4828.0 175.00 79.18 85-310 4166.7
Wadi AS Sir 191.11 56.84 125-320 4550.3 175.56 39.72 110-240 4179.9
Um El Gutain village 161.33 27.35 125-195 3841.3 131.44 22.13 108-180 3129.6
Kufranja 193.56 45.03 132-290 4608.5 363.33 133.37 195-590 8650.8
Anjarah (Landrace 1) 148.89 27.06 125-220 3545.0 265.00 52.26 190-335 6309.5
Anjarah (Landrace 2) 150.44 36.79 90-220 3582.0 251.11 69.23 145-345 5978.8
Commercial cultivar 1 187.22 50.48 125-270 4457.7 329.44 151.58 105-545 7843.9
Commercial cultivar 2 185.00 42.62 130-245 4404.8 325.56 109.13 160-555 7751.3
Commercial cultivar 3 167.78 42.75 120-230 3994.7 396.11 113.02 180-550 9431.2
Mean 181.49 4321.3 203.93 485.5.5
*LSD 0.05 59.26 71.33
**C.V. % 20.20 21.20
* LSD = Least significant difference.
** C.V. = Coefficient of variation.
***Estimated yields (2.4 plant m¯²).
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Table (22): Dry herb production of Coridothymus capitatus populations cultivated at Mushager research station during 2007 and 2008.
Year 2007 2008

Population g plant¯¹ SD Range *** Yield (Kg ha¯¹) g plant¯¹ SD Range Yield (Kg ha¯¹)

Qasabat AS Salt 74.44 19.95 35-105 1772.5 130.56 21.86 55-120 3108.5
Al Fuhays 81.11 25.13 50-115 1931.2 172.22 28.59 65-145 4100.5
Tla' Kaser Khalda 56.67 18.00 35-90 1349.2 128.11 19.30 35-90 3050.3
Ayn Al Basha 86.11 16.76 65-115 2050.3 158.33 19.00 70-125 3769.8
Abu Hamid village 83.89 26.64 25-115 1997.4 116.67 24.49 30-105 2777.8
Abu Nusayr village 66.11 14.22 40-90 1574.1 119.44 10.00 60-85 2843.9
Khalda 63.89 33.21 20-120 1521.2 100.78 13.58 35-79 2399.5
Amman (West UOJ) 78.89 15.98 55-105 1878.3 116.11 21.62 40-115 2764.6
Khalda military station 44.44 22.09 15-80 1058.2 88.22 14.92 30-74 2100.5
Wadi Slait 67.44 16.21 52-100 1605.8 90.78 19.41 30-90 2161.4
Bela's village 104.44 33.33 30-135 2486.8 153.00 26.02 40-130 3642.9
Edbyan village 85.56 33.78 30-140 2037.0 140.56 27.95 35-135 3346.6
Al Bassah village 90.56 20.58 60-120 2156.1 156.11 41.74 45-160 3716.9
Wadi AS Sir 93.89 19.69 70-125 223.5.4 166.11 20.78 70-140 3955.0
Um El Gutain village 53.33 11.92 38-80 1269.8 81.67 10.93 30-70 1944.4
Average production 1794.9 3045.5

Kufranja 84.11 21.12 57-130 2002.6 248.89 48.99 90-230 5925.9
Anjarah (Landrace 1) 57.78 21.58 30-105 1375.7 183.89 17.70 85-135 4378.3
Anjarah (Landrace 2) 64.44 21.90 35-100 1534.4 170.56 36.81 65-185 4060.8
Commercial cultivar 1 73.89 30.24 20-120 1759.3 208.33 53.94 55-220 4960.3
Commercial cultivar 2 77.78 21.85 20-100 1851.9 194.44 46.53 40-205 4629.6
Commercial cultivar 3 28.33 5.13 20-35 674.6 261.67 83.92 25-265 6230.2
Mean 72.24 1720.1 151.74 3612.7
*LSD 0.05 27.65 57.36
**C.V. % 23.20 22.90
* LSD = Least significant difference, ** C.V. = Coefficient of variation, *** Estimated yields (2.4 plant m¯²)
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Figure (9): Fresh weight (g/ plant) of Coridothymus capitatus populations cultinvated at 
 Mushager research station in years 2007 and 2008.   
 

Figure (10): Dry weight (g/ plant) of Coridothymus capitatus populations cultivated at 
 Mushager research station in years 2007 and 2008.   
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Rodrigues, et al. 2006, cited that the material secreted (mainly carvacrol) by the 

glandular cells in species C. capitatus passes through the apical walls and accumulates 

within a large space formed by detachment of the cuticle together with the pectin layer 

of the secretory cell walls. 

 Among C. capitatus populations: Khalda, Khalda military station, Wadi Slait, and 

Um EL Gutain, shows the lowest dry yield with no significant differences, while Al 

Fuhays population show the highest dry yield (172.22 g/plant) with no significant 

difference between this population and the rest.  

 In order to valorize and promote C.capitatus as a crop plant, it is critical to 

investigate variation concerning potentiality of C.capitatus populations to produce fresh 

and dry herbage yield, which is utilize in various purposes (Rodrigues, et al. 2006).  

Considering the life form of C.capitatus as a dimorphic shrub (Monokrousos, et al.

2004), the fresh and dry weight estimated as g/plant. However, the fresh and dry 

herbage yield (Kg/ha) could be improved by increasing number of plants per unit area 

for more than 2.4 plant/ m² which applied in this study, and this needs to be studied 

thoroughly. The total dry yield of Origanum syriacum increased to 125 gm/m² by 

increasing plant density from 1.9 to 5.3 plants/ m² (Abu Al Rub, 1996). 

 Data obtained in this study, shows variations among C.capitatus for production of 

both fresh and dry yield. However, almost all C.capitatus populations show potential 

and progress toward producing dry herbage yield as the average production during 

2008 was 3045.5 kg/ha (127.9 g/ plant). Knowing that the cost of 250 g of dried leaves 

is about 2.5 J.D. in local markets of Jordan, make it logic to give C.capitatus more 

attention toward development as a crop. In addition, the demand for dry material of 

C.capitatus increase dramatically for essential oil production and this oil being one of 
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the most expensive oil utilize in pharmaceutical, food industry, cosmetic and perfumery 

(Rodrigues, et al., 2006).  

 On the other hand, populations of Kufranja, Anjara landrace 1, and Anjara landrace 

2, show high potential to produce fresh herbal material. During 2008, the individuals of 

these populations identified as Thy. spicata and named Za’tar Farisi in Ajloun district 

exhibit an average fresh herbage yield of 6979.7 kg/ha (293.15 g/plant) which 

encourage cultivation of this species for fresh herb production and also promote 

investigation of  its diversity.   

4.5.3. Variation of essential oils among cultivated populations 

In recent years, thyme has started to be cultivated as a new crop for production of 

oregano essential oils particularly those rich in carvacrol; the oil responsible for the 

biological activities of oregano such as antimicrobial, antitumor, antimutagenic, etc. 

(Toncer and Kizil, 2005; Can Baser, 2008). In this study, almost all populations of C. 

capitatus grow in wild habitat in Jordan exhibit high content of the oregano essential 

oil. However, results varied under cultivation, Table (23) shows the amount of essential 

oil, thymol, carvacrol and thymol plus carvacrol of C.capitatus cultivated at Mushagar 

agricultural research station. The highest essential oil percentage (4.99%) obtained 

from Wadi AS Sir population followed by Edbyan population (4.23%), while the 

lowest percentage (1.04 %) produced by Bela's population. Comparing with oil 

percentage obtained from wild C. capitatus, some populations show progress while 

other show retreat (Figures 11, 12, 13, and 14). For example, Wadi AS Sir and Edbyan 

populations produced higher percentages of oil under field conditions exceeding the 

wild production by 188.86 %, and 127.0 % respectively. In the contrary, Abu Hamid 

population exhibit oil percentage in the field less than in wild habitat. This may be 

because individuals grow in Abu Hamid site were protected, thus they grow
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Table (23): Eessential oil, thymol and carvacrol content of C. capitatus growing under cultivation at Mushager agricultural research station.

Total essential oil Thymol Carvacrol Thymol+Carvacrol
Population

(mg/g) (%) (mg/g) ± SD (%) (mg/g) ± SD (%) (mg/g) (%)
Qasabat AS Salt 12.82 1.28 3.53 ± 0.83 0.35 2.96 ± 0.60 0.30 6.49 0.65
Al Fuhays 31.56 3.16 0.32 ± 0.07 0.03 0.08 ± 0.02 0.01 0.40 0.04
Tla' Kaser Khalda 25.70 2.57 4.17 ± 1.27 0.42 1.77 ± 0.54 0.18 5.94 0.59
Ayn Al Basha 27.43 2.74 0.40 ± 0.05 0.04 4.58 ± 0.51 0.46 4.99 0.50
Abu Hamid village 21.90 2.19 2.49 ± 0.41 0.25 1.92 ± 0.32 0.19 4.42 0.44
Abu Nusayr village 35.28 3.53 0.58 ± 0.02 0.06 6.96 ± 0.20 0.70 7.53 0.75
Khalda 22.63 2.26 4.26 ± 0.20 0.43 1.49 ± 0.07 0.15 5.75 0.57
Amman (West UOJ) 33.74 3.37 7.34 ± 1.41 0.73 5.30 ± 0.42 0.53 12.64 1.26
Khalda military station 40.23 4.02 9.03 ± 2.04 0.90 1.72 ± 0.39 0.17 10.74 1.07
Wadi Slait 24.17 2.42 4.46 ± 1.64 0.45 1.58 ± 0.58 0.16 6.04 0.60
Bela's village 38.46 3.85 5.29 ± 2.16 0.53 4.22 ± 2.07 0.42 9.50 0.95
Edbyan village 42.30 4.23 0.46 ± 0.06 0.05 9.04 ± 1.11 0.90 9.51 0.95
Al Bassah village 28.89 2.89 0.38 ± 0.03 0.04 0.46 ± 0.03 0.05 0.84 0.08
Wadi AS Sir 49.93 4.99 0.50 ± 0.05 0.05 9.0 ± 0.96 0.90 9.53 0.95
Um El Gutain village 22.57 2.26 0.31 ± 0.09 0.03 5.58 ± 1.57 0.56 5.88 0.59
Kufranja 24.42 2.44 0.51 ± 0.03 0.05 4.66 ± 0.29 0.47 5.17 0.52
Anjarah (Landrace 1) 25.46 2.55 0.26 ± 0.04 0.03 4.02 ± 0.55 0.40 4.28 0.43
Anjarah (Landrace 2) 24.52 2.45 0.12 ± 0.01 0.01 4.25 ± 0.13 0.42 4.37 0.44
Commercial cultivar 1 12.71 1.27 0.14 ± 0.03 0.01 2.60 ± 1.41 0.26 2.74 0.27
Commercial cultivar 2 17.05 1.71 0.25 ± 0.03 0.03 2.76 ± 0.31 0.28 3.01 0.30
Commercial cultivar 3 14.04 1.40 0.20 ± 0.04 0.02 2.28 ± 0.42 0.23 2.48 0.58
Over all 27.42 2.74 2.14 0.21 3.69 0.37 5.82 0.85
*LSD 0.05 1.475 1.275
** % C.V. 41.70 21.00
Data are yields of essential oil composition obtained from arial parts of 10.0 g dry weight. * Least significant difference. ** Coefficient of variation.
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Figure (11): Percentages of oil yield of Coridothymus capitatus populations  
growing in wild habitat in Jordan and cultivated under field conditions during  
2007. 

 

Figure (12): Percentages of thymol of Coridothymus capitatus populations  
growing in wild habitat in Jordan and cultivated under field conditions during  
2007. 
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Figure (13): Percentages of carvacrol of Coridothymus capitatus populations  
growing in wild habitat in Jordan and cultivated under field conditions during  
2007. 

 

Figure (14): Percentages of thymol plus carvacrol of Coridothymus capitatus  
populations growing in wild habitat in Jordan and cultivated under field  
conditions during 2007. 
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in optimum conditions and not subjected to pollution neither urbanization threat unlike 

other population in this study, consequently Abu Hamid population was able to express 

its potential to produce superior oil yield. In the field, where environmental conditions 

are relatively controlled, all populations have same opportunity to exhibit their real 

potential toward oil production, thus Wadi AS Sir and Edbyan populations present the 

highest oil yield.   

 Populations of Kufranj, Anjara landrace 1, and Anjara landrace 2, represent species 

Thy. spicata,  produced oil percentage ranging between 2.44 and 2.55 %, indicating the 

potential of these populations to be developed for high oil yield. Toncer and Kizil 

(2005) results show essential oil percentage ranged from 1.58 to 2.33 % when 

evaluated Thymbra spicata L. var. spicata, under field conditions. 

 Various degrees of variation among populations grow under field conditions 

obtained by the analysis of the essential oil components. Thymol percentage ranging 

between 0.01 - 0.9 % with C.V. of 41.70 %. The carvacrol percentage ranging between 

0.1 - 0.87 % with C.V. of 21.0 %, indicating high level of variation among populations 

in relation to their contents of thymol and carvacrol.  

 The highest percentage of thymol recorded by Khalda military station (0.90 %), 

followed by Amman (0.72 %), suggesting that some populations could be exploited to 

produce mainly the essential oil thymol, this was confirmed in cluster analysis 

conducted for wild populations as these two populations were belonged to thymol type 

group. The lowest percentage recorded by Anjara landrace 2 and commercial cultivar 

supporting our previous suggestion to promote cultivation of these species for fresh 

herb and for total oil yield production. 

 The highest percentage of carvacrol recorded by Edbyan and Wadi AS Sir 

populations (0.90 %). In cluster analysis (Figure 6), these two populations consolidated 
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in one cluster characterized by high carvacrol content, meaning that production of 

carvacrol essential oil is an inherited trait with a specific genetic base. Thus, 

conservatively we recommend exploiting Edbyan and Wadi AS Sir populations for 

production of the valuable essential oil carvacrol. However, molecular analysis is 

important to confirm our findings that these two populations are genetically diverse 

from other C. capitatus populations. 

 One of the most important characteristics of oil accumulation in cultivated thyme is 

the amount of thymol and carvacrol contained in the oil (Toncer and Kizil, 2005; Can 

Baser, 2008). Among 21 populations, grow under field conditions in this study, 

populations of Amman (1.26 %), Khalda military station (1.07 %), Wadi AS Sir, Edbyan, 

and Bela's (all 0.95 %), considerd the top five populations produced the maximum 

additive percentage, of thymol and carvacrol. These results indicate the potentiality of 

the species C.capitatus to produce thymol and carvacrol under field conditions.  

 The essential oil yield paralleled to the herbage yield is shown in table (24). The 

yields of essential oil, thymol, carvacrol, and thymol carvacrol additive varied among 

cultivated population and correlated significantly (0.73) with dry herbage yield (Annex 

XIX). The highest essential oil yield was obtained from Wadi AS Sir population 

followed by Belas and Edbyan (111.6, 95.6, and 86.0 Kg/ha, respectively) while the 

commercial cultivar 3 shows the lowest essential oil yield (9.5 Kg/ha). In general, 

populations studied exhibit higher carvacrol yield than thymol, for example, population 

of Wadi AS Sir recorded an additive of thymol and carvacrol yield equal 21.3 Kg/ha, 

and carvacrol yield of 20.1 Kg/ha. In addition, high significant correlation (0.76) was 

found between thymol carvacrol additive yield and carvacrol yield. To a certain limit, 

these results are in agreement with those obtained by Fleisher, et al. (1984), who found 

a phenol fraction of the essential oil contain thymol and  
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Table (24): Essential oil production (Kg/ha) of Coridothymus capitatus populations 
 cultivated at Mushager research station in 2007. 

Population 
Dry herbage 

yield 
(Kg/ha)

Essential 
oil yield 

Thymol 
yield 

Carvacrol  
yield 

Thymol +
carvacrol 

yield 

Qasabat AS Salt 1772.5 22.7 6.3 5.2 11.5 

Al Fuhays 1931.2 60.9 0.6 0.2 0.8 

Tla' Kaser Khalda 1349.2 34.7 5.6 2.4 8.0 

Ayn Al Basha 2050.3 56.2 0.8 9.4 10.2 

Abu Hamid village 1997.4 43.7 5.0 3.8 8.8 

Abu Nusayr village 1574.1 55.5 0.9 11.0 11.9 

Khalda 1521.2 34.4 6.5 2.3 8.7 

Amman (West UOJ) 1878.3 63.4 13.8 10.0 23.7 

Khalda military station 1058.2 42.6 9.6 1.8 11.4 

Wadi Slait 1605.8 38.8 7.2 2.5 9.7 

Bela's village 2486.8 95.6 13.2 10.5 23.6 

Edbyan village 2037.0 86.2 0.9 18.4 19.4 

Al Bassah village 2156.1 62.3 0.8 1.0 1.8 

Wadi AS Sir 2235.4 111.6 1.1 20.1 21.3 

Um El Gutain village 1269.8 28.7 0.4 7.1 7.5 

Kufranja 2002.6 48.9 1.0 9.3 10.4 

Anjarah (Landrace 1)  1375.7 35.0 0.4 5.5 5.9 

Anjarah (Landrace 2)  1534.4 37.6 0.2 6.5 6.7 

Commercial cultivar 1 1759.3 22.4 0.2 4.6 4.8 

Commercial cultivar 2 1851.9 31.6 0.5 5.1 5.6 

Commercial cultivar 3 674.6 09.5 0.1 1.5 1.7 
Data are yields of essential oil composition obtained from arial parts of 10.0 g dry 
weight. 
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carvacrol in the ratio of approximately 1:2 in wild populations of C. capitatus.

The results of this study led to the conclusion that essential oils produced from 

cultivated C. capitatus are rich in carvacrol essential oil but also contain thymol in a 

good percentage, indicating that improving particular population to produce carvacrol 

and thymol is possible. Also promoting C. capitatus as a crop plant for carvacrol 

production is economically efficient, particularly carvacrol reported as being one of the 

most expensive among the origanum oils (Rodrigues, et al. 2006). Results obtained are 

paving the road for a potential commercial and large-scale essential oil production from 

this species. 

4.6. Molecular Diversity among C. capitatus Populations 

4.6.1. Quality and Quantity of DNA 

 The genomic DNA isolated from one plant per population for all 21 thyme 

populations revealed proper quality and quantity for proceeding AFLP analysis (Annex 

XI). The concentrations ranged between 25-50 ng/µL. All samples adjusted to a 

concentration 40 ng/µL for conducting AFLP reactions. 

 In this study, the CTAB isolation method worked better when compared to a short 

isolation method using NucleoSpin® Plant II isolation kit (Machery-Nagel, Germany) 

which was successfully used for microsatellite markers; this might due to the limited 

modification facilities in the plant isolation kit particularly when dealing with new 

species and high number of samples. It was shown that, when different plant organs are 

used as source of DNA, AFLP markers display different banding profile (Donino et al.,

1997). Thus, DNA isolation was performed on the leaf materials.  

 The large amounts of secondary metabolites and essential oils in medicinal and 

aromatic plants tissues cause difficulties in obtaining large amount of DNA and 

sometimes can inhibit the DNA amplification in PCR reaction (Khanuja, et al., 1999;
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Mizukami and Okabe, 1999). Thus, preliminary PCR reaction tests using the DNA 

concentration 40 ng/µL were performed before proceeding AFLP analysis.   

4.6.2. Genetic relationship among thyme populations 

 AFLP banding pattern produced by ten selective primer combinations on a series 

of 21 thyme populations in Jordan are shown in Figures 15 to 19. AFLP markers 

generated from the ten selective primer combinations and their distribution across 

thyme populations are presented in Table (25).  

 

Table (25): Number of fragments amplified and polymorphism percentage convened  
 by 10 primer combinations employed to detect genetic diversity among 21 
 thyme populations. 

Primer combinations 
Total 

fragments 

(no.) 

Polymorphic 

fragments 

(no.) 

Monomorphic 

fragments 

(no.) 

Polymorphism 

(%) 

Pst I+ GC/ MseI+ CTT 29 27 2 93.1 
Pst I+ CC/ MseI+ CAA 28 23 5 82.1 
Pst I+ ACA/ MseI+ CAC 12 11 1 91.7 
Pst I+ AGG/ MseI+ CAC 11 11 0 100.0 
Pst I+ GGT/ MseI+ CAC 20 17 3 85.0 
Pst I+ AACG/ MseI+ CCCT 28 23 5 82.1 
Pst I+ AACC/ MseI+ AGT 32 29 3 90.6 
Pst I+ AACC/ MseI+ CAC 28 25 3 89.3 
Pst I+ ACG/ MseI+ CTA 19 17 2 89.5 
Pst I+ CC/ MseI+ CTT 28 26 2 92.9 
Overall  235 209 (89%)  26 (11%) 89.6 
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Figure (15): AFLP banding pattern of 21 thyme populations of Jordan as revealed by 

primer combination Pst I+ GC/ MseI+ CTT. Lane M indicated the fragment size of 

molecular weight markers in base pair (bp). The lanes 1 to 21 are the banding pattern of 

thyme populations (presented in Table 3) of: Qasabat AS Salt; Al Fuhays; Khalda; Tla' 

Kaser Khalda; Ayn Al Basha; Amman ‘West UOJ’; Wadi AS Sir; Wadi Slait; Abu 

Hamid village; Bela's village; Edbyan village; Al Bassah village; Khalda military 

station; Abu Nusayr village; Um El Gutain village; Kufranja; Anjarah (Landrace 1); 

Anjarah (Landrsce 2); Commercial cultivar 1; Commercial cultivar 2; and Commercial 

cultivar 3, respectively. 
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Figure (16): AFLP banding pattern of 21 thyme populations of Jordan as revealed by 

primer combinations Pst I+ CC/ MseI+ CAA and Pst I+ CC/ MseI+ CTT. Lane M 

indicated the fragment size of molecular weight markers in base pair (bp). The lanes 1 

to 21 are the banding pattern of thyme populations (presented in Table 3) of: Qasabat 

AS Salt, Al Fuhays, Khalda, Tla' Kaser Khalda; Ayn Al Basha, Amman ‘West UOJ’, 

Wadi AS Sir, Wadi Slait, Abu Hamid village, Bela's village, Edbyan village, Al Bassah 

village, Khalda military station, Abu Nusayr village, Um El Gutain village, Kufranja, 

Anjarah (Landrace 1), Anjarah (Landrsce 2), Commercial cultivar 1, Commercial 

cultivar 2, and Commercial cultivar 3, respectively. 
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Figure (17): AFLP banding pattern of 21 thyme populations of Jordan as revealed by 

primer combinations Pst I+ AACG/ MseI+ CCCT and Pst I+ GGT/ MseI+ CAC. Lane 

M indicated the fragment size of molecular weight markers in base pair (bp). The lanes 

1 to 21 are the banding pattern of thyme populations (presented in Table 3) of: Qasabat 

AS Salt, Al Fuhays, Khalda, Tla' Kaser Khalda, Ayn Al Basha, Amman ‘West UOJ’, 

Wadi AS Sir, Wadi Slait, Abu Hamid village, Bela's village, Edbyan village, Al Bassah 

village, Khalda military station, Abu Nusayr village, Um El Gutain village, Kufranja, 

Anjarah (Landrace 1), Anjarah (Landrsce 2), Commercial cultivar 1, Commercial 

cultivar 2, and Commercial cultivar 3, respectively. 
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Figure (18): AFLP banding pattern of 21 thyme populations of Jordan as revealed by 

primer combinations Pst I+ AACC/ MseI+ AGT and Pst I+ AACC/ MseI+ CAC. Lane 

M indicated the fragment size of molecular weight markers in base pair (bp). The lanes 

1 to 21 are the banding pattern of thyme populations (presented in Table 3) of: Qasabat 

AS Salt, Al Fuhays, Khalda, Tla' Kaser Khalda, Ayn Al Basha; Amman ‘West UOJ’, 

Wadi AS Sir, Wadi Slait, Abu Hamid village, Bela's village, Edbyan village, Al Bassah 

village, Khalda military station, Abu Nusayr village, Um El Gutain village, Kufranja, 

Anjarah (Landrace 1), Anjarah (Landrsce 2), Commercial cultivar 1, Commercial 

cultivar 2, and Commercial cultivar 3, respectively. 
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Figure (19): AFLP banding pattern of 21 thyme populations of Jordan as revealed by 

primer combination Pst I+ ACG/ MseI+ CTA. Lane M indicated the fragment size of 

molecular weight markers in base pair (bp). The lanes 1 to 21 are the banding pattern of 

thyme populations (presented in Table 3) of: Qasabat AS Salt, Al Fuhays, Khalda, Tla' 

Kaser Khalda, Ayn Al Basha, Amman ‘West UOJ’, Wadi AS Sir, Wadi Slait, Abu 

Hamid village, Bela's village, Edbyan village, Al Bassah village, Khalda military 

station, Abu Nusayr village, Um El Gutain village, Kufranja, Anjarah (Landrace 1), 

Anjarah (Landrsce 2), Commercial cultivar 1, Commercial cultivar 2, and Commercial 

cultivar 3, respectively. 
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A total of 235 bands were generated from the ten selective primer combinations 

(Table 23). Vos, et al. (1995) and Vos and Kuiper, (1997), cited that AFLP technique is 

able to produce DNA fragments range from 60 to 500 base pairs. The number of 

markers detected varied from 11-32 with an average of 23.5 fragments per primer 

combination. Among the 235 scored bands across all populations, 209 bands (89%) 

were polymorphic. The remaining 26 bands (11%) were conserved through all 

populations. The percentage of polymorphism varied from 82.1- 100 % with an average 

of 89.6 % polymorphism per primer combination.  

 The ability of individual AFLP primer combinations to amplify polymorphic bands 

differed (Table 25). The primer combination Pst I+ AACC/ MseI+ AGT amplified 29 

polymorphic bands while primer combinations Pst I+ ACA/ MseI+ CAC and Pst I+ 

AGG/ MseI+ CAC amplified only 11 polymorphic bands. On the other hand, the 

highest polymorphism percentage was obtained by using primer combination Pst I+ 

AGG/ MseI+ CAC (100%), followed by Pst I+ GC/ MseI+ CTT (93.1%).  

 So far, the AFLP analysis dealing with medicinal and aromatic plants is limited in 

comparison with cultivated crops. Hence, the selective primer combinations were 

chosen randomly for the AFLP marker generation. However, some selective primers 

combinations were tested among the ones of Shasany, et al. (2005) and Ayanoglu, et al.

(2006) shown to be useful specifically for Mentha and Origanum, these primer 

combinations failed to produce fragments for the species C. capitatus or the fragments 

were not polymorphic. The essential oils mainly carvacrol contained in species C. 

capitatus may affect the process of DNA amplification during PCR reaction (Mizukami 

and Okabe, 1999). Thus, new primer combinations are needed to be investigated for 

their ability to amplify easily scorable polymorphic bands for thyme species. In this 

study, the ten primer combinations with 2, 3, and 4 selective nucleotides were able to 
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produce a scorable AFLP fragments with high polymorphism percentages (82.1- 100%) 

which in turn used for investigating the genetic diversity among the 21 thyme 

populations presented in Table (3). 

 Table (26), shows the estimates of genetic distances between the populations which 

were calculated to help in studying genetic relationships and genetic divergence (Dp) 

between pairs of populations (Nei, 1972; Udupa, et al., 1998; Incirli, et al., 2001). The 

standard genetic distances among 21 thyme populations varied from 0.06 to 0.68, 

indicating diverse relationships. The population of Qasabat AS Salt is highly divergent 

from all of commercial cultivars and very closely related to Ayn Al Basha population.  

 Genetic distances among the fifteen C. capitatus populations which were collected 

from wild habitat in Jordan and cultivated in open field varied from 0.06 to 0.34, and it 

is relatively high compared with the limited geographical distribution of C.capitatus 

species growing in Jordan, and indicated that the rate of gene flow between C.capitatus 

populations was high, as a result of cross-pollination (Ayanoglu, et al, 2006; Rodrigues, 

et al., 2006). The population of Edbyan village is divergent from other 14 C. capitatus 

populations particularly those of Khalda, Amman (West UOJ), Abu Hamid village, and 

Al Fuhays (Dp; 0.34, 0.33, 0.33, 3.32, respectively). The population of Edbyan village 

is located in south of Jordan with long-term average rainfall 340 mm while the other 

four C. capitatus populations are located in the north of the country. Sternberg and 

Shoshany (2001) found that species and sub species diversity changed significantly in a 

short distance separating the north and south facing slopes. Thus, variation in eco-

geographical conditions may explain this genetic divergence which worth to be 

conserved.  

 The Nei 72 genetic distances among populations of Kufranja, Anjarah (Landrace 1), 

and Anjarah (Landrace 2), which named locally as Za’tar Farisi and identified as 

A
ll 

R
ig

ht
s R

es
er

ve
d 

- L
ib

ra
ry

 o
f U

ni
ve

rs
ity

 o
f J

or
da

n 
- C

en
te

r  
of

 T
he

si
s D

ep
os

it



www.manaraa.com

113 
 

Thymbra spicata (plate 2) varied from 0.23 to 0.52. The highest divergence was 

between Anjara landrace 1 and the Anjara landrace 2, meaning that thyme populations 

produced by farmers of Anjara are heterogeneous. The genetic distance recorded 

between Kufranja population and Anjara landrace 2 was 0.23 which is considered low 

because population of Thy. spicata was collected from wild habitat of Kufranja while 

population of Anjara landrace 2 was collected from farmers who produced their own 

seeds. This means that farmers of Anjara started to produce their  own seeds of Thy. 

spicata not long time ago and still depend on the wild habitat for collecting seeds and 

herbage materials which add threat on the distribution of this species.  

 Populations represents commercial cultivars named Za’tar Farisi and available in 

seed store markets show genetic distance varied from 0.09 to 0.23 indicating that thyme 

species which selling well in Jordan markets are not pure varieties and need to be 

included in breeding program. This observation is in agreement with the morphological 

variation observed among these commercial cultivars.    

 The dendrogram constructed by UPGMA cluster analysis revealed 3 main clusters at 

48% dissimilarity levels (Figure 20). The first cluster consists of the three commercial 

cultivars of thyme (Thymus vulgaris). The second cluster consists of Kufranja; Anjarah 

landrace 1; and Anjarah landrace 2 populations at 41% dissimilarity levels, these thyme 

populations (Thymbra spicata) were collected from Ajlun district where the highest 

average annual rainfall among the surveyed sites was recorded (576 mm). The third 

cluster was constructed at 37% dissimilarity levels and consisted of the remaining 

fifteen C. capitatus populations collected from wild habitat in Jordan. This cluster was 

subdivided into five sub-clusters. In the first one Edbyan population was separated 

from the other fourteen C. capitatus populations at 30% dissimilarity levels. 
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Table (26): Diagonal matrix, based on Nei’s (1972) genetic distance among 21 thyme populations of Jordan as estimated by AFLP analysis.
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Qasabat AS Salt
0.06Al Fuhays

0.210.16Khalda
0.170.080.08Tla' Kaser Khalda

0.070.170.060.06Ayn Al Basha
0.130.130.110.140.12Amman (West UOJ)

0.190.120.130.220.160.14Wadi AS Sir
0.210.240.140.130.270.170.16Wadi Slait

0.170.220.200.130.140.230.140.14Abu Hamid
0.140.170.160.160.090.080.180.110.13Bela's

0.270.330.240.280.330.260.270.340.320.29Edbyan
0.330.230.240.180.290.230.200.190.210.220.20Al Bassah

0.170.310.150.180.220.180.150.140.130.110.190.15Khalda (military station)
0.110.200.280.130.140.180.150.140.110.110.170.150.12Abu Nusayr

0.130.170.220.260.100.160.140.110.160.090.090.190.120.12Um El Gutain
0.360.340.380.390.420.370.420.350.320.390.330.300.410.370.37Kufranja

0.490.370.450.500.470.420.370.370.280.390.480.330.340.500.330.37Anjarah (Landrsce 1)
0.520.230.360.360.360.420.480.340.420.380.290.420.350.330.420.370.37Anjarah (Landrsce 2)

0.410.650.490.360.410.440.490.500.360.470.440.340.460.380.390.470.450.42Commercial cultivar1
0.230.430.630.540.480.530.550.520.580.480.580.470.490.580.500.490.640.560.55Commercial cultivar2

0.190.090.420.680.490.390.440.460.520.490.350.470.430.380.500.390.400.510.450.44Commercial cultivar3
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Figure (20): UPGMA-based dendrogram showing genetic relationship among 21 thyme populations. The dendrogram
was based on the genetic dissimilarity calculated according to Nei ‘s standard genetic distance (Nei, 1972).
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The second one separated Al Bassah population from the other thirteen populations at 

22% dissimilarity levels, and grouped Khalda and Amman ‘West UOJ’ populations in 

concert with genetic distance equal 11%. The third one separated Wadi Slait 

population, and grouped Abu Hamid, Khalda military station and Abu Nusayr 

populations at 14.5% dissimilarity levels. The fourth sub-cluster separated populations 

of Wadi AS Sir, Um El Gutain, and Bela's from the rest of C.capitatus populations at 

12.5% dissimilarity levels. The fifth sub-cluster consists populations of Tla' Kaser 

Khlda, Al Fuhays, Ayn Al Basha, and Qasabat AS Salt at 7% dissimilarity levels. 

These four populations were collected from two districts (Salt and Suwaylih) among 

the seven surveyed districts for distribution and collection of C. capitatus.

Understanding the amount and distribution of genetic variation present in genetic 

pool is critical for any successful conservation strategy or breeding program (Ford-

Lloyd, 2001; Ojeda, et al., 2001; Jubrael, et al., 2005). The morphological characters 

and mainly chemical traits were used to describe such genetic variation in C. capitatus 

(Arras and Grella, 1992; Goren, et al., 2003) but these traits are influenced by 

environment. Various DNA marker analysis techniques have been used to determine 

genetic diversity in crop plants (Powell, et al., 1996). AFLP technique was reported to 

be useful for studying genetic relationship in some medicinal species (Ricciardi, et al.,

2002; Shasany, et al., 2005; Ayanoglu, et al., 2006). In this study AFLP technique was 

used as a dominant molecular markers characterized by their ability to produce high 

amount of polymorphism and their efficient in separating closely related genotypes, 

beside, no prior DNA sequence information is needed and small amount of DNA is 

required for conducting the analysis (Vos, et al., 1995; Mueller and 

Wolfenbarger,1999).  
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The cluster analysis separated the 21thyme populations which all named in Jordan 

as Za’tar Farisi into three main clusters: the first cluster contained three commercial 

cultivars of Thymus vulgaris, the second contained three populations of Thymbra 

spicata; the Kufranja wild population and the two Anjara landraces, and the third 

cluster contained the remaining fifteen populations of C. capitatus collected from 

different sites in Jordan. The C. capitatus populations were distributed within the third 

cluster and constructed five sub-clusters. Hence, a total of eight groups were identified 

by the UPGMA- based dendrogram, which were helpful in better understanding of 

genetic diversity among thyme populations. AFLP technique reliably distinguished all 

21 thyme populations included in this study indicating that some of the populations 

showed no genetic differences like Qasabat AS Salt and Ayn Al Basha, Bela's and Um 

El Gutain, Khalda military station and Abu Nusayr, Khalda and Amman ‘West UOJ’, 

Kufranja and Anjarah (Landrace 2), and Commercial cultivar 1 and Commercial 

cultivar 3. Consequently, 15 thyme populations rather than 21populations could be 

considered for conservation and breeding program initiation. Excluding the commercial 

cultivars, 11 populations of C. capitatus (among 15) and 2 populations (among 3) of 

Thy. spicata should be considered in the conservation strategy of thyme species in 

Jordan, as their degradation is exceeding their regeneration process (Ojeda, et al.,

2001).  To initiate a selective breeding  program for Origanum onites L. in Turkey,  

AFLP analysis was conducted and seven main groups were identified by UPGMA 

clustering for forty-four Origanum onites L. accessions conserved in a gene bank 

(Ayanoglu, et al., 2006). 

 Results obtained from the UPGMA cluster indicated that the eco-geographical 

variation influenced the distribution of C. capitatus populations in Jordan. In the third 

cluster, the first sub cluster separated Edbyan population located in south Jordan from 
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all other populations including those collected from the south of the country. Edbyan 

site characterized by habitat of batha with Pinus trees with average annual rainfall 340 

mm, elevation range between 860 -890 m, and slopes mainly subjected to the west. 

Sternberg and Shoshany (2001) found a significant relationship between slope aspect, 

vegetative composition and density of C. capitatus. On the other hand, the subcluster 5 

consolidated C. capitatus populations collected from north Jordan where open shrub 

land and batha habitat is dominated with average annual rainfall range between 423-

502, elevation range between 820-1060 m and slopes subjected to north west of Jordan. 

The relationships between plant distribution and eco-geographical variation recognized 

in this study disagrees with findings of Ayanoglu et al. (2006) who stated that no close 

genetic similarity among Origanum accessions related to their growing region was 

observed. 

 In conclusion, AFLP markers exhibited high efficiency in producing a detectable 

polymorphism among 21 thyme populations distributed in Jordan and named Za’tar 

Farisi. The results of this study indicate that a broad range of genetic variation exists 

among populations of C. capitatus collected from wild habitats in Jordan, also 

variability exists among Thy. spicata populations. This means that a conservation 

strategy (in situ and ex situ) needs to be applied to maintain these variation and to 

decrease degradation. Also future breeding programs could be initiated based on the 

data obtained, by selecting materials with maximally different AFLP fingerprints. 
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5. CONCLUSIONS  

This study showed that 

- In Jordan, the Arabic common name Za’tar Farisi (mnnnnnnnoرqr dgnnnnhز) is used for the  

 species Coridothymus capitatus, Thymbra spicata, and Thymus vulgaris.

- Coridothymus capitatus populations are distributed in a limited regions in Jordan,  

 however, high phenotypic diversity was obtained among them through applying  

 various genetic variation parameters.  

- The DNA analysis confirmed the genetic variation among Coridothymus capitatus 

populations. AFLP markers were efficient in producing a detectable polymorphism  

 among thyme populations as they separated Thymbra spicata landraces and Thymus  

 vulgaris commercial cultivars from C. capitatus populations, and also clustering C.  

 capitatus populations according to their geographical distribution. 

- Thymol and carvacrol oils are considered biochemical markers found in various  

 percentages in all Coridothymus capitatus populations. Clustering based on  

 essential oils showed two main chemotypes: thymol chemotype and carvacrol  

 chemotype. Hence, improvement of specific chemotype population is possible. 

- The highest amount of essential oils were obtained during the month of July at full  

 bloom. 

- Coridothymus capitatus populations have high cultivation potential toward production  

 of fresh and dry herb as well as essential oil, while Thymbra spicata populations  

 have potential toward fresh herb production. 

- Coridothymus capitatus populations of Wadi AS Sir and Edbyan could be elected as  

 a promising populations (accessions) to initiate a breeding program for essential oil  

 production.  
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6. RECOMMENDATIONS 

Regarding research level, it is recommended to: 

- Exploit the broad genetic base of Coridothymus capitatus populations obtained  

 in this study to promote this species as a crop plant and develop diversity 

 preservation strategy.  

- Conduct association analysis to study genetic markers to specify gene (s) responsible  

 for thymol and carvacrol production, this will facilitate selection of promising  

 populations.  

- Initiate breeding program based on selecting materials with maximally different  

 AFLP fingerprint. 

- Establish for thymol and carvacrol production at commercial level. 

- Conduct cultural research to determine best plant spacing, fertilizer type and rate,  

 irrigation, and other cultural practices to insure maximum yield.  

- Identify other essential oil constituents and secondary metabolites of Coridothymus  

capitatus, and investigate their antioxidant and antimicrobial properties. 

- Conduct comprehensive socio-economic studies, and ethno-botanical surveys on  

 species of Coridothymus and Thymbra spicata in order to encourage local inhabitants  

 to adopt recommended conservation techniques. 

Regarding government and institutional level, it is recommended to: 

- Adopt Coridothymus capitatus species as one of the most important medicinal,  

 aromatic, and ecological plant, which could be developed at national and 

 international level.  

- Enhance collaboration between research institutes, universities, and pharmaceutical  

 companies to evaluate the feasibility of commercial production of thymol and  

 carvacrol. 
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- Introduce Coridothymus. capitatus as an alternative crop to improve farmer income. 

- Set collaboration between ministries of Environment, Agriculture, and Manucipalities  

 to protect and conserve (in situ) this species from degradation as urbanization and  

 air pollution are considered the main threat. 
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8. APPENDICES 
 

Annex (I): Distribution sites of Coridothymus capitatus (L.) Reichenb. fil growing wild in 
Jordan during 2005- 2006 and used in developing  the distribution map by GIS. 

No. 
Site 
no. District Site Name 

Longitude E Latitude N Altitude  
m

Pop. 
Size 
Palnt/4m² 

1 1 Salt  Qasabat ASSalt 35   47   29.8 32   01   42.0 936 3 
2 1 Salt  Qasabat ASSalt 35   47   29.9 32   01   42.9 928 3 
3 1 Salt  Qasabat ASSalt 35   47   30.5 32   01   42.5 928 3 
4 1 Salt  Qasabat ASSalt 35   47   29.7 32   01   42.8 928 3 
5 1 Salt  Qasabat ASSalt 35   47   31.2 32   01   34.8 820 3 
6 2 Salt  Al Fuhays  35   47   44.3 32   01   40.1 941 4 
7 2 Salt  Al Fuhays  35   47   44.6 32   01   38.8 938 4 
8 2 Salt  Al Fuhays  35   47   41.3 32   01   40.5 935 4 
9 2 Salt  Al Fuhays  35   47   41.2 32   01   41.7 943 4 
10 2 Salt  Al Fuhays  35   47   44.3 32   01   40.6 928 4 
11 7 Amman  Khalda   35   51  26.4 32   00   7.1 1035 5 
12 7 Amman  Khalda   35   51  25.9 32   00   9.1 1038 5 
13 7 Amman  Khalda   35   51  26.9 32   00   11.2 1048 5 
14 7 Amman  Khalda   35   51  27.1 32   00   13.8 1058 5 
15 7 Amman  Khalda   35   51  29.4 32   00   10.2 1058 5 
16 3 Suwaylih  Tla’ Kaser Khalda 35   50  57.7 32   00   40.2 1054 2 
17 3 Suwaylih  Tla’ Kaser Khalda 35   50  56.7 32   00   41.4 1055 2 
18 3 Suwaylih  Tla’ Kaser Khalda 35   50  54.5 32   00   43.6 1051 2 
19 3 Suwaylih  Tla’ Kaser Khalda 35   50  53.3 32   00   44.9 1055 2 
20 3 Suwaylih  Tla’ Kaser Khalda 35   50  59.4 32   00   41.2 1060 2 
21 4 Suwaylih  Ayn Al Basha boarders 35   50  29.1 32   00   56.4 1026 2 
22 4 Suwaylih  Ayn Al Basha boarders 35   50  26.7 32   00   59.1 1032 2 
23 4 Suwaylih  Ayn Al Basha boarders 35   50  14.4 32   00   48.4 1048 2 
24 4 Suwaylih  Ayn Al Basha boarders 35   50  25.8 32   00   58.6 1049 2 
25 4 Suwaylih  Ayn Al Basha boarders 35   50  27.0 32   00   57.2 1045 2 
26 8 Amman    Opposite UOJ 35   52  49.6 32   00   37.9 1065 2 
27 8 Amman  Opposite UOJ 35   52  58.3 32   00  43.6 1053 2 
28 8 Amman  Opposite UOJ 35   52  01.9 32   00   39.4 1031 2 
29 8 Amman  Opposite UOJ 35   52  06.1 32   00   01.4 1031 2 
30 8 Amman  Opposite UOJ 35   52  04.3 32   00   42.2 1037 2 
31 14 Hisban  Wadi As Sir boarders 35   50  04.5 31   52   59.2 826 4 
32 14 Hisban  Wadi As Sir boarders 35   50  20.1 31   52   59.5 855 4 
33 14 Hisban  Wadi As Sir boarders 35   50  20.3 31   52   59.7 860 4 
34 14 Hisban  Wadi As Sir boarders 35   50  20.7 31   52   00.1 865 4 
35 14 Hisban  Wadi As Sir boarders 35   50  19.0 31   52   01.3 875 4 
36 10 Na’ūr Wadi Slait 35   48  34.3 31   53   12.3 504 4 
37 10 Na’ūr Wadi Slait 35   48 42.0 31   53   12.1 527 4 
38 10 Na’ūr Wadi Slait 35   48  43.7 31   53   12.1 548 4 
39 10 Na’ūr Wadi Slait 35   48  45.3 31   53   08.9 562 4 
40 10 Na’ūr Wadi Slait 35   48  48.5 31   53   07.6 596 4 

41 5 Abu 
Nusayr  Abu Hamid Village 35   53   57.6 32   05   00.1 844 2 

42 5 Abu 
Nusayr  Abu Hamid Village 35   53   04.5 32   05   04.3 833 2 
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43 5 Abu 
Nusayr  Abu Hamid Village 35   53   04.5 32   05   04.3 833 2 

44 5 Abu 
Nusayr  Abu Hamid Village 35   53   04.5 32   05   04.3 833 2 

45 5 Abu 
Nusayr 1 Abu Hamid Village 35   53   05.5 32   05   0.3 823 2 

46 11 Na’ūr Bel’as village 35   50   08.8 31   52   23.5 910 4 
47 11 Na’ūr Bel’as village 35   50   08.2 31   52   23.1 920 4 
48 11 Na’ūr Bel’as village 35   50   07.6 31   52   23.2 925 4 
49 11 Na’ūr Bel’as village 35   50   06.2 31   52   22.7 930 4 
50 11 Na’ūr Bel’as village 35   50   04.8 31   52   22.6 940 4 
51 12 Na’ūr Edbyan 35   49   40.6 31   52   17.8 872 4 
52 12 Na’ūr Edbyan 35   49   47.6 31   52   15.11 860 4 
53 12 Na’ūr Edbyan 35   49   54.3 31   52   12.5 887 4 
54 12 Na’ūr Edbyan 35   49   58.6 31   52   11.9 890 4 
55 12 Na’ūr Edbyan 35   49   58.8 31   52   11.1 892 4 
56 13 Na’ūr Al Bassah village 35   49   52.3 31   52   08.7 941 4 
57 13 Na’ūr Al Bassah village 35   49   51.8 31   52   08.5 942 4 
58 13 Na’ūr Al Bassah village 35   49   51.9 31   52   09.0 936 4 
59 13 Na’ūr Al Bassah village 35   49   57.6 31   52   05.9 930 4 
60 13 Na’ūr Al Bassah village 35   49  51.4 31   52   10.3 920 4 
61 9 Amman  Khalda military station 35   51   36.3 32   00   28.0 1062 3 
62 9 Amman  Khalda military station 35   51   35.6 32   00   50.9 1046 3 
63 9 Amman  Khalda military station 35   51   47.5 32   00   39.7 1051 3 
64 9 Amman  Khalda military station 35   51   36.4 32   00   47.0 1070 3 
65 9 Amman  Khalda military station 35   51   34.4 32   00   52.0 1080 3 

66 6 Abu 
Nusayr   Abu Nusayr village 35   52   36.6 32   04   20.7 854 2 

67 6 Abu 
Nusayr  

Abu Nusayr village 
35   52   36.8 32   04   20.6 855 2 

68 6 Abu 
Nusayr  

Abu Nusayr village 
35   52   36.8 32   04   20.6 863 2 

69 6 Abu 
Nusayr  

Abu Nusayr village 
35   52   36.5 32   04   20.7 853 2 

70 6 Abu 
Nusayr  

Abu Nusayr village 
35   52   36.7 32   04   20.4 867 2 

71 16 Ajlūn Kufranja 35   43   17.2 32   18   28.7 686 1 
72 16 Ajlūn Kufranja 35   43   18.5 32   18   28.5 669 1 
73 16 Ajlūn Kufranja 35   43   18.2 32   18   28.6 673 1 
74 16 Ajlūn Kufranja 35   43   18.0 32   18   28.4 670 1 
75 16 Ajlūn Kufranja 35   43   17.9 32   18   29.0 689 1 
76 15 Hisban   Um El Gutain village  35   48   27.0 31   51   13.9 883 3 
77 15 Hisban   Um El Gutain village  35   48   26.3 31   51   13.8 873 3 
78 15 Hisban   Um El Gutain village  35   48   25.9 31   51   12.9 868 3 
79 15 Hisban   Um El Gutain village  35   48   26.6 31   51   11.8 870 3 
80 15 Hisban   Um El Gutain village  35   48   29.0 31   51   12.5 890 3 
81 17 Ajlūn Anjarah (Landrace) 35   45   28.6 32   18   34.8 906   
82 18 Ajlūn Anjarah (Landrace) 35   46   03.1 32   18   32.0 915   
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Annex II: Soil characteristics of distribution sites of Coridothymus capitatus (L.) Reichenb. fil 
growing wild in Jordan during 2006. 

Site name pH E.C. 
(ds/m) N (%) P(ppm) K(ppm) O.M. 

(%) 
CaCo3

(%) 
Soil 

Texture 
Qasabat AS 
Salt 7.7 1.1 0.3 11.7 324.6 4.8 37.2 Loam 

Al Fuhays 7.7 0.8 0.2 7.00 135.4 3.3 59.5 Loam 

Tla' Kaser 
Khalda 7.7 0.4 0.1 6.3 173.2 2.1 46.5 Clay loam 

Ayn Al Basha 7.7 0.5 0.2 8.9 121.9 2.3 37.2 Loam 

Abu Hamid 
village 7.8 0.5 0.1 8.7 122.8 2.1 55.7 Silt loam 

Abu Nusayr 
village 7.7 0.8 0.2 7.3 135.4 1.8 55.7 Silt clay 

loam 

Khalda 7.7 0.5 0.2 7.7 160.6 2.5 59.5 Loam 

Amman (West 
UOJ) 7.7 1.1 0.2 7.6 122.8 2.2 70.6 Loam 

Khalda military 
station 7.9 0.6 0.2 8.2 135.4 1.1 39.0 Silt loam 

Wadi Slait 7.9 0.5 0.1 4.7 159.7 0.8 13.0 Sandy 
loam 

Bela's village 7.6 0.7 0.2 12.4 178.1 3.5 61.3 Silt loam 

Edbyan village 7.8 1.0 0.2 6.2 197.5 3.2 63.2 Loam 
Al Bassah 
village 7.7 0.7 0.1 6.5 148.0 4.2 59.5 Clay loam 

Wadi AS Sir 7.7 1.3 0.2 9.3 198.4 4.2 44.6 Loam 

Um El Gutain 
village 7.7 1.8 0.3 4.3 159.7 2.2 55.7 Loam 

Kufranja 7.7 0.5 0.1 6.8 109.2 2.3 61.3 Loam 
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Annex (III): Form of field data registration for geographical survey and collection of 
 Coridothymus capitatus (L.) Reichenb. fil. growing wild in Jordan 
--------------------------------------------------------------------------------------------------------- 
Date …/…. / 200                                                                                         Site no. (    )  Serial no. ( )

I. SITE DATA                                                  

District name  

Site name and  description 
 
Latitude                                                                               Altitude (m) 

Longitude                                                                            Rainfall  (mm)       

II. HABITAT DATA      

Habitat and 
Assoc. Species 
 
Modifying factors          
 
Land Form                              Drainage   
 
Land Use                                                                                                  Slope° Aspect 
 
Geology  
 

Soil texure                                                                                                      Soil color 

 

II. COLLECTION DATA                                                    Date of seed collection 

Population size (Plant/ m2) No. of plants sampled                  Seeds collected from 
 
IV. HERBARIUM DATA       

Growth habit                                                                                                               Spinescence 
 
Plant Height (cm)                            Plant width (cm)  Plant length (cm)  

Leaf arrangement  
 
Flower colour                                                                                                  No. of voucher duplicates 
 

V. ETHNOBOTANICAL DATA 

Local name      

Community 
 
Use 
 

N 3 °/                '/

E 3 ° / '/

Habitat: Batha, shrub land, wood land, Semi-steppe shrubland, Mountane vegetation   
Associated species:

Mown, Burnt, Grazed, Flooded, Trampled, Urbanization,Others

Hill side, Plateaue, valley,…

Limestone,  sandstone, basalt , laterite, granite ,Chalky, hygromorph, granite  

Sand       clay loam       sandy-loam 
clay-loam

Free , Moderate      

Present, absent

Opposite, Alternate

White, Pink, Violet, purple  

Prostrate,Creeping, Erect Herb, Dwarf Shrub, Shrub

Women society, farmers, Bedouin, herbalists 

Food, Food Additive, Medicine, Bee Plant, Fuel, Social, Vertebrate Poison, Non-Vertebrate Poison, 

Ornamental, Environmental Use, Gene Source

Plants, Ground 

……/…../ 200
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Annex (IV): Some descriptive characters of Coridothymus capitatus 
(L.) Reichenb. fil. 

--------------------------------------------------------------------------------------------------------- 
Growth Habit

Erect Herb, Dwarf Shrub, Shrub 
 
Spinescence

Present,   Absent 
 
Leaf Color

(1) Dark green,  (3)  Light green,  (5)   Gray,  (7)  Whitish  
 
Leaf Shape 

(1)   Acicular,  (3)   Subulate,  (5)  Lineaer,  (7)  Oblong,  (9)  Lanceolate 
 

Leaf Apices

(1)  Acute,  (3)  Acuminate,  (5)  Aristate 
 

Leaf Bases

(1)  Acute, (3)  Cuneate,  (5)  Rounded 
 

Subulate
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Cont. Annex (IV) 

Leaf Margins

(1)  Cilliate,  (3)  Entire,  (5)  Undulate,  (7)  Serrate 
 

Leaf Arrangement

(1)  Alternate,  (3)  Opposite,  (5)  Whorled 
 

Stem Color

(1)  Dark green,  (3 )   Light green,  (5)   Gray,  (7)   Whitish,  (9)   Light red 
 
Petal Color

(1) Dark violet,  (3)  Light violet,  (5)   Pink,  (7)  White     
 
Leaf Surface

(1)  Glabrescent,  (3)  Glabrous,  (5)  Glandular,  (7)  Semi Glandular,  (9)  Glaucous 
 
Leaf Attachment

(1)  Petiolate,  (3)  Sessile, (5)  Nearly Sessile,  (7)  Sheathing 
 
Leaf Stipules 

Present,  Absent 

Cilliate 
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Annex (V) 
Analysis of variance (ANOVA) tables 

 
ANOVA of leaf length of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 16.84 < 0.001
Error = R X P 60
Total 79

ANOVA of leaf width of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 32.67 < 0.001
Error = R X P 60
Total 79

ANOVA of leaf length : width ratio of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 1.59 0.10
Error = R X P 60
Total 79

ANOVA of plant height of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 4.50 < 0.001
Error = R X P 60
Total 79

ANOVA of plant width of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 4.01 < 0.001
Error = R X P 60
Total 79

ANOVA of plant length of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 2.86 0.00
Error = R X P 60
Total 79

ANOVA of length of inflorescence of wild C. capitatus populations in 2006.
Source of variation D. F. F value F pr.
Replicate 4
Population (P) 15 19.54 < 0.001
Error = R X P 60
Total 79
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ANOVA of  thymol content of wild C. capitatus 
Source of variation D. F. F value F pr. 
Replicate  2     
Population (P) 15 27.6 < 0.001 
Error = R X P 30     
Total 47     
ANOVA of  carvacrol content of wild C. capitatus 
Source of variation D. F. F value F pr. 
Replicate  2     
Population (P) 15 55.20 < 0.001 
Error = R X P 30     
Total 47     

ANOVA of  seasonal thymol content of C. capitatus 
Source of variation D. F. F value F pr. 
Replicate  2     
Month 11 45.76 < 0.001 
Error = R X P 22     
Total 35     
ANOVA of  seasonal carvacrol content of C. capitatus 
Source of variation D. F. F value F pr. 
Replicate  2     
Population (P) 11 55.71 < 0.001 
Error = R X P 22     
Total 35     

ANOVA of  thymol content of cultivated C. capitatus 
Source of variation D. F. F value F pr. 
Replicate  2     
Population (P) 20 26.81 < 0.001 
Error = R X P 40     
Total 62     
ANOVA of carvacrol content of cultivated C. capitatus 
Source of variation D. F. F value F pr. 
Replicate  2     
Population (P) 20 31.31 < 0.001 
Error = R X P 40     
Total 62     
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ANOVA of plant height of cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 3.55 < 0.001
Error = R X P 40
Total 62

ANOVA of plant width of cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 1.77 0.062
Error = R X P 40
Total 62

ANOVA of plant length of cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 1.45 < 0.001
Error = R X P 40
Total 62

ANOVA of leaf length cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 29.49 < 0.001
Error = R X P 40
Total 62

ANOVA of leaf width of cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 8.33 < 0.001
Error = R X P 40
Total 62

ANOVA of length of inflorescence cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 11.73 < 0.001
Error = R X P 40
Total 62

ANOVA of number of inflorescence of cultivated C. capitatus populations in
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 2.66 0.004
Error = R X P 40
Total 62

A
ll 

R
ig

ht
s R

es
er

ve
d 

- L
ib

ra
ry

 o
f U

ni
ve

rs
ity

 o
f J

or
da

n 
- C

en
te

r  
of

 T
he

si
s D

ep
os

it



www.manaraa.com

144 
 

ANOVA of fresh weight of cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 1.29 0.244
Error = R X P 40
Total 62

ANOVA of dry weight of cultivated C. capitatus populations in 2007.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 3.39 < 0.001
Error = R X P 40
Total 62

ANOVA of plant height of cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 4.55 < 0.001
Error = R X P 40
Total 62

ANOVA of plant width of cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 2.20 0.017
Error = R X P 40
Total 62

ANOVA of plant length of cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 2.22 0.016
Error = R X P 40
Total 62

ANOVA of leaf length cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 35.39 < 0.001
Error = R X P 40
Total 62

ANOVA of leaf width of cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 4.23 < 0.001
Error = R X P 40
Total 62
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ANOVA of length of inflorescence of cultivated C. capitatus populations in 2008
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 17.42 < 0.001
Error = R X P 40
Total 62

ANOVA of number of inflorescence of cultivated C. capitatus populations in 
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 2.67 0.004
Error = R X P 40
Total 62

ANOVA of fresh weight of cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 11.27 < 0.001
Error = R X P 40
Total 62

ANOVA of dry weight of cultivated C. capitatus populations in 2008.
Source of variation D. F. F value F pr.
Replicate 2
Population (P) 20 6.03 < 0.001
Error = R X P 40
Total 62
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Annex (VI): Shanon diversity index (H`) calculations for qualitative traits of 
 Coridothymus capitatus (L.) Reichenb. fil wild  populations. 

Trait Description Attribu
te % Pi Ln Pi Pi * Ln Pi ∑Pi * Ln Pi  H` =

- ( ∑Pi * Ln Pi ) 

Growth habit Dwarf Shrub 100.00 1.00 0.00 0.00   0.00 

Leaf shape Oblong 6.25 0.06 -2.77 -0.17 -0.23 0.23 

Lanceolate 93.75 0.94 -0.06 -0.06     

Leaf color Dark green 20.00 0.20 -1.61 -0.32 -0.50 0.50 

Light green  80.00 0.80 -0.22 -0.18     
Leaf margin ciliate 100.00 1.00 0.00 0.00   0.00 

Leaf 
arrangement Opposite 100.00 1.00 0.00 0.00   0.00 

Leaf apices Acute 93.75 0.94 -0.06 -0.06 -0.23 0.23 

Acuminate 6.25 0.06 -2.77 -0.17     
Leaf base Acute 100.00 1.00 0.00 0.00   0.00 
Leaf stipules Abscent 100.00 1.00 0.00 0.00   0.00 
Leaf surface Glandular 100.00 1.00 0.00 0.00   0.00 
Leaf attachment Sessile 100.00 1.00 0.00 0.00   0.00 

Stem color  Gray 90.00 0.90 -0.11 -0.09 -0.39 0.39 

Whitish 3.75 0.04 -3.28 -0.12     

Light red 6.25 0.06 -2.77 -0.17     

Petal color  Dark violet 20.00 0.20 -1.61 -0.32 -1.09 1.09 

Light violet 58.80 0.59 -0.53 -0.31     

Pink 15.00 0.15 -1.90 -0.28     

White 6.30 0.06 -2.76 -0.17     

Spinescence Abscent 100.00 1.00 0.00 0.00   0.00 
Over all H` = 0.49 
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Annex (VII): Shanon diversity index (H`) calculations for quantitative traits of  
 Coridothymus capitatus (L.) Reichenb. fil wild populations. 
 

C
lasses

Form
ula

Leaf
length
(m

m
)

Leafw
idth

(m
m

)

L:W
ratio

(m
m

)

Plant
height
(cm

)

Plant
w

idth
(cm

)

Plant
length
(cm

)

Inflorescen
ce

length

1 xi > µ+2*SD 5 5 2 3 2 2 4 

2 µ+1*SD < xi  < µ+2*SD 1   4 8 10 10 2 

3 µ-1*SD < xi < µ+1*SD         72 75 73 52 49 50 72 

4 µ-1*SD > xi > µ-2*SD  2   1 14 19 18 2 
5 xi < µ-2*SD        3       

N = ∑xi 80 80 80 80 80 80 80 

Pi 
1 0.06 0.06 0.03 0.04 0.03 0.03 0.05 
2 0.01 0.00 0.05 0.1 0.13 0.13 0.03 
3 0.90 0.94 0.91 0.65 0.61 0.63 0.90 
4 0.03 0.00 0.01 0.18 0.24 0.23 0.03 
5 0.00 0.00 0.00 0.04 0.00 0.00 0.00 

Total Pi 1 1 1 1 1 1 1 

ln Pi 
1 -2.77 -2.77 -3.69 -3.28 -3.69 -3.69 -3.00 
2 -4.38 0.00 -3.00 -2.30 -2.08 -2.08 -3.69 
3 -0.11 -0.06 -0.09 -0.43 -0.49 -0.47 -0.11 
4 -3.69 0.00 -4.38 -1.74 -1.44 -1.49 -3.69 
5 0 0 0 -3.28 0 0 0 

Pi*lnPi 
1 -0.17 -0.17 -0.09 -0.12 -0.09 -0.09 -0.15 
2 -0.05 0.00 -0.15 -0.23 -0.26 -0.26 -0.09 
3 -0.09 -0.06 -0.08 -0.28 -0.30 -0.29 -0.09 
4 -0.09 0.00 -0.05 -0.31 -0.34 -0.34 -0.09 
5 0 0 0 -0.12 0 0 0 
∑ Pi*lnPi -0.42 -0.23 -0.38 -1.06 -0.99 -0.98 -0.43 

Shanon  index (SDI) =  
 -∑ Pi*lnPi  0.42 0.23 0.38 1.06 0.99 0.98 0.43 

Overall  H`= 0.64 
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Annex (VIII): Some soil physical and chemical characters of Mushager 
 research station. 
Character value Unit 
pH 7.9  
EC 1.53 ds/m 
CaCo3 18.4 % % 
O.M 1.14 % % 
N 0.056 % %
P 21.4 ppm
K 431 ppm
Sand 6.7 % % 
Silt 31.6 % 
Clay 61.7 % 
Texture Clay 
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Annex (IX): Randomized complete block design layout for Coridothymus  
 capitatus (L.) Reichenb. fil cultivation. 
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Annex (X): Mass spectra identifiedying thymol and carvacrol, the GC-MS 
 chromatogram of thymol and carvacrol in standards, and in two sample 
 population of Coridothymus capitatus (L.) Reichenb. fil. 
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Cont. Annex (X) 
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Annex (XI ): Agarose gel (1.0%) showing total genomic DNA isolated from 21 thyme  
 populations and used in AFLP analysis.  
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Cont. Annex (XI): Agarose gel (1.0%) showing total genomic DNA isolated from 21 
thyme populations and used in AFLP analysis. 
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Annex (XII): AFLP master mixtures 
 

DNA digestion master mixture 
Reagents Volumes (µL) 
250 ng of DNA 6.25  
10X (OPA) Buffer  2.00   
BSA (1µg/µL) 2.00    
PstI (10 U/µL) 0.50  
MseI (10 U/µL) 0.50  
S.D H2O to 20 µL 8.75
Final volume 20.00 

DNA ligation master mixture 
Reagents Volumes (µL) 
Digested  DNA 15  
Buffer OPA 10X 0.5   
ATP (10mM) 0.5   
PstI adapter (5 pmol/µL) 0.5  
MseI adapter (50 pmol/µL) 0.5  
T4 DNA ligase (3U/µL) 0.4  
S.D H2O to 20 µL 2.6
Final volume 20  

Pre-amplification master mixture 

Selective-amplification master mixture 

Reagents  Volumes (µL)
Diluted pre-amplified products 4  
10X PCR Buffer 2   
dNTPs (2mM/µL each) 2  
PstI selective primer (50ng/µL) 1  
MseI selective primer (50ng/µL) 1  
Taq polymerase (5U/µL) 0.2  
S.D H2O to 20 9.8  
Final volume 20  

Reagents  Volumes (µL) 
Diluted ligated  DNA 4  
10X PCR Buffer 2   
dNTPs (2mM/µL each) 2.5  
PstI + P00 (50ng/µL) 1  
MseI + M00 (50ng/µL) 1  
Taq polymerase  (5U/µL) 0.2  
S.D H2O to 20 9.3  
Final volume 20  
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Annex (XIII): Summary of variations of wild and cultivated (2007, 2008) thyme populations known in Jordan as Za'tar Farisi, for nine
morpholocal and four biochemical traits.

Trait No. of inflorescence Length of inflorescene (mm) Plant height (cm) Plant width (cm) Plant length (cm)
Pop* 2007 2008 Wild 2007 2008 Wild 2007 2008 Wild 2007 2008 Wild 2007 2008

1 588.56 593.00 7.00 8.78 6.33 28.00 23.33 18.89 38.20 31.33 43.44 32.40 26.67 31.89
2 232.00 236.00 8.80 12.00 5.67 17.25 20.44 15.78 39.20 29.11 38.11 38.80 30.89 31.33
3 385.44 389.22 7.80 10.33 8.44 46.00 23.33 18.67 53.20 26.78 40.33 51.60 26.78 30.00
4 457.33 462.67 4.20 12.56 9.89 19.75 25.56 19.56 61.40 33.44 38.78 55.60 27.33 30.00
5 668.00 672.44 7.20 13.67 12.11 21.75 24.00 17.44 25.80 28.00 34.33 31.60 25.56 27.56
6 407.56 411.33 7.20 12.22 13.78 20.75 22.78 14.56 26.80 25.00 33.89 31.60 22.22 27.44
7 372.22 376.44 6.40 12.33 6.22 37.75 26.33 20.22 70.00 30.33 39.11 66.80 30.00 35.67
8 589.22 592.67 8.00 10.22 9.22 30.50 22.89 18.11 63.00 29.33 36.56 62.00 25.33 29.56
9 528.89 533.56 7.80 11.56 9.89 41.50 26.56 19.11 58.60 30.44 39.89 64.00 27.56 31.89
10 257.11 263.44 9.40 9.78 9.33 30.25 22.56 19.78 67.40 33.33 34.33 70.20 29.89 32.89
11 428.56 433.89 7.40 12.67 11.67 36.00 27.11 24.56 69.40 34.56 38.67 74.20 32.11 34.44
12 405.44 410.44 11.80 12.11 8.89 40.00 23.22 18.00 59.00 31.33 40.11 51.60 31.56 36.56
13 621.67 626.00 6.80 15.00 11.78 30.50 25.78 19.78 66.20 30.56 43.44 62.80 26.44 33.33
14 357.56 361.78 8.80 9.56 9.11 37.25 26.22 17.00 59.60 27.56 40.67 66.40 23.89 33.00
15 144.00 149.44 10.00 10.22 19.22 38.00 22.33 21.00 79.80 28.89 34.11 68.40 27.78 27.22
16 155.11 158.33 28.00 18.56 38.11 29.25 29.78 29.00 27.40 28.11 42.67 29.00 26.56 38.67
17 122.78 129.44 22.00 46.00 26.22 25.78 19.78 43.44 21.67 41.44
18 136.67 141.78 31.44 36.67 28.22 27.33 22.89 42.11 23.56 34.22
19 561.11 566.89 7.11 17.00 21.22 29.11 27.78 42.78 23.33 38.44
20 555.67 559.11 14.78 20.44 23.33 26.89 26.78 44.56 24.89 34.78
21 138.44 139.89 15.33 17.56 35.00 26.11 30.11 24.44 24.78 21.11
Overall 386.35 390.85 9.16 13.44 15.59 31.53 25.06 21.27 54.06 28.83 38.85 53.56 26.61 32.45
LSD 0.05 315.90 315.20 29.30 4.43 7.69 26.80 4.98 5.98 35.40 7.47 9.09 39.20 7.10 8.82
% CV 49.50 48.90 3.39 20.00 29.90 10.40 12.00 17.00 24.24 15.70 14.20 26.54 16.20 16.50
*Numbers 1-21 are populations of sites: Qasabat AS Salt; Al Fuhays;Tla' Kaser Khalda; Ayn Al Basha; Abu Hamid; Abu Nusayr; Khalda; Amman (West UOJ); Khalda
military station; Wadi Slait; Bela's; Edbyan; Al Bassah; Wadi AS Sir; Um El Gutain; Kufranja;Anjara landrace 1; Anjara landrace 2; commercial cultivar 1; commercial
cultivar 2; and commercial cultivar 3, respectively.
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Cont. Annex (XIII): Summary of variations of wild and cultivated (2007, 2008) Thyme populations named in Jordan Za'tar Farisi for nine
morpholocal and four biochemical traits.

Trait Leaf length (mm) Leaf width (mm) Fresh weight (g)/ plant Dry weight (g)/ plant
Pop* Wild 2007 2008 Wild 2007 2008 2007 2008 2007 2008

1 3.40 4.44 3.22 1.00 1.11 2.06 173.89 156.67 74.44 130.56
2 3.40 4.44 4.00 1.00 0.98 1.28 205.56 185.11 81.11 172.22
3 4.00 4.67 4.44 1.00 0.97 1.33 166.11 152.11 56.67 128.11
4 3.60 4.33 4.67 1.00 0.97 1.33 205.00 209.56 86.11 158.33
5 4.00 4.33 5.11 1.00 1.11 1.44 182.78 142.78 83.89 116.67
6 4.00 4.44 4.56 1.00 1.17 1.22 165.56 154.33 66.11 119.44
7 4.20 4.00 4.22 1.00 1.17 1.06 172.78 130.33 63.89 100.78
8 4.60 4.67 4.44 1.00 1.22 1.28 180.00 137.22 78.89 116.11
9 4.00 4.22 4.22 1.00 1.11 1.22 140.56 133.33 44.44 88.22
10 3.60 3.89 4.33 1.00 1.22 1.22 160.56 126.33 67.44 90.78
11 3.80 5.22 4.00 1.00 1.17 1.33 253.22 178.33 104.44 153.00
12 5.00 4.22 4.22 1.00 1.22 1.44 217.22 163.89 85.56 140.56
13 4.00 4.67 4.44 1.00 1.33 1.31 202.78 175.00 90.56 156.11
14 3.00 3.89 4.33 1.00 0.99 1.39 191.11 175.56 93.89 166.11
15 3.20 5.78 4.22 1.00 1.44 1.17 161.33 131.44 53.33 81.67
16 11.40 10.89 11.78 2.40 2.56 2.44 193.56 363.33 84.11 248.89
17 11.00 11.89 1.89 2.22 148.89 265.00 57.78 183.89
18 10.44 12.33 1.83 2.33 150.44 251.11 64.44 170.56
19 6.11 4.67 2.33 1.78 187.22 329.44 73.89 208.33
20 5.78 4.22 1.78 1.78 185.00 325.56 77.78 194.44
21 10.89 10.22 1.83 1.83 167.78 396.11 28.33 261.67
Overall 4.33 5.83 5.69 1.09 1.40 1.55 181.49 203.93 72.24 151.74
LSD 0.05 24.60 1.34 1.42 12.60 0.45 0.57 59.26 71.33 27.65 57.36
% CV 1.35 14.00 15.10 0.17 19.70 22.50 20.20 21.20 23.20 22.90
*Numbers 1-21 are populations of sites: Qasabat AS Salt; Al Fuhays;Tla' Kaser Khalda; Ayn Al Basha; Abu Hamid; Abu Nusayr; Khalda; Amman (West UOJ); Khalda
military station; Wadi Slait; Bela's; Edbyan; Al Bassah; Wadi AS Sir; Um El Gutain; Kufranja;Anjara landrace 1; Anjara landrace 2; commercial cultivar 1; commercial
cultivar 2; and commercial cultivar 3, respectively.
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Cont. Annex (XIII ): Summary of variations of wild and cultivated (2007, 2008) thyme populations named in Jordan Za'tar Farisi, for nine
morpholocal and four biochemical traits.

Trait Oil yield (%) Thymol (%) Carvacrol (%) (%) Thymol + carvacrol
pop* Wild 2007 Wild 2007 Wild 2007 Wild 2007

1 1.67 1.28 0.44 0.35 0.21 0.30 0.65 0.65
2 1.32 3.16 0.34 0.03 0.15 0.01 0.49 0.04
3 2.85 2.57 0.51 0.42 0.57 0.18 1.08 0.59
4 1.81 2.74 0.48 0.04 0.24 0.46 0.73 0.50
5 2.45 2.19 0.31 0.25 0.87 0.19 1.19 0.44
6 1.67 3.53 0.13 0.06 0.53 0.70 0.66 0.75
7 1.93 2.26 0.47 0.43 0.30 0.15 0.77 0.57
8 1.47 3.37 0.32 0.73 0.21 0.53 0.53 1.26
9 2.11 4.02 0.43 0.90 0.39 0.17 0.83 1.07
10 2.53 2.42 0.57 0.45 0.35 0.16 0.92 0.6
11 1.04 3.85 0.27 0.53 0.10 0.42 0.37 0.95
12 2.96 4.23 0.49 0.05 0.63 0.90 1.13 0.95
13 2.56 2.89 0.45 0.04 0.45 0.05 0.90 0.08
14 2.28 4.99 0.34 0.05 0.72 0.90 1.06 0.95
15 1.94 2.26 0.45 0.03 0.22 0.56 0.67 0.59
16 0.39 2.44 0.03 0.05 0.10 0.47 0.13 0.52
17 2.55 0.03 0.40 0.43
18 2.45 0.01 0.42 0.44
19 1.27 0.01 0.26 0.27
20 1.71 0.03 0.28 0.30
21 1.40 0.02 0.23 0.58
Overall 1.94 2.74 0.37 0.21 0.38 0.37 0.76 0.85
LSD 0.05 1.48 1.27
% CV 12.50 41.70 14.30 21.00
*Numbers 1-21 are populations of sites: Qasabat AS Salt; Al Fuhays;Tla' Kaser Khalda; Ayn Al Basha; Abu Hamid; Abu Nusayr; Khalda; Amman (West UOJ); Khalda
military station; Wadi Slait; Bela's; Edbyan; Al Bassah; Wadi AS Sir; Um El Gutain; Kufranja;Anjara landrace 1; Anjara landrace 2; commercial cultivar 1; commercial
cultivar 2; and commercial cultivar 3, respectively.
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Annex (XIX ): Person's coefficient of correlation between pairs of dry herbage 
yield and essential oil yields (kg/ha) of Coridothymus capitatus populations 
cultivated at Mushagar research station in 2007 . 

Trait 
Dry 

herbage 
yield 

Essential 
oil yield 

Thymol 
yield 

Carvacrol  
yield 

Thymol + 
carvacrol 

yield 

Dry herbage yield  1         

Essential oil yield 0.73** 1       

Thymol yield   0.13 0.2 1     

Carvacrol  yield   0.48* 0.72** 0.55 1   

Thymol + carvacrol 
yield  0.47* 0.70** 0.60** 0.76** 1 

** correlation is significant at 0.01 level 

** correlation is significant at 0.05 level 
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������� �	
��� �
��� ������� ������ ������ ���	�� 

Coridothymus capitatus (L.) Reichenb. fil 

 PQ اNردن

 اRSاد

 ^TUVWX RYZ[ \VZ]ن

 اaYb`ف

 اTgXNذ اRbآfgر ]fYZد RdTS دوd`ي

Ybف ا`aYbركاTa 

 اRbآfgر Q`اس PbTWkS lXTmاTgXNذ

opk[ 
X��� تqال��Coridothymus capitatus ً qZ{�c وفd`�}وا�moرq�mr ا{�Xاdgh¸}q ¹º ا{

 {��qتا ا{��À وٳ�Z�q�c زرا�hودرا�o ا{��q�g ا{Xرا¾d�h.½�� mي��qتهXوردن ا{�mr ��d ا«

ال��d^ _راdZÁh dÁh �|�� �oا{[�}½. mr ا{��¹ �c �Coridothymus capitatus ،

الو �c ��d� ةdZÁhThymbra spicataال �c �Zghر¸g|c �Z�dZÁh Ä}ا �rqÅÆq� ،

Thymbra spicata .ال dºqÁh تdÇÈأCoridothymus capitatus ��{gÉc تqaدر ��d�}ا 

�qتq�ghد ��cÆq ا{��q�g ا{qÊهdيY}ا Ä}h bZ{�Á}ا �oأو، ا{�_روZ��}ت اq�Y}ت اdÇÈ تq��q�� �

��q�g}¹ اcq`c ��|� ½او�d� ËZ� dºqÁ`}ا �Z� ��X�`c(CV%) �c 12.60 %ٳÄ}39.20 .%

.زواج اZ{[ dºqÁ`}ً�أ��gف ��ZاÆآqنو0.58ب( ´H)]_ر c`_ل qZ`cر ا{X�q] ��q�gن

ا«أ �Égoq� �Zoqo_ام ��q�qت ا{dÇÈg ا¹Z{�g} ا{�X�¸{} mºqZ�Zت�dÍزيqÎ}ا m�X{}ا 

(Gas chromatography) ،زيqÎ}ا m�X{}ا Í�d�g}وا -¥Z�}س اqZ[m{g�}ا 

(Gas chromatography-Mass spectrometry)`c q��q�� q�X� ال dºqÁh �Z�

Coridothymus capitatus�d�}ا b.�c % Ä}0.57ٳ d�0.03او�½ �|�� ز�½ ا{X��qÏل
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�c ز�½و�dاو�½ �|�� اÄ}0.90 %.Æٳ 0.10 ا{�qرqrآdول زواجأ��gف ��Z ]_ر c`_ل

dºqÁ`}ا �d�}اbÆq� ب �أآ�q�gh10.68 qد Ä{h ا{¸�Xت Égo_ام ¹Z{�� dÇÈq���dÐ ا{���qhXت

 Unweighted Pair Group Method with]ا{�q�oXgت ا{�|dZ� �Z�q ا{�Ñ} ��adزواج 

Arithmatic Mean (UPGMA)]c dºqÁh دXaو Æ �YYÉgو �dىأ�qgج ا{X��qÏل

{ [dÇÈq��q���dÇت ا{_را�oأ.{}�qرqrآdول b�|�}q� qXgتى��q��}ل اX��qÏ}ت اXز� �c

.وا{�qرqrآdول

ال زرا�Z�q�c�hٳ ا{_راdÇÈ boتأ dºqÁhCoridothymus capitatusbhX���}ا b�d�}ا

 ËZ� boا{_را ^Óه mrÔ{� جٳqgا��rq�}دة اq�}3046ÕÎره/ آqg� �Zا و��Óد، هXaٳوm¾ف ورا�g�

و ا«ٳqÈهdي �dاو�½ �|�� ز�½وmr ا{��¹ ا{�¸روbh }`�g�Zoqo b}dºqÁف Xg�c mrى ا{¸�Xت

 �Z� لX��qÏ}ٳ 0.01اÄ}0.90 %�c �d�_�� Õ ا{��q�g ا{Xرا¾Ä}0.87 .%mٳ 0.1وا{�qرqrآdول

 dºqÁ`}ا �Z� bhا{�¸روh{زيXا��d}وي اX�}ا Ö��}ى اXg|c Ä}اm}qÉ»ا�Z�|آDNA 

Æيء ا¸�g}ا �h ���q�}ا ���q�g�}ا Ø��}ة اd¾q�c ��q�� ام_Égoq� m��¸�(AFLP)._ر� Õ�235 

�Z¾ورا �`�[(band)  �qتqºدq�}ا �c ة_�gc ة ازواجdÁh ام_Égob�Ég��}أ و{�_، ا��c�|�� ¸ZZ�� 

Égo(UPGMA) dZÁ� q�c_ام ��}¹Z ا{���qhXت�c ØZcq�cCoridothymus capitatu �q ال

. �dºqÁh �Z ا{��qت Ä}m�Za وXaد ����q ورا¾mٳ

 Ùºqg� dZÁ�Coridothymus ا{_را�o ا{Ä وXaد ��Xع ورا¾q�� dºqÁh �Z� mت ال

capitatushX���}ا b��d�}ت اqÚZ�}ا �c ا«ردن mr ال dºqÁh �Z� Û}Óوآ Thymbra spicata .

À�� Õ�} bZ¾راX}د^ اq�}ال ا dºqÁ`Coridothymus capitatus وال Thymbra spicata mr 

m¾راX}ا Û��}ا m{��}ا Û��}ا mrوÆوا Ë��{} m�ÐX}آ¸ اd�}ا mrmhد ا{¸راq]ر.�oا{_را _Ç��

 q�Xg|c Ä{hت dgh¸ Coridothymus capitatus �Z}qh ا{�qرmoا{�Í�d {¸راq�� �hت ا{

Æر�� وqو���Zoqoا� ��d�`}ت اX�¸}ج اqg�.
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